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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 silico%%g% )-8, Lﬂﬁdiameter silicon single
crystal ingot (hereinafter referre as a'single crystal ingot simply) during

pulling to significantly reduce pinhole defects in the single crystal ingot

SILRYE 1-10e; 818 0as apdprexent Rg,oceuiense; ofdeipmationsdisiartions
and the like. 15 BACKGROUND ART [0002] Heretofore, as typically

MEFHSH e by Rehdrfatid GeltitaseMiBnal views in FIGS. 4(a) and (b), it is
known that high-purity silica glass powder having an average particle size
,i a purity of not lower than 99.99% is used as a starting
materral and filiéd into a space defined by an inner surface of a graphite
[00@gld afithan:outertsurfactof @ woseh igheramijpes i spatessf SGmimavhited
for {00 e QKIS Mo'd b PR R LA AMJARR I, Had Rt
h en out after the C

hen the core is ta ut afte illing, and a three-phase AC arc
parfifgeleaiydo s dpphratusibs g GrapRaRe elateiode S1sTpstHEY frefaaad to as
a siUBRRIFORENIBGRANIWNe FolatRgHhe graphite moldiat e speediRkb8idN0zs

rpm and reciprocated . vertically along the inner surface of the graphite.
T B HP TR o Ui PR 6 R Gy, et
(he2008Cewhifethedstarting pongler désymediech gnt sotigifig dlwhite gpndicting

sigﬁﬁ&%?&%@%%ﬁ%ﬁ% g&f&%‘ﬁ%ﬁﬁt%&ﬁgﬂ? Lodheinp giﬁ’t; ft & of thge

~ graphite’mold, ica crucible having, for'examplé ickness

SiOHarpan rrpreaidds Rearrengei Jovozpalis: idiskecinntaadide like.
resulting silica crucible has a two- layer laminated structure composed of
layel igh-purity amorphous silica glass having a bubble
BA%%%% by a percentage of a total volume of bubbles
[GOORhtaindd intsifieeeglasspercatii udlusteh ofd oy 9% and Acpusityiofihot
t :99 d ani y Righ:pyri QIR ilicg:y:

AL L P e e
glags\isrirkar 9RY008 aaH A fHREARITARE cRafedhRéilayePte thebgter purity

of rlayesissornmaniyasisied §aas 4@ ke ddrbiiseeflerB)l 0004led into a
Fur&w%rmofgs, as shown by a schematic verti%;qlﬂlstsecti%%al view 10 in FIG.

SPAgE I PRV tHAT tHe i %r??sf%u%ﬁ%% IS prodh WG a

surtagh-pleEtycpoty diystaiime sikcen sumpantd 2 sitiva orutitsleotatimtedloato a

gra%fﬁ?gi}ﬁﬁgfgf)r& %%QH%WB%@@C%%%%?Q%%WM By.a beate rt}ﬂ@ core

isposed along an outer periphery graphite support to form a silicon

Is tasit ant Réktinghentiashtanthg A eRBeft e Fnél Ko gfelt to a
appaiven ismBeiatue FEe efck5A0d 699 Enaneunginthansilicomeeetbening
crystal into co.ntacﬁtgwith the, silicon melt surface while rotating the silica

part {Bife 1A SR MARCOTH BT SR Sbal st AT AT §5s
recigtmospbdreamaer] by rebhucedipressure toiplalat 20 {00@5EMbreovenim to
r tj f [ Lj '
e e h g e T Al ian s e
whilfliacRiEBIERORPIHE Bottom Gt ereadish @é@gﬂﬁdﬁ@hﬁﬂ% tREBBEHIBf
vacthersiugibinrrRAdhenflowingwoparnd slengdheadnfigs shifasesofthee of the
crucible fr tqﬁ? b%}ft%om thereof towa q Zn%the bottom of the single crystal
eragluse Hiidl HERCRS SRS M (Sl ST fniP STHARRLS152) of the
thickrueitdecdré Veactedtpyetarate e gak:TREHuUs generated SiO gas
ood§)ves Jauard e sligan rual srface toaaheraih, e low el ihe sliegn,
melt and Is released and removed to the Ar gas atmosphere under a
reduced pressure, but it is 30 incorporated into the single crystal ingot
during the pulling to cause pinhole defect, so that the ingot is produced by

adjusting the pulling conditions so as not to cause such a defect.
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In addition, for the purpose of preventing deformation and 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 prometer. onto an upper opening.portion of
1ay??%/elac?r}l%10| %é}8E@ggk%%ruetecroﬁléﬁr?ﬁg?galos%uar’%geut Bredi o g}%%}?— KA

amarpbrpheuslstaiciaesidte dingystalifestracmtey (eactondihe:

perEBSializafion promeiar Heng melini0melding -[09Q6] &ﬁk‘%‘%&%@%ﬂhmt
1: JP-B-H07-42193 Patent Document 2: JP-A-2000-169287 Patent

volygahnbat S IBA-RNT & PLESY PABRL DodEnéhed 38.2Ybrsorhagsiner
lay dibbatephbeauine alrbo IPHAZ0 820 4RG: DISAHQS YR O d b tent of

