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DESCRI PTI ON CRUCI BLE PROTECTI ON SHEET AND CRUCI BLE
APPARATUS USI NG THE CRUCI BLE PROTECTI ON SHEET

TECHNI CAL FI ELD 5[ 0001] The present invention
relates to a crucible protection sheet, a crucible
apparatus that uses the cruci ble protection sheet,
and the like. Mre particularly, the invention

relates to a crucible @ﬁg&ﬁgFTﬁﬁgonprising an outer
cruci ble and an inner crucible, a crucible protection

. t ' i e e '
crPLIRLE ROy TLOR IEERA B RUPIS AFRASLRLES GivG T
BACKGROUND ART [ 0002] Known met hods for
CREGHBLE; FROTEGTYPN SHEET 2l silicon ingot include a
floating zone nelting process (FZ process) and a
TECHYEBARIFEKL.Dpr ocess (CZ process). The CZ 15 process
is used comonly. When manufacturing a silicon single
fooerjystal or the like by the CZ process, a crucible
apparatus is used. The crucibl e apparatus conprises
an OtHe§resehiibivBhteont RBftesi 6 AN@atiBl fRytedtidieeieet, aQfudible apparatus
i ke, and an inner crucible in which raw materials
thatf]gs‘ép tl?escﬁcﬁ)'lé Bﬁﬁ%bt%hnéﬂe&, ahy $helik@r evRee 9%919@{11?,%6 invention
ualTy, a crucible nade of quartz is enployed Tor
he i nner..crucib f the yi i -Of e, : .
relasicen 1 oy pRef Bl i S088 HhsiBte, MG, fnner cpucbl, o
cruci bl e .made of graphi.te is.enployed for the ,outer
oD CPBIET G B0 oo JELS B Py, Sl used for
resi stance, and the strength. The cruci bl e apparatus
profestingsthesercsycipighand diuikeng silicon single crystals and
the like in the state in which the inner crucible is
BACKSROBNDI ARThe outer crucible. [0003] 25The
above-descri bed cruci bl e apparatus generally has the
[oopz]obl ens as shown in the following (1) and (2).

Known methods for obtaining a single crystal silicon ingot include a floating
zone melting process (FZ process) and a Czochralski process (CZ process). The CZ
process is used commonly. When manufacturing a silicon single crystal or the like by
the CZ process, a crucible apparatus is used. The crucible apparatus comprises an outer
cmcible that is heated by a heater or the like, and an inner crucible in which raw materials
such as a silicon single crystal are accommodated. Usually, a crucible made of quartz is
employed for the inner crucible from the viewpoint of the reactivity with silicon and the
purity, whereas a crucible made of graphite is employed for the outer crucible from the
viewpoint of the purity, the heat resistance, and the strength. The crucible apparatus is
used for manufacturing silicon single crystals and the like in the state in which the inner
crucible is inserted in the outer crucible.

[0003]

The above-described crucible apparatus generally has the problems as shown in
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(1) The inner crucible made of quartz is heavy in

wei ght and low in inpact resistance. Therefore, extra
care nust be taken when inserting the inner crucible
into the outer crucible. This leads to the probl em of
poor workability. Another problemis that, since 5
there is a difference in thermal expansion

ﬂmqgﬁggggégq%dga meen the inner crucible and the outer

cruci ges such as cracks are caused in both
{1 t hga 1na<|=hrﬁsruc\‘ﬁ,pl% Ie ot !)f I1g(%1%5x55‘{): i %g@g?élgc? v& H‘ H?IEJCP thsistance.
b S SIS, B 5 i S8l 5o te our

reaction with the outer crucible an

crugiblq. ¢ dhisclgads taﬂ&%m@k%%&n%m%%% ebpethseproblepy isithat, since
10t he outer crucible. [0004] To resol ve such

thepr isll diffstence iththsrodraxpansion eddiiiciprdietweanpibs éener lspucitde and the
menber for protecting the outer crucible and the

outen Beicibly, ulaiakes Budhinadenaeige sresdaasdddinbleoth roomdibles when cooling the
between the crucibles ([a] and [b] below). 15[a] One

crubTbRROSFRY firdsiise il hWefactirs BEQL siBforf SREleCoryfaMbi @l like. Still

pyrocarbon is coated on the surface of a carbon fiber

an(gﬁé‘fﬁﬁE)bieﬁUigl?.h SSI %ats Ar%@?ﬂ%@ ogﬁfﬁ ttfﬁﬂnshe artzl'@émble causes a

di scl ose roposa

L TR ORI IP A B

References 1 and 2 listed below ) It has been
d@gﬁFpﬁggethat according to such a configuration, the
sheet or the |ike 20 can function as a cushioni ng

[0084t eri al since the sheet or the like has a certain
degree of flexibility, and that the reaction of the
Si O Gasesolvetsheh pickEngeitdaatadchtiamlly heei propesedithat ialyhanber for
with the outer crucible can be prevented since the

pro@actiag ahd ottt @alcle andtthe isnut formeble efth Slawdapls SHvaldSbOprovided
gas or the like. [0005] 25[b] Another proposal is as

bethRbh MeSrudheSYRPARE®] BEBRYI t e sheet, in which
expanded graphlte iS formed into a sheet shape, is

[a] W%ﬂoﬁ%sagﬁ eIsl Q}'sl ' %yshﬁé}gor{cfgmcr ﬁlséfggh Iﬂgﬁ% caftRdnt 1E Coated on the

expande Ite s
“S%z%g?@pg%w LB B TSI by it
A proposal is that the sheet or fabric should be disposed between the outer crucible and
the inner crucible. (See, for example, Patent References 1 and 2 listed below.)

It has been described that according to such a configuration, the sheet or the like
can function as a cushioning material since the sheet or the like has a certain degree of
flexibility, and that the reaction of the SiO gas or the like generated from the inner
crucible with the outer crucible can be prevented since the pyrocarbon coated on the
surface reacts with the SiO gas or the like.

[0005]

[b] Another proposal is as follows. An expanded graphite sheet, in which expanded
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The expanded graphite sheet is a material that has
flexibility and shows high conpression ratio and high
recovery ratio. It also shows good planar thernal
conduction capability. Therefore, it is effective to
uni form ze the tenperatures along vertical directions
of the crucibles, and it also serves to alleviate
t.. ci. an i.oNn- : td QR ST, et
erafE} PR ALY R Bl D APBA S Ry 88 Sofpressibilty to the
escri bes that the expand r I t.e eef,hs .
carb@S PRI o S0P BABNT, o BuEa T Egt FEUY b used as a crucibl
10highly anisotropic material wth very %§MI S
profefipi alisier-i t(pee.donermpy. PeicnbRalerenees 3 opy bired Pelaw.)
quality of the single crystal silicon manufactured by )
t he U pxmodss graphiie sheasdsiior materinlathat hes Peribtify @nd shows high
pol ycrystalline silicon, which is the raw nateri al,
co@esstorhiralio amdpbigi bé@yer ratin. ot fienlsaosidsys tghed apteuart thermal
of inpurities be as small as possible. 15

cord@¥esd BRaB8Ry. | ThordTBreat 1abiTevhing i@ Ginlibinilige Ghe Sor@ures along
crystal ‘silicon, a trace amount of inpurity as a

verﬁQqu a&&ecﬁbﬁ?%@tthje Sc;l‘?'ggﬁg, R4 tih&lshaWFR @F hidviath at impact and
pol'ycrystalline silicon, 1n order to obtain a single
crystal sil.co I t L€ ri
o gPaCrRHeipT clre o HREES SRSy Myregre Fageny Reference 3
desg%gelt'ls;s%% A %g%}ﬁif f g gaqﬁt n guat Egh%qgc g%éqt%{asl:a!nlég:[e %?mml L Cgerd)ility because it is a
Here, if the amount of the dopant el enent existing in
highlyeantssfropis mateiidlonth eerRdaw ganpaeicaibly- an abnormal ity
will occur in the quality of the manufactured single
[000bystal silicon. During the manufacture, inpurities
may evaporate fromthe crucibl e apparatus used for
(2)RIdriiggo tigravel the qustiql dfithe sisiglei @pnal Sipeei hamdhdtyred by the CZ
fromthe inner crucible, the outer 25crucible, and
probb8, ghealuitsapsal ﬁﬁ@‘@ﬁﬁolﬁﬁ%sﬂaﬂﬁl@r&ilﬁ:@ﬂ, WHicBis the raw material,
crucibles. It 1s feared tha these inpurities may
' i A impurifids HeSas small ible.
be ?sonl%g}gg% Ec?stesﬁ)tl% I'(l)g 6%% ?ﬁl's, thé Afrount (%f Hélglélﬁ ds YeSas small as possible

e anmount o Inpurities

origjmnating fromthe crucibl ¢ arat us. . Ther ef of.e

cur r§ﬁ¥?r§ﬁ,e%5%v Fadis, 38‘?\“‘3 Fbaﬁlg'gaec g{%ﬁ]ﬁaf) tSlrIilé’lepg S ?%i SIlll‘j‘c%o)l?’ a ftrace

of contam nation of the nolte ilicon by inpurities .
GRS TP it QP SIFARISAHGE (h DA StEr s the polyerystalline

_inpurities contained in the crucible apparatus itself

sili¢gredn Pedesitn oMefes singlesrtalgilgop vithedeshied elgytric dhgrgieristics, and

[ Patent Reference 1] Japanese Published Unexam ned
theRadgda trydaphilicat isanaidact@00 Trcid6 heGiblycrystalline silicon containing such
a dopant element.
[0007}

Here, if the amount of the dopant element existing in the molten silicon is not

controlled, an abnormality will occur in the quality of the manufactured single crystal
silicon. During the manufacture, impurities may evaporate from the crucible apparatus

used for melting the polycrystalline silicon, specifically, from the inner crucible, the outer

crucible, and the sheet disposed between the inner and outer crucibles. It is feared that
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10[ Patent Reference 2] Japanese Published Unexam ned
Pat ent Application No. 2002-226292 [Patent Reference
3] Japanese Patent No. 2528285 [ Pat ent

Ref erence 4] Japanese Published Unexam ned Pat ent
Application No. 2003-267781 15[ Patent Reference 5]
Japanese Published Unexam ned Patent Application No.

e A el O SRR RIRS P55, o™
S:; ggg§p7 t%aggﬁﬁﬁgﬂ tentlﬁg 29%3260 %O%Pauenﬁ%;ﬁmmhe

OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE
CrugiiPERMAEIES od@g}efglg{_ﬁmgg}y, 1} has Bpery Bropesss, thek ghe possibility of

cruci bl e apparatuses have the follow ng probl ens.
contamination of the molten silicon by impurities should be lowered by minimizing the

amount of impurities contained in the crucible apparatus itself (see Patent References 6 to

8 listed below). -

[0008]

[Patent Reference 1] Japanese Published Unexamined Patent Application No.
2001-261481

[Patent Reference 2| Japanese Published Unexamined Patent Application No.
2002-226292

[Patent Reference 3] Japanese Patent No. 2528285

[Patent Reference 4] Japanese Published Unexamined Patent Application No.
2003-267781

[Patent Reference 5] Japanese Published Unexamined Patent Application No.
2004-75521

[Patent Reference 6] Japanese Published Examined Patent Application No.
H6-2637

[Patent Reference 7] Japanese Patent No. 2923260

[Patent Reference 8} Japanese Patent No. 3410380

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0009]

However, the above-described crucible apparatuses have the following problems.
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Problens related to (1) [a] In the case of

di sposi ng carbon fiber between the two crucibles, the
carbon fiber can be di sposed so as to change its
shape al ong the outer surface of the inner crucible
and the inner surface of the outer crucible because
carbon fiber has a certain degree of 5 flexibility.

wever h rbon fiber nmenbers disclosed in Patent
PK@E?%F@%@%é)ﬁ)i%d 2 have the follow ng problens. The

car hon, fi ber nbers cann bsorb the inpact that i,
¢ audBdG R of AEPPHRGFIEPHEPE) BIVEsh AP Aty Uerigtbon fiber
outer cruci bl e because_they do_not have hL%h X .

canbg ipesad wiasite phangsnischance dlppkthe ozt striasrithy @pen gucible and
al l evi ate the expansi on-contraction stress produced

the enereenfath of ttheo witarcirbéidls benabseycarbon ifihgr ds tahecrtain degree of
10cruci bl es. [0010] In addition, even if the

flexpyitioe afoaveven dicechrbon fiher mambers elisctosoddie Phientr Refetences 1 and 2
with the SO gas or the like, the SiO gas or the like

havt IR fPRSSES ploBledtsd N T & afnbiiier niddeerTBAHROT al¥itshs impact that
because it 1s inpossible to cause all the Si O gas or

is chid@a WS (O iRf SRADIE Aeinlerd £B5 12 bu éf't)brrﬁd?ﬁé MRESRise they do not

it
ecause many gaps exl st between the fibers,

o 0P R PR e, e e

y, coating w pyroca eve
a certain degree of gas  shieldi capabi.ljty. . .
exppR DT He PYrESE PRy HebHrgelhe JRRTETRribles ing cpptine of the
coating is increased in order to enhance the gas
crughlegl di ng capability. This increases the possibility
of breakage during the insertion work. On the other
[00b&nd, when 20 the anobunt of coating is reduced in
order to maintain the flexibility, a | arge nunber of
gapsini fditRinl etxet WakH piiratbobebated andht Besfafeas enddhao react with
gas shi el di ng capabiFity cannot be enhanced
the SHOf &1 &NiHeYIikd, A0 Bio Rr0kirei® iRl @hefadsés (kdudhbihe2otton fiber
t he expanded graphite Sheet the flexibility and
i ity L ohl o I
mefyBEREAGS bt TRt BI b ol AL S0 gab By el to undergo the
flexihility and the conpressibil.it re hi and .
reaqthEh | bt PisHy CHpdoR o st P Mo REs Pnigicant gas
.alleviating the expansion-cgntraction. stress are .
shigldioarcapagiy HRBMERE CXBRcEe GEHEASHSIDEHER PYIRE o pehieves a
density is lower, the planar theunal conductivity is
cerfagndegres of el evhiciding scapapilityn  tHnsveagp dheldlexihilify s tlast when the
sheet, there is a trade-off between the thernal
ame@n difcdobsing Ys Aieckabdein beber b lehbance dind gad sioeldbtgwepability.  This
the thermal conductivity and the conpressibility.
inctcB&k2he possibility of breakage during the insertion work. On. the other hand, when

the amount of coating is reduced in order to maintain the flexibility, a large number of
gaps is left between the fibers, and therefore the gas shiclding capability cannot be
enhanced sufficiently.

[0011]

Problems related to (1) [b]

In the expanded graphite sbeet, the flexibility and compressibility are highly
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Accordi ngly, when the conpressibility of the expanded
graphite sheet is increased by reducing the bul k
density, the crucibles are less likely to break
during the 10 insertion work and during cooling
because the flexibility and conpressibility inprove.
However, this | owers the planar thernal conductivity

) I AP ST TR0 o

nanufacture of the con Si cry st
compREIItynaEq bigheT §o tﬂrffelrﬁt%?a @@?m'gmﬂ Fanp t ligy |atl<5< dhg, cpppbility of
degrade. 15Conversely, if the thernal conduct|V|ty is
all§virding dbe gxpansionceoniadtioyg stuges #rgl accerdingly highethe On the other hand,
tenperature uniformty in the material and the quartz
when theibolked dbsite el wet, giveplacia thargnal bendwativifyais fawe. oin ¢ther words,
silicon single crystal, so the product quality
in theRkPMESd chphey 8heet there GOAMAE DifDbdtivtsh BE tliddal conductivity and
expanded graphite sheet beconmes poorer, so the sheet
thelfexmttg Add@wbét&eahﬁ@hwﬁﬁmoeeﬁéﬂ o %ectfoﬁﬁir&lsﬁnht%
13] Nevert hel ess, in Pafent References
[mﬁgk only the thickness of t he expanded graphite
et and the |npur|ty concentratlon are taken into

consi der n cif cterl |cs 0
Che AkGEREl" gPhsh i SMBETsoTE  Phapne bitg yheet is
and the conpression ratjo are nqgt taken
incpeasisl e Faiurisg the tlkadenstin t&%ﬁelceblﬁ?earezlssﬁslﬂte&f to prgaky dyring the
shi el ding capability, Patent Reference 3 only

inserting avark andeduringr egbing deckase the fliewibilita ndd gpmpsassipdity improve.
consi deration on the gas shielding capability is

Hotvaken this Rpees fhie ngjaddiethelraslactedicsivite sandf tHehefore degrades the
expanded graphite sheet. There is no exanple of the

tenfpeRAkE RAITBFARNbE Bie S0 alatcitia® RS 8R fRaiERBibld @irdiettBE manufacture

cruci ble and the inner crucible in which the gas
r R lihi% FWhAR! e TRE. SEERsRuSRELth Sroduct quality is fikely
Ofﬁﬁvestig%%%dczﬁ%ng dﬁ%h t he th%%ﬁalgﬁcoﬁ%ﬁctﬁvik;UEﬁ ey o
der%? conpression ratio. [0014] Problens related to (2)
8% s possi bl e to hinder the contantnatlon of the

nDIt n silico ities usi cible
appa %Yfése% nﬁ aﬁkf"ﬁ t:tt% %ﬂ%ﬁy Baf d(r)gy increasing the bulk
inmpurities, in other words, a 10 very h| h quality
derertméh%te@lmméwamf@m% inethe matenpd ﬁﬂ‘éﬂ\?él“ﬁgh Frykibiubgepmgs higher
cruci ble apparatus is extrenely costly. Consequently,
dutiitg thecmamsfagtura 0§ ¢heofilicws singleceryaigl wof theifrpdish quality improves;
manuf acturi ng equi prent, and it also | eads to an
how&i&F, @RS CorapresdiBiliy othhe kikpahded $tapbite shext Sedogles pooiestsalthe sheet
silicon. In addition, such a high quality crucible
is RARHIBELUS FEMUVEES:0BNEME @udblet y control in order to
preventf contam nation after the manufacture of the 15
E aratus. However, the quality control for keeping
t quality to be nore than a predeternined degree of

hi g ur t i s. djff t r.s

cont NBTeidaes ainorp rihenton S hE P BIES oF i prpancea
of the single crystal silicon.

graphite sheet an the impurity concentration are taken into consideration in specifying

the characteristics of the expanded graphite sheet. The thermal conductivity and the

compression ratio are not taken into consideration both at the same time.

