SPECIFICATION SILICA CRUCIBLE FOR PULLING SILICON SINGLE CRYSTAL AND METHOD OF
PRODUCING THE SAME 5 TECHNICAL FIELD [0001] This invention relates to a high-purity silica

- glass crucible used for pulling a silicon single crystal ingot for a semiconductor, and more particularly
to a high-purity silica glass crucible (hereinafter referred to as 10 a silica crucible simply) with a high
strength capable of reducing SiO gas taken from a silicon melt into a large-diameter silicon single
crystal ingot (hereinafter referred to as a single crystal ingot simply) during pulling to significantly
reduce pinhole defects in the single crystaljngat.due | q%%fio gas and prevent the occurrence of
deformation, distortion and the like. 15 BACKGROUND [0002] Heretofore, as typically illustrated
by schematic vertical sectional views in FIGS. 4(a) and (b), it is known that high-purity silica glass

powder haying.ag aygage parkiclesjze ¢4200r300 uihand-APuLiy ] ROt IBWeEIAN 9AR[PI0 is used

as a starting material and filled into a space defined by an inner surface of a graphite mold and an
outer surf gﬁ%r@ﬁo‘?@%@, 55@"@ &36%m while rotating the graphite mold at a speed of

60-80 rpm [see FIG. 4(a)], and then the core is taken out after the filling, and a three-phase AC arc
discharge arat ' aphite electrodes is inserted from an upper opening part while rotating
the graphite motd g?ﬁpﬁ% 50-100 rpm and reciprocated vertically along the inner surface of the
graphite mi§i@d heatlansnsideroiicmergtaphstéonaclt gh eptemipesaicre Gh abourt 20080 veile the

starting po, I lted: jdlifi | Q%Jccf' 3 CULLmY o] flow path
opened to t %%i;rlf{r?ﬁ gugﬁglc%ggﬁ%ﬁggg%%l%lgld, Wheé}egk%/ %e\é%?ca cr&%ﬁ%’h%%%%?%‘é example, a
thickness GRIO AT pFo dubsa s TG U R foon s Wis kst (Raasaua terat ehe regutenissilica
C_rll_JCibi? has @ﬂE\_é/é?'crl@M@b blfytﬂ@@!ﬁ%%ﬂ' %t!i@twﬁigfﬂb%@%ﬁgtw @é‘gﬁiﬂﬂ; @M@@Qfd}llf@&@igﬁomhous
silica glass having a bubble. content (expresse ercentage of a total volume ubbles
containea RSO GRS GEVIIR JeRime) ofa 2558008 ARG b5 2% ARG MR 685996 and an
inner 5 layéraathigiitpurtfamat ghous sikoagtassykazing gdtubbieigontentef petlhigherthan 0.6% and
a purity of .99% gﬁg thi i0.qf:the in r layer is commonly
adjusted s%%%%%?gﬁggj Iﬁ)l . 6%[@%%%3#?%%%%@%@3%1%& sghl%éjm%ti%:?g\%ertical
sectional Viéify BesrBRIG PEeTeB WaIRIsWETRREHR sisieosseirithstes hredaredtby dHatging a
high-purity polycrystalline silicon lump into a silica crucible mounted onto a graphite support, melting
the polycr I ili m a heater disposed along an outer periphery of the graphite support
to form a §§ %%36a€£§%9§§% and maintaining a 15 temperature of the silicon melt to a given
temperatuf&@@zje ofl15080I600C ang hadinglb siiceteseby entstahimta cantactwith the silicon melt
surface whil ] ilica bl ' ac i ilic sfystal in an Ar
gas atmo%ﬁ%@%%%%ﬁ%ﬁ%A%p%%%égs@&gg%}ft?gc%ﬁ%%%&%(%%E/gr,%i% e§a m?%%%%duction of
the single ElfsraNATHICAT @SH $hBWRIFFFIES PAREANEEANRILABYES thistgh sbrivestidh flow of
flowingydownyatd drvthe silica suucible, romdbe betiom:afthessinale-erystahnanide thedeftom of the
crucible and then#gﬁ/in%:gward along the | neré%urface of the cru%ifle from the bottom thereof
toward 25 T BottoHaF thesifigié Ehy: tgll}ﬁigao(i? i FURICHHES cﬁ’?’ﬁiéﬁﬂé’blg% the inner surface
(Si02) of theudiumibid areveacted to:gemelate SikrgasoiTRE thus geméeatetaSiOegasemoves toward the

siicon melt suraie tggather it he flow a6 thp iican eltand intsleased and removedfo the Ar gas

atmospher uced pressure, but it is 30 incorporated into the single crystal ingot during the
pulling to éaUSEBInKBIE abfectiie fHHORedRgbRiSipretRBEYY AljESEng & BlRAg conditions so as
not togause,$iaeh A defesh inadeiion, fakthedRpese o areverting: daforpatienarthing

part while rotating the graphite mold at a speed of 50-100 rpm and

reciprocated vertically along the inner surface of the graphite moid to
heat an inside of the graphite mold to a temperature of about 2000°C,
while the starting powder is melted and solidified while conducting

30 vacuuming through an air flow path opened to the inner surface of the
graphite mold, whereby a silica crucible having, for exampie, a
thickness of 10 mm is produced [see FIG. 4(b}].

I0003] Alse, it is known that the resulting silica crucible has a two-



distortion of the silica crucible during the pulling of the single crystal ingot to prolong the service life of
the silica crucible, it is also attempted to improve the strength of the silica crucible by interposing a
crystallization promoter made of an oxide, a hydroxide, a carbonate or 5 the like of an alkali earth
metal between the inner layer and the outer layer of the silica crucible, or by-applying the
crystallization promoter onto an upper opening portion of the crucible along an outer peripheral surface
thereof to transform an amorphous structure into a crystalline structure by the action of the
crystallizatjon promoter during melt- 10 molding. [00Q6] Patent Document.1: JP-B-HO7-42193 Patent
Documentigl.y \5%%&%88% 9%¥$§£%tcﬁ%nc%m§n qu | R iﬁfﬁ fgé)? Bé%\éﬁp Boctiment 4:
JP-A-2006:12428B 0GP sibnt Deambats gR: ARD0B 2554 88 DISCLASHREPRTHE INVENTION
[0007] On te-othenband dhe, demand.for inersasing a diametaraf thesindle crystalingpt s strong

recently, and hence there is a tendency 20 of producing a large-diameter single crystal ingot with a

diameter of 208786300 i JAL tratiiamBI&T BY (He SR ery stRBRgBP Bedsh e darget e diameter of
the silica cragiite-alsa-bepoiries largerpsethatiliseguisediause  siliepisiiciblehavipg an outer
diameter of about 610- 810 for pulling a large-diameter single crystal ingot with a diameter 25 of
200-300 mrﬁ?g%l%ﬁlsega%e%%s E%e}gdl ?n(ie?elp&%t% gﬁiglé) Ei@%ﬁggb&é%gnégég%%ﬁ% cbntact area
between thé silicorsmetitan ot inensuligcer dithbsiticeterueipte deringriheguuiiing is enlarged to
significantlxé%r&%aegg%gQB%@ti@mgS%Qegﬁcg@ghence it is difficult to sufficiently release a large

[ S

amount of thé generated SiO gas into an 30 Ar gas atmosphere under a reduced pressure, so that
there is a prSHIEHh thal WhENGEEREBve8 So°the ot PR EIIGIS CIGSHIahG6E HmAY PEling, together
with the flaw ofithe 3jlicdn welt arthis-ineRrRorAtedintodhe-ingat 1o freaueni gausel piphole defects.
[0008]Also¢1i§6i1§ t{rﬁavoi%at}#le_ to use a s'ilgixca cr%%?le haﬁi.ré%a E;i h- strength Cégstalline tructure with
the enlargSmah?inate datetsr orthe Sifea Brieiiis. SHUHE e $BRAISHEAE LB Hving a high
strength obxeined 4y tratisfargrmglatcamorphotisrstlicget intors brystaltimBisteusiioethrough the

action of t stallizati : stalli ' V. n in the pulling by
the actionhogfiﬁ%g gy ;‘;%Zﬁg g%%ﬁggﬁg%%%%étt%?g%ebﬁgﬁggnébﬁgégﬁﬁ%?%eﬁ Flé%gthening of the

pulling tim&BEESH o tHa TRcReBliE pTrB dia B T sTaHE 8ifgle cRataLRIgAnaAd hence crystal grains
are made fgthgerainute 9 mereiiemasadiio hovndariesrind.thertepastion betyeep-the silicon melt
(Si) and th?' surf of the crucible (SiO2) occurs more actively in the grain boyndary than the
amorphous %\%{z"r%rgﬁflaﬁ%@tﬂg&lgn% HAEERE e rEvAt @@i@o&%‘@ﬁé@sfgﬁﬁf@iﬁ%ncreased, )
that it is diffictllt tois(dficientlyseletstrgdiye siltountuftid genstated Si gasiursiy an Ar gas
atmosphere, HARLA FRINERM Brasehr eI BEIPIRN eI s A AORISIHIAL g gas moves 1o the bottom

of the single crystal ingot, during pulling; together with the flow of the silicon melt and is incorporated
into the ing6CIBG5BrRbES tE DEBUPRHdES of pinhole defects. [0009]In accordance with an aspect of the

invention, foer@s3 pravideghver, in thld Asieasiveibta fon piling assilicen-singlel Giystal, comprising
silica glass andl haviH atwo-&g?/ r str ture.lof an outey layer an%}an inner layer, wherein the inner
layer, in a%gc%g’ﬁaﬁs%‘g%iér\}v 0 eacifé?bﬁé,lﬁggngl N&s Fg&g@%%%‘ﬁ%}ﬁ?& tain parts
and vaI]eyqfqijiemhigaé@Wetweed arstae m&nmamoﬁhkc efmdrpoéitﬁ)bd(btd@ qiutling e:ihg]:eilic_on single
crystal in -8{icon el ewefage. 8ot whepA dbtance fiom.an yarel ABRNNG %%%gfrﬁ]e crucible to the

start position for the pulling of the silicon single cr is 100, only a cruci rtion from the upper
opening eRIYB& BEsHGENMAEGa )< BE 4T W 106 & erystafino fooToltadilica@iible for pulling

ahsilicgw_:nh sﬂ%emvﬁ%mm@@%gl@@r@w Q) (Ja]}ggﬁ@@dﬁihg iwwﬁbiax?@?ﬁégﬁhrﬁ@&q@y ?ur:face"
shape that a gistance between a to sitio the mountain part an dee est positjon of the va ey
part is 0.1?5@ r%nhrﬁ HAE4 &Y 2%88 é%?@éjeﬂ tS%? &6F }ﬁ%ﬁﬁ%ﬁfgiﬁeﬁﬁﬁ%it‘i@%q%%{ﬁ]ﬁf.{iOOl11 3) A
silica crucigdes foilallinga siicorsingl&try stab avcoreingptwzhe item ¢il)wrr(2hathereiftambien a height
Postion ofilie: PREPR HBRCIHAR B3 a0 aheighh Pasiten e UpRal:apeRipg Al of the crucible

is 100 in a sectional side view of the crucible, the start position for the pulling of t icon single
crystal is ifthth R AIGHEFO SHEP PRIy 61BBR6T05 Tsi ivsl JeREsiHBRthBékuSible and the end position

for theopulling@fsbe-skiedn singhe eirgiad ismwithin abeighinesiion capagRfdie 48 frem the bottom of
the crucible, [00}21(fA.Meth9d, 9f peducing a silica crucihie 1or UGS e pulling

conditions so as not to cause such a defect.

