~1- SILICA GLASS CRUCI BLE AND METHOD OF PULLI NG SI LI CON SI NGLE CRYSTAL W TH
SI LI CA GLASS CRUCI BLE BACKGROUND OF THE INVENTION 5 1. Field of the

I nvention [00011 The present invention relates to a silica glass crucible
used for pulling a silicon single crystal as a seniconductor material, a
silicon crystal as a solar battery material or the tike, and nore
particularly to a silica glass crucible allowing the pulling of a silicon
single crystal with a high crystallization rate and a nethod of pulling a 10
silicon single crystal with the silica glass crucible. 2. Description of
the Related Art 10002]. A silica glass crucible is used for pulling a
silicon sin t ' ri-al, Al rystal as a
sol ar batt e%ﬁﬁms %@Iﬁ%@%ggﬁb?ié?mﬁﬁbh%egﬁ*églﬂag’fﬁ‘ngI e crystal
is mainly produced by a&CRESTAICWITHWGILIOA GLASS ORYCIBYEL al | i ne silicon |unp
charged in a silica glass crucible is nelted by heating to forma silicon

nmelt and a seed crystal is imersed in the silicon nelt and pulled
therefrom The silicon crBACKGRAIND O BHE BIVENTYONaterial is lowin the

si ngl ey Crys @Eﬁ rrpared with the silicon single crystal, but is
produced bly tﬁﬁ%&é@%}, pul1i ng nmethod. 20 [0003] The pul | ing of the silicon

crystal i 4080 ri edheopresdnyinyentiopirelptps tocesilicagglasherucible ysedforpllingahi | e rot ati ng
the sili Casdiﬂo%ﬁgl% ckﬁfa%?%e'rd]ccﬂah&?ﬁf&@nal'isxﬁ&% 5?a E&&Flﬁ&& and

transm ssion In erenti a Irection of he cruci b

non- uni f ormatenal enihe like,rgd merepartiaderlyo esiica ah&sfcrg%blﬁ alewing ﬂméﬂ mgu cibl e
becone u nq;\f%@hﬁéoﬁhxﬁgle Id%tamub é'hfgh crysﬂﬂ%u&hﬁté dGkhaRsd sffpulligacrucible is

non- unij f or ruci ulty. 26 [00041 In the pulling of
the sil9 coﬁﬁlfew@g'%lcws @’l’f tﬂi‘i-‘e'S S&‘E}F‘Lgce of the crucible is brought in
cont act V\nzhneb@;mbhhﬁmamadm a higher tenperature for an expended period
of tine, IIo ce |la |de he crucible is rtially

crystall i 38@6}3 lggasacruw\gg:\m F%It ing;a,SHcOp singleic @ﬁ%ﬁ)e (brown ring).
As the unesemmodd\mtoruﬂtmﬁnahra silfcoh beystabasavsolar batgsy matetilorflailikey Eomci bl e form
becones si ce of the

cruci bl e |e%§hglg glhﬁgr{%‘??‘X%ﬂfdgh‘%gﬁﬁrgﬁaflscqgrbggll{ﬁ%?lg%& into the
silicolp nﬁioﬂycmta&lmudwon henpeehazged fin 4 silicaglass cmdﬂ@;lslmqimd by headingto [ 00051 Wien
the inner ﬁHﬁB@:ﬁ@ox&%eﬁ%‘dﬂé&&eﬁJgﬁl s oo PRUACI ol i hied 00 e ¢ at, @

hi gher tenperature for an ext s 1S generated by a
reaction efieren Theosiliconerisiad as ﬁmrbgﬁwa@éeraha 1?‘?#@@?«5!“&'% nel t, whereby

the sili C‘b?ys'milﬂlty' a8 compared with the silicon single crystal, but is produced by the same
pulling method. _
20  [06003] The pulling of the silicon crystal is carried out by uniformly heating the
silicon melt whilé rotating the silica glass crucible. In this case, if the bubble content

and transmission in the circumferential direction of the crucible are non-uniform, brown
rings produced in the inner surface of the crucible become unevenly distributed.  Also,
when the thickness of the crucible is non-uniform, the crucible form becomes faulty.