As for the gas shielding capability, Patent Reference 3 only contains the



10

15

20

25

[0015] In particular, the crucible protection sheet

is difficult to reuse, so basically, a new 20 sheet

is used al nost every tinme. For this reason, although

the cost of the sheet required per one tine of the

melting work is not so high, the production cost of

the single crystal silicon increases in the |ong run

. . a. hi . - ey

for RS S0 B docchaREloiph B R aas shicldine gartil o eken
. cruci.bl e protect.i on et _1s.25di ff.icull, tgylnc
m Sgﬁ%}%f]%wﬂragﬁpﬁé‘ise cV° ?@anfi%dggr & Iéllken%e%tf s%ﬁ% 1% 3‘ glseg ample of

not as _high as that fqQr a graphite crugjble., The e
the GRETNAR D FHoeb TEPUE FEVREE Dt ArupiRlsand dhe Hppgrucible in

a porous material having mcropores, so inpurities
whieh dapgestrieroenHity [veitaide &5 suqthy @ee@snmstlgﬁ]@ﬂ) glong wathdhe thermal

for the ordinary graphite crucible can be conducted
condicivityedndtthevainypredsaort rador ation in relation to its

vol une. On the other hand, the graphite sheet has an
fooexfrenely layered structure and it is nade of a

mat eri al having no pores in the surface. Therefore,

i, ensheet is not easily purified although
Propne AR R

small, and it takes a long tine to
pur i the..sheet. suffici kv it -1t . ties b
O ety BAGATBEbi Gk S ioh Dbl O gty impurices

l.ar ge-

: ' in handling in t f
R P L LB 0 L 5558 A0 B vors

for increasing_the purity of the sheet than the t k .
- vergf high| @rdily cBcilpcPpaSiYg HTHRYVEH| wﬁo? YEhe h&q‘aﬁ\ﬁg&% crucible

cruci ble. [0017] As descri bed above, increasing
aprtareusyimbxttamady cobidy. c iGmmistriuendppiarhgeerses aleaysy of cost inCrease of
possible to inprove the product quality of single
silieéy maadifastutih€ equipmeiit, hid i ekddedds tam inommeasiehe praduetion cost of
production cost. In particular, the increase of the
thePHRLH G sARSh. Ofn hi@(ish,NGlcR Lhighiqklifi trucible ffparatus requires
exacerbated by using a high quality sheet. Therefore,

sevieﬁe ﬁaiitg S ki 5%r L9 ng@éﬁ{ QBnt@midaueh RIrgr 3RPHadbfSture of the
that” ca t he

prevent product quality of single
crystal,.silicon froml!l owerin e [
PRy "f(ee%o‘?’?]vé’r’p‘?%d%u % SORE; %r%%p%o%g]qﬁﬂge d Ibgemore than a
vi ew of the for i ng.ci.r tances, enbhodi nt s,. of }
prefFig EiREd dAtror 3% B BIE ds AUTED oUReSSh A Ry gl control wil

protection sheet that can prevent damages to the
alsp on e¢flasteddn Blegroduntion|ce® oAithridnele KEYSBUPEFOTr uci bl e
fromsilicon-carbidization, and noreover can transmt
[0Héat fromthe outer crucible to the inner crucible
uni formy Enbodi ments of the present invention
seekid Farﬂ&ﬂélri, iR AuablGirbkeaiqr diceds difficaheatusnsb basically, a new
cruci bl e apparatus that can hinder an increase of the

shé%% QOUCE 18R & @8dry Rtk MR ANR re48h, Afbagt theaoyt ¢ItBY et required
the quality degiadation of the manufactured products.

peI‘NOEI'l%N[%’IIE %'?‘th%%&'nﬁg%#ﬁ i %ﬁl}@h,[ {0 :b%duction cost of the single crystal
silicon increases in the long run by using a high quality sheet.
[0016]

Moreover, there is a problem that the purity of the crucible protection sheet is

difficult to increase and the work efficiency for increasing its purity is not as high as that



According to a first aspect of the invention, there
is provided a crucible protection sheet conprising
expanded graphite and bei ng arranged between an i nner
cruci ble containing silicon and an outer crucible
contai ning graphite, the crucible protection sheet

for a é’rg%}ﬁ& &H@}f)lg.c RS bAGthry ?raﬁ)ﬁﬁé erub it Basade@yrvBERPId dallyd a porous

resented by the follow ng equation (1) is 1.0 x

1 / Less, - : i i : :
oty B RO BRI GRRL0 | Do i s
hi gher : bility = Q L/ (APA)(.1 i ,
procestds? fg; &§I%Zg?%@§%t(clﬁg%h% {cgy ,%e ﬁaﬁ(ﬁgx (ué)apr%g[tgfﬁlpfeghbﬁ duration
| erence a etween cnanpers, .S ga
in relationnia i y9Iuske- réﬁl@(@éhﬁﬁﬁﬁ%f th, grappiiie B e@hﬁr%’t Sriy lavered

sheet, which is the area of a passage that allows the
structiracandhiarib erede tad & oratarial daviegwia Rosadh the mefaceg dgeretqrg the
the thickness (cm of the crucible protection sheet,
graphidsheEoirmoessilp purifitd altifddeh-the vt jif smalll @0d Xytakeserleng time
t] is the thickness (mm after applying a pre-I|oad
to purﬁ?;tﬁg @hé\é?@uﬁ?&enﬂ?r Tnl BddigERNHS crditde bidtécsioh et has flexibility
t hi ckness (mm) after applying a total pressure (34.3

and r%ﬁ@ﬂ%g'?{%rgfiﬂ rha@&h?geﬁpﬂl@%asé BP2Qhrge-arca shBGIC ThE WGIdoOa thge of

ove-descri bed configuration, the sheet has a high

CONQr €s:Si 0N t.] %.Qr.. i ;
pooref RiHy SFREREY b dbEenf iRyt P frhe HOEMEORPLRES Shciency fo
) possi bl e to.increase the effect of preventing i
mcreaﬁﬁ%i‘l@é@%‘tﬁb?f%%fﬁpﬁﬁ%?mﬁ {fci bl e, which tends to be
brittle and break easily, when inserting the inner
[0017¢rucible into the outer crucible. As a result,
wor kabi lity inproves remarkably when inserting the X
i nrter deserilidbatevieningraaing dhe gpality wéithe eTucle apRAsatus fpkes it
cruci bl e protection sheet can serve as a cushi oning :
possibi@icsiiprbveoie prslecodualibeotiingie coystal shisim hutigldads tosa ncrease
even when the inner bottom surface of the outer

. of theCproabblan it URGYRiculitehd RRedase ol dhdbdaetivnbeost of the single

hi ndered fromtilting inside the outer crucible.

crystag%iﬁ%&?fsr&ﬁ&rbeﬁé& PPUGRs LS hefly BiRst. Thbie@ie, it has been desired

ression ratio, It7is possible to prevent the

B

.. 1s kept to such degree as to capahl e of
sticors frafy o wering M P inin s ainkSopiie BRRRAIE St o, o
when the inner crucible is heated. It should be

[0018hot ed that the above-nmentioned conpression ratio is
according to JIS R 3453, Conpressed fiber jointing, )
|-t Th siehesf thebfosegaing cirtinsignsey, dmbedimepsy %hﬂéfprﬁﬁﬁé nvention
conpression ratio be 60%or |ower. The reason is that

seek tb hravide alpmeibld protcctivabheet dhat tdneprecmp dessgesito thetiimer crucible,
exceeds 60% the crucible protection sheet cannot

can al8¥ Riddet thef RftcreradiBlesroh hgichicamtidiedtigar evdmorsuger can transmit
breakage of the inner crucible sufficiently because

_ heat ﬂﬁgfth%g)ﬂ?érkﬁmiﬁié o Betih? cakeqt uhesaps hard. [0021]

ording to a second aspect, there is provided a
crycible pr [ IS : :
o BB s REbR SRR P ERERR: protecpn sheet

-cont.g@i ni ng silicon an outer ci bl.e cantaj nj
* and a GRgily pRPB L G0 DRGSR O e (o BROEEfT ™ Ald oreover
- characterized in that: the planar thernal
- can effeshaelz ooy the suably dagradeiien olgthe magpiarturedpyodyets.
conpression ratio represented by the foll ow ng
equation (2) is 20%is higher: Conpression ratio (%
= [(tr t2)/t]] x 100(2) where t§ is the thickness
(mm after applying a pre-load (0.686 MPal% for 15
seconds, and t2 is the thickness (nmm after applying
a total pressure (34.3 MPal% for 60 seconds.



According to the above-descri bed configuration, the
sheet has a high conpression ratio, 20% or higher. -
Therefore, workability remarkably inproves as
described in the foregoi ng advant ageous effect. At
the same tinme, the inner crucible can be hindered
i ﬂgy@uter cruci bl e. Mreover,
$?ﬁk_(ﬂ5pﬁﬂ}Tﬁ%Iqa% a high conpression ratio, it
S pOSSIb|e to heat the i nner crucible uniformy
m01qLecause the planar t hei mal conductivity is. 120
(mC) or her a.result r adat [
pAﬁ%RI@‘tnngl a|ﬁ\r fhpspest g Afﬁ\?éﬂtﬁ‘él&‘)ﬂ éF%f@ gﬁq’TO‘#@ﬁg a CF‘ECI‘?IS Pprotection
desirabl e that the planar thermal conductivity_ be 120
sheet \Wp(pKying rexpeegdes graphite and beig Giriegddh betiwen art inner crucible
above-described configuration, it is possible to
contaiamgiséicen and anauka bhezlblﬁpommaplntev@e keasiiblic toyotegtipn sheet
prevention of tilting of the inner crucible in 10 the
being @HABEteFddCinbthg:: BIRC paks perireabitionmepessited by dhe dolicsvihg ghuation
Moreover, it is possible to exhibit the advantageous

(1) is qf(f gclt()"‘oémq?é el ?é'sb NehdP@E "RaHpr@Bionf ratih @epredeh@d by the following
uced when the inner crucible is heated because

equahonﬁlgqg%(;%er ’iﬁf@%&' ity is low At the sane tine, the

crucrb can be heat ed unifonuly because the
planar her mal nd is 120 W(nK) or higher.
As P?nm@@E dgﬁpgﬁiﬁi the product quality is ¥

prevented 15[ 0023] Is desiraple t t he
wheret Qi thscass o Xafe (Rarerei/ph éPptS &%Btcﬁ%‘ﬁe éﬁ%&tﬂcﬁ Zﬁ’ ffE) b&ﬂ‘?’t?n two
2 mMmto 0.6 mm The rgason why_the thickness of
chamtierse /c isube ighetrrsonisden aiga {eragtofithe eegltoh REOEgtioH shegh vhich is
way is as follows. Wien the thickness of the crucible
the ar@ cftegeisiagn tist alows theQwa chmmbers t@ongmasicate withrrach other, and L
cushi oning capability . of the crucible protection
is the Bi@&ksd @xﬂg@f tHeadriX@lc pdtectidneskbd 4idty is retai ned)
even if cruci bl e protection sheet is conpressed

when | RSGEkLAGnbEo (ADRTAFT upPkaooAs a result, the ()

sheet sufficiently exhibits e functi-on of

o AT (B G g8 g it
o EELER G0k, B D B PR g 00 o o

degradation in the tensile strength and the flexura
Seuﬁ@ﬁrength is prevented. As a result, cracking of the

cruci bl e protection sheet, for exanple, is prevented
[0020When inserting the inner crucible On the ot her hand,

when the thickness of the crucible protection sheet

| SABcdhdinm oo thes sbotdidesoshethbidnifigyrations thot shgelgriwdes high

As a result, the crucible protection sheet is

compﬁﬁﬁ&?fﬁh%dﬂﬂ%%ﬂﬁglﬁ@ kiShedy cotiiprpgdied gndey elre predeteinsnet] d:tglthtons
stress is applied to

Thus, it is possible to increase the effect of preventing breakage of the inner crucible,

which tends to be brittle and break easily, when inserting the inner crucible into the outer

crucible. As a result, workability improves remarkably when inserting the inner crucible

into the outer crucible. Moreover, the crucible protection sheet can serve as a

cushioning material because of the high compression ratio, so even when the inner bottom



Sthe crucible protection sheet when installing the
crucible. [0024] It is desirable that the bulk
density be from0.5 Mg/nB to 1.5 My/ nB. The
reason why such a restriction is nmade is as follows
- If the bulk density is less than 0 5 My/nB, the
surfacs bf 8RWdlerddrudibe i§ ihsich) e e eeiditde cahbehindsred dropo Gitting inside
that cracks or 10 the like may develop in the case
" th Yuciiie R HEIRLE, AHBhEE tHe QRet MaEH high Ba{pPEssRH ratfd) it is possible
© OuteEe ocg er an%[,%rl Tt heggulek %Iensi ty ggxceggi 1. éa B P
E;@ thickness because

/ h 0 1L
to prefet Gpa b R RS BEDPRLFERRS i AR € ek

poor. [0025 It is .desirable that . o

the gay g%&?é@@w ‘é%lﬁeBt tosPrlbd dRTEHDY teiabatly Pﬁwpﬁge%%%% the;pgrmeation of
(3) be 155% or higher. Recqvery ratio (%9 = R3 - tz

the Si() gas ppyipced viipg, thayng@pebless %at?%e t hi S:k/?]ess (nm) )
after applying a pre-load (0.686 MPal% for 15 )
sdtenudd be Bofed thdtdhe abokraesgionpdompicasiompsys Agpogding to JIS R
total pressure (34.3 MPa.1% for 60 seconds, and t3

3453, GCenprbsecd fibekjosmgaf ter resetting the pressure to the
pre-l oad and el apsi ng 60 seconds. 20 The recovery

I gt {sQiekisatilé s théﬁﬁér 1hhighgue obdedesprdstiod raiodesd0% or lower. The
Therefore, even en a gap founs between the two

reason §¢ WEk B 8% BHGAUREI QaldcnSr AROWMpr&sion ratio exceeds 60%, the crucible

expansi on/ contracti on produced ‘between the two

protect§h5H68) Eunt BRISHUEH B UECURD oPRERkn Akt e fnnc

WO cruct bl es. reo
..cushioning capability of the crucihle protection
cruciblg NG oG S el CHRE PRSTEOROEH SoBERRAEEE 1 hat ¢ he
above-nentioned recovery ratio is according to M5 R
[002113453, Conpressed fiber jointing [0026] It is
desirable that, when the sheet in a square shapeT
haAtaogling siode sfcod Oaspeeti ghefevisd @anvncwgo asefyaible PrfpEipn sheet
test regions each having a side of 25 mm and the.them
coimpriging expanded graphite and being arranged between an inner crucible containing
silicon and an outer crucible containing graphite, the crucible protection sheet being
* characterized in that: the planar thermal coﬁductivity is 120 W/(m=K) or higher, and the
compression ratio represented by the following equation (2) is 20% is higher: |
Compression ratio (%) = [(ti- t2)/t;] x 100 2)
where 1, is the thickness (mm) after applying a pre-load (0.686 MPa%1%) for 15 seconds, and
t, is the thickness (mm) after applying a total pressure (34.3 MPa+1%) for 60 seconds.
According to the above—descﬁbed “configuration, the sheet has a high

compression ratio, 20% or higher. Therefore, workability remarkably improves as described in

the foregoing advantageous effect. At the same time, the inner crucible can
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5 conductivity of each test region is nmeasured, the
quot i ent. obt ai ned by dividing the difference between
the thermal -conductivity of the test region having
the greatest thermal conductivity and the therma
~conductivity of the test region having the | east
thermal conductivity by the nean val ue of the theona
be hamdredt froth ttileise disidel thetdwueert @stiblee gMomepveh althdugiethe sheet has a
restricted to be 0.1 or less. 10According to the _
Highbn@reRmariahe ditGe Hokgbieabi lgsas tHehienthenidle uniformly because the
conductivity does not vary greatly depending on the
%Cﬁ% | | ¥Qite i gb! . thig®Br. Sheed restilted@h@laBon in the
pML engtggfbﬁ$§%§ﬁ?€§q%?gﬁ“ﬁ{?%SgcﬁﬁbibIe pro?ghtﬁ%n :

heet . .f QI Lan.of ‘heat spots is prevented in the
p“%?ﬂﬁ?%k I%E%%%@??bn sheet. As a result, it becones

, sible to prevent |ocal softening and def ormati on
[Mﬁgf p g

the quartz crucible resulting fromthe heat spots

and 15quality degradation of the silicon single

cr ysHare, ieis desirabler thainiheeplpea dhera! vgp ugtivsR e 120 W/(meK) or

[0027] It is desirable that the total amount of
highempurities be 10 mass ppmor |ess. Accor di ng

to the above-descri bed configuration, the total ,

anDUuRkcdfling Mputhet hiesyefdsbrileah tenfigurdtiont e isc possitdé éo achieve a

protection sheet is small. Therefore, the silicon is :

renPi BMAO trfsto ?n &t AMvRR M6 Ot Redtiedl ofSilithgl @Stk nnet bicible in

qual ity of the pulled silicon single crystal becones

theh(iflggregr‘ucﬂ%?eloée?aﬁgeé_ &lg%c&ﬁ £ a8 ?at{chﬁt higﬂe a%/%&c%veﬁqp Wbossible to

of T npuri mass ppm or [ess, anong a

urali of inpuyrities.contained t.herei
extBpi e pdshuee dleshan Hnp 28 PREpaHOT SR s Sl GafpRRUIEed when
arsenic,_antinon bi syt h, and a tallic elepent be,
thegnpgrsBuEpinid healpd becaust s Rogmea iy lﬁullﬁ% |Ji\EE‘g samé e, the
elenment is iron or indium -
inner crucible can be heated uniformly because the planar thermal conductivity i1s 120

W/(meK) or higher. As a result, degradation in the product quality is prevented.
[0023]

It is desirable that the thickness of the crucible protection sheet be from 0.2 mm

. 10 0.6 mm.