INVENTION ¢} On the other hand, the demand for jncreasing a
ot R P L S B R Al g6t 18 <ot b A e s a
thigkngenca 20 of prioducingral targe-didinetersimylery stakingotwitiya
adjlq'?t@&t% of2Q0¢ta %Og)@rpse%sf‘tf@ fameter of the single crystal ingot

becomes larger, the diameter of the silica crucible also becomes larger, so
(008 it i dbremer Gsé-a SieW BriifleshirepaH o(REV Bl GrabBiaw
in F810- 810 manvar peltineradargerdiamieleiosingleanystabingobmithaced by
ch&Slaiatlrg]?eter 25.0f 200-300 mm. Intglglf. case,.as thj diamet%cr ofrt#f silica ol
LRIBEIE BAEBAAY hYgRP M CSRtstl Be S BitiedHTHE kbR Ml arid vfdble
moinmersorécegithplsilicas topibte, dudigrtaehalling ys erdaadleddmsilicon
igRifi incr g ti S : it is.difficult to
e Soleacs b lares S e e g SR E B
SURREY hin depik fe HHEERaREdhica B Hresatiag s dnnEGE W dblem that
terripergasraemie diedentitene of ihe single GyataldngalrduRgEBUIMGE 00-
16 t@gﬁther ith the flow of the silicon, melt an]tj.ls mcoﬁ)rsglcﬁ)rated lgité)@t% %]]fot
6 Tredilichiy BEIEE SirBIHerSGS. CTOTORIARE, TR iRGIATAHBIE S tdean
melikcartrociblé bavintpaihighhstshgth crystifine stdustonerivith ¢beisly
rotANEAHRh O e diametatal the slica cucbie,1ndba conyaniona silica
crucible having a high stréngth obtained by transtorming an amorphous
red G GERESTIY S 4§ SNk -structure through the action of the crystallization

[copBIMotRTohewevenrthe srysializ gion isdabadyaneekayen: intherBUllingt

q thehaction. oiﬁ}f%cgls% Iacc}elerator xisting in the crucible in .
as S50 SHRNA Whth e TerttReHING oY RS bAMR Hicpasen o e fiseade™
of finvwhegldoneter ofdhe dihgleidrystalingdtlcaficbhenbe drystahgrainarsingle

cry SRRARIIINGS MDUIG dQ, moke %‘%!%%Ec%?é”a@%&*@ﬂ@[ﬁﬁo ; gtbqlz){}?&c fon

between the silicon melt (Si) and the inner surface of the cru (S102)
alorgdlie M@ stivagsrrihegrarsdolsolighaRaHeosBRpHetRe (itreviasy
the Sieuebite ofnH hensgithergensration Of P Basisais0 Hendfisapiymelt (Si)
dir%%reased, SO thtat it %1§I ul%t sufficiently release a large amount of t%(la
e R S RS IS S AT e e e it e o Priabarai
gas Thigneforssheradsat probiémghatithievgas ovores ththeibotionmofitheurface
togigletyateh et AurRg UG- ogether i he danef thee &é%%%%ﬁt

. and is incorporated into the ingot to promote the occurrences o
IntojErscls RO SEESHEEN SEWRRA & sdhsabPIrsFvENtBH tHer® is
inc@fpuigadd into thelxhsikcargseibigestnglinga siisqn gingle @ysialse
.__comprising, silica glass.and having a two-layer structure of an outer layer
pin RIS Ty LA, ek Pr i RSP et e b ite

conditigible, Svas awa\Vioinrersusacd shapddaaving mountain parts and
valey pAriakisas! behisenAsirkaastion.a0d an.cod eealiandar dhe
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. [0010](2) A silica crucibi& for pulling a silicon single crystal
according to the item (1), wherein the inner layer has such an inner

surface shape that a distance between a top position of the mountain part
and a deaneact nncitinn Nf the vvalleyy nartice 0O 1 t0 2 Mmm and a dictance
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100111 (3) A silica crucible for pulling a silicon single crystal according to
the item (1) or (2), wherein when a height position of the bottom 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 range of O to 10 from
distpeticstert betrdicrapteiioed )i methpu biprodudingsirsifieac rystal
ingstrueipe S pulling gesii i accordi the.item (1)..(2) or
) 8 Iﬁ% wqilji@ér e crystallin%é?%%%ﬁ%z%% b%%gﬁ?;gihgto?ﬁf%%n%%%é)@d
O URPRGIFP4tiDH préotel, Bisasilisy stamatbde beturet s forriag by
cry&h@lhm. idin il adﬁ?m eruciflehavingsad m%%@%&@gﬁpg%%ﬁﬁt?hor
> upward from an_u opening end of the crucible. n the
e O 0 BB UEn &Rl e outer
layenpdridion sthea stioiefohe, crydoailizettibripgorhetergompldraded ipribeioter
ontdiRgr ed guiaff portipnds se s%, If the, ratio is. less
ghanah‘g? mﬁiﬁﬁ?ﬁ%?E%%%éﬁ?ﬁ%#fﬁ?&%p%%eﬁna%tnea Srfgneral
ST A CRIbRE TS e SRADPSSHBR 46t HEPURRRLST Hewmisore Shtteccrystatadline
strut@0rit inayinotheipassibie.tocstystaline Al acsusinle-nertionromithe
m°1§39§r opening end to a position within a range of 40 to 100. Therefore, the
esited high strength cannot be secured in the main body of the silica
[00G&] cibIBatt Hepcemerdelorifalibii AiteRivAANd the like may be
cause@agg@]w@ﬁﬁi@ﬂgbpmb%gggﬁ%ﬁ%ﬂ%@dgrge-diameter silica
f 610-81

crucible having an inner diameter of 6 mm. While, if the ratio

exceed S B ERGEta iz akfor protdeli€ I&&T an ingot-pulling start line
of the Bilicantmeltsurese 4owrrd thedwmar-pestion of the crucible and the
crystalline structure in a zane.contacti ith_the silicon melt is also made
crysta#?%%%%? CHCe é%eﬂ&%@rﬁ@&%ﬁ?% the crystal grain
boundary as mentioned above is activated in this zone to facilitate the