25 (0004]  Inthe pulling of the silicon crystal, when the inner surface of the crucible is
brought in contact with the silicon melt at a higher temperature for an expended period
of time, a shallow surface layer inside the crucible is partially crystallized to generate a
brown cristobalite in a ring shape (brown ring). As the uneven distribution of the
brown rings or the faulty cricible form becomes significant, flaking portions in the

30  inner surface of the crucible increase and the flaked fragments are incorporated into the
silicon melt to reduce the crystallinity of the silicon crystal.
[0005] When the inner surface of the crucible is in contact with the sxhcon melt at a
higher temperature for an extended period of time, Si0 gas is generated by a reaction
between the crucible inner surface and the silicon melt, whereby the silicon melt is

36" oscillated to reduce the crystallinity of the silicon crystal,
[0006] . InJP-A-2005-320241 is proposed a method of stably pulling 2 silicon



35" oscillated to reduce the crystallinity of the silicon crystal. 10W61 In
JP- A- 2005- 320241 is proposed a nethod of stably pulling a silicon -2-
‘crystal by restricting the nunber of brown rings within a certain range. In
JP- A-2002- 154894 is proposed that ligpid-level oscillation of the silicon
melt is prevented by using a silica glass crucible controlling an anmount of
Si O gas generated to not nore than a certain |level. 5 SUMVARY OF THE

I NVENTI ON [0007] It is, therefore, an object of the invention to solve the
af orenenti oned problens on the reduction of the crystallinity due to brown
rings or SiO gas generated in the pulling of the silicon crystal. According
to the invention, there are provided standards of bubble content, thickness
and t r ansnigystabby rastrictresthe sainber of brawhQings withinfacneetmogange. alnsiPLAQA023| ass

crucible a ven hei . i tion.. re f i AvI tallinity
of a sili cg%ﬁg rgiss@ %rl’J‘l‘g‘%g‘\g{ell@?‘gllc&%lno%lg%oél ,o fgbeesgllfcfolﬁgﬁlﬁgb {aég%tg%d[%‘%ls@gr anges
t her eof i nasiliea glassiceuribje esrgrollinganimeuntonf StD gad genargted tendtinnmathanystal with a

crystalli nkér%ﬁé]rplfevel for exanple, not |less than 80% (0008] The invention is
concerned w a silica glass crucibl e havi ng the followng 16

construbtion: (1) A silica JUMMARY@H BEINYENTIGN pul Iing a silicon
crystal . c@REpt erit Belolefhed, lobied SHECHTEEDET oble (NbMMLESE" ance of each

of bubbl e ntent, wall t] ness and, transm ssi on as_ neasured over a full
ci r cunf er eBEablegr onike redyiiop b thgerystallinify duefodiewn Hegs ¢5H gAsEsRstatedor e t han

6% 20 (2) ifthe Pﬁlliﬁ@oahétﬁﬁc&f ¢9dthll e ARCordingltoWe invehtit, theRrd grbvideder ei n the

ci rcunf erenﬁtq%(? ﬁgﬁ)@um t ol 3-[\1%2,%1? of each, of the bubhl e content, wall

t hi ckness &WAB0arYs 4 SRpRie ponent, S i EanFIRiSHOR 85 MEAIVIEA O¥6NE ca gl ass cruci bl e
accor dilng tiecunterehdetsNalsilica gllseeratibletabe given Beipit@ositibn thereof fox achivvidgad er ance of
each of the bz‘f;ﬁblte fonhentd WET'{: t hi cknes§l and .hr el@srri szib n.is 25 not nore
than 1.5% °‘(y3f R Y HYYoBs r}fﬁﬁ 2 %ngaagl 57 e nSPER 5‘? ﬂ({éfipf‘t eII,m%e(.S)rrpri si ng

usi ng a si kiereaf iyl ths silicecglassichlothlafor db@aimingzesilidon caysiel eth aafystabimitytofns (1) to
(3). [0009 LI ruci bl e according to the invention is a silica
gl ass cruc#%ﬁggnﬁg’edgggg)r %E??qlgng a. silicon crystal inh which a

ci rcunf er.effG08) nelliernvention isrcancemediwithacsilicagbass trugiblsiawing dhe foHowingal |

thi cknggs apduhéfagsm ssion as neasured over a full circunference of the

cruci ble at_a sane height position is not nore than 6% so that a
) Assilica glass crucible used for pulling a silicon crystal, characterized in that

a circumferential maximum tolerance of each of bubble content, wall thickness and
. transmission as measured over a full circumference of the crucible at a same height
| position is not more than 6%.