The reason why the thickness of the crucible protection sheet is restricted in such
a way 1s as follows. When the thickness of the crucible protection sheet is 0.2 mm or

greater, the cushioning capability .of the crucible protection sheet is maintained (the

 flexibility is retained) even if the crucible protection sheet is compressed when inserting

the inner crucible. As a result, the sheet sufficiently exhibits the function of alleviating
the expansion-coniraction stress produced between the two crucibles during cooling the
crucible. In addition, when the thickness of the crucible protection sheet is 0.2 mm or

greater, degradation in the tensile strength and the flexural strength is prevented. Asa
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In addition, it is desirable that the ambunt of each

of the boron, the phosphorus, the arsenic, the

antinony, the bisnmuth, the iron, and the indium be 3

mass ppm or | ess. It is desirable that the

total "amobunt of the.boron, the phosphorus, the

arsenic, the iron, the antinony, the indium and the
resbit Soratkihehe (A crmitde ppamedtion Iskees,. foll beam@asio psevanted wihen inserting
- di scussed | ater. [0029] It is possible to : -

theSHREOYu@bRONUrgteabihen hid, Witieghtha thickificd i df\theferucible protectio
cruci bl e protection sheets are stacked on each other,

sh@R 610 8 mbGr FsHC iR ﬁerﬁﬁﬂhﬁp HhQMEhegtSIcbeiMG Fesult, the crucible

chicrble protection sheet "as descri bed above.

.pr%/f\ggg? gl'gﬁgfs %&%%%elggq% ﬁ(bncl: %Pa% sltj)(lr)r:cf}ﬁé@ﬁ%%seitnﬁg a %Qr?cﬁxtxg stress is applied to

above-descr. bed cryci bl e protecti sheets, the _
ﬂmé?%%ﬂ@?ﬁm%ﬁﬂ?ﬁ%e%ﬁﬂE?bW%ﬂ DPEA YN sheet. material as
a whol e can be made high even if the thickness of
[0084th sheet is small. As a result, breakage of the
cruci bl e protection sheet can be prevented. Mor eoyer,
evenlti desingblothat e loulki dersity bprfome 6 5iMeg/ns Hedt sMgfeakss,
the function as the crucible protection sheets is
sust ghedsdywhi Suel &semt@ionfis tigle 64 hefoliomuci Bl te bulk density is
protection sheets. In addition, the Si O gas passes

« Jest (Haf léngg’s}?ﬁ gﬂigﬁ:fengﬁf S th@kbrlciis pRASHbY sk dopdohehat cracks or

case of y - one cruci bl e protection sheet
e

i.nce there is interface ' t is *
el SRR b 5T BRCPE IR diafion e PHEIEARE On the
the SiQ gas.is less likely.: reach,t he outer "
oty Srorlpi At bk (e S e AT VRGP & B R efForiopygapabiity and the
i nproves. [0030] _According to . a third aspect,
deformeationivelumroahisgehing cenahiith ey Heetee PP®n sheet
conpri sing expanded graphite and bei ng arranged
[00@81T ween an inner crucible and an outer crucible of a
cruci bl e having the inner crucible and the outer
cr ucitd @sirhiie tledied Rkevapy edteckprsersdiclet tedblgving equation (3) be
characterized in that: the total anount of inpurities
SQQéﬂiggnﬂHSS ppmor |ess; and anong a plurality of the
Inpurities contained therein, the anount of at |east
one t [ Se seni c, antinonygy -
B e R L e, 1 ©

bi snl i's 3 mass ppm or

| ess. 5ln.the ove-descrj hed confi ' :
WhR T ST RGP e BReiohr L 84 Blbweb 05 for 15 seconds,
phosphorus, and so forth (hereinafter _ : \
Bidkneas| (o b BT GPIYBE ciowd BESHEF o8 Met ) for 60 seconds,
which significantly affect the quality of the product
andvg iuthe dtickmess dfjerusictiing the prassse i te Prekasd gad elapsipg §9 seconds.
sinply referred to as a "product"), is controlled to
be 3THeg&soRpMratio iekizh, Theordfigha, at descijoral abtoye.  Therefore, even
abnormal ity of the product can be 10 suppressed.. On
whif1€ 2 0LheT fHARd, bdtheed Ol @D U ICIBlesi RedUist | ©F e tdeount of
sheet 1's 100 mass ppmor |less, so the quality of the

ex%?{u/?{;rﬁra%{iﬁ’ﬁ E»%&u%@d $RRAIn TRY tROrnR&ISO tllfhi Sciblehbrdiection sheet .

ates the manufacture of the crucible

tection sheet, and the. [ t ol - 14 e

corf i FEb BrBrentron e RaBI s More R (' crRliokRE opapitty of the

qual i.ty can be kept high.whjle keeping the :
CTUGRHUITEISE M H@%%}rbwa%ﬁéﬂﬁ oduct |ow. 15[ 0031]

It should be noted that the specific elenments are .,

r est Itisbewdd bt mokss bat thembeyrmentonedTeeavicry, rafiftlf Agsgyding to JIS R

bi smuth, and a netallic elenment for the foll ow ng

reason. Specifically, the follow ng problens are

consi dered. Boron, phosphoru¥; arsenic, antinony, and.

bi smuth are used as dopants when manufacturing '

sem conductors. For
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15

20

20 this reason, if these elenents are contained in
t he product, desired characteristics cannot be
obt ai ned by a subsequent doping process. Also, if a
netallic element is contained, a sethiconductor may
not be produced but a conductor may be-produced.

0032] The netallic elenent is iron or indium 25Wen

- 3483peemprsted Ebes i @nBRAt ai ned, the product is

particularly apt to become a conductor. [0033]

[00R6] addition, it is desirable that the anmount of each
of the boron, the phosphorus, the arsenic, the o
ant i Honyssirhbie thatswiéhthetsheetiin anquaea dhdpeeavimgiasiddel 0 mm is
mass ppm or | ess. When t he anount of each of

dividag iBloSIRMeSshhPE tAf SegiidstdabhInaking PEABIoFTBt g bl the thermal
manuf acturing the product is restricted, the product

con_gH&Ni y f%?%hb‘?es]t D&Y 6d HAHART thd QQ&fe]nt obtained by I@viding the
esirable at t he

the“total anmount of 't he boron,

.-phosphar us, .t arseni g, ..t.he i A ,
inBRe Ao T e of (8%t M EIMADY erddllS: thermal
Wen the taotal amount of  the ecific eleﬂgnts i S
congaieyipeand: ther BATEY. FrPINFE LBl Dioqlest Foetag taving. the’ least thermal
configuration, the advantageous effect of preventing
conduetiviityybyathe oren viatug obfthet therms semductivigics Qﬁalgmeé%ﬁt pegiens should -
significantly. [0035] According to a fourth
be @stpierzt,to bb@rleorilssspr ovi ded a cr.uci.bl e appar at us
conprising an inner crucible, an outer crucible, and
a Cragdophige BE FheabdRMeshERl @ampiagbnahexipamdeonductivity does
graphite and bei ng arranged between the inner

qqt%agg F%Itaﬁg %Eﬁeielntdﬁfg HES 1064t B e ol PRAERIOR sheet. Therefore,

ng characterized in that: the crucible

bl BSECH 8" LR, BSOS, BaPERLy s o i

- of ippurities of the.crucible, protection sheet a '
proysiech IR BF QIR SHREE peat 25 W TeSDRES mﬁs&% 1o prevent
of the .crucible protection sheet and the ter

. 0 .
localrsafiewing and dgfprmatian pp feoguarigsaucible res et 5P the beg spots and

t he above-descri bed configuration, the total anount

‘qualify dapparfatith eSthiersilidoe singlorybtel eswting fiomriemheraturavatiations.

the crucible is small. Therefore, the anount of

[ooeypurities that contam nate the material is |essened.

Moreover, the quality of each of the conponents need-

- not joe dagnsaasd tﬂé{}ﬁ@@%@@aﬂ ¥ mp&Qridse 1WBAMS ppklbrilag.

and quality contro _ :
According to the above-described configuration, the total amount of impurities

(ash content) in the crucible protection sheet is small. Therefore, the silicon is prevented
from being contaminated. As a result, the quality of the pulled silicon single crystal
becomes higher.

[0028]

It is desirable that the total amount of impurities be 100 mass ppm or less, and
among a plurality of impurities contained therein, the amount of at least one element of

boron, phosphorus, a.rsénjc, antimony, bismuth, and a metallic element be 3 mass ppm or

13



of each of the conponents are easy. Thus, the

manuf acturing Cost of the product can be | owered, and
at the sanme tine, the product quality can be kept

hi gh. [0036] It is desirable that the outer
cruci bl e be a graphite cruci ble having a total anount
5 of inpurities of 20 nass ppm or | ess.

According to the above-descri bed configuration, the

gﬁﬁ?%l {Ogcﬁlglm%%%ﬁc QS%E@?EE%?P@Wl e, and the anount

less.

urities er ow. Therefore, the

tof al . _anmount. qf .t ' rities in the r [
sl 09 e AP R rTioR)! Ot o SRoauap: fig posphorus, the
_prevented. Moreover, the quality of the crucibl
arsenicp thstaabmiosl, the Bismuthy, e isen mpd thsAaiim g 3 BasPPRHPEess-
difficult to increase than the outer crucible, need. .
nolt isxdesiratde das the torshevewsaf itheborgw the phogpharus, tgearsenic, the iron,
manuf acturing of the crucible protection sheet and
the anttrhenygthalihdiymeant the bisofuth bel Cmasidpreordesst ect i on sheet
are made easy. Thus, the manufacturing cost of the
prpriichsondwilbse diowBi®dateand at the sane tine, the
product quality can be kept high. [0037] 15It is
[Oozﬂdesirable that the outer crucible be a carbon
conposite cruci ble having a total anount of
I mpuriti f .20 | £SSt.: j ;
th 1%188?7‘%’%% go glﬁp%o dg %ogiﬁéﬂgrc%ont f5%hich a plurarﬁg)? gf ghfég%% grotectlon

S con uration, the out crucl

et e SRR O oSS RER B LB SOy BRI 0 rc
total amount _of the inpurities in the apparatus is
protectigreshiect agdlgscaibad Ab§¥Cabnor mal ity of the 20 product is
prevented. Mreover, the quality of the crucible )
pr Bthen ichastrustiep o cruciide prateatipnshesiimaserial by incking a plurality of the
difficult to increase than the outer crucible, need
above-O&icribel ichadilasgdteutione chsaar itey strohgtha of ébeilarucibleeprotection sheet
manuf acturing of the crucible protection sheet and

materidIN8 aOMRILE ti¥n BOMaRO highf eviehef Gt weitlless pf @ickchécns shabtAs a result,
are made easy. Thus, the manufacturing cost of the

' e BenfaMBdto®r, g if f th
bfeakag% g’gb@% %ﬁ‘?@?ﬁ“@%‘ﬁf%%‘eﬁﬁgi% % hi%rgh.n ADVANTAGES OF 0 O %F¢

cfucibl-ng?ot%M)%'\&Iegs\l b[‘e%ggisdle function as the crucible protection sheets is sustained by

the presence of the other crucible protection sheets. In addition, the SiO gas passes through the
sheet maferia.l less easily than in the case of using- only one crucible protection sheet since
there'is interface resistance at the interface between the crucible protection sheets. As a result,
the SiO gas is less likely to reach the outer crucible, so the gas shielding capability further
improves.
[0030]

According to a third aspect, there is provided a crucible protection sheet comprising
expa:ndéd graphite and being arranged between an inner crucible and an outef crucible of a

crucible having the inner crucible and the outer
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As descri bed above, enbodi nents of the present
i nvention exhibit significant advantageous effects of
preventing danages to the inner crucible, hindering
the outer crucible fromsilicon-carbidization, and
transmtting heat fromthe outer crucible to the
i nner crucible uniformy. Enbodi nents of invention

crmitde thxloniitile prométidne shect hdingrthatetstiged it ditsthoftotal amount of
hi ndering an increase of the production costs and at

impeiiBAER 0b iniRs entldsggaridhemaua bifyraliggsfatiatimpnrités contained
t he manufactured products effectively. BEST MODE FOR

' the%ﬁl the, e(%ﬁr FHE 1LNYENT! GEROSOborbf] B%EPMIB@M] an’umony,j

iment of the invention Wl descri bed

: blsgleg:l% %e%ﬁﬁc e g &3 3% or less Bef or e

|ng a crucible pr I on sheet of the present‘

inveptjion, an.a usi.n he cruc ot e
s heei1 Wﬂaﬂi’oﬁ‘e‘d?fg@g?cf B(gg %lféft (11b ?tg %{ one (C)f' {h%relements
schematic illustrative V|e f e _ _

ameRe osRT: LRTORRNCERY, | & 53 TRt e&l??‘*ﬂr‘g#'ﬁf glas@r C‘%ll%éﬁYfihk geferred fo-as

and Fig. 2 is a partially enlar ed view of a crucible -
“spicific elements™).whichssigrificandly2afface fher @ubity eluivhe mapduct manufactured
denotes a_crucible that accomvpdat es pol ycrystalline
by sisincalncruvdiecihetesnaier alwo sihplyi raferredl ts kd 4 Cprodsitigisecontrolled to
‘crystals or the like. Athe heater 5 is arranged

be & QWG PohE of NaGI bl@cABRal @idigudlity alofRdite rafChbl goduct can be
apparatus 1 |s heated by radi ant -heat fromthe heater

su;%res% oL C L n n&lestbkﬂ GRRuhS %ﬁge@ﬁxdthg%hée@ q‘s 1 00 mass

|on fomthe cruci Ie apparatus 1
the cru0| appar S d b he _h
PPl g0 k’fﬁﬁ?ﬁ bty ﬁ%}%‘ﬁﬁ R gty e Gt B o niah.  This
e B e R &6 RGPt s the Guality control of the

manuf act ured. [0040] - Normal |y, the crucib)e
crogfpamatenion gheapr i 4o msultndey peodyel Bralite cade sept high while

guartz, an outer crucible 3 nade of graphite (the
kespingiht nehubbiveingicest dfahe pocdogt lew. about 20 kg to about

100 kg), and a crucible protection sheet 4 disposed
[0¢ﬁgmeen the two crucibles 2 and 3. The crucible

protection sheet 4 is provided for hindering the

out ef; sﬁ&ﬂﬁ'b@ln%t@d ﬁlﬁpmea.»ﬁé&ﬁﬁ QnGeRtdrél k& dedio BoRén, phosphorus,
"preventing breakage when inserting the inner crucible

| ‘arsa%llﬁ,gt ogﬁnlg)gﬁ,g 5 erut%r u%rlcflfa? RretaRRtd efl&ﬁ el E}CMhd nﬂ)llowmg reasor.

erence I n thermal expansion
coeff|C|ent etmeen the materials; t

- SoRiiAl 6 Follnuine WHICED G niEREEr Ui BPE SBRPaRigs arsic

1 after fmshing the manufacture of silicon single

 antimqry, ané bismuthare uked 2§ dopants TR MRADUHCtE R SBUCqngetors.  For

cruci bl e protection sheet of the present invention,

thiwkhdasdn, iiBthasceelematisrare hentaipadiin itengrodertdéssred bleagacteristics cannot
above, needs to be capable of conducting heat from

be bbRiREIa sbsjuehedésing bevdennerAles, i b inegalli¢ alement is contained, a .

addi tion, the crucible protection sheet needs to have.
sethidndlRld: Ayt GBRFRRIEI bl d Eshductor may be produced.
[0032] ‘

The metallic element 1s iron or indium.