DISOLSenee of ivinhple getesig-tidie single crystal ingot. [0014]According
the silica crucible in embodiments of the invention, even if the size of
{Oﬁqﬁ

cridibiE e pideadang ahs isiarideter onerersingrardierpattimgd
the danggedimmetal siggle ierysialingedaf2A9, 1a 300BALI Fiapeler, alargen
of p@aﬁﬂ%gf S|Q- g_sdqgneer%t?d lalorisg with the increase of the crucible
lameter throUgh reaction betwasty the inrer SR bhietinrapierant 200
to 3QkerErorRdk idirbeatminttiin Hiaglnerysfacengicheerveide larger,
the CRRSUIANGIIRENAV- RS, BHKiaCE Shape.Wih.mountain parts and, valley
arts. The retaln(f_d SiO gas is retained until it Is grq\)%n By aggrega |F1g
req“%ﬁf? JEqHERaR YehErteiPE 184S amsiget kst difvaretebyfhebout 610-
810 m@ﬂ@uﬂbmgoéiﬂjﬁgﬁﬁmmﬁlﬁ-aﬁﬁ\g%ﬂéﬂ%%@%%&Qﬁﬁﬂ?é%ﬂéﬁ% r
of 2R enrli}_[%g groqve SWcl‘llgnethe %g%r\%rgted as Is %rown t0.a size which has
large buoyancy. moves straight towa Hcoh heisilicacaarhiee,
becogippidassasedintd ant Argastmmusphete witieoa redicechpreEsWener

surfabieesgione, éhﬁc@”&%iﬁié%ﬂ?ﬂgﬁﬁ%d@ﬁigg%@%% with the
si niggnve(itlon flow of silicon melt to the bottom ofthe sing _(egcrys‘:tal' ingot.
SRIHGARG BUGTREY BRSsRFFCA N Rfueia, 2aw Inarddiemesyibéspdiiéiblelt
to sufficansiiferataredudathe mﬁ@ﬁﬁ@!‘i}@f&ﬁ*ﬂé | %pﬁ@&tgi@tgﬁs?m@ﬁn
ermore, when anly a crucible portion ranging from the
A B e G o 40 100r% erBraiem
that Hecchpsamagck iashsehpssinleolotbecaieghe higbistréngtit capabie:of
pullimge veginadheeasunenss of defpimalien: disiorian and e e l.the,
into &llléca cruglble but also the inner surface of the crucible su staﬂ:ﬂaﬁ@/
con%&&%g%ifﬁ%%@ﬂféﬁr?ﬁ%éﬁ%@@b@%@@%@-structure during the
pulling of the single crystal ingot since no crystallization promoter is
existent in the silica crucible after molding, whereby the reaction between
the inner surface of the crucible and the silicon melt may be further
suppressed as compared with the grystalline structure, and hence there is
obtained a remarkable action capable of suppressing the occurrence of

pinhole defects in the single crystal ingot due to the generated SiO gas.
RRIEE DECSCRIDTION OE DRAWINCS I0DN1ET EIC 1 ic a erhamatic




The silica crucible for the pulling of a single crystal according to the
invention is a silica crucible for pulling a silicon single crystal 25
comprising silica glass and having a two-layer structure of an outer layer
and an inner layer, wherein the inner layer 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 silicon single crystal in a

[0 @gggo” Mell SUTaCce N3 SE5HPNBIS Sk%e}}(é%"‘éo&ﬁ § Cpugl Bi@%ﬁ@&ﬁ’ﬁeﬁl h-

ance from an upper opening end of the CI’UCI to the start position 0

streRg iy mﬁg»a%iaﬁ%@sﬁfé&ﬁ%&uéﬁ&%}&&ﬁ&%&%g&w%}a&% Dbt FoM ¢
silitirearppeébiepehinghendotovapusitioh sithin erranble di4ding Bdigh strength

o‘bt‘éﬁ.‘fﬁi@"iﬁ? Mgﬂdﬂﬁﬂ@gcomeaﬂ@@%ﬁamggsﬁi&a@&%ﬁ%at@dcbyfstamme

reaction petween the silicon It and th ner.surface of

e e e S ép%l.n%?a D R RS B ever, the
CW@Eﬂé‘%ﬁ?é%ﬁﬂ (RSVRE VT 8B FEERo Y SR PIREIBHCEN Hah Avhginel the
cryitaér sutfeleesabb theistiicibléenMast of theiBi© dgas isnelpaseddronwilie the

xengﬂmalmg%ﬁ@H@%ﬁiﬁ@%{@%@é@Qﬁmﬁr@ wndenadeduasd RIESSNE of
Whl|e alntalnln the atbove gz%as schematéallé/ shown bg the \éFI"[I?aJ ther
e

secff’gn%l vféfw Bt theHRain P part in FIG. 6 %’&t malnlng sllé%?amount
m%ﬂiﬁet@eﬁ@memsrga@asgﬁ%%sb@kﬁé%ﬁ%m 6ffie Eitfglecagiépystiptween
theingtitduring=pulldip and istiscotpetatad-thereinfare settingtite p(iﬁit@h;’% OCCUTS

o g e e e ey rveou
Striiieer SBRBARGD: A (R B oo lahger fOCABF o ticantly
inceontedy, s St by Mgah?érﬁat@umi@&%%mﬂasq%i@mq reEa@gt of
thel gteernd2(Bi0ovhen alrneashan nnegsurtacaciphe siliaarciugible reduced

pre*%%%%e”'l%éﬂaéfo%e &r@@@sea ?Bﬁzfélhttﬂﬁmmg LHhInaA! i, PeSHiIGA3 m
melt surface is rendered to be wavy. inner sur esha H?é/gi,? ¢ th
of TRGuRMEH SRRy Fafa &Z‘H"sl%tﬁél &E%oﬁﬁﬁg%é%é’% joy of the

siligratiblaelan dnsideisf dpprrgrserecomstioutifgethenvgaly 20 inpegsvifacdhe

occsﬁa@g&@@@@mmgmé@emg free of the influence by the flow of the
on melt as Il wn by, rtical.sect of
[ 03@} art %llaFlé%%(b) T ger)g%{}g Slﬁg ag}f%gnggtg%%at%%%m ggnggn '