20 (2)  Asilica glass crucible according to the item (1), wherein the circumferential
maximum tolerance of each of the bubble content, wall thickness and transmission is
not more than 3%. ‘

3) A silica glass crucible according to the item (1), wherein the circumferential
‘maximum tolerance of each of the bubble content, wall thickness and transmission is

25  notmore than 1.5%. , / _
4 Amethod of pulling a silicon single crystal, comprising using a silica glass
crucible as described in any one of the items (1) to (3).

(0009] The silica glass crucible according to the invention is a silica glass crucible
used for pullirig a silicon crystal in which a circumferential maximum tolerance of each
30  of bubble content, wall thickness and transmission as measured over a full
circumference of the crucible at a same height position is not more than 6%, so that a
higher crystallinity can be attained without substantially causing the liquid-level
oscillation of the silicon melt and the flaking of the crucible inner surface during the
pulling of the silicon. crystal.
36 BRIEF DESCRIPTION OF THE DRAWING
[0010]  .The invention will be described with reference to the accompanying



hi gher crystallinity can be attained w thout substantially causing the
liquid-level oscillation of the silicon nelt and the flaking of the

cruci bl e inner surface during the pulling of the silicon crystal.. 36 BRI EF
DESCRI PTI ON OF THE DRAW NG 100101 . THe invention will be described with
reference to the acconpanying -3- drawing, wherein FIG1 is a |ongitudinal

sectional view of a silica glass crucible. DESCRI PTION OF THE PREFERRED
EMBODI MENTS [0011] The silica glass crucible according to the invention is a
silica glass crucible 5 used for pulling a silicon crystal. In FIG1 is
shown a schematically |ongitudinal sectional view of the silica glass

cruci ble accarding to the invention. In the silica glass crucible 10
according%k%MP%éaFHW%ntlon the circunferential nmaxi numtol erance of each

ﬁf bﬁ?bl e c?nt ent FIGMVRlid a IoRpialanes Secelbihl biewjmsﬂﬁh@msﬁéméxbl@ sa{rﬁ cr gg/l bl e

eig posi tion e refer re than 3% nore
preferably not mréﬁﬂéﬁ%@@/&@@%@]ﬁkﬁw %dbl@ﬁ@ erential maxi num
tol erance'[00dpd hEhedilica flasa crueibleattading tothednweatioreis alsilizh ghss dryciblebt ract i ng

o O e £l B PGB R HBIAERS 70 (e
sanme hei ghstctipoaliviéwoof the mhnaglusslcum}m)actcorﬂmg tatlednvéntiorf rlothe $lica ghasanpl e, when
19 Lhe 2V CRANs VLG & R vl (Bl HRRSkn Fh ARt LOMCL peapyer age va) ue

is B, the e foll ow ng

equat i on [@bﬂbblamhwléhmkmss mtﬂmmsﬁlon etrthﬁwl‘:)cﬂ(l%lehelsb@w@p@ val ue of
(B-A) / "H‘isq{at fn&c th ?%i}:r%FaBgtﬁ?ﬁgﬁe&éjﬁhlpﬁ‘% IndreGRETetablyHobfhotd thih @ two- 1 ayer

structure of an outer of natura gquartz gl ass and an i nner .
| ayer ¥add ¥ synthetic silica glass, the bubble .content means a bubbl e

clont enlt off obif:q: | NTRE tehﬁygfounﬁ&@ﬂia@hﬁkif{mﬁkh R’ seAheRin i9h percerhﬁg%ns par ent f
The s I} L egRe ePaingd Py PPHGARRY SoPSHINAT B o556 PRERECoRER ¥all ane par ent
gl ass .| ayahickfs@and tiansidissibRyameairet beerakia fullRireurnfrenes poihel Brutlblef:at | ayer
POT 190 W4 Bl SR PO e bR B RS 1 200
secti dif pdche average amige n;gq indathe valtembstrdeviated fribmabe dwrageealuaieB, thar f ace of the
f;gg: 2'96 : rc%r?n '%@E%Miﬁﬂ&%l%&h&nx &%) & St A S BUBRID equtRR i, 0N POTLiON
Circumferential maximum tolerance X (%) = Absolute value of (B-A) /
Ax100 1]
(0013 When the crucible is constituted with a two-layer structure of an outer layer
20 made of natural quartz glass and an inner layer made of synthetic silica glass, the bubble

content means a bubble content of the inner layer, concretely a bubble content of a
transparent glass layer forming the inuner layer of the crucible. Generally, in case of the
silica glass crucible having a diameter of 32 inches, the transparent glass layer as an
inner layer of the crucible corresponds to a layer portion having a thickness of about 0.5

26  to 10 mm from the inner surface of the cr,uciblc;

[0014) The wall thickness is a shortest distance of a section portion ranging from
the inner surface to the outer surface of the crucible.