In addition, for the purpose of preventing deformation and



silicon single crystal according to the item (1), (2) or (3), wherein a crystalline portion of the crucible
contains 0.01-1 mass% of a crystallization promoter, and a crystalline structure is formed by
melt-molding the silica crucible having a ring-shaped cutoff portion extending upward from an upper
opening end of the crucible. [0013]In the melt-molding of the silica crucible according to embodiments
of the invention, the ratio of the crystallization promoter compounded in the ring-shaped cutoff portion
is set to be 0.01 to 1 mass%. If the ratio is less than 0.01 mass%, when a distance from the upper
opening end of the crucible to the start position for the pulling of the silicon single crystal is 100, it may
not be posYiFitS ey Saline Bitigan eruciiepdrion grone theilipperodiéringrerd te-aspasition within a
range of Atect00, Bhersiarenbiedentiediioprsiirngiiannnotbeserpiied e main body of the

silica cruciple, and hence the deformation, distortion and the like may be cause eB's eficiency of
the strengti? if AHEPYE- s tatr bBim I8 Heirg & AP iurherensiBd 6-810 mm. While, if the
ratio exceeusstaitbss¥oerystatizationrpiaecetianoveiad) ingolpring startding,ghthe silicon melt
surface, t%%rqiiﬁéec;@%% %ﬂ{ti ) e%f ttkgle cru%ijﬂg %nd the grystalline structure in a zone contacting with
the silicon melt is also made Crystalline. Ahd henc the: JEITetBisH SR 4a€ bthetkgstal grain
boundary H¥ffeRfichecsditveisathirated iy taizriviest difaciitata dlie-acovireneerafpinhole defects
in the singlg,erystalii r@ﬁéﬁlﬁ%@ﬂ%%’&f‘ﬁ@iEM%ngﬂgrggbOdim{%:r;}ts of .th%inv ntion, even

. . ] . [} .
if the size of the crugible is increased to an outer diameter o G hm for pBﬁFﬁE G54e-diameter

single cryStaFiAg5t SFF66 14 BERMMIFHiaRetaRoa RirgE amsn b sior tas genetatéthalong with the
increase aftthectruaibity diametetdhrodgh seasfiona Heiwesn ?Edﬂi@!&%@%g%ﬁ@ﬁmdble and the
silico%me}hg@{r{) retained in the inner surface of the crucible constituting the wavy inner surface
shape with mountdin parts and valley parts. The retained SiO gas is retained until it is grown by
aggregatitg Wil seqietiziliPgeberatet BiORdS 10G7sivR @B affected by the convection flow of silicon
melt. The above genp&@%@@&&g&gﬁqa}@t@g_ﬁgw_ @%gfroove when the generated gas is

grown to a size which has large buoya%%/, moves straight toward the silicon melt surface at once, and
d

is released into an AF §4AtMBSPHeFa L RdelPadeliucld pre@Site. Therefore, the amount of the
generated SiO gas niaxingtibtcihereanvecienflomobsiicammelt to the bottom of the single crystal
ingot,during pulling r@gpﬁ be significantly red Sg, ﬁh e it may be possible to considerably reduce
the occurrence of pinhoeen%;;}g)ccfléwfﬁet )eé ginglgé r')i([l} A r]é‘-.’ﬂﬁﬁhermore, when only a crucible portion
ranging from the upper opening end to a position within a range of 40 to 100 is rendered to be
crystallinezistaxstpResibie esecHnherhiflhptrength capable of preventing the occurrence of

deformati @(ﬂﬂortio and the like in the silica crucible, but also the inner surface of the crucible
substanti% tactinG With IR BsP et 8s51aR6 HRBIBS StaRsURg dudimyiequuling of the single

crystal ingbtesogirocnystall izagion ipremetes iscexisten! khesilica ciycible after.mglding, whereby
the r%ctiggégleé £ %{geairl] resilérfaace %f the crycible and the silicon melt may be further suppressed

as compare wi\t% t%e ryst‘gﬁ & Structare. g’ﬁ%%ér%g TEBh At EratEaskanR #86n capable of
suppresshiyIRE dectrrehedlos pliletdefotchin thagiaglevenystahisgobdueriesthegenerated SiO gas.
BRIEF DESCRIPHAN-QF PRAVMNGS{00L5] EIG, %Escg%c%epé%ti% vergc% s&:tional view showing a

half potion of t%%%ilica crucible according to the invention 5% sehematic 1%ﬁtical sectional view

of a main' SHEE ShINiIHGTR SHIGE Gidipikls dearding 26 thel inveditonsiewhichtia)isal diagram
showing & Wavyinrier spufitecshdpeddngieoentain Aarts-pochyaliey, partsandLo) is.gdiagram

sch%gwatigglb/@ I behavior of SiO gas.gengerated inside the silica crucible. FIG. 3 is a
schematic verticc'gjg@(%}?ﬁél é%av%éﬁocﬁiﬁ%’ ag ﬁjiﬁi U OF SicRCiIIBR SRRt according to the

inventionPecomegdavery a s ssHiadt serdchiserionaheievil showing pragdudction sieps-of a silica
crucible, #,whieh @)ﬂﬁ@ﬁi@@a@p@@@yy@&%ﬁt@ filling. terial powder and (b) is a diagram
showing astal&e of n{fﬂlt:molding a silica crucible. qilgl{“lémgl é@gc%%?ﬁ‘ap gc\ge%ﬁical sectional view
showing 3-8t4&S My Lo ERifTgdior 6l 519 Zamgrard senendtidsligishoulng the
behaviortef Sidfigasryéneritedin atdnaersudeen offtheccopventional siisasrgihle .20 BEST MODE

FORLCARR TION [0016] The embodiments of the invention will be described
with ?eferengeg\%(%%gsé gfg%%rlgr% %%v{/%r%g%cbgléjﬁe TR S EL iRt HIRERTISH single

crystal abRAdikg (BaRaERitH 1oe bittctoorueible fosipgling =y silidoimging e arystal 25 comprising
silica glags: Hiveidhavigetadwerianenstracive piap QHI@BK:\E%RH%&@ {Q'}F{C Ial%jer wherein the inner
Y

layer ha%atw%%% inner surfﬁlge shag) having mountain parts and valley parct)s a?ﬁg‘g‘% between a start
position and an enlal%%giii% forf g@fllﬁ’fﬂﬁﬁsﬂ%b}hoéﬁ]@l%ﬁé%tal in a silicon melt surface in a

sectional side view of the crucible,




30 and when a distance from an upper opening end of the crucible to the start position for the pulling
of the silicon single crystal is 100, only a crucible portion from the upper opening end to a position
within a range of 40 to 100 is crystalline. [0017] In the conventional pulling, SIO gas generated by
reaction between the silicon melt and the inner surface of the silica crucible has a size of 50-200 p.m
in diameter immediately after the generation and moves with convection flow of the silicon melt along
the inner surface of 5 the crucible. Most of the SiO gas is released from the silicon melt surface into an
Ar gas atm e unde educe [ I intajping.t ize: C atically
shown by tﬁéﬁ\;aégfﬁical seég[}i%ﬁh VI%V?L §f5 ﬁ%%%ﬁt@%%@@%ﬁ%@%ﬁfhﬁ? %I%rﬂ?gr]rl]ount of the
generated SHESBEENSVELAD THe BEHEMET HHERithR T Trgemarng t dvind B § a8 ncorporated
thereinto, regittingringpirholdrdéfectsnThanetons thiedscaypriiieinanaige ragh ot Sidggas
incorporatesipia:ke R0le-enahingt issionilicapthuingreasedias diamelers ef{hednget and the
crucible bec me tl&g%ze ({))01%] %rté tQStcgrgtE?r%lh as. Shﬁ?t\é\./ﬁibé]t%%% scThOeﬂrQ&tic v§g{%%{rg§ciiggal 15 views
in FIGS. 1, &1} and 2(b), whena §ast an mner st face of the slliga crucible etween’a start line and
an end lineSortHeIpalig ofafah g TR RS Sl msI Qerdaceling dderdieiepE Ut "ald snner
surface shapgdtaving-nsberdai paxistdngd valleiparts-urthéeseoticnatdidesaiiew oivitie silica crucible”,
an insi_de Ofélg %P@Hé%@%ﬂﬁ%g‘%ﬂ@%@&&"&%{ %_Héf%ﬁ%z%lf’é%eiﬁ %H@t@miﬂi&?&néfbeing free
of the influ ?tce %/t e flow qtfaﬁhe silicon m%]t as schematjsia ly showQ ba/r%heﬁ/gr |cafll§ﬁ%tﬁlional view of
the main p Gn FiZ %(b . ere%%}f Si%as Enerated arthebottom section of the crucible is moved
along the iﬁﬁé‘?‘éﬁﬁ*fé@efﬁpﬂﬁeimmﬁﬁfvﬁﬂ@iﬂegWﬂ@E‘silie%ﬁ%élhf’o tRaGhisiHe HFifE&avy inner 25

sgrfacg shape, wnerﬁ]itxi@alet@ipdlﬁ_ﬁatﬁataatéacbadm&eﬁmﬁm wdaﬁﬁ,@f(%i@ﬂh@gmm{e to_gether
with SiO ga5 generaiedkin the waw ngh syircesharend thed g by RAgregating wjth SIO gas