When these metals are contained, the product is particularly apt to become a

15



(a) To have shock absorption capability when

inserting the inner crucible into the outer

15cruci bl e (shock absorption capability). (b) To

absorb the difference in the volunme of deformation

between the two crucibles that originates fromthe
conduckrfference in thermal expansion coefficient between

the material of the outer crucible (graphite) and the
[mB3]waterial of the inner crucible (quartz) when cooling

the crucibles (deformation vol une absor bi ng

c Y:

ngq@;lpﬂ }is @ﬁ{g@g?{gaég@egg@gh%%%awgm CB#6h, th& phéMorus, the

si lican-car j zation,. whi C resy It fr n1the S| as
arseniGy thg &a&g@nﬁtgﬁg{swth Shfsirom, aid i BORPe O PPN P Sgs

shi el ding capability). (d) To conduct heat fro

odthen theuampie b eafl of fhe relemerts Gﬁ%t i Pﬁ&?ﬂlﬂr& problomatic in

inner crucible has a uniform surface tenperature

manufatetngi therpiodnct(isirdstristedi thy produseaualifpyan besmpowsd further.
© The crucible protection sheet according to the first

]po}ﬂlnventlon is formed of expanded graphite; at the sane

time, the gas perneability thereof that is

I @ik %éﬁfgbfedmmfthb hQaBhRyet deaeriosad teapikpiviug, e drsenic, the iron,

|l ess than 1 x 10-4 cn2/s, and t he conpression ratio

the antix gfea%nﬁ%’%n IE‘uzd @g@g%@ﬁﬁ%@qo %/as!; P pug- descri bed

] I gher. refore{ it can
3 N DRSO ST At 9 e B30 g e

.invention s forned of exp aph
descnbsﬁ R ol AR GO R apdly 0By of e
W (nK) or higher, and the conpression ratio thereof
Pﬂthtﬁéﬁhﬂ@wdépF@§éﬁﬁ@@ﬂby the 10 above-descri bed
equation (2) is 20%or higher. Therefore, it can
[0035]sat i sfy the above characteristics (a), (b), and (d).
[0044] The cruci bl e protection sheet according
t Acbhdidehior 8 fourtte apcon these fioprmddedf a esypdihel epbaratus comprising an
graphite; at the sane time, the gas perneability

inner chi*$¥1€0h duidtcri@bl dasentitn fptetor fiReadvameistipsxpihizd graphite
equation (1) is less than 1.0 x 10-4 cn2/s, the

and béﬁ'%g%}fﬁgéa %?tv{)%g tRe IeF %Elbtl@ ahd R &ﬁé}r&t‘iﬁﬁl‘eeﬂle%&ﬂé apparatus

esc equatlon I's 20% or hlgher and

being ﬁftrﬁ# ngr 1r}t1 g?‘n .?:ﬁlg: t 'r&e{:‘é{?ﬂ Egéle%sat 1 1 {l}gﬁle proﬁactlon sheet

above ch racteristic .
according to the above aspects; andS thg t?)ta} w‘eggq}t of impurities of the crucible protection

sheet and the outer crucible with respect to the total weight of the crucible protection sheet and

the outer crucible is 30 mass ppm or less.

According to the above-described configuration, the total amount of impurities in the
crucible protection sheet and the crucible is small. Therefore, the amount of impurities that
contaminate the material is lessened. Moreover, the quality of each of the components need not_

be increased unnecessarily, so the manufacturing and quality control
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Her ei nbel ow, the relationship between the paraneters
of the crucible protection 20sheets according to the
present invention and the characteristics (a) to (d)
wi |l be discussed. [0045] First, the
cruci bl e protection sheet of the present invention is
made by form ng expanded graphite into_a sheet shape.
of md xthe rerpongRtse £4Yi s 1hey AegmpguipGiaags eogof the product can be
25natural graphite, kish graphite, or the like in a
lowdrediiagdsitithe sarse solef Uneipcoduct quadity ednt brei kepaibigl.  and
thereafter subjecting it to a heat treatnent at 400C

*{mp%]higher. © - . The expanded graphite is in a

flocculent or fiber form in other words, one in
“Whi el ik tissiB¥icathal (ROGLBr EScit®8eS olbRfe EduSibleAthvle a total amount
| ength. For exanple, the axial Iength is about T nm

Of%%8ﬁﬁﬁ¥5?299%§§?%?g}Ek&'ength is from about 300 pmto

erior of the crucible protection
sheet, of

t he esent jnvention. fil.aments of th . .
expafeETItpipe B e e OB B b Juh pble is a graphite
ent angl ed with one anot her. .. It shoul d be noted

crueiblg, apfdhe amenn) of ippyLiEes thsrrod felapt 1wt nEhesplate fhe total amount
invention may be -fornmed of only the expanded graphite

of 8% tepwitidsed thbepparatustis ismahaynd queliy rabmotmality ef the product is,
amount (for exanple, about 5% of binder such as a

prepheddl | Moploast e qrlisy ¢fuhberuclfle pangioa theet] B0 $6dity of which is
(Shock Absorption Capability and Deformation Vol une o

mofPaARBIN % GRPARE khdnythe outer crudiBlel RELhMChDIRrcased unnecessarily.
protection sheet formed of the expanded graphite as

As %er%gﬁl{, bcﬁéj m%ﬂ?fﬁgtugg%‘gf gr{en&uEfBIet }{ﬁ%tefc{.i(gé Lhde aﬁd%a% gll/laltitﬁecontrol of

I.-nventl ons, ression rati o represente

e . . . 0
thei Py PO erure el TTa, Bl E 4B BT HE ot of the product
direction in which the inner crucihle is pressed )

cangdomStods R (R TomS HIBS 5P PIOHEH JUHU: e R KR hner
crucible into the outer crucible, the crucible

[0087bt ecti on sheet is conpressed and deformed so that

“the force can be absorbed. That is, the inpact that
i s phaduesichbivhdnal ileserter ompcibhe be nnerbor camaisee icsucible having a
absorbed by the crucible protection sheet, so 20

totd) LERANSS @putities bMlEhakipet bt esgan be prevent ed.
Accordingly, workability in the inserting work can be

i n'prgl‘,&gdm%qg%ﬂé above-described configuration, the outer crucible is a carbon

comyposite (C/C) crucible, and the amount of irnpﬁrities thereof is kept low. Therefore,

" the total amount of the impurities in the apparatus is small, and quality abnormality of the

product is prevénted. Moreover, the quality of the crucible protection sheet, the purity
6f which is more difficult to increase than the outer crucible, need not be increased
unnecessarily. As a result, the manufacturing of the crucible protection sheet and the

quality control of the crucible protection sheet are made easy. Thus, the manufacturing

 cost of the product can be lowered, and at the same time; the product quality can be kept

“high.
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Mor eover, even when the inner bottom surface of the
outer crucible is uneven, the uneven portion is
buried in the crucible protection sheet because the
cruci bl e 25protection sheet has a sufficient
conpression ratio. Thus, the gap between the outer
AJﬁﬁMﬁ?%E@%ﬁj@ﬁHEhﬁnhﬂ@ﬁtmﬁrUCib|e and the inner surface
of the outer crucible can be filled by the crucible
Km38]protection_sheet. Accordingly, when-inserting the
inner crucible into the outer crucible, the inner

crucibl e, i revented,.fromtiltiin if . the. d P
 bobraseShed aRher SR, OF e P EAE dnldngb B AL significant

it becones possihle to prevent. | eaka of. the [te .
advantgeps QBRI AECGBE ARTALES OiR iR wﬁﬁen@ns?ma'@e ofiftr crucible

i nner crucible inside the outer crucible. OO4§£ . .
from silifor-trabidivatkmenns! tensmifting heati T the euteteupiblesipdl ipngr crucible
too thin, there may be cases in which a sufficient
uniforniter dintbddamensthoatk imbEstopt dlsn axhitibtsignifiebt adsedageous effects of
al though the crucible protection sheet has a )
hindeﬂﬁ%'&ﬁriﬁér%i&%ﬂ fiiel groasctidasisisbad abibhe samkntine peeventngishe quali
there may 10 be a possibility that the crucible

degrad RIoAloF e ARG Rled AOHMREs cFlRe@Vdy.t he i|rnpact when

I'nserting the 1nner crucible, or that the crucible

hOR ; tRoF eNVE: contact with the
BEST mlfggukr@sa‘%%%(fcﬁe i nlﬁfgr cr lﬁl{l&?\g and the inner
surface of the outer crucible. When t he
,“XB9]crucibIe protection sheet is sandw ched between the
i nner crucible and the o r cible, the crucible
_protection sheéfﬂagrggﬁygéﬁﬁEﬁéﬁorned so as to be in
close 15 contact with the bottom surface of the inner .
cAuuittnebedimenttod thanineentionrilide dsseribré Vet reterenes & e drawings.
If the strength of the crucible protection sheet
i Beford déssritinaka orucitie pfdtectiopi dhieetyoft the msesent mventydtl, agtapparatus
this tinme, the crucible protection sheet itself may
using tRE c kMK BbiccEibh BREH willrbet deguiithinbriciflyl $igs dnidwi schedatic illustrative
bet ween the inner crucible and the outer crucible

view ofe&ﬁgplﬁé}ﬂ YShmbREaGhHMEE BliorPEiREIB Ghysals shBelikhasddig. 2 is a partially
Cco

ression ratio as described above. 20[ 0049]
Takin his. ter into consideration, it is '
eﬂmge&gg@xy%{){igﬁﬁ%}?gii he thi ckness of the crucible
~ protectipn sheet be fromO0, 2 t . . t
o Dl C R B e Bt sl o kbouf & Wit ilat Bcommodates

" within the just-described r e, a.sufficient rqi

polycrystgliine pEeRn, AHuEh (53 B @%fﬁ“%‘é’afgﬂécﬁflé‘ﬁﬁgyet Grstils 0 1 10 A the heater
protection sheet can be brought into close contact .

5 is arradBed tioundhtheouneblesapphrats lond e ereible appawaiys| ‘elsj’ﬁated by radiant
the inner surface of the outer crucible (i.e., the

heat fro@ahe hettaver The pelscrwstadlineciilitarsis beated end inkltestibypleat penduction from
cruci bl e protection sheet), and the crucible

the crudbiRlBphiafR BRERL the Leldibleapphanpr Byehtael by ahe heatag 5. Thus, by
cracked, chipped, or torn. Furthernore, when the bul k

I:)ringinggﬁlg§1@1€r1¥eni s?li&ﬁrrln%gédﬂ%c@%ﬂﬂi 248 cgis’fhﬁ afid PElliak @p the molten silicon, a

rotection sheet has a certain degree of strength.

... Therefor ve e cruci ble protection sheet 5
ﬁhuﬂlﬁgg%Fﬂg?f?ﬁgmgﬁu0|E:e g?otection sheet can be

prevented fromcracks or the |ike. However, when the

[0040] ) K density exceeds 1.5 Mg/ nB, the shock absorption

capability and the deformati on vol unme absor bi ng
capability may degrade. 18
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[0050] Fromthe foregoing, it is preferable that the
cruci bl e protection sheet in which the 10 conpression
ratio thereof is restricted as descri bed above be
restricted to have a thickness of from0.2 mMmto 0 6
mm and a bul k density of from0.5 My/nB to 1.5 My/ nB.
It is particularly preferable that the crucible

tr ;%ﬁ%ﬁ?’hﬁg ?ﬁf"é@g ahBRbl qé“%ﬂﬁ?@eﬂ%@f@y&%ﬁ&? 2 j‘g quartz,
m 84" DAk denslt _
an F{?fﬁ Sl @ﬁ%%?@fﬁ%ﬁﬁf %ﬁ'@?}f %ﬂ“@%@éﬁﬁ%@iﬁf% fu20 ke 1o
i Chder i
o S S SR 2 Lk RO e

capability can be increased further. [0051] ]
3. Flhhe praeibls protegtien shems Acisugppided getohiaderingnths ipater chesblg 3 from
thi ckness of from0O 2 mmto 0 6 mm particularly when
sih¢anerarBidizatiemioop@véitmg bredkmge mhen dsertimpdbemenerusiblel into the
Is 20 kept in such a condition that it can undergo
outérlitible X and fRSatwntide lanapds @iscaM8 aifffefihed Retheffg lexpansion
crucible is placed in the outer crucible.
coefSS QT dbRGtp RV RRtd-RARU 1 2RO Wlcifibs QOMd 3CkhaD cBbling the
the outer crucible becones greater than the anount of
cmgiBI}t @?%{L@ N a‘%{e{ Elﬂfshlqy{ﬁé m%&ﬁéb&keeoﬂoﬁg&%?sﬁﬁef %r%%][gls or the like.
ITference’in ermal® expansi on coefficie Ween
ngpfir mat eri al s when cooling the entire crucible
er fabricating the single crystal silicon, the
25cruci bl e protection_sheet can absorb the difference _ .
in tHecapotiss. dic egpibleprofeston shess of thechipsopt myvgation, which is
cruci bl e protection sheet can also alleviate the
used xeers therconditions as i dsacrdieil e vpr mgde éal bb eapabdm of kendugting heat
cruci bl es when cooling the crucibles, and therefore,
frointthe antep caxéii¢ b ileakagecratibldie Inradditibh ethe whetble odtettipn sheet
the crucibles. [0052] 5By using a plurality of the

nee@é UChRE GPOAbRELD DRrazheRtiss. St acked on each other, the
strength can be i nproved even when the thickness of

(a) gﬁgﬁtvg @ﬁo&fabk&%fﬁsﬁ%hmi P BLEELBR e SRE RS J:I%lcitbn{ Mo the outer

e margin'tor shnoc sorption’is nade greater.

Thereb he cruci . protection sheet can be
cm%rg%\;g}rl] Clecab?orrgt?ﬁ)%ga %bgl,t%and t he cushioning capability

an al so be _inproved. In this case,.it is possiblet
(o) 55 BoRord g e ReR e ftcor hehe o PERTBR IO aRs i crucibies that
_sheet on one another, or it is also pgssible to use a
origipates frpmythe «kiffensnes irf therrael ipantienr kPeffcignipbaiveasy the material of
the crucible protection sheets in advance.

the outer crucible (graphite) and the material of the inner crucible (quartz) when cooling
the crucibles (deformation volume absorbing capability).

(c) To prevent the outer crucible from suffering thickness decrease and
silicon-carbidization, which result from the SiO gas produced from the inner crucible and
so forth (gas shielding capability).

(d) To conduct heat from the outer crucible to the inner crucible so that the inner crucible

has a uniform surface temperature distribution {uniformity in heating).

