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Field of the Invention (0001] The present invention relates to a
silica glass crucible used for,pulling a siliconsingle crystal as a
sem conductor material, a silicon crystal as a solar battery .
material or the like, 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 silicon single crystal
with the silica glass crucible. 2. Description of the Related Art
[0002] . A silica glass crucible is used for pulling a silicon single
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[6006] . In JP-A-2005-320241 is proposed & method of stably pulling a silicon




(1)A silica glass crucible used for pulling a silicon crystal,
characterized in that a circunferential maximumtol erance of each of
bubbl e content, wall thickness and transmi ssion as neasured over a
full circunference of the crucible at a sane hei ght position is not
nore than 6% 20 (2)A silica glass crurible according to the item
(1), wherein the circunferential maxi numtol erance of each of the
bubbl e content, wall thickness and transmission is not nore than 3%
(3) Asilica glass crucible according to the item (1), wherein the
circunferential nmaxi mumtol erance of each of the bubble content, wall
t hi ckness and transnission is 25 not nDre than 1.5% (4) A nmethod of
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3b BRIEF DESCRIPTION OF THE DRAWING
[0010]  .The invention will be described with referenice to the accompanying




[0017] The crystallinity of not |ess than 80% can be obtained in the
pulling of.a silicon crystal by eontrolling the cirdunferenti al
uniformty of the silica glass crucible so that the circunferenti al
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nore than - 4 - [0018]On the other hand, if the circunferenti al
maxi mum t ol erance of either of the bubble content, wall thickness and
transm ssion, of the.silica glass crucible exceeds 6% the
crystallinity significantly lowers. Incidentally, the flaking tends
to be caused on the inner surface of the crucible when the
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[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 abtained in the pulling of a
silicon crystal by controlling the circumferential uniformity of the silica. glass erucible
50 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%.



A silica glass crucible according to the invention (inner dianeter:
32 .inches) is produced according to conditions shown in Table 1, and
then a silicon crystal is Filled. The results are shown in Table 1

" [0026] Conparative Exanples 1 to 4 6A silica glass crucible (inner

di aneter: 32 inches) is produced accn?ding‘to conditions shown in
Table 1, and then a silicon crystal is pulled. The results are shown
In Tablet. [00271Table 1 Crcunferential nmaxi mumtol erance (%

Li quid- level oscillation Flaking of inner surface Crystallinity (%
Bubbl e content Wall thicknes Transm ssion Exanple 1 1.3 1.1 1.2
None None 84

[0018]  On the other hand, if the circumfcrt_:htial maximum tolerance of either of the
bubble content, wall thickness and transmission of the silica glass crucible exceeds 6%,
the crystallinity significantly lowers. Incidentally, the flaking tends to be caused on
the inner surface of the crucible when the circumferential maximum tolerances of the
5 bubble content and wall thickness exceed 6%, while the liquid-level oscillation of the
silicon melt tends to be caused when the cirenmferential maximum tolerance of the
transmission exceeds 6%. Ih any cases, the crystallinity significantly lowers.
[0019]. The silica glass crucible of the invention can be produced by a method of
producing & crucible by deposiﬁng silica or quartﬁ powder on an inner surface of 2
10 rotating crucible-like mold and heating the silica or quartz powder layer at a higher
temperature to be vitrified vnder the rotation of the mold, wherein a dial gauge is puton
the inner surface of the mold and a lateral oscillating level of the inner surface is
controlled to not more than 0.1% of an inner diameter of the mold.
[0020]  The invention will be described coneretely with reference to examples and
15 comparative examples. _Morcdvcr, the bubble content, wall thickness and transmission
are measured by the following methods.  Also, the crystallinity is determined by a ratio
" of weight of a straight base portion of a pulled crystal ingot to weight of a starting
material charged. '
[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 crucible is in an upward
direction (inlcase of 2 28 inch crucible as an example, the height position H is 250 mm
from the bottom position of the erucible),
[0022] The bubble content is determined by an area of bubbles occupied per unit
26 areain atransparent layer as en inner Jayer 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 calenlated by the following equation:
: _Transmission (%) = W1/W0x100 ]
when an infrared Tay 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 & state of disposing no crucible between an infrared ray irradiation
36  apparatus and an infrared ray measuring instrument is WO.
[0025] Examples1to03



Exanple 2 2.5 2.7 2.9 None None 82 Exanple 3 5.8 5.6 5.4 None None 80
Conparative Exanple 1 6.9 1.8 1.5 None Existent 39 Conparative
Exanple 2 2.2 7.2 2.8 None Existent 36 Conparative Exanple 3
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A silica glass crucible according to the invention (inner diameter; 32 inches)
is produced according to conditions shown in Table 1, and then a silicon crystal is
pulled, The results are shown in Table 1.

[0026] Comparative Examples 1 to 4 _

] Assilica glass crucible (inner diameter: 32 inches) is produced according to
conditions shown in Table 1, and then a silicon crystal is pulled.  The results are shown
in Table 1. '

[0027] Tablel

Clrcumnferential maximum ' ,
tolerance (%) Liquid- | Flaking
Bubble | Wall level of inner |Crystallinity
content | thicknes | Transmission) oscillation | surface (%)
|_Example 1 1.3 1.1 1.2 None Nope 84
Example2 | 2.5 | 2.7 2.9 None - None 82
Example 3 5.8 5.6 54 | None None 80
Comparative ‘
Examplel | 6.9 1.8 1.5 None | Existent 39
Comparative _
Example2 | 22 7.2 2.8 None Existent 36
Comparative -
Example 3 1.8 2.7 1.7 Existent None 41
| Comparative .
Example4 | 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 Examnples 1to 3. Moreover, the crystallinity is 80% in Example 3
wherein the circumferential maximum tolerance of each of the bubble content, wall

15  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. Particufarly 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 andthe crystallinity is the lowest of 30%.,



1.8 2.7 7.7 Existent None 41 Conparative Exanple 4 7.2 8.2 7.6
Exi stent Existent 30 10 [0028] As seen from Table 1, the
crystallinity of not less than 80%is obtained w thout causing
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transmi ssi'Of TS HOFet han 3% but not nmore than 6% while the
crystallinity is as high as 82%in Exanple 2 wherein the
circunferential maxj mumtol erance_.is nore than 1.5% but not npre_ than
3% and al so theAcetigaghss surible ysed fy@ulfingriedbcogrergal, ¢haraciesized w that a
wherei n t hg Gk ahefbud (TB%ha BY tabier@Na®bieS cSnt MO0 {hR@Rest: A
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content, wallrcihfeednifiebmadnthnt toddanbeS$4)ap defeResisabIbsoluievalhslvi d3level
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t he crucidkH0arvéiceadsiehnagngragaevadyey st michsunddt gver she mell cisovanfereote 80%e
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4. A method of pulling a silicon single crystal, comprising using a silica glass

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