sequentially moving into the ring grogve and SiO gas se ially generated in.the wavy jnner surface
Shape, WhETHE Lo @ BRaRSs S0ty BEBGTE0000 il dnE Hctim e YR AR i ge
buoyancy dngicaeparatestiain thesvwdifiiqrdetepiidcisntpbe splgare sstrarmEBwardtsd silicon melt
surface by itsdagge: buoyancyiwitkeut bairg atiested hysthercorsiction flondet sdicoaduektdThus, it is

released injg AR feOapAMISPNGRHANY & FRGURER RERSSUER: JCHslores i RSBl sionificantly
reduce SiO gas caught by the conyectlonglow of S”‘I@m melt and" moved, to %rg Bﬁ%}om oﬁéhe single
ST

b
crystal ingo??d%ﬁ§%ﬁf%ﬁtﬁcﬁﬁ8rat YRSt % at REHiTo R a1 s 8 pH¥homenon is
not changesiégen if theltiammsterésof theasipgleigstaniitgotiand thedilickocraeiptacire inbreased.
[0019]Herep dids Reaierablg thatibr starkpasition for the pulling of the silicon single crystal shown in
FIG._ 2(a)_ BN .. heyghﬁpo&g&%&%%%% o@%ggwhggp% g@_lg)@t &Qélt%gyttﬂ&{)o@g}@f {he silica 10
crucible is 0 and a height position of the upper openingend is 100 in the sectional side view of the
silica crucidtE2%itFthe end position for the pulling of the silicon single crystal means a height position
range of 0- 10 when the Heighfpesition of theettder aptilésgica ceildivle isthghd trydeight position
of the uppesaReMRGRNG I Qe Kdhastarhpasiiand ferjihe fnullina .ot the sHicansinglgarystal is
above 95 when the neiaht position ol s batam, ol e slica crucible 5,808 e digigtpesition of the
upper opening e_n%l IS E) the Wavy shape’is existent Jﬂst proxmaﬁo the upper opening end, so that
the sufficiefit SFENGth o thé CHTHId RRAROFBEBEaf PN & FERS ISR B CRTHY 88fdrmation 20
or distortiorvall tiyersilica etubibld, htitecéit is positiopesi hetow: i) Bi@gdspeamtonbsUppressed
sufficiently. Mareoves m%mﬁ@eﬁ%yﬂ%@h@ﬂ%ﬁ Eik ofiteoyameinngs Sudace: sammisra Rosition of
0-10 when H}gtg%ggt osition %f the 8ttgm of the iligatﬁru%ilpé% .iglg %cr)] trée f%%ilgﬁht g&j}l(i)on of the
upper opening end is wi%ueggeiﬁe ?agtufﬁ%t when tehe end posi |onbfor e & mg_of'lthe single
crystal is a%‘fléﬂl@,PSI@@&é’&éﬁﬁo‘f%%’&pﬁ%&%ﬁfﬁéi%iﬂ%d)fHé(réii§rélféﬁfz’opé‘5€§iﬁg pinhole
defects. [0GR26f Tt arpere , dpismireferabla that plsitiavy witkirsurfageshapeli@ poovidédon a whole
of a straight Rpdy ggetion in the sectional 30 side view of the crucible, for example, on an area ranging
from a positj 5 mm tn,10,mm,.below the.upper. opening end of the crucible as an upper end to a
lower end jﬁéjé%s][raight@(%df} sés’éﬁc‘%% of the ls%fﬁga I;:Oruc' gﬂﬁl the settional side. %lgwcorf-’;; &'crucible.

When the WP eassptiaavaeaRihherelFEs dhgpiReaNavE B HefdwaMmdippier opening




end of the crucible, the wavy shape is existent just proximal to the upper opening end, so that the
sufficient strength of the crucible cannot be obtained and there is a fear of causing deformation or
distortion of 5 the silica crucible, while when it is positioned downward over 10 mm below the upper
opening end of the crucible, SiO gas cannot be suppressed sufficiently and there is a fear of causing
pinhole defects in the silicon single crystal ingot. Moreover, the reason why the lower end of the wavy

inner surfacgshape i the-sameg hei 0 I f the straight body section of the
silica crucible | due ot gfact that glir%é%g)%g g%}%ﬁ%lg%v?gﬁ 'péqﬁ? ﬁ 8ftshe%gllmon 1fsl\léng?e crystal in

the silicon rﬁeft is fre @688%W%%lg‘f?§tgh %%]&ﬁgnpﬁrhe‘%r% gf?ﬂe?t/vévmnﬁ@ﬁsérface shape
is positionedigves @ﬂ%‘i@tﬁ%?@é@@léﬁOSi@@@smﬁﬁoﬁbﬁ}stﬁflé@hWprressed and there is a

fear of 15 cHMsHig pmholemeﬁecmmm||ezvmemawefwa\fyumﬁegswfaﬁeéhﬁp%tﬁ@@' gd,pelow the
straight bod%éggggh thce %@dﬁgyﬁn Q)f%ycgg ﬁé gelc%rpl% cQ I|c%tted thO%l%h t ‘?«? egﬁect of
th

suppressing SIO gas Is mproved. The sfrai section of the sifica crdtible mMeahs & body section
of the silica crumf)glL aH (t{h% fante Eg@e&@%ﬂd%&%@tél??@tﬁﬁc%é@c%&ﬁé potidiLEovering a
range until ﬁﬁ@c@fvﬁh@r@f@@é?i@dlﬁol@ﬂtempp@een@mlhedbotmwofome}ml|mtmtﬁlbletk[ﬁ021] When
the pulling experipentsoaf @fat'geﬁt@mﬁgbﬁméesmel 9Pt 93_6-} f&agma%%%{ 2005300 mm are

conducted Using: a-large silica I ipner d| eter 0810 iti eferable that the
distance be%ween the topigosn%?:cg %ﬁgrﬁé’%%tg‘n part%l g%lth)e sepestP fftlg‘ﬁ‘ f%g Gty part is

0.1-3 mm AR RIS dE DRRELRENRI tEBS oFifiRomatingElR SARS 16- 100 MM i iheitihe
occurrencersfitpivlecdefects ©an HE supprébsedananimallytia the: atidee large-diameter single crystal
ingot. In th¢ealirag cruciblg )ofgh%geﬂame@p@,rg@geg%w and;yidth of the ring.gr cﬁtﬁ?lﬁ%‘sétu“”g the

wavy inner gurface s untain nd arts fined on the results of
various exp%%gngeﬁntsﬂ%qmenlt%sr%% SBoVe, ﬁeartﬂhgg&egtg id%ﬁopfhé% g YPSEGEUFill the above
numerical %@fﬁ}ﬁgﬁ?(thﬁoﬂg?&hcé}%em@en%epo%@?ﬁm%heQﬁbln’italmpmﬁ%tdQﬁe deepest
position of ¢higstallBydarnispddnBomem anithe digtma@@twa@ﬁheetqlgsf@ﬁwfhedngynfﬁlﬂﬂoarts is

10-100 mnihdhee memaf&e@@e%%ge% ngotcan be
reduced suff 6{1}5 On the other hand, when el ?the e@%ﬁg{d {%tg eg}hlr?g%t%ogve is out of

the above n merlca 'fan €, Rere s apf%arrtﬁaeﬂ Feﬁrgﬁé@[ of reducing pinhole defects is not
obtained. [ %]?F]IGS 2?8) dhe (H}‘ﬁi@s‘??@ﬂélﬁléaeef thatahsiliage foraeibithesinnerdugade shape in
the cross sectiordofitbetsilich dreciblecis tising thwaveio HawenecEvE AT SA6R:2 WaYEfARP is

modified, thg g@@ﬁflgﬁnt}egeﬁﬂ lsg.ohfai the distance be n the top position
of the mount;?rl?;art ﬁn the deepe t po ﬁ;é%&gﬁg?/%sllgg}g Sttﬁa?g %e d?stz%cetk%%e)?wéen#he tops of
s, 't

the mountain pans are withir th o'?/eS r 3&%@ ; P88 NRSrese iRt AtRe distance
from the ufﬁﬁ?%p@ﬁﬁ%”éﬁc?@fjmﬁ chicipre edtilve tstdi pssidnfositiepulling o thalitigpnfsingle

crystal is 100 eilicarcreiciple poyton frornale Lippe0pening Wé%p@ﬁ@@gﬁtﬁ@@gﬁ@ge of 40 to

100 is rendgr, Chzia ceithe t crucible during the pulling of a single
crystlal 20?:9 %?f?t}t?e% me%lf@eéﬁt%%ifés ?t?gtggt?ﬁ%%%?%:ée%% 1% Id olrJ |{oh%%f‘fhgﬁcrluc le, ae long

as the high Str %ngth ted pﬁtﬁéﬁ%fﬁ’théaé’#@@bl@eeven if only
the upper éﬁéHi‘F?‘giertﬂ p&RfontBiike (Em@bbleq% dérﬂp@e.ﬂedaof arhlgiﬁt}m;elegtti ciystatknetBtructure and

the other pmfmisuhgtmae&ﬁhﬁt%meﬁé ﬁ@tmﬁét@ateamelté%f%@ém Rylling of the
ingot) are @Hglg 08?&%&3&%?@11}95 % icagr uchbler .can maintain tg e high strength even

ence it Is made OSSIg}gtO rE\}’éenI:[ ion or

in the pullin %ft§ i@gle crystggéﬁot an
distortion SFi&! Silica Criibie Ehelothsr Rahia, &§%’é‘é§§mﬁh@%§ﬁ@nﬁéﬁﬁt@ﬂi@@%@@blble when
the silica CRIBIEFEIS putvinto Pradticaituss liompsitmg dsinglef ctistakitigot) avaKtate thatdhe

crystallizatiowpramnte iisexigieridn the siicaciuaine, flthes Q%%@Ql?ﬁ{@@@h%%'?ﬁ grucible is
developedzgyigu(g&%agl g,ptfhtq%grg tglllzalt,reqtprorgioter dur fing, the P of the single crystal ingot
nd ’Iﬁ ﬁi B&Sly cause the

to miniaturize the crystal, as a result, the crysta ramn boungarﬂg’ %€

reaction oité? @Wﬂ% O StHP g %uﬁﬁ%rtjrﬁ rébFiprdrabe ke decoteatitensihinhole
defects in #wsiigieaaiysedeimgot during pulling. However, when the crystallization promoter is not
existent in the silica crucible, it is possible to prevent the crystallization development action (grain
boundary increasing action) in the silica crucible during pulling. 10 [0024] The method of producing a