[0015] The transmission is a transmission of a section portion ranging from the
outer surface to the inner surface of the crucible.

30 [0016] Moreover, the same height position H of the crucible may have a certain
width required for measuring the bubble content, wall thickness and transmission.
[0017] The crystallinity of not less than 80% can be obtained in the pulling of a
silicon crystal by controlling the circumferential uniformity of the silica glass crucible
so that the circumferential maximum tolerance of each of the bubble content, wall

35  thickness and transmission at the same height position of the crucible is not more than
6%.



outer surface to the inner surface of the crucible. 80 [0016] Mbreover, the
sane height position H of the crucible may have a certain wdth required
for neasuring the bubble content, wall thickness and transm ssion. [0017]
The crystallinity of not less than 80% can be obtained in the pulling of a
silicon crystal by controlling the circunferential uniformty of the silica
glass crucible so that the circunferential maxi numtol erance of each of the
bubbl-e content, wall 35 thickness and transm ssion at the sane hei ght
position of the crucible is not nore than 6% -4- [0018] On the other hand,
if the circunferential maxi mumtol erance of either of the bubble content,
wal | thickness and transm ssion of the si]jca glass cruciple exceeds 6%
the cryst g‘ﬂ\lﬁhi t yOR thgother hapds itjhe cisgamicrentigbmapdmugy tp&ﬁ,rane%P @flﬁaw%e tends to
be causedh@bble édheent, Wiirthiskicsf&f thinsthidsiof bE4GE biliea YYRARNide exdecdsrbgr ent i al
ubbl e_cont e I ckness, exceed 6%

maxi mum t gl erances. of the t and wall §hi

Wni(: e t he ' YA ‘é’\ﬁéﬂm%@lﬁ%ﬁ&vﬂsonlw Wﬁﬁy’tgﬁﬁqk&‘&fc’ﬁélt?%ﬁéﬂ’dgd b be caused

\I/vhen t he dicriﬁxwﬁ”fst hﬁfzﬁbf{hb crumibléwhen the Q}@&ﬁ&fllﬁﬁalfxﬁﬁimm mmog§bﬁ1he ex_cle_eds 6%
n any,ca r L ni Si iC t awer s e silica -

gl assy ruﬁ}?@leec%?enfﬁ'éf‘fvﬁl/%%% e’é“&ﬂ&%/ > gﬁﬁa@%&am\é@c‘/gl ﬂ%ﬁ%ﬁi‘ Bgt?’epr oducing a
cruci bl e k¥icaemels tendn teichused when theairtumfertislmadman télanece ofulid ace of a 10
rotatin I.ble-1i | dy, t mARE z powder | ayer at
b ghor SRR, B, C LG, AR P by ef oo diRge” POVl o

V\,he_rﬂ n altfl8] galigsilics ghass crueibletofiheiinvestios canfteqzoduted byea mothdd afid ahl at Sr:itl y
oscillati : s Sdiié ' : t, t re than O.

of an i nngg)d_glaéﬁéf @%lb?)%‘.ﬁt%%Qﬁ%?g?ﬂq%%g%mﬁ%éﬁﬁllﬁgﬁ S\E/I\nrf 'oggo descri bed i
concr éP el yotatingrericihlerlike meold anddwaiing thessibgacpr quartzpavyler layenss abighep| es.

Mor eover, tdnfiRrapste &) Be wifiTedMhder W rotalibh 6MRE fid] B MhefelPN&H] S0EOR pubdremeasur ed
by the follqw ng t t he cryﬁtalllnie(it)‘fy I S detetjf'lm.ned by a ratio