Proyitifscrucible is moved along the inner surface of the crucible with the
flow of the($jlicofh ndlicto thevingdide dbthewdinginaesicomfaie geapeystal,

co%ﬁ@ﬂ@%fﬁ&@ nad arstataasiiachetdo he danai-serace of tie titer layer
§r99ue logefher Wl‘gvl}l%%ga&g n?hgé‘ﬁ% 1, the, wayy ipner sut 38%&9%‘? the
élthen grovyn y aggrégating w Gas sequentially moving into t

cm%larolaaé FhdVETT JANEEqTRRIRIR a&ﬁa%ts&mae%wﬁﬂ%r%ﬁﬁ&cénd
valbhape.rihenlte sizetis ertargeth30 jnisi boua 5002906 pdnpthetion for the

pu@ﬁ?é‘@?'ﬁt%@lﬂ%%hﬁ%gl@r&%r%yaﬂ%/ andisapaiates framthedawhen a
digianer s syrface sh%pe and rises strai 1E?Qt t?vggr tr gcsb eogor’ntt?llt sqcrfage Q¥1t10n
arfarge Buoyanc \ﬁ?ﬁoﬁ%eln a scted & convection flow of stico
forrﬁ‘éﬁ P o @a‘é@&%’c(ﬁl&ﬁlﬁr%§%§sﬁﬁ%ré}%& ﬁrﬂé%“@éécportmn
fropredsuneppherefereritiepdssibke tersignificantlyi reducerO gad@aoghOO is
cryRydhg.eonvection flow of silicon melt and moved to the bottom of the
le crys got uring pulling and incorpprated the elnto to.cayse
5005‘{ ole de%:ts ‘i’ hcgnorrrggnorgls n'%‘tﬁ%a% &8d 8VER T the %%me‘fé?sm}
accmﬁél@ ﬁ@léh@ry%ftﬂl |Hd®f"%¥ﬁ@fﬂi€ §Fﬁ§d%ﬁ§‘é“t§?é@?é%§r%‘é§@oﬁn inner
[0019]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 10 crucible is 0
and a height position of the upper o %nmg 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 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. If the start position 15 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 crifficient ctranath of the eriicihle cannot he obtained and theare ic



[0020] Furthermore, it is preferable that the wavy inner surface shape is

provided on a whole of a straight body section in the sectional 30 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
sufgelonalgideyigw of g srcible. \Ybep thtHB%%Sﬂf’ox?gﬁ?etWé‘vz%b%”z?{ain

EMsturfa\c(f sh%%% %Satbove 5t.mm %flow the upper o enlnz)en of the

PACEbTe, tha WRY S RISE S 2 xS udP BroxiRal to' the Upper dp&amgand &
disgpgesdoaiarane sepfcrintiutramoimdtinevertsibte dannct®@ obtained and
[oakéie is a fear of cailising defeirtation or gistorONOf SithesilicaCrucible a1
aco¥plieWhen it @&%ﬁ!%ybdo&ﬂcgg WandQuet 10, 0m Qeﬁ’g{’g&@f DhEfon of the
) enlg gfld 8f the crucible, SIQ gas cannot be suppresse su |C|en1?1y .

ARG tEre 1S STEE B cEudingphRoR A8 RIR I sHESH SingheeryeRning
enghgbt Morgavahlthésredoniwhy tetower esidlof themwaltinnersutisiee the
stashmiﬁ@he@am&f}aighh@%ﬁmaéﬁ%ﬂpw%ﬁﬂ@&@%t%ﬁtﬂeﬁiﬁfﬂ%bﬂ&’ ht

posiegtienal ihesilies qrueibiays duglo i fact |
he pulfin

?t Rigc&thebind osition % d
for the g of the silicon single crystal in the siﬁcon mer & §r ﬁ‘g&? en

POBR {RE trsighebing Sbction, filseRnt BEIReCREARInHe reliftice s Hapight
posgisusitionge elbove the teaighhbdetyt sectiofi t Q- gasibannot be
E@mg‘icientlxcﬁt}uppr%%an%ffhg%mizfﬁgh&f ééie_aur%iﬂ%@ﬁ%ot}%ld %cﬂﬁ&g a
hile wawy inner surface shape is positioned below the straigh
sil %\%—'é gé%}?é‘%%n, %ﬁg%\?cl)gﬁgffgﬁ %lﬁgaqc?%ﬁcﬂff%?%_eggmé%)c8ﬁdﬁ$atéﬁlemm a
CryfiugRcihefieeror 8lipphsssifisiblgascrtairsved. Thelstraighsbody! a
Crysmﬁtﬂaﬁbm@snmmnpibtadmar@atbﬂdyesecmemﬁ*ﬁj essiftsangedcible af:it-
molBeRame %@Q@%ﬁéﬁﬁé%ﬁ&@%%@ﬂ@%@?&?@@ 8{&%@?89{%3{1 extending
uo$aysering a range until the curvature is varied from the upper en {6 the
Pi6ttom of the S%%gegrggg{gﬁg@ﬁ \ﬁ?htf'rl? e s5tilifig experiments of a
0043 e dianBtet 2 gaedtyataldigs: Hvinha didineternidbbe3c0 mimang (o
embodiinctetsusing-a langessilioa crigiblewithoanditnerdiametns @6810r8 1 ter
corfiyBubbiferaierale MALILe driance RAMEsA NG (P Bosignol ey, o 5