silica crucible for the pulling of a 5



single crystal according to the invention is characterized in that, as shown in the schematic vertical
sectional view of a half portion of silica crucible materials according to the invention in FIG. 3, the
crystalline crucible portion contains 0.01-1 mass% of a crystallization promoter 15 (preferably at least
one of aluminum oxide (hereinafter indicated by Al203), calcium oxide (hereinafter indicated by CaO),
barium oxide (hereinafter indicated by BaO), calcium carbonate (hereinafter indicated by CaCO3) and
barium carbenats; (hereinaftes ifidieatedy BatORhcandisiinauciiganalelialgaresmelemolded at a
state provigggs\elégﬁi ing- 20 shaped cutoff portion extending upward from the upper opening end of
the crucible tg form the crystalline structure. As shown in the silica crucible of the invention in FIG. 1, a
part of the?ﬁ%%g%{rrsjcibleﬁﬁﬁ‘é gry&?alﬁhg b HHPa o %elay%qﬁ?éﬁw‘gﬁeﬁﬁﬁn%r? b that when
a distance froierthieuppicopehinipendiof tlé silica crusibidaoithe start2sposiioarforatheepulling of the
silicon”sing&ﬁe@&y&@& i511090asnartionfram 55@1fuﬁ@ea opepéngiandie A sange oi4atA00gan be made
crystalline ST C undj tlo r lzati r r. In thi S
high-strenggtﬁ %ﬁ%]a%ﬁg?%lrgl?g\%}%%%%%&r%%ce gf%iﬁ%#ﬁ%ﬂ%ﬂﬁd%%%ﬁ egég%éﬁiﬁqéoﬁgthe pulling
of the singl&¢ky<taf 387E8EF bRCeT GGBN o TG IR o HE SHRAEARANE (s large as
610-810 mmn{@026Faanthef iorecmviehlthemihgishapbdamutoitjortien tentaitdngetharifstallization
promoter isfemoved-after themeltneiting Qffike tsiliga:crucibleraterials, the-ystalizgiion promoter
s not existentin e esuingman borl o e slica cruole. Therslotsduriner enisalliation does
not occur on‘an amorphous Portion ]& e remairiing portion resuﬁede y rem&nng e crystallized portion
between tHeltphEr ¥ BeMiRg ShASEIREAHERm BaEY staveailicalérgenfaalsd (e 3tERaike for the
pulling of thésngotin ik sikicoromettsurface)eduring thewpulingididie single cryBtal inmdatyand thus the
amosphou &%9&@%1@%@@@&&%@%&{%@%@%&@ of 9 98s igssighificantly
suppressed as compared tWlth the cry. taging str?cture and hence the 10 oceurrence of f'ﬁhme
defects caPbe Suppreseedif t 1eZﬁASing éccrys?aﬁ ir% : 'H%}ig}b%%%mrgﬁgﬁsisssg?ﬁ% eveninthe
large-diamé&kter st erysistingothacig?d dritheterdst 0B 3001af7HCF0028P(ExEmMPIe) 8AF According
to the productionsprasess shiawndanetmSed(a) ks anck 4 (DT Hughiptajty sdicargtasa paidérewith a purity

of 99.998 magsi hay 'QQ@}"‘%Q&/ SHRARRANAE T8 ehARRAM IS HERAASARIBHING AP Or the
purpose of formin aim in baody of a cruc{;ﬂﬁle under.normal conditions, which is filled into a space of 30
mm defined BLRTEeA 2 Aner ifrace SFH gFapRite MO AP BB e B BT e the 20
graphite motdlasddheadtie Braiastalédaea speedossDlpnioTveom ddgyetdliizagen protter is
compoundedand ¢nisedoyighrihe Badéferpovideral aiiagie shewean ihagele 1 faithepuipase of forming
a ring-shangd gutgft porion-extsnding upward from 2n:upperiepening 2nd g fhe crigible main body at

a height (width) of 20°'mm and integrated thereinto to form a mlxggistartmg powder, which is also filled.

After the filRRG§: tHECHIEIL 14k ERT3EE MR tHrebYShi EAE SRt s S S P AR TS hish@¥graphite

electrodes izingesetbirorhatheappear dpenihigabhilstrotgidy thergrajshitel mptdettispeethef 65 rpm

and reciprosaiacrep andHewmalnaegdhe ianeosudace:ad theagtaphiia molddnibaatancaclé)side of the

graphite m%‘ﬁttoa%e'ﬁpeeri?%@% of, AkQUL 2800 QH}Eﬁaféth&Qﬂ%&%%?ﬁ%&@@a@%‘ﬁo%e&zﬁg‘e'ted and
ug r flow pat t

solidified in the graphite maqld while conducting vacuuming through an a : ened to the inner
surface of ¥ niBlF B dRALSITEEE R BRI s URY et 6 Bality H%ﬁ‘ﬁ't%ufg hwn in FIG. 3
comprised siffrucipig ahaingsddyiand aningrsisdpbetitoff portiowivaving exksdight (widthy of 20 mm
and contairingthe prystalizatien prmates, Swhseauentlycthe singoshanadewieffpertiomis-cut and
removed g e siieq sl malerial. ofihe invention.usng. & lamond cyler, and fhereatter a
wavy inner surfacé shape ﬁavmg mountain parts and valley parts, in' w ich ea o?a depth and a
width of a fifggRBEve Wihoiitir TatR insndtawertics siedoRSRSEr SifTScESsARRRITESIMR wave, is
formed in thenrmdrsshlfaee b thecenriiile bétvwegrpacstan finéifor imgotpelting arid pbhdwrkend line for
ingot pU”in&éﬂa@t%i|i§;0ﬂ1@9%ﬁ@gﬁ?%ﬂfﬁéﬂ@%ﬁ@@sﬁﬂﬁ%&{&m& @@gg@ging-processed surface
is subjected to a smooth finishing treatment using an oxy-fuel burner. Thus, there are prepared silica
crucibles A-1 to A-9 according to the invention for the pulling of a single crystal ingot with a diameter of
200 mm, by 5 pieces



15 respectively, each having such a size that an outer diameter is 610 mm, a depth is 380 mm and a
thickness of 10 mm, and positioning a start line for ingot pulling in a silicon melt surface at 50 mm from
an upper opening end of the crucible and an end line for pulling at 300 mm from the upper opening
end, and having a two-layer laminated structure 20 shown in FIG. 1 and composed of an inner layer of
a high-purity silica glass with a bubble content of 0,3%, a purity of 99.998% and a thickness of 4 mm
and an outer layer of a high-purity silica glass with a bubble content of 5%, a purity of 99.994% and a
thickness nfaining no crystallization promoter in the upper end of the 25 crucible.

(B) In the saneDi T method® e &cibles Al to A-9 of the invention in the above (A)
except thaf@@e Isgightiiidth)iefthechi apedrcitall partiamisi4dsansandine raticnof the
cystallization promoter campaunded fereinis. shown n Jabie. 1, and 20 the wavy inner surface shape
having mountain parts an vaﬁey parts, in"'which edeh

_ \ of'a dé%?ﬁang‘%'width of a ring groove is shown
in Table 1 and a vertiéa(seetisrarmiersudicse shapsisssintioeakeyis fonhedriratneamer surface of the
crucible bejwgen stk Wik erirgelnulling audan enhingforingst pulling.n. silicon melt surface

by grinding processing, are prepared silica crucibles B-1 to B-9 according to the invention for the

pulling of aCL i TAMAGB VIR WAIAMBTeP OF /866 MRty BaitesdresPetNeR2EEth having such
a size that anduteilSydiamaterris §bP imm,Hdepthisd8bmutiant @ dhickAess ¢fs16 mm, and
positioning, a start line fqr.ingot pulling.in.a silicon.melt surface at 100 mm from the upper opening end
and an enop ﬁrﬁg 5?%8 %é@:\%@% err%gfr%% he %}ﬁige?%%g’ﬁflﬁcgae%r& %%)gg having a two-layer laminated
structure composed of & ifner fagehofratigh:puntasiticatgiassl wittva 10dwibttgeacbaiént of 0.2%, a
purity of 99,888% and;adhickngss Rf fayn-and an oytarlayer of & high-pwity silica glass with a bubble

content of 5%, a purity of 99.997% and a thickness of 10 mm, and containing no crystallization

promoter in the upperehid &f thé GLRBRAIIDI 7T HEGhparatvae ERBIENEBERACCording to the
productioniprogessisionte ik FIGS sffah andid(b)e highvpuitty Slipasglasspawde Witk apusty of
99.998 magg‘)/gehg}/i %haln avleﬂrggeerpeﬁrticle iezIe é)f (%15 um i%éised as a ﬁéartinﬁ g)ow%e]a{ under normal
conditions, Which is lecrinte & sSpace of 30 Hint defi e)dl%e def dH InRer gitface % hite mold
and an outerstrfacédong eosdicsm twagpbkition lower by 20 mm from a final crucible size, while the
graphite mold and thexgare-are rolaled 414 speed LM, LaeR, ar Rzl fromajer is

compounded and mixed with the starting powder at a ratio shown in Table 2 t%‘?%rm a mixed starting
powder, whEH I8 %o § S8 s ToeisdeP®iS the final crucible size. After the filling, the core is taken out

and a three-phase AGEIC diseharg appal aiuh 418ing GERNER elgeitodes isdnsettaddramdhe upper
opening while rotating the graphite mold at a speed, of 65 rpm and reciprocated up.and down along the
inner surfa%%sogﬁw%eé%ggﬁi% r%&ld%l Fledt: arnai(r:l%i g to ?h%ogr‘é%lﬁlttlg rﬁ’?@l& lgécgt%ﬁﬁlygégg?ure of about
2000C. On the 30 other hand, the starting powder is melted and solidified in the graphite mold while

condugfingaasaumindBrevl axaiiowmathonenesdHorthe e siface of the mold to prepare
conventional silica crucibles C1 to C-10 for the pulling of a singée crystal ingot with a diameter of 200
i

mm, by 5 pEESlespERfvEIy DB RIRG SHRR H 958 tint ABrer drasiderdsveth mm, a depth is
380 mm andfarthickness: bt IL-min pad pesitioning agidsklisg for ingot pulling in a silicon melt surface

at 50 mm from an upper opening end.of the crycible and an end line.for 5 pulling at 300 mm from the
upper opening end, aer?a §€i|1r(1:{;51 %C &ngfél}?eﬁgr#}i?ﬁaPe]ﬁ?{s}&ﬁc?ﬁ% 6%%83%&%)%8;3%%0& %r of a
high-puritytsili¢e glassvitraibubbiéicentent 8516. 895, ipliity of 98.998% aptbathyiskuess of 4 mm and
an oussr Iysk s Ay silisa alase A ADLRNe ANt elidf APYIOL89:394% and a

thickness of 6 mm, 10 and containing crystallization promater in the upper end of the crucible,

provided thaY &Yy fiRePEGHEES FaviRiShoih iR paRsTalRy vallRgHangasnérRrimed in the inner
surface of ghe roeibleape hatRdmibesanie preduction roaihed parsthe anveptiopaksilica crucibles
C-1to 0-9 in the above (C) except that the crystallization 15 promoter.is.included in the upper opening
end portior61l 5 rg g%%ﬁé@[@&%&%i%ﬁ@f%ﬁrﬁr% %eagvm‘r? tjp“b%%}%gér‘?ilriﬁg@c%ﬂdgﬁ?glﬁrepared
conventiorsalysiliga iergcipliesdd: 1110 1D Ve treipulling ol arsihglederystar in§ ohwitmacdidmeter of 300
mm, by 5 pigees FRSpPerivelirRackh-BaYing SusPa sige tha ter diameter;is; 810 mm, a depth is