[0042)
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[ 0053] Furt hernore, when the recovery ratio is
5% or higher, the crucible protection sheet can

mai ntai n the cushioning capability after the sheet is
conpressed and then the 15 load is renoved. This is

preferable for the follow ng reason. Even if the gap

bet ween the two cruci bl es changes because of the

di ffgrence..in the ano

t. of i an/ t. '
O LR e s, YOO B0 BBRSKEGAT o o
eXPgliEC???i:%fslpkg{?; tgl'i;‘gl@f slallc“plg %ﬁgc?,ftlpg %ﬁp%ﬁ%ﬁj@%&%{ ﬁréal’é I({:lh ?elé)?esented by

crucible and the outer crucible at _all,tines, as |ong :
the abovendesambrdraquation He it frshienok0 ¥HE gap /somidhe gerpprgssion ratio
range that the thickness of the crucible protection )
thereh ehatcmnrdpecsemedVisyr ¢l povdhrdeseribmi llpeationotBcisi 8@Pe or higher.
sheet. [0054] The above-nentioned recovery
Ther@bie) iti cn 3@&0Y thenBotOchhkHtdRisBedR) tehpr essed fi ber
jointing, and specifically, it is represented by the
Rmﬁgglomﬁng equation (3). 25Recovery ratio (%9 = kt3 -
t

/[ (ti - t2)] x 100,(3) where -1l is the
t hi | yi.Nek: = :
PectCF LA A0 KB B, 0 8y o o

appl.yin total pressure (34,3 alo. for . .
exrBeh ORh iy G Smen Y (A TRTEr Mg fepef is 120
ressure to the_ pre-load and el apsi ng 6Q seconds.
W/ 5pr Eh@% apd dhe; GRS |rq1t{(3y)thereof [ 1th, erepresented by the
cruci bl e protection sheet of the present invention is
aboadidesirided smuetien (Dhs 96 pehishabi [Thetefesetleemm pafisfiedie above
than 1.0 x 10-4 cn®/s. When t he conpression
charatdrtics(ahi(ghand (d)he gas perneability tends to be
hi gher accordingly (see Fig. 9). However, by
rooggptrol ling the gas pernmeability to be less than 10
1.0 x 10-4 cnR/s, the SiO gas that is produced when

heat 4 A chﬁmé MGkt Shddh BackSrdRipe e RicC thifd AVRASS iNGormed of
gh the c

t hr ou ucl bl e protection sheet even if the
cO essi.on rati o of..the.gruci j '
oxFRIRE SRR ot Bl Brfah T HR GRS rRlerBIBY R AR R Rprtnted by
' [ ted. f . i t th i bl . .
ey R R BRI B deet TP WL R Phe Bfterhe comPression ratio
cruci bl e, so the outer crucible.is hinde;ed from.
thergiof theb i ardseripd B itnaboysTiseried eguationd2) i &% 9g bigher, and the
the outer crucible can be |engthened, and al so, the )
planartbémc ephdgtivos thafoftind268iWilmok) et higher. cThgteairechgan satisfy
be reduced.
all the above characteristics (a) to (d).
Hereinbelow, the relationship between the parameters of the crucible protection

sheets according to the present invention and the characteristics (a) to (d) will be
discussed.
[0045]

First, the crucible protection sheet of the present invention is made by forming
expanded graphite into a shect shape. The expanded graphite is formed by immersing

natural graphite, kish graphite, or the like in a liquid such as sulfuric acid or nitric acid
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[ 0056] If Si O gas passes through the crucible
protection sheet, the SiO gas that flows into the gap
bet ween the cruci ble protection sheet and the outer
cruci ble is heated. Then, 20 convection of the Si O
gas occurs between the crucible protection sheet and
the outer crucible. The convention erodes the outer

and-thbfeh B Sub it it BRY hédf ehtindnlaBdohC Gk ARSS:. decr ease of
the outer crucible. This phenonenon is particularly

not i ‘gg@g}l(orf‘atnﬂéh Bral ee@gs{jinoﬁ] Rkclibs &rﬁﬁéﬁ%ﬁn,%cﬁ??r Vgﬂrgﬁ, one in

curv I on, e portron A'in

b S SRR LTI PR S ER AL g e FrtplEs e Bl Yength i

than 1.0 x 10-4 cn®/s,, the anpunt of gas that f|ows
abquiytlomphio & apmpyadvigenadigeleagticisHrem mberteddl bR ot rm.  In the
and the outer crucible is small in the first place.

intgaior goff gukcrucitile Myeleetins shed sehitke peesprteiremtiqnndilaments of the
occurrence of convection as described above and the
expshiakgmepstedéter aadescrbed deve ateeentarelre witle onemwither.ng
fromthe convention. 5[0057] It should be
not ed sh\adl bk hoted tHAtfthé Etakibld Froffc e Bliccd aSthp Fd¥e@!ih@dhtion may
conpl etely even when the cruci ble protection sheet

Lt " _ ]
b R T R B e s PR LRPP e By i o lce
a Goypression ratio d (o - -
s Ph S5 58, a8k A ICh BAET SFAY sk BR-HE dyRRig or o rbber
fill the gap between the 10 i nner crucible and the
COTBRRMSPL cruci bl e can at all times. This neans that no
ap that allows the SiO gas to cause convection
Fxgﬁfsts between the two both crucibles, so the effect
of preventing the thickness decrease of the outer
(Shock dibkirptidreC apebslitrand Defeymiation etumd AB®SHing/Orpabiisty)
the convection of the SiO gas occurs in the vicinity
of thetheadrhdible wbtetBoniBherdn fotieeds bil thef apandudderhpitite as described
bottom face of the crucible is connected (i.e., the A

abdRRrdeb@RinkNo thdfirst ko tHiREMOERI s, thBRofipksEhibh atio represented by the
protecti on sheet of the present invention nmay be

abo?z% \ﬁhgtgagl (?Zli:y reis{?ig{e{aﬁtg 103 (9, To¥ I hg}.hefﬂ% creﬁnie?QVeffi'lt' WhAR apphed

e sl ce an ottom of t crucible iIs
. connected, if .the purpose.i.s .nmerely,to.pre t_such.
in § REE0T b vyt M- BAR TS TS YL bRl PG s kiBle when
. capability can enhanced by st acki a plurality. of )
mseag se PR Bqus&% drgct eoﬁufg% éFé'FgﬁST ﬂ%y%ib#g Paote‘ymﬂ sheet is
multi-layered sheet conprising a plurality of the. ]
comgprgeieBlapd deformed iso thas il fosce eqrebe ghferbedhe Thalsls, the impact that is
shiel ding capability of each sheet is not very high.
profd 0659} henTihertimd theomdu chicibie ys @rsdrbod ibfy dhanértigiblerprotection sheet, so
Heat i nQ)
breakage of the inner crucible can be prevented. Accordingly, workability in the

inserting work can be improved.
[0047]

Moreover, even when the mner bottom surface of the outer crucible is uneven,
the uneven portion is buried in the crucible protection sheet because the crucible

protection sheet has a sufficient compression ratio. Thus, the gap between the outer
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25The quartz inner crucible has a thernal
conductivity of 2 W(nK) at highest. In contrast,
the crucible protection sheet of the present

i nvention has a planar thermal conductivity of 120
W(lrr1 C) or higher. The tenperature of the
outer crucible inner surface does not necessarily

surﬁgéé ?fl tﬁa Wt %Efbﬁeemg I e bR oF Q{étdul%rf cHRPle 84:2% gg&i by the

, SO the crucl protection sheet 5 nmay a
have a te rature distribution en ;heat ed, ver
erogifltprok SO diear “AsePraneko R BeRD ol RhRCerabRIEERL te outer
protection sheet of the presenﬁ.inventi%%hjs 1&? P ¢
crugaplentli)ingsr Grgihleris peevgaise s diltip fen 1f heinpgy pettom surface o

tenperature distribution will result within an
the exter ervelbje shoeven: | Agwus;Tihbecomgsdesiible o prsviideakggp ahihe molten
the inner crucible nade of quartz, which has a very
silidcamthip cigirtatdsHemmeie wlang ot thevitey crwitbs nadeitlad dyter crucible.
uniformy. 10 Thereby, the tenperature of the silicon
{pohglthe inner crucible is also made substantially
uniform As a result, the quality of the manufactured
i i gon SRS oFilSEALibSpoPRESY Sitket BTBS B3R tere may be cases in
Furthernore, the tenperature increase of the inner
crucible upon startj I t .
whigh dChas S B RRRPr sha AREHR <Al HIBHEREIAHER the crucibl
becone noye quick, 15 so. the, praductivity of, the
PrOGEIIDE gPob Iigh EPIEPSHSH Fit P SURE IO GORYS: In Dther qds, there may
addition, the plapar thermal conductivity of the ) )
be & possitplity Tt Shecerrible BRisstion phach gaqmpbsATY the JBRAGE sypepdnserting
120 W (nK) or higher, and the crucible protection )
thesiveetriciblady st éi suciblaprotartonpbhashsannpidpaial close contact with the
conductivity is substantially uniform across the
outpl ApRce 20hdbmer sfpetbild aebthe ynnet berfaee wf el certqreadcdidti on
sheet is adjusted to be as follows. Wen portions of

the g ikl QuiibRiR6lbsh Sleeek safi@viehidd Wekednthe irs@t afeible and
shape having a side of 200 mmto form square-shaped

; . - ! .
the toﬁlf'etr CEF&%%ES% gﬁl&\%lggi’%{lﬂ]&gcﬁhg% 8Ent2md WtAREd k8 &s to be in close

er ma test region is neasured,
th otient obtalned di vidj h [ ffere
cori it e e Gty ot A e B Rifies of the ouer
havi ng the greatest 25thermal conducti.vity and th s
crupfie il S GHABERI B b SO T GOt D a4y gk hghe flexivilit
| east thernmml conductivity by the nean value of the |
theteloé isnemhal caribig dinhesithe emicible pratecting shest itselbgay e csakad.chipped,
be restricted to be 0.1 or less. [0061] If the ]
or tdmerwieh ic o sanciichedybarfvetth ¢hec immet biusihly end e owfes hwetble even
Is not uniform a heat
though the crucible protection sheet has a compression ratio as described above.
[0049]
Taking this matter into consideration, it is desirable that the thickness of the
crucible protection sheet be from 0.2 mm to 0.6 mm. When the thickness of the crucible
protection sheet falls within the just-described range, a sufficient margin for shock

absorption can be ensured, the crucible protection sheet can be brought into close contact

with the outer surface of the inner crucible and the inner surface of the outer crucible (i.e.,
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5 spot having a higher tenperature than other
portions may formin a portion with a | ow thernal
conductivity. If the heat spot is formed in the

cruci ble protection sheet, only the portion of the

i nner cruci ble made of quartz that is in contact with
the heat spot may have a higher tenperature than the

the %%51 t%%tén%?% HGOLQCOOJHI&BE% :cﬁm 6 fﬁl&éﬂ & BherudiBleSprBRY 6 Skd), and the

ow ng problens. The Silicon in the inner
cruci bl e..may, not ve uni_f t.er s
erafi B CRIeRA0T L ar ARk B e B it REBFERMYE chipped, or tom.
silicon singl rystal .. Also, ,only .that porti.qQn of .
Furfigempiensher fscilk Bl ds Prioleim aphishenLEaTsily proteasign sheet
i nner cruci ble may crack. The cruci bl e i
haspr eersan jdsarcs mfetirepgthy hd hpicddenevanvbsh iﬂtﬁw?mﬁlg%‘ey@ﬁe,cmn sheet
i s manufactured so that the thernal conductivité ]
deforimes, etbé  drasiblehprogéutionc steet swanche gowiented Gemccraskyl or the like.
above, 15and therefore, it can prevent the

HoWeetaahdn 18 bulk ddaeitguaddetly 16fMighe, didl shodnalssonglom capability and
crystal and the softening of the inner crucible.

the 1ORPRhtion volume absbiSing ChSAVMIS rfyddegfideon sheet of the

present 1 nvention cah be manufactured so that the
ng&Frnal conductivity of the crucible protection sheet
i'S substantially unifonn 20 across the plane in the

follow n thad. .First tur raphite ' . .
or aphibrete grepngs. | earrorab i ahe SRR phisoliyf hoetnswhich te
sulfuric acid or nitric acid, .and is thereafter i
conaprBssen 1o thsrept rrestriciedas Asserineg BROGOOIES T dp hayes thickness
form fl occul ent g;gghite (expanded griPhiteg. This 4 .
of mpahdenmde Ashine andie tulk deesiyedfdrask 0 Mg 1@ 1doMg/m™. Itis
mm and a bul k density of 0.1 My/nB to 0.5 My/ nB8. The
parBBulinés pteféraie ebpahe exiciriaphiteation shew ipprestietdd tohave a thickness
thickness of 0.2 nmto O 6 M and a bul k density of
of Bord 6.9 mkn o Yo/ 1B, arkiGy bk Beasior ofchdth ®. PMap@ttd 05 Mg/m®, because

sheet. [0063]
in this way, the crucible protection sheet can be prevented from cracks ot the like more
reliably and the shock absorption capability ahd the deformation volume absorbing
capability can be increased further.
(0051}

Furthermore, when the crucible protection sheet has a thickness of from 0.2 mm
to 0.6 mm, particularly when from 0.4 mm to 0.6 mm, the crucible protection sheet is
kept in such a condition that it can undergo further compression deformation even after
the inner crucible is placed in the outer crucible. Accordingly, even though the amount
of contraction of the outer crucible becornes greater than the amount of contraction of the
inner crucible because of the difference in thermal expansion coefficient between their

materials when cooling the entire crucible after fabricating the single crystal silicon, the

crucible protection sheet can absorb the difference in the amounts of contraction.
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At this tinme, formation of creases or the like on the
surface of the crucible protection sheet is prevented
by conpressing the expanded graphite by roll-pressing
at a5 feed rate of 20.0 mmn Thereby, it is

possi ble to prevent formation of a portion with a

| ower thermal conductivity, mhich results frontthe

crt Thus A cru i bl rote

oA e v BTt ey b AR Fhs K bligoygonaction
shoul d be noted that the rod ct|V|ty f th ex e

stregt apniueed pewseo thankeh Cliuﬁ@ efse@ i sRUIEF SRETHifa @%erefore it
mmn. For this reason, referable t hat the

canf pseknt brcekdps Offrtbmr@mbleﬁmheﬁ Ct) pthg cn@illgsyi n, nore
preferably fromO0.5 mmn to 15.0 m mn [ 0064]

[OOPSECOND ENMBODI MENT] Next, a second enbodi nent
-of the invention will be described. The equi prment for

ManuB AGkiwbi Ngusility 6PtheSdridbe EHiesticd sheaidstdcied on each other, the
structure of the crucible 1 are the sane 15 as those

strén%tht &g e ﬁrﬁjro@éﬁo&gh RRfh th@ Bcitdes 6f Qg ohb %f @tﬁ:t&hétﬁle protection

ereof wll be omtted. For this reason,

Ilo n cri
shea% g "%%18 (ol B3 MERorb i, B gﬁ‘%‘d% pé%%%rr iy, the
t he Specifi ment s the Cr.uci tect
St teshi et prbFepbiied Al FRG CPLLTGFu o Capabﬂﬂy can
protectlon sheet. 4 be adjusted so that the anount
s¢ the igpaeYerh ¢ Te|thisei®ts ihaDRESADIS| 10 rskckt 4 SRS wser Pt .ﬂ:af‘scmmble
contained therein is 3 mass ppmor |ess, and nore
propretibe slxdst pp onhenatiowt itof abaclessibletthane & snudti-haystedgbast formed
or |l ess. The specific elenents refer to netalloid
by elaeldBnt pluanity g tiad driciblelpenectien shexamphdancd. t he
netal l oid el enents include boron, phosphorus,
[oc&sBeni c, antinony, and bisnuth, and 25 exanpl es of
the nmetallic elenments include iron and indium The

r eas?ﬁ‘tﬂ%otsé;' Ghhed the recovery ratio is 5% or higher, the crucible protection
sheet can maintain the cushioning capability afier the sheet is compressed and then the
load is removed. This is preferable for the following reason. Even if the gap between
the two crucibles changes because of the difference in the amount of
expansion/contraction between the two crucibles during the manufacturing process of the
silicon single crystal, the crucible protection sheet can fill the gap between the inner
crucible and the outer crucible at all times, as long as the amount of the change of the gap
is such a range that the thickness of the crucible protection sheet can be recovered by the
crucible protection sheet.

[0054]
The above-mentioned recovery ratio is according to JIS R 3453, Compressed
fiber jointing, and specifically, it is represented by the following equation (3).

Recovery ratio (%) = [(t; — t2) / (t1 — t2)] x 100, (3)
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restriction is made is that these elenments greatly

af fect the product quality of the manufactured single
crystal silicon and the manufacturing process when
contained in the polycrystalline silicon that is a
raw material of the single crystal silicon. [0066]
5When t he anount of the specific el enents, which

wh8ald the BfiligeLs ) e la‘:pﬁ%rt'uge a fgfbelo_ﬁcii (06§ PIPYS1R) for 15 seconds,

silicon, 1's suppress ruci bl'e protection

o ik E5 CRE b SR By o bl ReShitF Py S ARPRES 1670 scconds,

roduct. .and problens.in the manufacturjn cess
ans F 106 Y ERPSLYER eRBAhE RESTEARS B POt 9 abd fiapsig 60 seconds.
protection sheet 4 as a whole is not so high. As a
[005ékul t, the manufacture of the crucible 10 protection
sheet 4 and the quality control of the crucible
(Gprytddingdimpshibgt) 4 becone easy. Thus, while the
manuf acturing cost of the product is kept |ow, the

pr odUg¢ cididlld prpteetion BReds @p thehprghent [IBR6TIn Istadplmd| b thet the gas
noted that not all the anmbunts of the specific

perBlcBFEIN HefPY isU8sshdd1 0neRSs* BRfor less. It is
sufficient that the anounts of the specific el enents

t hat V\g({eﬁqhé %o@lg{‘egﬁ{')gfrﬁ?o @ﬂi{gg%gﬁéngéné ?&ﬂe@ﬁmgrﬁﬂdg f be higher

the single cr con ufactured are 3
mass m of. | gss,..nore preferab. mass r..l.ess.
scqoRBBeY Hehiot Rb. AATSGEaD: Soredty o geRBrb iy y§Bgitess than
silicen t,0 be manufactured are 2 ffected by the o
1.0apolfht scufs, dhpIPastt habps %gfchﬁgcw FLRERHS, {hfy gy crucible s
preferable that the total anmpunt of_ the selected .
preybnfedfrany pessing deprghe thel aneible prdectionlied Pighnibthe compression
| ess, nore preferably 5 nmass ppmor |ess. [0069]
ratipAwfotia teradfible mpotettidresheenist methErdbove-dGeoibed kampe. 254k @ result, the
outer crucible 3 is adjusted (purified) so that the
i@ e Riprewhict TRorh PRYsig thRSigh the crucible protection sheet and reacting with
the outer crucible, so the outer crucible is hindered from silicon-carbidization.
Therefore, the lifetime of the outer crucible can be lengthened, and also, the
manufacturing cost of the silicon single crystal can be reduced.
[0056]

If SiO gas passes through the crucible protection sheet, the SiO gas that flows
into the gap between the crucible protection sheet and the outer crucible is heated. Then,
convection of the SiO gas occurs between the crucible protection sheet and the outer
crucible. The convention erodes the outer crucible, which may result in a thickness
decrease of the outer crucible. This phenomenon is particularly noticeable in a R
portion of the crucible (i.e., curved portion, see the portion A in Fig. 2). If such a

thickness decrease develops, the outer crucible may crack.