mauntajn part and the deepest pasition of the valley part is,
ma g T GANRLR [RSSODear th WBRA pBIRE R AT AR Fafathe
UPRAE BBSGHRAGST pintistiecaarabtls cen the stpptepseitivaxinrallidngthding of
the atitiveriasgestianreteasingE00y statingatoin tkepsilicareugiblewiithe 30 only
a clugBiens e derifeancisihativeding gigos sonstiutng o wang, .,
rapinnersyr a&e sggﬁe WJ#B m%{i?ntaln g% ts and valley ar?g are'detine

Bas€d o the réstilts o VSHOWE Expefinfdiiy gd oREFEBE e CoRRAL be
seCigdepth dhe witithaf thedihgafrotive fuifilbthe abmibleumenidal hence  the
def@ggjgons étm&iﬁtam%mﬂetwelqwfiﬂﬁﬁ @@%@&t%%g&g@%@mw of

t poSition. of rt is.0.1-3. mm and the distance..
t?%fﬂg%ﬁé t§§s t,h%@n%%%%%%éts%@fb%%g?zriﬁ’r%“),gtFr%l SEliteftiarasier
© detitts in B fardl-HRmEREisiRyRe eRstal MFttan Bevi@lideation
proeggfisiertierOathéngherhdio gvhtar eiftiee obthehde ptii amd widiht oftheace,
towgf@_ %ﬁzgfl%%méh%%\fw f'e?hs@a@te @@&%M@%&}Q&% ina

ingpinho ects.is not optained.

Z;n 2;?% and ,(b%%n‘&ég%%e%% Pkl OISR R R
the i RSRETAELL st ookt alidherGemia mma b RavdaBosevacriened
abofssighetivaledform 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 distahce from the 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 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
nartinn of the criicible iec eomnoced of a hinh-ctrannath crvetalline <triictiire



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

+ Si02 in the crystal grain boundary to thereby promote 5 the occurrence

of pinhole defects in the single crystal ingot during pulling. However, when
in thescpysiallizationpraraoiBeisbotexdsieatd thimbilita gafetile, it ishe single
c ngﬁq -io prevent the crystallization development action (grain boundary
ng ac n the silica crygcible during pulling. 10 [0024] The
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crystallization promoter not existent’in the resultlng main bod
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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 cutoff portion extending upward from an upper opening end of
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the crucible main body at a height (width) of 20 mm and integrated
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 gﬁg erature of about 2000C. On the other hand, the
“Sta owde I F-eNEmEPin the graphite mold while
e ducimg vacuuminghdeugh asraicfiowepatbopenraiahginners half
surf f the.mold to form silica grucible materials of.the invention
pmigar%/i%n%eiﬁgtrsﬁ%ﬁa}ecgﬁg\}%% TG élg(%ntgrig%% of & crucidle main body and
a ring-shtped ¢catafbpbriom Havingtahéight (wided) OE20ahm andn part
shRPMHaINiNg éﬂ%ﬁ%ﬂ%@%@@mﬁ{gt@%@e&%ﬁo@?iﬁ”&rﬁ[&??% isa
0

. cutoff portion is cut and removed from the silica_crucible’5 materials of the
dagERORATERG & dEHBHE e R bR WaR HABASaHagE T ts
andshaplehadng: mouhtainipaits andvalley partss itcwhick ieaehrof ardepth
berfiA Wl o' a.ling draove is shown iR Tadle 1 and s yertical section

INner surface shape’is sine wave, 1S ormied in-the mﬁe?s%rface of the

crucible'betwien a starttinetioringocplifingtamdslorarvent dinerfgrangatl
potiRiing ima siliconmelt surface, by gringingRFacessing, aad then the

grlndln%{)rocessed surface is subjected to a smooth finishing treatment

using ah oky i8I HEHRFHRHS, YREFC 2l préjarad insa ehitBRS A-1 to
pro&tiracnorisgdwihe inventionitaiblae puling oh d:Hingle esiahingshwitha: o

ia r of 200 mm,.by 5 pieces 15 ectively, each having.such a size
st A e A L A O e B of
meltorneie]iagdepsdideningiaibizrt line for ingot pulling in a silicon melt
Surfacefqtﬁ%r@mrgah@maeR;epﬁemgs%@iahﬁlﬁv%wQﬁo%%gjge&&te of

line for pulling at 300 mm from the upper opening end, and havin
PUlliis ayenglfinarsdadiitd@nte 20 shown in FIG. 1 and composed of an
inner lalyek obai highipusity silicerglasstivitllie hubhiecontentofihd¥r af Sio
aSpuerit)élg)&]; %%998%§£%earthigléga?ss Otf él@rgoand an.outer Iayer ofa .
& h%gﬁl-puritty sifica glass Witha bubbfe content%‘?%%l,ogx% ﬁfﬁ%‘?‘ﬁ}é@@g '
and a thickness of 6 mm, and containing no crystallization promoter in the

BEYPPRIGDE AR 250miebiRe ouiBrigdhepa@R Piesyction method as
in_the silica crucibles Al to A-9 of the invention in the above gé)ﬁexce t