435 mm and a thickness of 16 mm, and positioning a start line for mgotgullina in a silicon melt surface

at 100 mntorh BRSUigel epéhn @ eiiomatahemiiretor paling ai3ss mhGrm e Gpper opening
end, and haviogtadwodayer fxminaled sirgeitrepeampesaddiof @n ippeitryerataihighpurity silica glass
with a bubb ntent.of 0.2% rity of 99.998% 25 and a thickness of 6 mm and an outer layer of a
high-purityogﬁggt&agée\)/v}ﬁ'n%r%%ﬁb%?éncgdntent of 5%, a purity of 99.997% and a thickness of 10 mm, and
containing the crystallization promoter in the upper end of the crucible, provided that a wavy inner
surface shape having mountain parts and valley parts is not formed in the inner surface of the crucible.
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30 [0028] With respect to the resulting silica crucibles A-1 to A-9 and B1 to 8-9 according to the
invention and conventional silica crucibles C-1 to 0-9 and D-1 to D-9 are observed crystallization from
the upper opening end of the crucible with an optical microscope, and a crystallization ratio when a
distance from the upper opening end of the crucible to a-start position for the pulling of a silicon single
crystal is 100 is shown in Tables 1 and 2 (the column of "before ingot pulling”) as an average value of
5 crucibles. 5Subsequently, single crystal ingots having diameters of 200 mm and 300 mm,

respective ulled up under normal conditions with.a pulling apparatus shown.in FIG. 5 using the
silica crucig?é&g{ %fl t %R-%Bfna%ﬁet%{&@%%% }ﬁg”\tlg#?e %ﬁeﬁi%&é%gﬁa%m corRerfibnal silica
crucibles G»¢itee€#9 Hml Dt o Dedl vhicth Hre preparediSipieced (fordach asdéstribedsabove. After
the pulling pLe sgls supialingats: e ssiailiation flam fag.ppRer nening snd.efne crucible is
observed with respect to the silica crucibles A-1. to A-9 and B-1 to B-9 according to the invention and
the converdBiGIVARSHiER FaEBRE e for-oldi bili¢o D1y alird Greopi AnRiE 656BpEE aMd a
crystalizatior toiaiisiwhenssdistance fremdhe 4pper-aperineAAtRE theienciple o a start position
for the puIIir%Pf a sili%on sir]gle cr%st%!inias 100 is shown in Tables 1§nd 2 ghe colﬁlmn of "after ingot
pulling”) as’an' average vaiue ofs tAdBieE 1692 Sfu%tilbffﬂelﬁ%? YRGS 5HESsBR B pinhole defects
As to the abouetarngog sticeatrocibgatierthbpuling afithelsingte byysta ingatcah inner diameter in
the upper [ t ible: ] r t ' | its.inper periphery, and as a
result, anygcer%%i%?ésg %%ﬁo%g%égﬁglsnﬁéﬁé Egh%qdééfo%rom%%{grﬁ%aggja%l%g %‘gﬂgdﬁgﬁgw between the
maximum P8R BRI Mo RIS 1R iges raryE ofteot e frtinan efhie Furiermore, 5 single

crystaldngets;areiproskicehineach oneoLing siligaartisitiasc-tHeArd @and &nliteB-$according to
the invention and th onven(,i[%?ﬁa}rl sélica crucibles C-1 to, C-9 and D-1 to D-9. Alsg, 1600 wafers having
a thicknes§ bt (%ﬁ Sarel UFSIR Frorm e é%ﬁl@%?&gﬁ?}n%ﬁth 'Qighetet 8:800 mm and

800 Wafers?r_tﬂaw;mgmthhildmmsﬂofdiﬁlme msmmnga@sM@amgstmmmg a diameter of
300 mm. Wi espectdp e ialalwalels gt oL IO 5, singls srustalIngots, respectively, the upper

and lower surfaces of the wafers are inspecte usmg}gn inspection-apparatus to measure the number

of wafers R Bl holEdefdrescRrerpavare iy BEpressionmatica dialinsterot Horerhaller than
30 am is regageethas@ginhole genatatingwafateihermaasurad fesults;are showndneTables 1 and 2.

- [0030](2) Strength of sjlica crucible As to the strength of the sjlica crucible, a ruler is applied on the
outer surfa%é‘%?l‘ﬁfe "\Stﬁ%%?e&@tiﬁr%%éﬂaiﬁg‘a %W&%éaﬁ&ﬁ’ oG SR LRI ible used

after the pullgy toxrieastite; ovithree kOsvariaies daliperdargap ton) betweery thameutetistwtace of the
upper opegjrg% uﬁnﬂﬁ% e.rul I [ sured jn outer periphery of the
crucible is calculated asg; d#ﬁ%ﬁ%ﬁ%ﬁnﬁgﬁﬁ@g t%g%?pggﬁ)%ﬁ?r%eeﬁ%%éa |§}1 ?%rdle‘r%)giv?/ ereby the
strength oPhESiiidierueiBIEiRIEVaRAIESI(E031 E TABR GrPFE ReMSHREARS e AR promoter

compgundethier-ciitethperien frassle-aizriel Caysialieationrree of the influence by the

flow of the silicon melt as schematically shown by the vertical sectional
view of the main part in FIG. 2(b). Therefore, SiO gas generated at the
bottom section of the crucible is moved along the inner surface of the
crucible with the flow of the silicon melt to the inside of the wavy inner

25 surface shape, where it is retained at a state attached to the inner
suriace of the ring groove together with SiO gas generated in the wavy
inner surface shape and then grown by aggregating with Si0O gas
seguentially moving into the ring groove and SiO gas sequentially
generated in the wavy inner surface shape. When the size is enlarged

30 into about 500-900 um, the accumulated gas has a large buoyancy and
it separates from the wavy inner surface shape and rises straight
toward the silicon melt surface by its large buoyancy without being

affected by the convection flow of silicon melt. Thus, i is released into



ring groove([ratio from upper (mm)iopening end of crucible (volume % Number of wafers with pinhole
defects Deformation amount of upper opening end portion (mm) Groove depth ? Groovel Before

0.9

1G

135

25

widthingot pulling After ingot pulling Silicon crucible of the invention A-1 Al203:1% 0.5 1098.199.017

an Ar gas atmosphere under a reduced pressure. Therefore, it is
possibie to significantly reduce SiO gas caught by the convection flow of
silicon relt and moved to the bottom of the single crystal ingot during
pulling and incorporated thereinto to cause pinhole defects. This
phenomenon is not changed even if the diameters of the single crystal
ingot and the silica crucible are increased.

[0018] Here, it is preferable that the start position for the pulling of
the silicon single crystal shown in FIG. 2(a) means a height position
range of 50-95 when a height position of the hottom of the silica
crucible is 0 and a height position of the upper opening end is 100 in
the sectional side view of the silica crucible, and the end position for the
pulling of the silicon single crystal means a height position range of O-
10 when the height position of the bottom of the silica crucible is 0 and
the height position of the upper opening end is 100. If the start position
for the pulling of the silicon single crystal is above 95 when the height
position of the bottom of the silica crucible is 0 and the height position
of the upper opening end is 100, the wavy shape is existent just
proximal to the upper opening end, so that the sufficient strength of the
crucible cannot be obtained and there is a fear of causing deformation
or distortion of the silica crucible, while if it is positioned below 50, SiO
gas cannot be suppressed sufficiently. Moreover, the reason why the
lower limit of the wavy inner surface shape is a position of 0-10 when
the height position of the bottom of the silica crucible is 0 and the
height position of the upper opening end is 100 is due to the fact that
when the end position for the pulling of the single crystal is above 10,
510 gas cannot be suppressed sufficiently and there is a fear of causing
pinhole defects.