However, when the gas permeability is less than 1.0 x 10~ cm?/s, the amount of
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contai ned therein (total ash content) is 20 mass ppm
or less, nore preferably 10 nmass ppmor |ess. The
cruci ble protection sheet 4 is adjusted (purified) so
that the content of the inpurities contained therein
(total ash content) is 100 mass ppmor |ess, nore
preferably 50 mass ppmor |ess. 5[0070] In

gas el gﬁ%sﬁ%r‘tﬁe A BethRON kHEFREbR: frifcddieshRb éﬂdYthQButtef‘ 8rucible is
product have een nore and nore severe. Accordingly,

smatflI gthﬁglﬁe)rgtr pél‘é%’eelcsAsdg qgﬁlgté?t g&ron{eg gsﬁlﬂ{g LD lp?ev]en?ﬂﬁ ddMfirrence of

Crucl tiron use manut act ur e.

I n order, to. t he urd fied sheet

conp B S TR BB b H R Ao ot 1D A Gl fesulting
4 that is 10 arranged between the inner crucible 2

frorg iHlep qmECHifer cruci bl e 3. The cruci bl e
apparatus of the invention of the present

[005¢pl i cati on, however, nmakes it possible to obtain a
hi gh purity product even with a crucible protection
shedt skouid st ngtet Hratsiaedif@mdt togfreenh gaopirarttias cothgletely even
conventional sheet, for exanple, with a crucible

whdl eleeetub®i: @hﬁ@uottame@g had aagts peftcabillitokudt @Mdescribed above.
greater than 50 nmass ppmto 100 15 mass ppm or | ess,

7Nex%¥th81%¥o feh R cﬁllaﬁﬂ@ fbt&@i%%tesﬂget Gfas & RBmPHsSion! %ﬁ@ bl & recovery

nmass ppm or fess Specifically,
b R PRl DR SecbEHERRLR o peveen e
o S e b o 455, BRBL e t@t%%g%%ar

that the entire inner surface of the outer crucible
the SO cg9 4 SAUSRI RVETTONCPIET Brevesh dhebyq bethcuebles, so ‘lhe Efect of

size of the crucible protection sheet 4 is about 480
preventing titi thivkhess detizeseadfche puighemcibleebectinekmeossst gigcabs

is 1 mmand the bulk density is 1.5 Mg/ n8B, the weight
[o05&er eof is about 270 g. In this case, when the ash

content of the crucible protection sheet 4 is 100

nasSyBRIvelt iR @R Sthe 359%81% dcARdid thet-RENRY VERI ortion at

protectlon sheet 4 is about 0.03 g and the total ash

Whlgsg glheieﬁé %g %Hc? thecﬂ hpt‘a%e %gﬂ?er&ﬁéiﬁle chndbiRl Gi. d. Sthe A portion in

er Wor content Wi t
. respect.to he e |re cr.uci arat u
R the b S B o SRR s 2ol H’?ﬂ 88 provided
ght of the _polycrystall ilicon nolte y t he
onlg rlucthwecnatapaf AR BOWIOR; FgW ttwg b ok et oy s DUl face of the
cruci ble 3 is about 60 kg, is Sbelieved that the
crutibtealis asimeciod: éhthec prmmisndd mp;retméo Prayehbisechagpegugectipon only.

is small relative to
Furthermore, the gas shielding capability can be enhanced by stacking a plurality of the

crucible protection sheets or by using a multi-layered sheet comprising a plurality of the
crucible protection sheets, even when the gas shielding capability of each sheet is not
very high.

[0059]

(Thermal Conductivity and Uniformity in Heating)

The guartz inner crucible has a thermal conductivity of 2 W/(m*K) at highest.
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t he wei ght of the polycrystalline silicon. [0072]

As described above, the total ash content, which is
the total of the ash contents contained in the outer
cruci ble 3 and the crucible protection sheet 4, is
small in the 10 cruci ble apparatus of the present

i nvention. Therefore, the anmount of inpurities that

In &ﬁﬂ%ﬁ,@h@ 151'%%%?&5{%& Rheet SRS ?Fe@&?l inMafRRAVIBK a plRar thermal

quali1ty of eac e conmponents need not be
Lncreas tpan necessary. In particular, the
cmnﬁg%ﬁﬁggfﬁ¥gagﬁg %ﬂ?@%gcontrol of the outer crucible
3 and the crucibl.e protection sheet are easy sinc
Uhe 4PPpeBFe O dototles HRabl B SRecRO Oty have a
is difficult to purify, need not be 15 jncreased i
unifigin demperaiore fistripiiion yien arfipng bees ge (e crigiie gotestion sheet
the product is kept |low, the product quality can be
makepb Ivgha t¢0pFBjure distributian whepdrenptedul Howgver, when the planar
preferable that the outer crucible 3 have an ash
the@@i teefductifitafuthe26rucibks prejertion shestsof ther prepame finveabiby is 120
about 10 mass ppmor |ess, so that the manufacture 20
W/@RE) Bralibhey £0MdAbed@hibdRe a0k RrmCletpeRinge diasbin will result
as keeping the product quality can be perforned
itfgh ah G - sHOLKEWE S €This Imdies Y GsGh R0 ehdNBle ihA& crucible mad
Wﬂﬁgﬁ%%%?§5§&ﬁ%¥ﬁﬁ¥%'SE%%%H4 ave an agh contént é?wlelnae
about 10 SsS m, nor.e pr.ef erab| 0 .
of G sbiPn B E e o B ARl SRy wniformy:
the crucible protection sheet 4 as well as keeping .
Therghy, Breoemperaiersl 9ft e @&Woaénaﬁ? Pt tcane o plR 3¢ Substantially
25[ 0074] The method for adjusting the outer
uniformci B e r8swhdhe gualiy wéiths mappiaetared; Slicopriegle grygigl is improved
have the ash contents as descri bed above is not
rempaeiablycul arly limted. For exanple, it is possible to
renmove inmpurities by contacting the outer crucible 3
and th@eghisctel tleaedbatifed inefeashefthe 4nisk thucibihap@gsamting heating
gas. Specifically, the ash content of the crucible 5

andh L& ek RMreSREH lof thd BHePSudbieU o8 Gtdrfind E@oifn%'ﬂe@&ﬂl@ ¢hore quick,

manner. For exanpl e, an expanded graphite sheet with

so fe BRI g0 R0 B SR R PR Ced pressure of

Odf om 100 to 1 Ton or below in the presence of a
[008 ogenat ed organi c substance, then cool ed and

thereafter conpression-faorned, where t he cruci bl e
pr otl@caddisions e planas QleBFfSo‘EPE‘gH‘%“"i“tY frfls)%aww‘g\sg%?tﬁ?t@n sheet of
to performan additional 10step in which the supply )
thegfresene irvahogenatldd Wrigek) corshlﬁg@falﬁ@@ the caucpp auotaetiaay sheet is
t he above-descri bed heating treatnent with a
adjbatdgehattrd phngaihietms chaduamivey issubstantdyquefotinyctosethe plane.
sheet is treated at 800C or higher under a reduced
Pr esgigfe splcifi@fiy! ehel criefbioMprdectdupei RYaduitydin®dRnas follows.

gas in pllace of the hal ogenated organi c substance.
W}[e%{ﬁ)lnggl‘ the crucible protection sheet are cut out in a square shape having a side
of 200 mm to form square-shaped test regions each having a side of 25 mm and the
thermal conductivity of each test region is measured, the quotient obtained by dividing

the difference between the thermal conductivity of the test region having the greatest

thermal conductivity and the thermal conductivity of the test region having the least
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15[ 0075] [First Exanpl e] The conpression ratio
and the recovery ratio were studied for sanples of
the crucible protection sheet of the present

i nventi on when conpressing the crucible protection
sheet with a pressure of 34.3 MPa in a thickness
direction. It should be noted 20that the conpression

io i.s defied t he f e t.he
el Do B8 e S SF RS oRGhiE bR (BT HE eCine e
ails of the ri ment) The rel ati onshi

mgﬁmSﬂﬁé&gﬁ?%535ﬂ§ﬂp¢6&5§%ﬁFﬁb conpression ratio andp

the recovery ratio was studied for the crucible
[00ptlot ecti on sheet having a thickness of 0 5 nn1mhen

the bul k 25densities were set at 0.1, 0.5, 0.8, 1.

1. 2,1f théSthemmal con@udilyltpr®f the( @ycible msﬁen@orasmaﬂ @g@hmgﬁmn a heat

the concentration of ash content (inpurities) of the

spo€ hiin B lachiph@tesibb@trs featotherspatpusied fom iDa pagnppith a low
or |ess. 0076] (Results of the Experinment) 5As shown

thetnial ebBducBivith ! IFShC Rt bfoTedtdrall iR ridige Pritkctidanrsbdtyonly the

Is greater, the conpression ratio is | ower but the

por%tgrg Q¥ ﬁlr y]_F.I'[H 1 g.gcﬂ!ﬂg a8 GuarbSthhOfs &1'1 b6nth& vk @0 i@ét%%)ot may have

YESSI on rati o an e recovery ra

own in Fi d th wh
a hk%ﬁrp@a%f%we 5% ogie padiclot e B bl il Ay gosultn the
ower. | n other mords it |s under st oqd t hat there is .
ol JEOD RS ol E o o4t 16 ofher BBET GRUSHE| BaarRpt paye & uniform

recovery 1Oratio. [0077]
temperature, resulting in degradation in the quality of the silicon single crystal. Also,

only that portion of the inner crucible is softened, and consequently, the inner crucible
may crack.

The crucible protection sheet of the present invention, however, is manufactured
so that the thermal conductivity thereof has the characteristics such as described above,
and therefore, it can prevent the degradation in the quality of the silicon single crystal and
the softening of the inner crucible.

10062]

The crucible protection sheet of the present invention can be manufactured so
that the thermal conductivity of the crucible protection sheet is substantially uniform
across the plane in the following method.

First, natural graphite, kish graphite, or the like is immersed in a liquid such as
sulfuric acid or nitric acid, and is thereafter subjected to a heat treatment at 400°C or
higher, to form flocculent graphite (expanded graphite). This expanded graphite has a
thickness of 1.0 mm to 30.0 mm and a bulk density of 0.1 Mg/m’ to 0.5 Mg/m®. The

resulting expanded graphite is compressed to a thickness of 0.2 mm to 0.6 mm and a bulk
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[ Second Exanpl e] The rel ati onship of the

t hi ckness of the sheet with the bendability and the
shock absorbency was studied for the crucible
protection sheet of the present invention. 15
(Details of the Experinent) (1) The bulk densities
of the crucible protection sheet were 0.1, 0.3, 0.5,

. : : i cknesses
derlitf o géfsq%gseﬁg{@ %0?05?1 %@&@6@. 29 Rofuifiel 0 (2)
lDQ@Ef outer crucible used was 10-110 made by Toyo Tanso

., Ltd (inner dianmeter 9 500 mm height 490 mm),

the inner crucjible.used was a quariz cruci bl out er .
i st dits b Butih, Shaanes St Spafe ayTatt hh He crucibl
hal ogen gas, the concentratjon of ash content i

protéqtien shedt s prepentedh by epmpraspias thoeaupdadnaraplais bypdl-pressing at a
adjusted to 10 mass ppmor |ess. [0078] (Eval uation)

feed5¢te)of PR mfmior dherebplibisvieossibledte prevent fermatigreoioypertion with a
crucible with the crucible protection sheet being

loviadr ab&ehad Doriduetivinn evhicuresalce frofn thheraasdser Thoyai drheble protection
and the bendability and shock absorbency of the sheet

shebB heheValifRhaderial ¥omurlivity 0Rs 88 Mangfastans@gest shouldi® noted that
cruci bl e protection sheet. (2) Specifically, the

C ' p cl.l hee ] :
e B AN B S RO, PRI 550 gl ess than 0.
sheet_had. no crack, brea r  ¢hi:ppi.ng, .and .
/B e, s g O ties A eabtndy Jie, B8 BB et g, mimin 0 200
bendability and the shock ahsaorbency were all owabl e,
m/fpp 18048 @Felivakly dewe Py de Id . \\en either the
bendability or the shock absorbency was found to be
[0Gpddr, the sheet was determined as "fair". Wwen both
the bendability and the shock absorbency were poor,
t he sheet was det er[SEQEINRENMPBOBIMEND The results
are show in Table 1. [0079]

Next, a second embodiment of the invention will be described. The equipment

for manufacturing silicon single crystals and the structure of the crucible 1 arc the same
as those in the first embodiment, and therefore the details thereof will be omitted. For
this reason, the following description discusses the points that differ from the first
embodiment.

[0065]

(Proportions of the Specific Elements in the Crucible Protection Sheet)

It is preferable that the crucible protection sheet 4 be adjusted so that the amount
of the specific clements among a plurality of impurities contained therein is 3 mass ppm
or less, and more preferably, the amount of each of them is 1 mass ppm or less. The
specific elements refer to metalloid elements and metallic elements. Examples of the
metalloid elements include boron, phosphorus, arsenic, antimony, and bismuth, and

examples of the metallic elements include iron and indium. The reason why such a
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[ TABLE 1] Thickness (nm Bulk density (My/n8) 0.1
0.2 0.4 0.6 1.0 0.1 poor

restriction is made is that these elements greatly affect the product quality of the
manufactured single crystal silicon and the manufacturing process when contained in the
polycrystalline silicon that is a raw material of the single crystal silicon.

[0066]

When the amount of the specific elements, which greatly affect the quality of the
single crystal silicon, is suppressed in the crucible protection sheet 4 as described above,
the crucible protection sheet 4 can prevent quality abnormality of the product and
problems in the manufacturing process effectively even though the quality of the crucible
protection sheet 4 as a whole is not so high.  As a result, the manufacture of the crucible
protection sheet 4 and the quality control of the crucible protection sheet 4 become easy.
Thus, while the manufacturing cost of the product is kept low, the product quality can be
kept high.

[0067]

It should be noted that not all the amounts of the specific elements may be 3
mass ppm or less. It is sufficient that the amounts of the specific elements that greatly
affect the characteristics required for the single crystal silicon to be manufactured are 3
mass ppm or less, more preferably 1 mass ppm or less.
f0068]

When the characteristics of the single crystal silicon to be manufactured are
affected by the amounts of a plurality of specific elements, it is preferable that the total
amount of the selected plurality of specific elements be 10 mass ppm or less, more
preferably 5 mass ppm or less.

[0069]
(Amount of Impurities in the Entire Crucible)

The outer crucible 3 is adjusted (purified) so that the content of the impurities
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poor fair fair fair 0.3 poor poor fair fair fair
0.5 poor good

contained therein (fotal ash content) is 20 mass ppm or less, more preferably 10 mass ppm
or less. The crucible protection sheet 4 is adjusted (purified) so that the content of the
impurities contained therein (total ash content) is 100 mass ppm or less, more preferably
50 mass ppm or less.

[0070]

In recent years, the requirements for the purity of the product have been more
and more severe. Accordingly, higher purity is demanded for the crucible 1 and the
crucible protection sheet 4 used for the manufacture. In order to meet the demand,
higher puriﬁed sheets have been developed for the crucible protection sheet 4 that is
arranged between the inner crucible 2 and the outer crucible 3.

The crucible apparatus of the invention of the present application, however,
makes it possible to obtain a high purity product even with a crucible protection sheet 4
having the same level of ash content as the conventional sheet, for example, with a
crucible protection sheet having an ash content of from greater than 50 mass ppm to 100
mass ppm or less, by controlling the ash content of the outer crucible 3 to 20 mass ppm or
less.

(0071}

Specifically, for example, in the case of the outer crucible 3 having an mnner
diameter of 18 inches, the weight is about 30 kg; therefore, if the ash content is 20 mass
ppm, the ash content is about 0.6 g. In the case that the entire inner surface of the outer
crucible 3 is covered with the crucible protection sheet 4, the size of the crucible
protection sheet 4 is about 480 mm in diameter; therefore, when the thickness thereof is 1
mm and the bulk density is 1.5 Mg/mB, the weight thereof is about 270 g. In this case,
when the ash content of the crucible protection sheet 4 is 100 mass ppm, the ash content

contained in the crucible protection sheet 4 is about 0.03 g and the total ash content of the
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excel l ent excellent fair 0.7 poor good excell ent
excellent fair 1.0 poor good excell ent

crucible apparatus as a whole is about 0.63 g; in other words, the ash content with respect
to the entire crucible apparatus is about 20 mass ppm.