[00}Rk thelRa gt RAERY o thefinh SHaBeR e M pbhsR4olRE dfiditne
refeiadiocef thelseystallizatiempiometeseonyouadtes therein is shown in Table

1 and 3Q the wavy inner.surface shape,having.mountain parts and valley.
patts, 1 e GacH DRt 410 £ ATt et ov e s a8 afeine
to t?ﬁatil@\{ﬁlaﬁo)]a iﬁeﬂi@élisecﬁmd_‘ﬁﬁerigurrianampesﬁ_éism vigngle isfosmad
conip e npgnRuTaeel hpicHisblg betueena siatine oringoL puling -
and an end line Tor ingot pulling in"a silicon melt surface by grinding
lay g5 B SRgIRE plpare VAIRCE EHIGHISR TR IBYSIORRR G dRY T libecT
suriavensioageriibe pidlingofrasingieerysialdngativithhadiameter of 380ween
mm, by 5 pieces respectively, each having such.a size that.an outer
R ak S etk v ilng bt F o
crygesitiorangiacstartiinl foviingot pollingdntacsilidosidreltisurfatélat LOQaiinte,
and MRS UBREE ARBTIAGE NEhANE 38 eAGHING Loe AUIING-AL 333, B ol e

the upper opening end, and having a two-layér laminated structure
Start JifioLed dPatiinBHayaR of d RgRtitety Siedgrastnta 10bupsls 2
cruciyitepoetid2 Ynarpulity b §8:988¢nangd arthicknasswfif oanangian range
uter r of a high-purity silica glass with a bubble content of 5%, a
of 4§u%ﬁyi§%@§§9%%%g§11§ll 4 thickness of 10 mm, and containing no
crystallization promoter in the upper end of the crucible. [0027]
(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 mass% having an average particle size of 250 um 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
crirfacre of 2 corea 110 10 2 nocitinn lower by 20 mm from a final eriicihle
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mm, by 5 pieces 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 5 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

ble content of 0.3%, a purity of 99.998% and a thickness of 4 mm and

100 vyt 67 2SS IR Brghioi S BEBEIE COMER P EDI B
betparity 019$984% ancl aahidkidessofémsmiand chataihing crucible has
o sig/3iRdEasen pamalerePRahent of e g, Miovdediiinta o

wavy Inner surrace havmg mountalr] part va Iey par I.S not formed In
MOYRE et SaHIES Bpthéleruablidie silicoy)maledant ko duersnsmeined of

the@sﬁtrt]b@ecom@lgﬁi@_mh%gisaot@@é}big&_@e?a%ég-%@&@%&9@9&@r()jt
at the, crystallization romoter Is Included In the er openin
SUrfOCEAR S T B BBTo AN AOSIUNOR P KT BEtoty SR UESSrEpaitHiFend
ma'a@pnépgrédepabm@sm gmmhﬂmiatésaﬂiﬁ mmﬁlf@gfthhqouﬁirtg_ceﬂ a
secSBglR Givstalingot with 2 gﬁm%}?w@f& G @{eg{%'%‘ﬁ%{sgp&%ﬁ'%

each having such a size that an outer diameter Is mm, a depthis 435
amehi el A thrgkness lsF18i eaaia pushibninga keare e fdhingopgifing
cry e ggnamﬁﬁ@rﬁg%?g@%ﬂf Q’ifﬁ@@kﬁ@rﬁ@é@&_ﬁl@@@i%@d?qgﬁﬂﬁiﬁ% in

._end line for pu a mm from the upper opening end, an ving a
Pl Hmin e SRR A SR SR AP g B A eGP
ncaeiien glassiwith thisukibrleleontent-df 01284, is mighi 0t 2919988025 8ad as

.. thi e f a high-purity silica glass with a
dla%quég%?g ?:%fri&t%%t 0 (%%gﬁu%% é#%é%%&%%gf%%%%gss of 10 mm, and
[00%8htairfitiy the GOBEIRZHIGS SRl the Wshareat ot Bidicalcisietional
viewpsayiderthatia wayydaeD surfaceshane Having MowHAIR RRLSAHH the

4 valé%g rLs f} not formed in the inner surface of;[}ge crucible. 30 [0028]

ST G P Bl O THE TR e ST FRCILRES 208 1 6%k 6 PR BRS: Of an

ing@icoordiegsidi thenimuekttion dhdec onventibnaldsiticderatibles/Cih toed-Oaridce

shagélﬂgx,’-i)ﬁ %%%%%Qf? %}&9@%@&@98&%&}9 E'atlht% Lfﬁpt%{eogg&][%%?dsg & hvezew
rucible with an optical microscope, and a’ crystallization ratio when a

of tapseifice froRCHddipsat FpBIAPERITdR thEISavbRO™SAL BIFNEOSISORY fOFY

innéhespeing ofteagiicpn singleranystal i L00ds-shawa Bt Tablasih.and 2 thehe

i C%IﬁET%n of "before i %ot UHE%H as arhave age value of 5 crucibles. .