hqds. SO )
of wei ght fsrinnerg %F@ﬁ&ley&@i%lﬁcfﬂ%ow ating {qvelenf the Paerfuriaceddt o wei ght of
a s})arti ngontfmilta@fdxﬁitntﬂfﬁﬁh@@d.l%{c(f@ﬁlﬂncﬂ'bi@rggﬁfgﬁ(’jlhclzmhi.t ion H gf. the cr ugi bl e
to be nea isyset ta a t gt .a m e.position between a bottom
posi tion i‘w’zﬁﬂe letfdP%ﬁ“B"%WQFQ%E‘?ﬁﬁﬁ’é’f‘ c%‘hc(EEtﬁlgé’Y’&’i IB%PC J%’"@?‘B@m portion of
t he crbici bbmpasiéve eaamplps ni Mgreover,tthebubblexiohtent, mall ithiclavess amdaadsmigiiorect i-on (in-
case of a | i . anpl.e .t | 1S 250 nm
rom the BEUPSSFSSEY MR PGyify f{%ﬁe?%c?ﬁ%%}*}ﬁ%b@%% dBghodWy Lhalid 57
det er mi neef wyightofarsyaight baseibirtion ofzepuliod etysisbingetrip weighbofe sarting a t r anspar ent
llayer as @fpdifdD@ardedyer of the crucible (a portion having a thi ckne;s

[0021) The height position H of the crucible to be measured is set to a height at a

20  middle position between a bottom position of the crucible and an upper end position of

’ a sidewall portion of the crucible when an opening of the cracible is in an upward
direction (invcase of a 28 inch crucible as an example, the height position H is 250 mm
from the bottom position of the crucible),
[0022] The bubble content is determined by an area of bubbles occupied per unit

26  areain atransparent layer as an inner layer of the crucible (a portion having a thickness
of 1 mm from the inner surface of the crucible).
[0023] The wall thickness is determined by measuring wall thickness ranging from
the outer surface to the inner surface of the crucible at the measuring height position and
calculating an average value thereof,

30 [0024] The transmission is calculated by the following equation:

Transmission (%) = W1/W0x100 4

when an infrared ray quantity at a state of disposing the crucible between an infrared ray
irradiation apparatus and an infrared ray measuring instrument is W1 and an infrared
ray quantity at a state of disposing no crucible between an infrared ray irradiation

36  apparatus and an infrared ray measuring instrument is W0.
[0025] Examples1to3



of 1 mmfromthe inner surface of the crucible). [0023] The wall thickness
I's determ ned by neasuring wall thickness ranging from the outer surface to
the inner surface of the crucible at the neasuring height position and

cal cul ati ng an average val ue t hereof-5-30 [0024] The transm ssion is
calculated by the follow ng equation: Transm ssion (% = W/ WXx100 when an
infrared ray quantity at a state of disposing the crucible between an
infrared ray irradiation apparatus and an infrared ray nmeasuring instrunment
is WI and an infrared ray quantity at a state of disposing no crucible
between an infrared ray irradiation 35 apparatus and an infrared ray

measuring instrument is WO. |, 100251, Exanples 1 t9o 3 -5- A sil.ica. glass

cruci bl e accordi ﬁgsr‘]lf‘@ ﬁfﬁécﬁ“ﬁ\bﬁ%ﬁ?‘ﬁﬁm@ﬁ%%F“V&PMIWF d@eteﬁéﬁé@cq)s pr oduced
accor di ngispodayadicédring teEdtionHishbadlif Tdble fnahdthedr silicdh letys@biscrystal is

pul | ed. Th«? r'es_gltss&@re sRom.ibealgle 1. [0026] Conparative Exanples 1 to 4
6 A sili cBlglaskthedpinls giesbeyR ietablei et er - 32 inches) is produced according
‘to condiood]s slRwpatativd Bidneplds, 1 @@d then a silicon crystal is pulled. The
results are sho .li.nglqabl e leéifg‘nggil Tablﬁ.l @ r.cug1c ecr&gtiga}ié maxunum

tol erdhce (% Li quidf2 Sﬁﬁﬁuﬁ% [ GamgeT 3¢ JNebFS) 4 Profiesd agge P inity

cont ent t ¢vinditiopsshibwa irs Titds 1 ,aind denialsilizdbn crystalis pakte. ( The rdiubisgre ghovnl. 3 1.1 1.2
None None; 81%%1 I%xanpl e 2 2.52.7 2.9 None None 82 Exanple 3 5.8 5.6 5.4 None
None 80 Cofparative Exanple 1 6.9.1.8 1,5 None Existent 39 Conparative

Exanpl e 2[002Y 7. Zade8 None Existent 36 Conparative Exanple 3 1.8 2.7 7.7
Exi stent None 41 Conparative

Circumferential maximum ,
tolerance (%) Liquid- Flaking
Bubble | Wall level of inner |Crystallinity
content | thicknes | Transmission| oscillation| surface (%)
Example 1 1.3 1.1 1.2 None None 84
Example 2 2.5 2.7 2.9 None - None 82
Example 3 5.8 5.6 54 | None None 80
Comparative
Example 1 6.9 1.8 1.5 None Existent 39
Comparative
Example2 | 2.2 7.2 2.8 None Existent 36
Comparative :
Example 3 1.8 2.7 1.7 Existent None 41
| Comparative .
Example 4 7.2 8.2 7.6 Existent | Existent 30