Taking into consideration that the weight of the polyerystalline silicon molten by
the crucible apparatus having the above-described outer crucible 3 is about 60 kg, it is
believed that the total ash content contained in the crucible apparatus is small relative to
the weight of the polycrystalline silicon.

[0072]

As described above, the total ash content, which is the total of the ash contents
contained in the outer crucible 3 and the crucible protection sheet 4, is small in the
crucible apparatus of the present invention. Therefore, the amount of impurities that
contaminate the material is lessened. Moreover, the quality of each of the components
need not be increased more than necessary. In particular, the manufacture and quality
control of the outer crucible 3 and the crucible protection sheet 4 are casy since the
quality of the crucible protection sheet 4, which is difficult to purify, need not be
increased unnecessarily.  Thus, while the manufacturing cost of the product is kept low,
the product quality can be kept high.

[0073]

It is particularly preferabie that the outer crucible 3 have an ash content of about
20 mass ppm or less, more preferably about 10 mass ppm or less, so that the manufacture
and quality control of the outer crucible 3 as well as keeping the product quality can be
performed efficiently. Likewise, it is p?eferable that the crucible protection sheet 4 have
an ash content of about 100 mass ppm, more preferably about 50 mass ppm, so that the
manufacture and quality control of the crucible protection sheet 4 as well as keeping the
product quality can be performed efficiently.

[0074]
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excellent fair 1.5 poor good excellent excellent
fair 1.7 poor fair fair fair

The method for adjusting the outer crucible 3 and the crucible protection sheet 4
to have the ash contents as described above is not particularly limited. For example, it is
possible to remove impurities by contacting the outer crucible 3 and the crucible
protection sheet 4 with a halogen gas. Specifically, the ash content of the crucible
protection sheet 4 may be adjusted in the following manner. For example, an expanded
graphite sheet with a predetermined bulk density is heated at 800°C or higher for 5 to 24
hours under a reduced pressure of from 100 to 1 Torr or below in the presence of a
halogenated organic substance-, then cooled and thereafter compression-formed, whereby
the crucible protection sheet 4 is produced. It is also possible to perform an additional
step in which the supply of the halogenated organic substance is stopped after the
above-described beating ireatment with a halogenated orgahic substance, and
subsequently the sheet is treated at 800°C or higher under a reduced pressure of 100 to 1
Torr while supplying a hydrogen gas in place of the halogenated organic substance.
[EXAMPLES]

0075]
[First Example]

The compression ratio and the recovery ratio were studied for samples of the
crucible protection sheet of the present invention when compressing the crucible
protection sheet with a pressure of 34.3 MPa in a thickness direction. It should be noted
that the compression ratio is defied by the foregoing equation (2) and the recovery ratio is
defined by the foregoing equation (3).

(Details of the Experiment)
The relationship of the bulk density with the compression ratio and the recovery ratio was
studied for the crucible protection sheet having a thickoess of 0.5 mm when the bulk

densities were set at 0.1, 0.5, 0.8, 1.0, 1.2, 1.5, and 1.8 Mg/m3.
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fair [0080] (Results of the Experinent) 15Generally,
the crucible protection sheet nade of expanded
graphite shows hi gher strength when the bul k density
of the crucible protection sheet is greater. However,
as shown in Table 1, in the cases that the thickness
of the crucible protection sheet is too thin (0 1
i fob il N&¥0lsh RenRAE BINPEGHEY 80 the crucible
@ éﬁm%%éﬂgﬁgéﬁgg%g%%9ﬁ?§&§?g§t. AgQg congeguencg, i f
endi ng._f.or LS. a ' cruci bl e protection
mn%ﬁE%?S gﬁas?fg?%fFﬁﬁgk?ﬁgn%gﬂﬁgﬁ'e, the crucible
rotection sheet may suffer from breakage, cracks,
ngﬁﬁpping, or the Iike. Mreover, the margin for shock
absorption is insufficient. On the ot her hand,
(Raswlts ¢fdhe Bxpasime} the thi ckness of the crucible
protection sheet is too thick (1 nmm, there is a
suf f Agiskown nmigg.n.fibis strdrined tbarr pheothe ikl denwtysieeater, the
al so has a sufficient strength so workability does
cor@tssirec et 3olrwer Howaterrecdvhey beriod bhightty iAs fooche relationship
cracking or chipping occurs if a bending force is
betRBR! 1R EohPrdsBRNGHHS aRd theREO RS} LMD, BNGRIWIWRAETg. 4, it is confirmed
installing the crucible. [0081] In the cases that the
) ’ . i .
toa i, B D TR, e R Bty Bt i peords.
.t ases other.than .wh t he | C
s pGEERRCB BERLE B idhan of Dol M EORaG Rl BB and the recovery
chipping occurs if a bending force is applied to the
ratgr uci bl e protection sheet. Conversely, in the cases
that bul k density is 1.7 My/nB, the conpressibility
[007¢] | ow;, therefore, even if the thickness is |arge,
there is no sufficient margin for shock absorption.
15[ 0082] From t féecbnd Eyainply] when t he
t hi ckness of the crucible protection sheet is from
0.2 T tePatRskim ANkl alicknbe sfxire shéetrevithhthe beddabitiensnd the shock
is fromO0.5to 1.5 My/nB, it is possible to ensure a

absobieh b€ LaH bruRA IhNthE @FuciIO ot ADAsBEd 0N theGR@ENt invention.
bendabi l1ty, and high strength of the crucible

GD@%@§$ﬁ§%§%%§Hﬁ ) It is particularly preferable that

Ss of" 20 the crucible protection sheet be
fro .4 to 6 ecause the marqgin f
2583k fafiies 3¢ e R TR CHbaeet e B h ShEgh 10, 15, and
Moreover, when a plurality of ch crucib
1-7&45@%@{1@4) ¢ dpglncssegthcree W@&-@K’i&éﬁ ld(ﬁt ﬁ’écf,l'ol%mcr ack
or chipping is caused because the crucible protection
(2)sFwetutértosediblej used wyag IBs1 18 mada by Toyh darsesHe-ohidrignner diameter ¢
capability and the gas shielding capability can be
500 mpt,deaht #90 tiva), the inner crucible used was a quartz crucible (outer diameter ¢
480 mm, height 500 mm).
(3) By using a halogen gas, the concentration of ash content (impurities) of the crucible
protection sheet was adjusted to 10 mass ppm or less.
[0078]

(Evaluation)

(1) The inner crucible was inserted into the outer crucible with the crucible protection
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25[0083] [Third Exanple] . The gas perneability
represented by the foregoing equation (1), the
conpression ratio represented by the foregoing
equation (2), and the thermal conductivity were
studied for the crucible protection sheet of the
present invention. 5(Details of the Experinent) (1)
. I- 1es
s ARG e SR P RILTRAR, Lt A OBy g
srol S EhR SEFE SBAVAPE B b IS il o B s 10 he
1.0, 1.5, and 1.7 My/nB. [0084] 10 (2) The specific
crusiplersefcetnn shsslsuri ng the gas perneability was as
follows. a) In a pair of henietically closed
(2) Spacifieally, dte amgitBBpriedtioar shepinwap dagAN Y jasn ewgallgnt” when the
each other, a crucible protection sheet of the
benfatgligntvas guedtthosheet hadrab erad) brakages odchippmedambmmseover the
to close the passage (dianmeter 10 mm) that allows the

shotMVRAbSHBERSET SvafAoddld WhBeh Qh€ HFRLILIKGt shdwihichsheale ibsorbency were
other. In other words, the air is not permtted to

allo%%}’% 1Be RELMEGL H@c@mﬁlﬁécf a9f<disdrmetwaa kitng! @8 %ndabﬁlity or the

ers CA and CB unless the air passes through the
ruci bl I ' . : k(S
shody ol “PRaS LR O g HRRhyns BeelbRR b i When both
he ait pressure in the two chanbers and . P
the Ry B0 T Sk g ooy T AP oG Aot o KECER B “Poor”
20CA is being kept evacuated, N2 gas is supplied
Thegslfs arpeheyy HeFabdhk of the chanber CB reaches a
predeterm ned pressure (1.0 x 105 Pa).

[0079]
[TABLE 1}
Thickness {mm}

0.1 0.2 0.4 0.6 1.0
0.1 poor poor fair fair fair
Bulk 0.3 poor poor fair fair fair
dens; 0.5 poor good excellent | excellent fair
I\Zn/smgf 0.7 poor good excellent | excellent fair
(Mg/m’) 1.0 poor good excellent | excellent fair
1.5 poor good excellent | excellent fair
1.7 poor fair fair fair fair

[0080]

(Results of the Experiment)

Generally, the crucible protection sheet made of expanded graphite shows higher
strength when the bulk density of the crucible protection sheet 1s greater. However, as
shown in Table 1, in the cases that the thickness of the crucible protection sheet is too thin

(0.1 mm), a sufficient strength cannot be obtained even when the bulk density is great.

As a consequence, if a bending force is applied to the crucible protection sheet when
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[ 0086] c) Wen the other one of the chanber CB
reaches a predeterm ned pressure (1.0 x 105 Pa), the
evacuation of the one of the chanber CA is stopped.
Then, the N2 gas gradually 25 flows fromthe other
one of the chanber CB to the one of the chanber CA
according to the pressure difference between the two
i n bk rB&kage, cracks
s Sl Cu AR DR A8 RRLTERD Sl thffage, oracks
.ln the one of ;the ch . CAdnN . 0
chifinh, O (RETi, dORoRT s vl of SER 86Rmacs fhuditnt,
champer. CA. was asured faor about 100 conds. after .
St opBh e PhE BPAC aF GRoeBE 4 e BTGP o e G sion sheet
~and the gas perneability K (cn2/s) was cal cul at ed
is tge dbield hgmee there i »FHbgiepgmagia foloHock pbsogption, and the sheet also
Q/(APA) (1) In the above equation (1), Qis the gas -
hasfd puificientestreRetb B /veirkabilityi does et pacems poer. diHdweven dle bandability
(Pa) between the two chanbers CA and CB, A is the gas
is peRNSTicERkdg @ edppiapPiccnfs ifhe bending Hbree s aippli¢d o the crucible
sheet, which is the area of a passage that allows the

protdBof BRAEPGhsn rhtant &BchRiienmuni cate with each
other, and L is the thickness (cm of the crucible

Hxﬁﬁﬁtection sheet (test specinen). The gas flowrate Q
can be calculated fromthe volunetric capacity of the

one of .the ch r and .t he rat f .pressure
nor Btk fosr e s s Behofe TP o BRFRE By fow because the
about 100 _seconds after stopping the evaguation of .

strqngth SrigsWcieRie 38 RAPETIUERce, (1 BisBraseRebEY fhen gyhqnpge thickness of
Experinment) As shown in Figs. 5 and 6, it is . .

thecarnéiblerpediettien shwiseis t mampererkise 95 ichipping qgeamtie g bepding force is
the conpression ratio is |ower but the thernal

apiizddocid arhitiplel poteiddresheet. n Galdietselynin ths cateswmt bnlkRiegsity is 1.7
7, it is confirmed that when the bul k density is

M@Ife athe rconipﬁ’@sﬁﬁﬁg Re té@alietdfbng, bSerd OWRE thitkhed Detarge, there is no

words, when the bul k density is greater, the gas

suffiieft flfRsh RRRARIK dvkdrpkidn i gher. [0089]
[0082]

From the foregoing, when the thickness of the crucible protection sheet is from
0.2 mm to 0.6 mm and at the same time the bulk density is from 0.5 to 1.5 Mg/m’, it is
possible to ensure a sufficient margin for shock absorption, good bendability, and high
strength of the crucible protection she.et. It is particularly preferable that the thickness of
the crucible protection sheet be from 0.4 mm to 0.6 mm because the margin for shock
absorption is great and the sheet strength is high. Moreover, when a plurality of such
crucible protection sheets are stacked on cach other, no crack or chipping is caused
because the crucible protection sheet itself 1s thjn.r As a result, the cushioning capability

and the gas shiclding capability can be improved further.

[0083]
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25l n addition, as shown in Fig. 8, by studying the
relati onship between the conpression ratio and the
thermal conductivity, it is confirmed that when the
conpression ratio is higher, the thermal conductivity
is lower. In other words, it is understood that there
is a trade-off between the conpression ratio and the

thermal conductivity. ggﬁhpggaﬁﬁ@] as shown in Fig
9, by studying the relationship between the 5

conpy.ession rati n :
cont| it ol R et M Ane SEEARL Lddion ), S compression
the gas reabi lity is l.ess . (i. t he gas .shi el dj .
ratig FRABETER Py 6 ﬁﬂf@%ﬁ’ﬁ% OB P Hepid e i Ehg iRy U studica
understood that there is a trade-off between the
for therapecills prricqtignishest o theae AL YRYEINi ng capability.
[ 0090] 10[ Fourth Exanpl e] The expanded graphite
(Desdibsedf the(Expaoieh® pr ot ecti on sheets) having
thi cknesses of 0.2 mmto 0.6 nmand bulk densities of
(1) Oh2 Mafpadsion riti& i/ peBmestiivtyd hund) tHeomalhenngdnebeint were determined
i nvention were conpared in ternms of non-uniformty in

for YE EBIb1L ARAE L \Shit hat iRt AttiskREs bhe.shxpewheenic)buik densities
15The non-uniformty in thermal conductivity was

wergzs%ﬁétv'g.l{]ﬁ%dﬁ% hol h Qg5 %&i.g%g%/n?f test specinens

I ménsions of 25 mm were cut out from

00 ?Eh sanpl es of the crucible protection sheet of the
[ g sent invention with dinmensions of 200 x 200 mm

The quotients each obtai ned by dividing the
() dibe sescafifcacibed franeasHEn %%’P%‘i’%ﬂﬁ%ﬁ«%?ﬁ foliR¥st he
nininun1value@§hh) ) of the planar thermal . .. .
2) lnonphitof hermptiefllyeclesedaxhambets GHawr e thy ke caparupifgtion with
thermal conductivity (Ave.) were conpared. [0091] i
cachTABE a2¢rucible protection sheet of the present invention (diameter 30 mm) is
disposed so as to close the passage (diameter 10 mm) that allows the two chambers CA
and CB to communicate with each other. In other words, the air is not permitied to flow
between the pair of hermetically closed chambers CA and CB unless the air passes
through the crucible protection sheet.
[0085]
b) From this condition, the chambers CA and CB are evacuated until the air pressure m
the two chambers CA and CB becomes 1.0 % 10 % Pa. Then, while one of the chamber
CA is being kept evacuated, Ny gas is supplied until the other one of the chamber CB
reaches a predetermined pressure (1.0 x 10° Pa).
[0086]
¢) When the other one of the chamber CB reaches a predetermined pressure (1.0 x 10° Pa),

the evacuation of the one of the chamber CA is stopped. Then, the N, gas gradually

flows from the other one of the chamber CB to the one of the chamber CA according to
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Thi ckness (nm 0.2 0.4 0.6 Bulk density (My/n8) 0.5
0.08 0.07 0.06 1.0 0.0

the pressure difference between the two chambers CA and CB and the gas permeability of
the crucible protection sheet. As a result, the pressure in the one of the chambgr CA
increases.

[0087]

d) Then, the rate of pressure increase in the one of the chamber CA was measured for
about 100 seconds after stopping the evacuation of the one of the chamber CA, and the
gas permeability K (cm?/s) was calculated according to the following equation (1).

K =QL/{AP=A} (D)

In the above equation (1), Q is the gas flow rate (Pascm’/s), AP is the pressure difference
(Pa) between the two chambers CA and CB, A is the gas transmission area (cm®) of the
crucible protection sheet, which is the area of a passage that allows the two chambers CA
and CB to communicate with each other, and L is the thickness (cm) of the crucible
protection sheet (test specimen). The gas flow rate Q can be calculated from the
volumetric capacity of the one of the chamber CA and the rate of pressure increase inside
the one of the chamber CA for about 100 seconds after stopping the evacuation of the one
of the chamber CA.

[0088]

{Results of the Experiment)

As shown in Figs. 5 and 6, it is confirmed that when the bulk density is greater,
the compression ratio is lower but the thermal conductivity is higher. In addition, as
shown in Fig. 7, it is confirmed that when the bulk density is greater, the gas permeability
is lower, in other words, when the bulk density is greater, the gas shielding capability is
higher.

[0089]

In addition, as shown in Fig. 8, by studying the relationship between the
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0.06 0.05 1.5 0.08 0.07 0.06 The unit for planar
thermal conductivity is W(mK.). [0092] (Results of
t he Experinent) As shown in Table 2, it was
confirmed that the sanples in which the thickness of
the crucible protection sheet was from0.2 mnmto 0 6
mm and the bulk density was from50.5 My/nB to 1.5

co%ﬁig)r}ﬁ@ %’1& gl% ﬁrﬁ%??é@h??‘gﬁ% Ht% b finhed Ad HnkR thefompression
i ) y I n heating was

rati6 35 gllglheer? t[lie %h'élr;.ryaﬁ-r(%néllictﬁ‘fagl‘ils %\%ELAJ_I T other words, it is understood that
there is a trade-off between the compression ratio and the thermal conductivity.