0 BB LAY, SHUTeTy S NS PG A GRS 61 SO0 S iR

viewnol, ttespeetitehg arérpilled GptundEnansfoabc@iditions gatheazuling the
' B usSi ilic iples.A-1 to A- d B-1to
R e s Tl s e LR
crugupdth- e Boy whidhcapdlisreparsd BipidbesipFisiceathles Wastrivaeer
surRevenAfier the erlling ofthe slegle. crysieh iaogtsa the grvstallization from
he upper opening end of the crucible is ghserved with respect to the silica
SUTGCR O A, 116 RGAHH BHCIS 8 S Aeor i 6 RETRTRHIRA A TIEE
inneonvettionalsiica andibles Cetow:Ci9vangdpeb40iBeSwisingan gatical
e tallizati rati istance from th per
B R R e el R
gengfRgRACH) St SV isEnsviURTas sk antnd Whaa tblemrats drleirgol
intoPallingt) SR eve/age M@éug&mﬁgﬁ@asgh&oﬁ%%vwgawgﬁéacy and
" Sg%oressgﬁr; of pinhole defects és to the above various silic
't SHGEDIES HitaPthB DUy dPihe siieery Piﬂ%@ﬂlgnriﬁﬁér%i%?d%}ér in
towhe uppesitpening ehidsofrtiheciugible ismedsurgdatiOxdoinis aloaimmits
nparperinhe I : Gruci ar siderabl all,in
e st B e B e o Tt

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-98Also, 1000 wafers having a thickness

of 725 (.an 30 are cut out from one single crystal ingot having a diameter

of 200 mm and 800 wafers having a thickness of 775 jim are cut out from
nne <inale ervvetal inant havina a diametar of 200 mm With recnect to the
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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

rucible is evaluated. [0031] Table 1 Type Ratio of crystallizatimn
S R E i s T A S
pogingigroovefatiochortuppen (mrf)openingsenchof ierudible:(ohemed® flow of
e f ith pi e formation amount of upper, .
S B e R rine
puibisihgchénaegeosatng 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
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Silicon crucible of the invention A-1 Al203:1% 0.5 1098.199.017 0.9 A-2
CO:0.5% 14084.6 85.51b L2 A-3 Ba0:0.1%L5F70F74.8 75.84 1.4 A-4

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
the silica crucible, while when it is positioned downward over 10 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
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
causing pinhole 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
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
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
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 -
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CaCC%: 0.05% 210063.964.8 6 1_6 A-5BaC0Oc:0.01% 120 42.6 42.96
4.1 A-6 Ca0:0.3% 1 3093.694.550.7

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
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
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.
[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
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
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.

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
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.

[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
(preferably at least one of alurninum 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-
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
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
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
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
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)
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
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
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
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
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
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
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
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.

(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
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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10 94.0F94.55 0.7 B-6 Al203.0.1% 1 30F172.072.8 5 1.6 B-7 Ca0:0235
1BaC0O2:0.15% 60 85.986.44 1.1 8-8 Be :1%1 80

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
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
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
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)

(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
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
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
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 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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98.1F99.0 8 0.9 8-9 CaC03:0.5%FI 100 84.0 84.4F6 L2 [0032] Table 2
Type Ratio of crystallization promoter 1.compounded upper opening end
“portion (mass %) Size of ring groove (limU Crystallization ratio from upper

opening end of crucible (volume Number of Wafers

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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with pinhole defects Deformation amount of upper opening end portion
Otua) Groove depth Groove width Before ingot pulling After ingot pulling
aliiwo:LSiast,ac

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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| C-1 Al203% 137.3 214.3 0.2 C-2 1Ca()0. 5% | 124.6 188.527 0. 4 |
f-3]Be0. 1% 11'. 5 60. 32 0.3 : C-4:CaC0:0,05%

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
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
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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[0031] Table 1
Ratio of Sine of Crystallizaticn
erystallization ring groove igzignérgﬁdugger Number of] Deformation
promoter {mm) crucible {volume %yvafers amount of
Type compounded in with upper opening
cuteff portion Groove | Groove | Before | After glgh(}ie end portion
denth idth | ingot ingot e1ects
{mass %! o w pulling | pulling ()
A1 AloOy 1 1% 0.5 10 98. 1 98. 0 7 ] 0.8
A-2 Ca0 @ 0,5% 1 40 84.6 85.5 5 1.2
£-3 BaQ @ 0. 1% 1.5 70 74.8 75.8 4 1.4
h-d 1 CaCls @ 0, 05% 2 100 63,9 64,8 & L6
A5 BaC0y @ 0. 0% 1 20 42.6 42.9 8 4.1
_ A120g 1 G 3% - -
A6 Cal : G, 3% 1 30 93.6 G4, 5 5 0.7
- Cal @ 0.01% - =
foe] w'? v
E & BaCOs @ 0.01% i 80 51.3 52,2 2 2.8
i Ball : 0. 06% N
2R Gacos cooom 1 g0 72.0 7.8 6 1.7
2 Als05 0. 1%
: A9 Bal : 0. 2% 1 50 05.9 96. 4 4 1.0
= CaCls : 0. 3%
- Al,04 @ 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 6 4.7
; o
€ g3 Ezggi b ;;z L5 50 .4 |73 5 1.2
5 0y 0 4
o ﬁlg{)g T 0. 05%
B-4 Cal o 0. 05% 1 B0 76,5 77.3 4 1.2
Callsy : 0.08%
B8 BaCOs @ C.8% 1 10 g4, 0 94. 5 & 0.7
B-6 AloCs * 0. 1% 1 3 72.0 72.8 & 1.
Cal : 0. 35%
B-7 BaCOs : 0. 15% 1 it 85.9 86. 4 4 1.1
B~8 Bad :© 1% 1 80 98. 1 98, 0 ] ¢ 9
B-9 | CaCls * 0.5Y% 1 100 84.0 84. 4 6 1.2
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137.221 0.4 113a0:0. 06% CaC03:0.04/% _ 112.6 160.926 0.4 - C-9ia
FAI253:0. 1% Ba0:0. 2% CaC03:0. 3% - 135.0 206.231 0.3 C-10
~Al203:0. 005% S