[0020] Furthermore, it is preferable that the wavy inner surface
shape is provided on a whole of a straight body section in the sectional
side view of the crucible, for example, on an area ranging from a
position of 5 mm to 10 mm below the upper opening end of the crucible
as an upper end to a lower end of the straight body section of the silica

crucible in the sectional side view of the crucible. When the upper end



A-2 CO:0.5% 1 4084.6 85.51b L2 A-3 Ba0:0.1%L5F70F74.8 75.8 4 1.4 A-4 CaCC%: 0.05%
210063.964.861_6 A-5BaCOc:0.01% 120 42.6

of the wavy inner surface shape is above 5 mm below the upper opening
end of the crucible, the wavy shape is existent just proximal to the
upper opening end, so that the sufficient strength of the crucibie cannot
be obtained and there is a fear of causing deformation or distortion of

5  the silica crucible, while when it is positioned downward over 16 mm
below the upper opening end of the crucible, Si0 gas cannot be
suppressed sufficiently and there is a fear of causing pinhole defects in
the silicon single crystal ingot. Moreover, the reason why the lower end
of the wavy inner surface shape is the same height position as the lower

10 end of the straight body section of the silica crucible is due to the fact
that since the end position for the pulling of the silicon single crystal in
the silicon melt is frequently below the straight body section, if the end
of the wavy inner surface shape is positioned above the straight body
section, Si0 gas cannot be sufficiently suppressed and there is a fear of

15 causing pinhoile defects, while when the wavy inner surface shape is
positioned below the straight body section, the production of silica
crucible becomes complicated though the effect of suppressing SiO gas
is improved. The straight body section of the silica crucible means a
body section of the silica crucible as the name suggests, and concretely

20 indicates a crucible portion covering a range until the curvature is
varied from the upper end to the bottom of the silica crucible.
[0021] When the pulling experiments of a large-diameter single
crystal ingot having a diameter of 200-300 mm are conducted using a
large silica crucible with an inner diameter of 610-810 mm, it is

25 preferable that the distance between the top position of the mountain
part and the deepest position of the valley part is 0.1-3 mm and the
distance between the tops of the mountain parts is 10-100 mm in that
the occurrence of pinhole defects can be suppressed maximally in the
above large-diameter single crystal ingot. In the silica crucible of the

30 invention, the depth and width of the ring groove constituting the wavy
inner surface shape with mountain parts and valley parts are defined
based on the results of various experiments as mentioned above. When

the depth and width of the ring groove fulfill the above numerical

<10 -



4296 4.1 A-6 Ca0:0.3% 1 3093.694.550.7 4-7 Ca:0.01% BaC0O3:0.01% 0051.352.2122.8 A-8

conditions (the distance between the top position of the mountain part
and the deepest position of the valley part is 0.1-3 mm and the distance
between the tops of the mountain parts is 10-100 mm), the occurrence
of pinhole defects in the large-diameter single crystal ingot can be
reduced sufficiently. On the other hand, when either of the depth and

L

width of the ring groove is out of the above numerical range, there is a
fear that the desired effect of reducing pinhole defects is not obtained.
[0022] FIGS. 2{a) and (b) illustrate a case that the wave form of the
inner surface shape in the cross section of the silica crucible is “sine

10 wave”. However, even if such a wave form is modified, the same
significant effect is also obtained as long as the distance between the
top position of the mountain part and the deepest position of the valley
part and the distance between the tops of the mountain parts are within
the above ranges, respectively.

15 [0023] Moreover, when the distance from the upper opening end of
the crucible to the start position for the f:auiling of the silicon single
crystal is 100, only a crucible portion: from the upper opening end to a
position within a range of 40 to 100 is rendered to be crystalline. Since
the strength of the silica crucible during the pulling of a single crystal

20 ingot is determined by the strength of the upper opening end portion of
the crucible, as long as the high strength can be secured in only the
upper opening end portion of the crucible, even if only the upper
opening end portion of the crucible is composed of a high-strength
crystalline structure and the other portions (substantially below the

25 start line of the silicon melt surface for the pulling of the ingot) are
composed of an amorphous structure, the silica crucible can maintain
the high strength even in the pulling of the single crystal ingot, and
hence it is made possible to prevent deformation or distortion of the
silica crucible.

30 On the other hand, as seen in the conventional silica crucibie,
when the silica crucible is put into practical use (for pulling a single
crystal ingot) at a state that the crystallization promoter is existent in

the silica crucible, further crystallization of the silica crucible is
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developed through the action of the crystallization promoter during the
pulling of the single crystal ingot to miniaturize the crystal, and as a
result, the crystal grain boundary is increased to actively cause the
reaction of Si + 8i0z in the crystal grain boundary to thereby promote

5 the occurrence of pinhole defects in the single crystal ingot during
pulling. However, when the crystallization promoter is not existent in
the silica crucible, it is possible to prevent the crystallization
development action (grain boundary increasing action} in the silica
crucible during pulling.

10 [0024] The method of producing a silica crucible for the pulling of a
single crystal according to the invention is characterized in that, as
shown in the schematic vertical sectional view of a half portion of silica
crucible materials according to the invention in FIG. 3, the crystalline
crucible portion contains 0.01-1 mass% of a crystallization promoter

15 (preferably at least one of aluminum oxide (hereinafter indicated by
AlQ3), calcium oxide (hereinafter indicated by CaQ), barium oxide
(hereinafter indicated by BaQ), calciuum carbonate (hereinafter indicated
by CaCOs) and barium carbonate {hereinafter indicated by BaCQ3)), and
silica crucible materials are melt-molded at a state provided with a ring-

26 shaped cutoff portion extending upward from the upper opening end of
the crucible to form the crystalline structure. As shown in the silica
crucible of the invention in FIG. 1, a part of the silica crucible is made
crystalline by the action of the crystailization promoter, so that when a

distance from the upper opening end of the silica crucible to the start

-3
wn

position for the pulling of the silicon single crystal is 100, a portion from
the upper opening end to a range of 40-100 can be made crystalline by
adjusting a compounding ratio of the crystallization promoter. In this
case, a high-strength silica crucible having no occurrence of
deformation, distortion and the like in the pulling of the single crystal

30 ingot is obtained even if the inner diameter of the silica crucible is as
large as 610-810 mm.

[00258] Furthermore, when the ring-shaped cutoff portion containing

the crystallization promoter is removed after the melt-molding of the
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silica crucible materials, the crystallization promoter is not existent in
the resulting main body of the silica crucible. Therefore, further
crystallization does not occur on an amorphous portion {the rernaining
portion resulted by removing the crystallized portion between the upper
5 opening end of the main body of the silica crucible and the start line for
the pulling of the ingot in the silicon melt surface) during the pulling of
the single crystal ingot, and thus the amorphous portions remains
amorphous. Therefore, the generation of SiO gas is significantly
suppressed as compared with the crystalline structure, and hence the
10 occurrence of pinhole defects can be suppressed in the single crystal
ingot. This phenomenon is same even in the large-diameter single
crystal ingot having a diameter of 200-300 mm.
00261 (Example)
{A) According to the production process shown in FIGS. 4(a)
15 and 4{b), high-purity silica glass powder with a purity of 99.998 mass%
' having an average particle size of 250 um is used as a starting powder
for the purpose of forming a main body of a crucible under normal
conditions, which is filled into a space of 30 mm defined between an
inner surface of a graphite mold and an outer surface of a core while the
20 graphite mold and the core are rotated at a speed of 65 rpm. Then, a
crystallization promoter is compounded and mixed with the starting
powder at a ratio shown in Table 1 for the purpose of forming a ring-
shaped cutoll portion extending upward from an upper opening end of
the crucible main body at a height {width) of 20 mm and integrated
25 thereinto to form a mixed starting powder, which is also filled. After the
filling, the core is taken out and a three-phase AC arc discharge
apparatus using graphite electrodes is inserted from the upper opening
while rotating the graphite mold at a speed of 65 rpm and reciprocated
up and down along the inner surface of the graphite mold to heat an
30 inside of the graphite mold to a temperature of about 2000°C. On the
other hand, the starting powder is melted and solidified in the graphite
mold while conducting vacuuming through an air flow path opened to

the inner surface of the mold to form silica crucible materials of the
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invention having a structure shown in FIG. 3 comprised of a crucible
main body and a ring-shaped cutoff portionn having a height (width} of
20 mm and containing the crystallization promoter. Subsequently, the
ring-shaped cutoff portion ig cut and removed from the silica crucible
5 materials of the invention using a diamond cutter, and thereafter a

wavy inner surface shape having mountain parts and valley parts, in
which each of a depth and a width of a ring groove is shown in Table 1
and a vertical section inner surface shape is sine wave, is formed in the
inner surface of the crucible between a start line for ingot pulling and

10 an end line for ingot pulling in a silicon melt surface by grinding
processing, and then the grinding-processed surface is subjected to a
smooth finishing treatment using an oxy-fuel burner. Thus, there are
prepared silica crucibles A-1 to A-9 according to the invention for the
pulling of a single crystal ingot with a diameter of 200 mm, by 5 pieces

15 respectively, each having such a size that an outer diameter is 610 mm,
a depth is 380 mm and a thickness of 10 mm, and positioning a start
line for ingot pulling in a silicon melt surface at 50 mm from an upper
opening end of the crucible and an end line for pulling at 300 mm from
the upper opening end, and having a two-layer laminated structure

20 shown in FIG. 1 and composed of an inner layer of a high-purity silica
glass with a bubble content of 0.3%, a purity of 99.998% and a
thickness of 4 mm and an outer layer of a high-purity silica glass with a
bubble content of 5%, a purity of 99.994% and a thickness of 6 mm,
and containing no crystallization promoter in the upper end of the

crucible.

[
A

(B) In the same production method as in the silica crucibles A-
1 to A-9 of the invention in the above (A} except that the height (width)
of the ring-shaped cutoff portion is 40 mm and the ratio of the
crystallization promoter compounded therein is shown in Table 1 and
30 the wavy inner surface shape having mountain parts and valley parts,
in which each of a depth and a width of a ring groove is shown in Table
1 and a vertical section inner surface shape is sine wave, is formed in

the inner surface of the crucible between a start line for ingot pulling
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BaCO2 : 0.15% 60 85.986.4 4 1.1 8-8 Be :1%1 80 98.1F99.0 8 0.9 8-9 CaC0O3:0.5%FI 100 84.0
84.4F6 L2 [0032] Table 2 Type Ratio of crystallization promoter

and an end line for ingot pulling in a silicon melt surface by grinding
processing, are prepared silica crucibles B-1 to B-9 according to the
invention for the pulling of a single crystal ingot with a diameter of 300
mrm, by 5 pieces respectively, each having such a size that an outer

5 diameteris 810 mm, a depth is 435 mm and a thickness of 16 mm, and
positioning a start line for ingot pulling in a silicon melt surface at 100
mim from the upper opening end and an end line for pulling at 335 mm
from the upper opening end, and having a two-layer laminated
structure composed of an inner layer of a high-purity silica glass with a

10 bubble content of 0.2%, a purity of 99.968% and a thickness of 6 mm
and an outer layer of a high-purity silica glass with a bubble content of
5%, a purity of 99.997% and a thickness of 10 mm, and containing no
crystallization promoter in the upper end of the crucible.