Furthermore, as shown in Fig. 9, by studying the relationship between the
compression ratio and the gas permeability, it is confirmed that when the compression
ratio ié lower, the gas permeability is less (i.e., the gas shielding capability is higher). In
other words, it is understood that there is a trade-off between the compression ratio and
the gas shielding capability.

[0090]
[Fourth Example]

The expanded graphite sheets (crucible protection sheets) having thicknesses of
0.2 mm to 0.6 mm and bulk densities of 0.5 Mg/m’ to 1.5 Mg/m® according to the present
invention were compared in terms of non-uniformity in thermal conductivity.

{(Details of the Experiment)

The non-uniformity in thermal conductivity was determined as follows. 9
pieces of test specimens each with dimensions of 25 x 25 mm were cut out from each
samples of the crucible protection sheet of the present invention with dimensions of 200 x
200 mm. The quotients each obtained by dividing the difference between the maximum

value (Max.) and the minimum value (Min.) of the planar thermal conductivity of each

test specimen by the average thermal conductivity (Ave.) were compared.

[0091]

39



10

15

[ 0093] The cruci ble protection sheet of the
present invention is suitable for a sheet used 10 for
protecting the outer crucible and the inner crucible
and uni form zi ng heat during the manufacture of
silicon single crystals by a CZ process. BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0094] [ Fig.
[TAgLEbp. 1 is a schematic illustrative view of
equi pnent for manufacturing 15silicon single crystals

or the like. [Fig. 2] |[Fig. 2 is a phhickedss (men| ar ged
view of Fig. 1. [ Fig0.23] Fig. 3 i0st a graph fdré

iTTustrating thesrel at]i onshy.gg bet ween bglbk density 0.06
Byl degsite opressi gn rati o0 angyy €COVery r@ps0 1n[a  0.05
EMedDl e prot eqtLon steet ({50 4] Figgo# 1S5 & graghs

for—H-ust+ati ng—theretationship—etween—conpression
The @it fr phgar LEOYA ynditivy i Wa(nesK)ci bl e protection
sheet . [Fig. 5] Fig. 5is a graph for

illustrating the relationship between bul k density
and recovery ratio in a crucible protection sheet.
lﬂﬂbgig' 6] Fig. 5is a graph for illustrating the
rel ati onship between bul k density 5and thernma
[ a cruci ble protection sheet.

CR%@?%&%%%ﬁ%% ﬁggﬁ)s a graph for illustrating the
por BRI i T oF et ETEIED e (hordigt which the thickness of
[Fig. 8 Fig. 8 is a graph for illustrating the

thercahable prabitionisbeeiests Tompk S syn 6 0tammoansnife bulkrdegpity was from
conductivity in a crucible protection sheet.

0.5 Mg/m® to 1.5 Mg/m® exhibited a thermal conductivity variation of 0.1 or less, and

their uniformity in heating was excellent.

INDUSTRIAL APPLICABILITY

[0093]

The crucible protection sheet of the present invention is suitable for a sheet used
for protecting the outer crucible and the inner crucible and uniformizing heat during the
manufacture of silicon single crystals by a CZ process.

BRIEF DESCRIPTION OF THE DRAWINGS
[0094]

[Fig. 1] Fig. 1 is a schematic illustrative view of equipment for manufacturing
silicon single crystals or the like.

[Fig. 2] Fig. 2 is a partially enlarged view of Fig. 1.

[Fig. 3] Fig. 3 is a graph for illustrating the relationship between bulk density

versus compression ratio and recovery ratio in a crucible protection sheet.

[Fig. 4] Fig. 4 is a graph for illustrating the relationship between compression
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10[Fig. 9] Fig. 9 is a graph for illustrating the
rel ati onshi p between conpression rati o and gas
perneability in a crucible protection sheet.
DESCRI PTI ON OF REFERENCE NUMERALS [ 0095] 1crucible
152i nner cruci bl e 3outer crucible 4crucible
protection sheet CLAINS 1. Acrucible
ratigraﬂctl RebIQY raetla GOABl prbResxaRBded graphite and
el ng arranged between ‘an i nner crucible containing
siligon .oyt CFUCG] |- RALS, :
the U e e 5 Bl S SR B IR S MR R TR, pul, density
t hat : . . the.qgas eqneaﬁiuity represented by the
andhISPVERI TGO B STYC e?&% ONPUEFlY 10-4 cn/s or |ess,
and the conpression ratio, representeq by th .
fol | Guerf) lBguans arzrehy farsillygoatee the gHdt fskigcbetween bulk density
perneability = QL/ (APA) (1) 10 where Qis the gas flow
andt therena] Pah@tisify inxPerugiblenerofacties sliast.di f f er ence ( Pa)
between two chanbers, A is the gas transm ssion area
(cn2)Frigf 7]t g, Zrisiaidobsh foratlestritmg thh edstionshipchetiveent bk density
area of a passage that allows the two chanbers to

anERINPARhEANIRY W h brieAtdpRidieion sB&d. L i s the thickness
(cnm) of the crucible protection sheet, and

Corrpr}gg_séjogg'r Qtig 9 é}'g@h Forl iﬁltugtrétiﬂgztilé trél]itidhsmolgé%s)veen COmpression
ratio and thermal conductivity in a crucible protection sheet.
[Fig. 9] Fig. 9 is a graph for illustrating the relationship between compression

ratio and gas permeability in a crucible protection sheet.

DESCRIPTION OF REFERENCE NUMERALS

[0095]
1 crucible
2 inner crucible
3 outer crucible
4 crucible protection sheet
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15 where t1 is the thickness (nm after applying a
pre-load (0.686 MPa+1% for 15 seconds, and t2 is the
thi ckness (mm) after applying a total pressure (34.3
MPal% for 60 seconds. 2. Acrucible
protection sheet conprising expanded graphite and
bei ng arranged 20between an inner cruci bl e containing
silicon and an outer cruqitbhgvsont ai ni ng graphite,
the crucible protection sheet being characterized in
t hat : t he planar thermal conductivity is 120
W (nK) or higher, and the conpression ratio

oA CbER skt SRSl B0 B 28bbi amangea
e it (S HAEE OB s R s i

thickness (mm after applying a total pressure (34.3
crugiblg prdtedtm dectdheipgeharacterized inthal: 3 The cruci bl e

protection sheet according to claim1, wherein the 4
pl anhe ghbhgemdathliyndoesenied Pyi e Folbowing maptio (1) is 1.0 x 10
hi gher . 4. The crucible protection sheet

cmAE 60kl AR e cmpreRnahitic kairesnttd biyrtoeifilo8ingvberbom (2) is 20%
the thickness is from0.2 nmto 0.6 nm 105. The

Orﬁ%ngble protection sheet according to any one of
cfaims 1 through 4, wherein the bulk density is from

%2 iy TR, T D¢ Beien
585 B BE LSRN A PRIZAILGH. Bl pevvcn
charm%eirs? A( i(?the: g;[zs( %rgns_migs%c)m érea(L t(gmz) gfztgnl CI')I(.ICIJb(Pg f)lgo%gction sheet, which is
the area of a passage that allows the two chambers to communicate with each other, and L
is the thickness (cm) of the crucible protection sheet, and

Compression ratio (%) = [(t; — t2)/t1} x 100 (2}
where t; is the thickness (mm) after applying a pre-load (0.686 MPa+1%) for 15 seconds,

and t, is the thickness (mm) after applying a total pressure (34.3 MPa+1%) for 60

seconds.

2. A crucible protection sheet comprising expanded graphite and being arranged
between an inner crﬁcible containing silicon and an outer crucible containing graphite, the
crucible protection sheet being characterized in that:

the planar thermal conductivity is 120 W/(m*K) or higher, and the compression
ratio represented by the following equation (2) is 20% 1s higher:

Compression ratio (%) = [(t; — t2)/t:] x 100 | (2)

where t; is the thickness (mm) after applying a pre-load (0.686 MPax1%) for 15 seconds,
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where t1 is the thickness (mm after applying a

pre-load (0.686 MPal%y for 15 seconds, t2 is the

thi ckness (mm) after applying a total pressure (34.3

MPal%) for 60 seconds, and t3 is the thickness after

resetting the pressure to the pre-load and el apsi ng

60 seconds. 207. The crucible protection sheet

cQrgl §h%s I Whipai
mxﬁﬁ & hqgwhget ggggﬁé@h apéoﬁgéﬁﬁgngqg?de of p% for 60
i s divided |nto squar e- shaped test regions each

SG’cﬁgi?ing a side of 25 nmand the thernmal conductivity

of each test region is neasured, the quotient

obtai ned by dividing the difference between the

t heuiial conductivity of the test region having the

gr eal- dde cruvéblpmrotedivaubestvicegrdgdo chgmals whegihe planar thermal

conductivity of the test region having the | east
contiheivitylis CR2hWIGDK) anhigher.t he mean val ue of the

thermal conductivities of all the test regions is

restricted to be 0.1 or Iess. 8. The crucible

protection sheet according to any one of clainms 1

thr oMgfhel crudfhgr Ffd?ecttllaﬁ dhediadcoaFini to @ﬁy loRPWF icldi@§ 1 frough 3,
10 mass ppm or [ ess . The crucible

Wh?l{%ﬁlttﬁgﬂ‘ll evé}g?}on?ﬁ %ﬂ't@@aﬁﬁn@ny one Of claims 1

erern he t ot amount of inpurities is
100 mass ppn1or | ess, and anong a plurality of
I mpurities contained therein, the anount of at [ east

one el enent of boron, phosp horu arsenic, i, mony
bi snuit e givgible PEVSRIORCMEFOARATING 1 a5 08¢ .&3 rﬁiadws [ through 4,

| ess. 10. The crucihl e protection sheet
wheretrothel buls deositst iaifrang 0-5\eeite thMaimtal 1ic el enent is
iron or indium 11. The crucible protection
-sheet according to claim 10, wherein the anount of
15each of the boron, the phosphorus, the arsenic, the

ant i oM chidbld |p§6f&tfbn dHhet hécoriin@nd ahh@nk i didfims sl $hrough S,
mass ppm or | ess. 12. The crucible

wh B & tréc%@erzgﬁﬁé r%?éé@ﬁtgﬁ BY theOrofib@inh dalbn B3 is MIRF Bigher:

e total unt t he boron t he phosphorus, the
arse the .iroR,_ t : i ndium and 204
t he %ﬁﬁ?ﬂﬂﬁo(%@ %stgoﬁb é%gﬂp )
where t; is the thickness (mm) after applying a pre-load (0.686 MPa£1%) for 15 seconds,
t, is the thickness (mm) after applying a total pressure (34.3 MPa=1%) for 60 seconds,

and t; is the thickness after resetting the pressure to the pre-load and elapsing 60 seconds.

7. The crucible protection sheet according to any one of claims 2 through 6,
wherein, when the sheet in a square shape having a side of 200 mm is divided into
square-shaped test regions cach having a side of 25 mm and the thermal conductivity of
each test region is measured, the quotient obtained by dividing the difference between the
thermal conductivity of the test region having the greatest thermal conductivity and the

thermal conductivity of the test region having the least thermal conductivity by the mean
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13. A crucible protection sheet material conprising a

plurality of crucible protection sheets stacked on

each other, each being the crucible protection sheet

according to any one of clainms 1 through 12. 25

14. A crucible protection sheet conprising expanded

graphite and bei ng arranged between an i nner crucible
vala@ of 8 tHRT contu&ivli® d¥fallahé fedticblofs Ravitiged hebd QN less.

cruci bl e and the outer crucible, the crucible

protection sheet being characterized in that: the

total anount of inpurities is 100 nass ppnror | ess;

and Jur ti-es. .

ot & T TR ?’m‘?‘eﬁ un%c% iihbfo bIPURL o SRoims 1 through 7.

of . boron, arse cC, antr blsnuth and
WherciG L BB R igb RS R o) s

15. The cruci bl e protection sheet according to claim
14, wherein the netallic 10elenent is iron or indium
16. The crucible protection sheet according to claim
15, 9h€heicrucithe pateuion sheeke aglordng thenponomf ddms 1 through 8§,
phosphorus, the arsenic, the antinony, the bisnuth,

whifegh theastal sl bE irhpeitwnis 306 nBS pprapPMlsE, dnd@ssnonkD plurality of
17. The cruci bl e protection sheet according to claim
ﬂrfhtf?:% c%ﬁtalﬁé'ﬁ%@rbﬁﬁ, tRearh8lid! ook 0ft clchfnb @f %Bront ;h)ﬁosphorus

phosphorus, the arsenic, the antinony, the bisnut
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cruci ble, an outer crucible, and a crucible
protection sheet conprising expanded graphite and

bei n arranged bet ween the i nner crucr nd_t he
out eF0-cFhcrBIcle PRIHoRCHITE aa%%rrlattasc ﬁgwherem the metallic
characterized in that: t he cru0|ble protection

elemignies ijon on ighiwrgi bl e protecti on sheet according to
claim 14, 15, 16, or 17; and 25the total weight of
impurities of the crucibl e protection sheet and the
out er
11. The crucible protection sheet according to claim 10, wherein the amount of
each of the boron, the phosphorus, the arsenic, the antimony, the bismuth, the iron, and

the indiom is 3 mass ppm or less.

12. The crucible protection sheet according to claim 10 or 11, wherein the total
amount of the boron, the phosphorus, the arsenic, the iron, the antimony, the indium, and

the bismuth is 10 mass ppm or less.

13. A crucible protection sheet material comprising a plurality of crucible

protection sheets stacked on each other, each being the crucible protection sheet

according to any one of claims 1 through 12.
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crucible with respect to the total weight of the
cruci bl e protection sheet and the outer crucible is
30 nass ppm or | ess. 19. The crucible
apparatus according to claim18, wherein the outer
crucible is a 5 graphite cruci ble having a total
anount of inmpurities of 20 mass ppmor [ess.
)
Wher leéb% Hﬁfeﬁir(g%e@tg@ﬁ% | Et:"é)nﬂﬁfsﬂ{ g%c%e‘a g%;gh@&& being arranged
bet ?%%glg Iatglﬂﬁ:\eg ?r\{licgjg% an(tl %tgawl ag%lf(ﬁ}t;,le of a %x‘?lgi?)&tt fll%vn%g {he iner crucible
rotection sheet is provided that can prevent damages
ang (e gHtet erHepl %Fh?c‘i%‘i”éfé P Rele0 SR RGP BE ST el
silicon-carbidization, and transmt heat frontthe
out ethe dotelgintsivat obinpaitien ek 00gnassippmeoressf erdni y. 51 n a
cruci bl e having an inner crucible 2 and an outer
cr ucirbdre Bplutdigy of tiei indperipics teddined thehaetthe amanntarige deast one
between the two crucibles and is nmade of expanded
eleBeAPHI bon, iR sPhaaararbdied, matimeandbicthintl bid asmddlic clement is 3
W (nK) or higher, the gas perneability is |ess than
nm%; Xodfdsd cn2/s, and the conpression ratio is 20% or
her mhen t he sheet is conpressed in a thickness
direction at a pressure of 34.3 MPa. Since the
conpressi on 10 ratio i s high, the effect of

prev ng_ br. e is rt| L. nner

O e P e By Pger i s ro o et S B metalli

i nner cru0|ble fronttlltlng i nsi de the out er
elemepicis Brg or iIdiwddi t i on, even though the conpression

ratio is high, the theliiial conductivity is kept to

such a degree that the inner crucible can be heated

uniformy, and the gas shielding capability is also

ensut&dheAsudbleqauictiion liecontording wetlhire 16 swheeiretht echount of

15from sili con-carbi di zati on and thi ckness decrease.

each of the boron, the phosphorus, the arsenic, the antimony, the bismuth, the iron, and

the indium is 3 mass ppm or less.

17. The crucible protection sheet according to claim 15 or 16, wherein the total

“amount of the boron, the phosphorus, the arsenic, the antimony, the bismuth, the iron, and

the indium is 10 mass ppm or less.

18. A crucible apparatus comprising an inner crucible, an outer crucible, and a
crucible protectiort sheet comprising expanded graphite and being arranged between the
inner crucible and the outer crucible, the crucible apparatus being characterized in that:

the crucible protection sheet is a crucible protection sheet according to claim 14,
15,16, 0or 17; and

the total weight of impurities of the crucible protection sheet and the outer
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crucible with respect to the total weight of the crucible protection sheet and the outer

crucible is 30 mass ppm or less.

19. The crucible apparatus according to claim 18, wherein the outer crucible is a

graphite crucible having a total amount of impurities of 20 mass ppm or less.

20. The crucible apparatus according to claim 18, wherein the outer crucible is a

carbon composite crucible having a total amount of impurities of 20 mass ppm or less.
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