[0032] Table 2
Ratio of Size of Crystallization
crystallization ring groove ratio fromdupréer Number of| Deformation
promoter (i) ODGDPE:? erE ¢ yy|waters | amount of
Type compounded in crucibie \volume Al ith upper opening
upper opening . ; . pinhole |end portion
end portion Gromfe G}ioove Befofe After defects
depth width | ingst ingot {am)
{mass %) pulling | pulling
C-1 AlaGy 0 1% — — 137.3 214. 3 31 0.2
-2 Call @ 0.5% —— S 124.6 188.5 27 0.4
C-3 Ba0 : 0. 1% - _— 1135 160.3 26 0.3
-4 Calls @ 0. 05% s _— 104, 1 150. 8 24 0.4
G5 BaCOz : 0.01% — s 81. 4 127. 4 19 6.7
_ A120s ¢ 0. 3% - L . B .
-6 Call © 0. 3% 133.8 206. 1 25 0.2
. Cal @ G.0L% —_— —_— 5
- BaCOs @ G, 01% 50.0 137.2 21 0.4
_ Bal @ 0. 06% L s .
. -8 CaC05 © 0. 045 112.6 160. 9 26 0.4
% AlaUg 1 0. 1%
T ore-g Bal @ 0.2% e — 135.0 206.2 a1 0.3
© CaClg @ 0. 3%
o
(&) i
o ic-10 AlO5 @ 0.005% —_ —_ 37 9 381 e Inward falling
" — Stop
— = £l,04 ¢ 0.5% o — - 1
: e 138.4 | 270.5 32 0t
Z o2 Cal © 0.01% — — 79. 1 144. 7 22 0.4
@ .
Y BaCO; © 0. 1% L -
§ -3 Callls 0. 1% 116.9 197. 6 28 0.3
Al,0g 1 0. 05%
D4 Cal @ 0. 05% - — 114. 8 192. 2 28 0.4
CaCOs * 0. 0OB%
D5 BaC0s; @ 0. 8% — — 134, 1 250. 0 29 .3
-6 Al.Bs & 6. 1% — — 112.0 185G 26 0.2
‘ Ca0 @ (. 35% _ - . o
=7 BaCOs :© 0. 15% 125.2 224.7 25 0.3
D8 Bal @ 1% s — 138, 2727 33 g1
D-9 CaCly : 0.5% b — 123.2 | 227.4 31 g, 1
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37.938.1 Inward falling -) Stop D-1 Al203:0!% BaO:0. 5% - 38. 4 270.
5320.1 D-2¢:0.01% 79.1 144.722 0.4 a) D-3BaCO3:(). 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-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
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
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
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
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
end portion of the crucible, crystalliization 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
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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-116.9 197.628 0.3 D-4 Al203:0.05% Ca:0.05% CaCO3: O. 05% - _
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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
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
improvement of yield and quality of a large-diameter silicon single

crystal wafer.
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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% 1123.2 227,431

1. 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.

2. A silica crucible for pulling a silicon single crystal
according to claim 1, wherein the inner layer has such an inner surface
shape that a distance between a top position of the mountain part and a
deepést position of the valley part is 0.1 to 3 mm and a distance
between tops of the mountain parts 1s 10 to 100 mm.

3. A silica crucible for pulling a silicon single crystal
according to claim 1 or 2, wherein when a height position of the bottom
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
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
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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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

is & lershanaeisiremdased @@i@@iﬂmmﬁonpdhn@@ﬁme@kw@tgmcmm

carbibgleterystal ngat with a-digmeter 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 inner 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 25 end portion of
the crucible, crystallization is developed toward the inside of the crucible
beyond 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 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 stop of pulling. [0034] As mentioned above, the silica
crucible of the invention is particularly suitable 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. 1. 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, 5wherein 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 10 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. 2. A silica crucible for pulling a silicon single
crystal according to claim 1, wherein the inner layer has such an inner
surface 15 shape that a distance between a top position of the mountain
part and a deepest position of the valley part is 0.1 to 3 mm and a
distance between tops of the mountain parts is 10 to 200 mm.
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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 tlon 25 range of O to 10 from the
bottom of the crucible. ' tidtid Tof producing a silica crucible for

pulling arﬁlbﬁ@mssm@ma@bab@@@grdmmi@lm B 2108 S M BRRIR: &ingie
tysltalllne artion of. fhe cr C|ble c%n%hlns 0.01-1 mass% of a

Ty SstalliZation promdte Cra e Lk G fore e Yy ture of an
Ouﬁﬂéllam@rcmﬂrgitla@smwnﬂ@&bte Qﬂlhamngthaflmgmhapgebcutwfzpeﬁalmﬁai
sid@4engding Hpward fiem aﬂé@%%@?“ﬁﬂ%“@&%ﬁ‘@e%ﬁ%ﬁ@g aving’

method of producing a silica cruciblé for pulling a silicon crys

MONQGHIING A6 8184 atkssr @R ThR &h) samiZanbrHasoraotsas za@magma@d an
end@iR)eHibHTOOXHE, altitm oxidei haskng; axlecsalskM;carhonatsant 1+

arium c%'b ate. There is provided a silica crucible

Sur%‘rcgulﬁng a'si |C%r‘rfls%%§ %?fséf)@o%ﬁlé?ﬁ’é%lﬁ?gﬁ@% hd Raviig grucible
to thvodager settioe fanteutenibyer @hﬂnarsnﬁmmﬂasaergwtmfﬁmatmslrﬁm
om%egeaabﬁ%cgepabﬂ%%ﬁ% glgg? pB'een '““%fs% 188 ithin

Shape having mountain parts an arts a eas etween a start

& r3BERi6Y ARdtanteRbipssmeribiniae pulllng 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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