10027 (Comparative Example)

15 (C) According to the production process shown in FIGS. 4(a)
and 4{b), high-purity silica glass powder with a purity of 99.998 masé%
having an average particle size of 250 pum is used as a starting powder
under normal conditions, which is filled into a space of 30 mm defined
between an inner surface of a graphite mold and an outer surface of a

20 core, up to a position lower by 20 mm from a final crucible size, while
the graphite mold and the core are rotated at a speed of 65 rpm. Then,
a crystallization promoter is compounded and mixed with the starting
powder at a ratio shown in Table 2 to form a mixed starting powder,
which 1s filied so as to render into the final crucible size. After the

25 1illing, the core is taken out and a three-phase AC arc discharge
apparatus using graphite electrodes is inserted from the upper opening
while rotating the graphite mold at a speed of 65 rpm and reciprocated
up and down along the inner surface of the graphite mold to heat an
inside of the graphite mold to a temperature of about 2000°C. On the

30 other hand, the starting powder is melted and solidified in the graphite
mold while conducting vacuuming through an air flow path opened to
the inner surface of the mold to prepare conventional silica crucibles C-

I to C-10 for the pulling of a single crystal ingot with a diameter of 200
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1lcompounded upper opening end portion (mass %) Size of ring groove (limU Crystallization ratio from
upper opening end of crucible (volume Number of Wafers with pinhole defects Deformation amount of
upper opening end portion Otua) Groove depth Groove width Before ingot pulling After ingot pulling

0

30

mim, by 5 pieces respectively, each having such a size that an outer
diameter is 610 mim, a depth is 380 mm and a thickness of 10 mrmm, and
positioning a start line for ingot pulling in a silicon melt surface at 50
mim from an upper opening end of the crucible and an end line for
pulling at 300 mm from the upper opening end, and having a two-layer
laminated structure composed of an inner layer of a high-purity silica
glass with a bubble content of 0.3%, a purity of 99.998% and a
thickness of 4 mm and an outer layer of a high-purity silica glass with a
bubble content of 5%, a purity of 99.994% and a thickness of 6 mm,
and containing crystallization promoter in the upper end of the crucible,
provided that a wavy inner surface having mountain parts and valley
parts is not formed in the inner surface of the crucibie.

(D) In the same production method as in the conventional
silica crucibles C-1 to C-9 in the above (C) except that the crystallization
promoter is included in the upper opening end portion of the crucible to
a position of 40 mm below the upper opening end are prepared
conventional silica crucibles D-1 to D-9 for the pulling of a single crystal
ingot with a diameter of 300 mm, by 5 pieces fespectively, each having
such a size that an outer diameter is 810 mm, a depth is 435 mm and a
thickness of 16 mm, and positioning a start line for ingot pulling in a
silicon: melt surface at 100 mm from the upper opening end and an end
line for pulling at 335 mm from the upper opening end, and having a
two-layer laminated structure composed of an inner layer of a high-
purity silica glass with a bubble content of 0.2%, a purity of 99.998%
and a thickness of 6 mm and an outer layer of a high-purity silica glass
with a bubble content of 5%, a purity of 99.997% and a thickness of 10
mm, and containing the crystallization promoter in the upper end of
the crucible, provided that a wavy inner surface shape having mountain
parts and valley parts is not formed in the inner surface of the crucible.
[0028] With respect to the resulting silica crucibles A-1 to A-9 and B-
1 to B-9 according to the invention and conventional silica crucibles C-1
to C-9 and D-1 to D-9 are observed crystallization from the upper

opening end of the crucible with an optical microscope, and a
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15

20

25

30

crystallization ratio when a distance from the upper opening end of the
crucible to a start position for the pulling of a silicon single crystal is
100 is shown in Tables 1 and 2 (the column of “before ingot pulling”) as
an average value of 5 crucibles.

Subsequently, single crystal ingots having diameters of 200
mm and 300 mm, respectively, are pulled up under normal conditions
with a pulling apparatus shown in FIG. 5 using the silica crucibles A-1
to A-9 and B-1 to B-9 according to the invention and the conventional
silica crucibles C-1 to C-9 and D-1 to D-9, which are prepared 5 pieces
for each as described above. After the pulling of the single crystal
ingots, the crystallization from the upper opening end of the crucible is
observed with respect to the silica crucibles A-1 to A-9 and B-1 to B-9
according to the invention and the conventional silica crucibles C-1 to
C-9 and D-1 to D-9 using an optical microscope, and a crystallization
ratio when a distance from the upper opening end of the crucible to a
start position for the p{lll'mg of a silicon single crystal is 100 is shown in
Tables 1 and 2 (the column of “after ingot pulling”} as an average value
of 5 crucibles.
[0029] (Evaluation)

(1) Suppression of pinhole defects

As to the above various silica crucibles after the pulling of the
single crystal ingot, an inner diameter in the upper opening end of the
crucible is measured at 10 points along its inner periphery, and as a
result, any crucibles are considerably small in the deformation because
a difference between the maximum value and the minimum value is in a
range of not larger than 1 mm. Furthermore, 5 single crystal ingots are
produced in each one of the silica crucibles A-1 to A-9 and B-1 to B-9
according to the invention and the conventional silica crucibles C-1 to
C-9 and D-1 to D-9. Also, 1000 wafers having a thickness of 725 um
are cut out from one single crystal ingot having a diameter of 200 mm
and 800 walers having a thickness of 775 um are cut out from one
single crystal ingot having a diameter of 300 mm. With respect to the

total wafers cut out from 5 single crystal ingots, respectively, the upper
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and lower surfaces of the wafers are inspected using an inspection
apparatus to measure the number of wafers with pinhole defects when
a wafer having a depression with a diameter of not smaller than 30 um
is regarded as a pinhole generating wafer. The measured results are
5 shown in Tables 1 and 2.
10030] (2) Strength of silica crucible
As to the strength of the silica crucible, a ruler is applied on
the outer surface of the straight body section extending in a vertical
direction of the silica crucible used after the pulling to measure, with a
10 vernier caliper, a gap {mm) between the outer surface of the upper
opening end and the ruler. An average value of 4 points measured in
the outer periphery of the crucible is calculated as a deformation
amount of the upper opening end portion (mm), whereby the strength of

the silica crucible is evaluated.
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Ca0: t0. 01% , -IBaC0O301% 90.0 137.221 0.4 113a0:0. 06% CaC03:0.04/% _ 112.6 160.926 0.4 -
C-9 ia FAI253:0. 1% Ba0O:0. 2% CaC03:0. 3% - 135.0 206.231

[0031] Table 1

Ratio of Sine of Crystallization
S, . -i ratie f g
erystallization rlng groove Opengngrgﬁdugge Number of] Deformation
T promoter {mm) crucible {volume %yvafers amount of
ype compounded in with upper opening
cuteff portion Groove | Groove | Before | After 21[_‘1’0%9 end portion
denth igth | ingot ingot erecls
{mass %! » v pulling | pulling ()
A1 AlaCy ¢ 1% 0.5 10 98.1 95.0 7 ] 0.8
A-2 Cal @ 0.5% 1 40 84.6 85,5 5 1.2
A3 j BaQ © 0. 1% 1.5 70 74.8 75. 8 4 1.4
A4 CaChg @ 0. 08% 2 106 ¢ 83,9 64, 8 5 1.6
=5 BaCly @ 0.01% 1 20 42. 6 42,9 8 4.1
_ A120g 1 G 3% - -
A6 Cal : G, 3% 1 30 93.6 94, 5 0.7
o Cal @ C.01%
foe] “'"T - e v
E k BaCOs @ 0.01% 1 80 51.3 52.2 2 2.8
i Ball : 0. 06% N
% A8 a0y & 0. 04% 1 40 72.0 T2. 8 ] 1.7
2 Als05 0 0. 1%
: A9 Bal @ 0.2% 1 50 05. 4 96. 4 4 1.0
o CaCls : 0. 3%
— Aly0q @ 0. 5%
£ — M3 - M o I »7 s
z B-1 BaG - O, 5% 2 50 98.9 99. 6 j 0.8
o B2 Cal : 0.01% 0.5 a0 40. 6 40. 8 &} 4.7
= Oy 0 0. 1% - ;
€ b3 Ezgéi . i L5 50 T4 | w2 | 5 1.2
— - -
o ﬁlg{)g T 0. 05%
B-4 Cal o 0. 05% 1 50 76.5 77.3 4 1.2
Cal0s : 0. 05%
B-5 BaCOs; : 0. 8% 1 10 94. ¢ 94.5 & 0.7
B-6 AloOs 0 0. 1% 1 3 72.0 72.8 5 1
_ Cal : 0. 35%
B-7 BaCOs : 0. 15% 1 89 85.9 86. 4 4 1.1
B8 Bal © 1% 1 80 98. 1 99. 0 8 ¢ .9
B-9 | CaCls * 0.5Y% 1 100 | 84.0 84.4 6 1.2
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0.3 C-10 Al203:0. 005% 37.938.1 Inward falling -) Stop D-1 Al203:0!% BaO:0. 5% - 38. 4 270.
532 0.1 D-2¢:0.01% 79.1144.722 0.4

[0032] Table 2

Ratio of Size of Crystallization
crystallization ring groove ratiq from upper - Daf .
promoter (o) opening end of Y 2;1?2;‘:2 of| az@z&na&oa
Type compounded in crucible (voiume %) with  |upper opening
i , i nh d portion
;igegogi}?ﬁng Groove Groove Before /}fzer ﬁlrjrzoie ena porvio
depth width 1 1pgot ingot erects (am)
{mass %) pulling | pulling
-1 AlaCg ¢ 1% — — 137.3 214. 3 31 0,2
-2 Call © 0, 5% P e 124. 6 188, 5 27 0.4
C~3 Bab : 0.1% — —— 113.5 160.3 28 .3
(-4 CaCOz @ (. 5% - - 104, 1 150, 8 24 0.4
C-5 BaCOa > 0.01% e s 81. 4 127. 4 19 47
_ 204 1 0. 3% - L . _, -
-6 | Call © 0. 3% 133.6 205.1 25 0.2
P Cal @ . 01% o —_— a
T BaCOs @ G, 01% 0.0 137.2 21 0.4
_ Ba(t © 0. 06% L s ,
. -8 CaCOs : 0. 04% 112.6 160. 49 26 0.4
.’g Algt}g C001%
2 -8 Bal : 0.2% e — 135.0 208.2 31 0.3
o CaCOs : 0.3%
o
(] A
o ic-10 AlO5 @ 0.005% —_ —_ 37 9 381 e Inward falling
e — Stop
— _ Alg@g C 0. 5% o — - 1
: e 138.4 | 270.5 32 0t
Z o2 Cal @ 0.01% — - 79. 1 144, 7 22 0.4
& .
> BaCls 1 0. 1% . .
§ -3 Callls 0. 1% 116.9 197. 6 28 0.3
AlOg © 0. 05%
D-4 Calb : Q. 05% - —— 114.8 192. 2 26 0.4
CaCOs © 0. O5% ;
-5 BalOs : 0. 8% — - 133.1 250.0 29 0.3
-6 AloGs ¢ G 1% — - 112.0 185. ¢ 26 0,2
‘ Cal . (. 35% _ - . o
D=7 BaCOs © 0. 15% 125.2 224.7 28 33
D8 BaO : 1% s —_— 138.2 292.7 33 a, 1
D=9 | CaCOy : 0. 5% - — 123.2 | 227.4 31 0.1 {
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a) D-3BaCO3:(). 1% - 116.9 197.628 0.3 D-4 Al203:0.05% Ca:0.05% CaCO3: O. 05% - _ 114.8
192.226 0.4 BaC03:0.8% - 133.1 250.029 0.3