10
[0028]  Asseen from Table 1, the crystallinity of not less than 80% is obtained

without causing liquid-level oscillation of silicon melt and flaking the inner surface of
the crucible in all of Examples 1to 3. Moreover, the crystallinity is 80% in Example 3
wherein the circumferential maximum tolerance of each of the bubble content, wall

16  thickness and transmission is more than 3% but not more than 6%, while the
crystallinity is as high as 82% in Example 2 wherein the circumferential maximum
tolerance is more than 1.5% but not more than 3%, and also the crystallinity is the
highest of 84% in Example 1 wherein the circumferential maximum tolerance is not
more than 1.5%. On the other hand, the crystallinity is not more than 41% in any of

20  Comparative Examples 1 to 3, which is considerably lower than those of Examples 1 to
3. Particularly in Comparative Example 4 wherein the circumferential maximum
tolerance of each of the bubble content, wall thickness and transmission exceeds 6%,
the liquid-level oscillation of silicon melt and the flaking of the inner surface of the
crucible are caused and ‘the crystallinity is the lowest of 30%.



Exanple 4 7,2 8.2 7.6 Existent Existent 30 10 [00281 As seen from Table 1,
the crystallinity of not less than 80%is obtained wthout causing
l'iquid-level oscillation of silicon nelt and flaking the inner surface of
the crucible in all of Exanples 1 to-8- Mreover, the crystallinity is 80%
in Exanple 3 wherein the circunferential mnmaxi mumtol erance of each of the
bubbl e content, wall 16 thickness and transm ssion is nore than 3/p but not
nore than 6% while the crystallinity is as high as 82%in Exanple 2
wherein the circunferential maxi mum tolerance is nore than 1.5% but not
nore than 3% and also the crystallinity is the highest of 84%in Exanple 1
wherein t cir(fumc rential maximumtolerance is not nore than 1.5% On the
ot her. hand” aﬁﬁé"’dﬁ“ﬁ‘g’ﬁal linity is not nore than 41%in any of 20 Conparative
Inganrpl eis 1I to 3, Miﬁhliéﬁglﬁﬂngng%mmgatsﬂﬁﬂnbf}@ﬁﬁ cbzfra&etmlﬁres | to 3.
articul ar iN rative e r e circunferential, maxi num -
Lol er ance i BERHTOR R o R S e S AL PRt ST g ERRss At o1 on
exceeds 6%ansniiksdon dsqueasurtdvedr adult citduatference®f thei dricitd m areedamedweght he f 1 aki ng of
t he i nper . uci bl e are caused ind the crystallinity is the

| owest IBof pégﬁ/é’%?gp%}aet a|ns6(;/(°:'l aimed is: 1. Asilica glass crucible used for
pul ling a silicon.crisilied glasstearcible anchudg to wlaim hawhereipithecsirefimfeagertiabl  nmaxi num
tol eramen&%&in%ﬂﬁ@lﬁnc%?@écﬁ o‘fﬁ{ltb%ﬂﬁlefcmLﬂt, Wil RIRASS a Qans}rﬁﬁ{barﬂ Ss1on - as
nmeasured over. a fu circunference of the crucible at a sane helght 6

posi ti on ngtmere han3%.t han 6% 2. A silica glass crucible according to claim
1, wherein the ci 3.th§iﬁ5@§5gs%kucmadcmam 8 RIANCRhGbintRCHrBinfdriRiaPubb! €

content, wal| thickness a transmssion is_ not nore than 3% 3. A silica
gl ass 10r uspasimgumy Qfﬁ‘%ﬁeﬁé"%fg of ﬂaﬁmlp coptenteyall thirkness apd fransmissionds 10 maxi mum
t ol er ance ngf memckandf sehe bubbl e content, wall thickness and transm ssion is

not nore than 1.S% 4. A h of pulling a silicon.single crystatl,
conpri si ng usi ng ‘g s‘?ﬂeg’ﬁg%épgggg ?:F’ﬁ&‘?’b?“}g?%%ry?fﬂafzmlﬁ“}g H‘#a(ﬂ}é’aof claims 1

to 3. glass crucible as claimed in any one of claims 1 to 3.