[0033] As seen from the results shown in Tables 1 and 2, even when
the outer diameter of the silica crucibles A-1 to A-9 and B-1 to B-9
according to the invention have a high strength capable of suppressing
a crucible defermation during the pulling of the single crystal ingot by a

5 crystalline structure formed from a an upper opening end of the
crucible to a position of 40-100 when a distance from the upper opening
end to a start position for the pulling of a silicon single crystal is 100
even il the outer diameter is increased to 610-810 mm for pulling a
large-diameter single crystal ingot with a diameter of 200-300 mm. In

10 addition, since no crystallization promoter is existent in the upper
opening end portion of the crucible, crystallization action by the
crystallization promoter is not developed, so that an amorphous
structure is maintained in the inner surface of the crucible
substantially contacting with a silicon melt during the pulling of the

15 single crystal ingot, while the number of pinhole defects generated in
the single crystal ingot is considerably reduced by the wavy mmner
surface shape with mountain parts and valley parts formed from the
start line for ingot pulling to the end line for pulling in the silicon melt
surface at the inner surface of the crucible with the amorphous

20 structure. On the other hand, the conventional silica crucibles C-1 to
C-9 and D-1 to D-9 have a high strength capable of suppressing the
crucible deformation during the pulling of the single crystal ingot since
the upper opening end portion of the crucible is a crystalline structure,

but since the crystallization promoter is existent in the upper opening

P2
Th

end portion of the crucible, crystallization is developed toward the
inside of the crucible beyvond the start line for ingot pulling in the silicon
melt surface not only in the melt-molding of the crucible but also in the
pulling of the single crystal ingot due to action thereof, and hence the
presence of a zone of the crystalline structure contacting with the

30 silicon melt is unavoidable. In this zone is more activated the
generation of SiO gas at the grain boundary as described above, so that
pinhole defects occur more easily in the single crystal ingot together

with a fact that the wavy inner surface shape is not formed in the inner
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D-6FAI20:0.1% - 112.0 185.026 0.2 D-7 Ca0:C. 35% RaCO3:0. 15%_ 125.2 224.729 0.3 D-8 BaO
1% -1138.2 272.733 0.1 FD-9F CaCO30. 5% 1123.2

surface of the crucible,. Moreover, the crucible C-10 having a small
ratio of the crystalline structure at the upper opening end portion of the
crucible does not have sufficient strength, so that the deformation
amount of the crucible is large and the inward falling is caused at the

upper portion of the crucible on the way of the pulling, resulting in the

(¥4

stop of pulling.
[0034] As mentioned above, the silica crucible of the invention is
particularly suitabie for pulling a large-diameter single crystal ingot
with a diameter of 200-300 mm, and greatly contributes to the

10 improvement of yield and quality of a large-diameter silicon single

crystal wafer,

S0



227,431 0.1 [0033] As seen from the results shown in Tables 1 and 2, even when the outer diameter
of the silica crucibles A-1 to A-9 and B-I to B-9 according to the invention have a high strength capable
of suppressing a crucible deformation during the pulling of the single crystal ingot by a crystalline
structure formed from a an upper opening end of the crucible to a position of 40-100 when a distance
from the upper opening end to a start position for the pulling of a silicon single crystal is 100 even if the
outer diameter is increased to 610-810 mm for pulling a large-diameter single crystal ingot with a
diameter of 200-300 mm. In 10 addition, since no crystallization promoter is existent in the upper
opening end portion of the crucible, crystallizatfeh&EME by the crystallization promoter is not

developed, so that anlammﬂ@gsc%ﬂ&g{r@iigﬂﬁm ined i %' rface of the crucible
substantialcyécontactirg &Vﬁth aré‘ilicon melt during theﬁl{)éﬁlling tgf tfﬁ%%%%lﬁgﬂgcsk?%tal ingot, while the

I
number of pmhble detedts Garars FiRdn et h¥ail Mt Ricoasivar afigreduted by the wavy
inner surfakge’shapedwith meowntdiyparts and valley parts formed from the start line for ingot pulling to

the end line for pulling;in the silicon melt surface. at the inner surface of the crucible with the
amorphous 20 structure. g%tkgg (gtﬁ‘léﬁrljrjL Ié\?\%s,f?ﬁé%oﬁvgﬁﬁgr%‘%li%@@rﬁ%ﬁ'e%fé@tﬁ@@ﬁhi D-1to

D-9 have &ﬂ@ﬁl%ﬁ@tﬁl@@ﬁaﬁr@'@@p}s@s@ih@wmegmmmﬂmaﬁmrpmttamﬁwmgubﬁ pilting of the

single crysiallingst seedde HPR-PRRINRGSNE PN dgible is a crystalline structure, but
since the (gﬂlsé%!tllizatio romotey s e%(%%ent in the uppe@é&%ﬁ%@g%é%r%% nué fh’e%ﬁfcible,
crystallization is d&Vefoe cﬁ}%}%‘{rdrﬂ% MR OB FUEtebeyBAd the start line for ingot pulling in the

silicon melt surface netenlysindiseamel-irolaing-ofthpsrisila by alse iy thepyllinggithe single

crystalinggt ion.thereof, and hence the presence of a zone of the crystalline structure
contacting wﬁﬁl@%ﬁ% iéglrrl?mgnlt‘ﬁ%euﬁélslg%gb?g.%etrﬁ@f% MRS RREtAdY Mgarelation of SiO

gas at the?FiiH BER RaiendEseribdtcabpyersorthai pinkold defactsetisun maragasily in the single

crystal ingei:t@getreryvith @d@%@@%ﬂﬁ%\@{ inner surface shape is not formed in the inner surface
of the crucible,. More v%%,]t, e crucible C-10 having a small ratio of the crystalline structure at the

upper opening end pBrtioh Bt SrHGHe Hawé seiffierentsnghytirysoahat the deformation
amount ofhecericigledsclange andsthereimart dallingeis eanser & the ypper Eﬂ{gf’%ﬁfry%%é:mdble on
t

the way o 1 esulting in the, stop of pulling. [0034] As mentioned above, the silica crucible of
the inéent%%gg ;L;Q‘lr{ﬁ%u%‘aﬁ% gg%a%leg%%%%%ﬁp zgcigr%’ SHLRBE! SAg TGy Rt dameter of

200-300 MAREREH grestiicmpfibutesatiaheordtinm @vemet niyieleand gualiveef a large-diameter
silicon singlarwiysiatysiess the mduhelifagpale 1as pulinga silicon single crystal, comprising

silica glass and havigg gvgﬁjlayer structure of an outer layer and an‘inner layer, Swherein the inner
layer, in a sectional §ide' Vg Gt G RbeTHaY dina\w siliepsusiagshapsthhving mountain parts

and valleypastsianipastdiatwedncr sanpestienent anendipasiioniopihe puling laglicon single

crystg] in grsiig rf, when a distance from an upper opening end of the crucible to 10
the start positiﬁ%ﬁ%@%ﬁﬁgaﬁﬁg sificon s %?é%é?%é% é‘foﬁ?&% ARFIEIEPErRtem the

upper opéhigrBIfdifo Bsbétienserpinrelasigl of4d tof ki crystalinghe star2 phsiliggncrucible for

pulling a sicenssipgle seysiak BscongiRg,tQ;cla :1]#}% [ inner layer.has such an inner surface
tncs | glﬂ% é@n 0 theg’r[n%cljéiljﬁ%%%aﬁ E%%Eé}dggﬁé?ﬁosition of the

15 shapergg% a gis%?rﬁe Baeté)/reen a.top, positi ] ' ; ML
valley partis 9-1% 3 mh and @ HistiscEHdrreea Hps erambioemdiniparsd 10556200 mm.
for the pulling of the silicon single crystal is within a height position
25 range of O to 10 from the bottom of the crucible.

4. A method of producing a silica crucible for pulling a silicon
single crystal according to claim 1, 2 or 3, wherein a crystalline portion
of the crucible contains 0.01-1 mass% of a crystallization promoter, and
a crystalline structure is formed by melt-molding the silica crucible

30 having a ring-shaped cutoff portion extending upward from an upper
opening end of the crucible.

5. A method of producing a silica crucible for pulling a silicon

single crystal according to claim 4, wherein the crystallization promoter
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3. A silica crucible for pulling a silicon single crystal according to claim 1 or 2, wherein when a height
position of the bottom 20 of the crucible is 0 and a height position of the upper opening end of the
crucible is 100 in a sectional side view of the crucible, the start position for the pulling of the silicon
single crystal is within a height position range of 50 to 95 from the bottom of the crucible and the end
position for the pulling of the silicon single crystal is within a height position 25 range of 0 to 10 from
the bottom of the crucible. 4. A method of producing a silica crucible for pulling a silicon single
crystal according to claim 1, 2 or 3, wherein a crystalline portion of the crucible contains 0.01-1 mass%
of a crystaﬂ?‘zéﬁg?%&%@@famm@m@@m&ﬂ@m&a bipapalirmeldidg the siligacrucible 30
having a ringShapaecatoff parigprextending 4pward from an upper opening end of the crucible.

5. A method of producing a silica crucible for pulling a silicon single crystal according to claim 4,
wherein the crystallization promoter is at least one of aluminum oxide, calcium oxide, barium oxide,
calcium carbonate and barium carbonate. ABSTRACT There is provided a silica crucible for
pulling a silicon single crystal, comprising silica glass and having a two-layer structure of an outer layer
and an inner layer, wherein the inner layer, in a sectional side view of the crucible, has a wavy inner
surface shape having mountain parts and valley parts at least between a start position and an end
position for the pulling of a silicon single crystal in a silicon melt surface, and when a distance from an
upper opening end of the crucible to the start position for the pulling of the silicon single crystal is 100,
only a crucible portion from the upper opening end to a position within a range of 40 to 100 is
crystalline.
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