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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 silicoggaiyipte: gtargfr-diameter silicon single
crystal ingot (hereinafter referred to as a single crystal ingot simply)
during pulling to significantly reduce pinhole defects in the single crystal
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Also, it is known that the resulting silica crucible has a two-
BACKGROUND ART
[000G2] Heretofore, as typically illustrated by schematic vertical
sectional views in FIGS. 4{a} and (b}, it is known that high-purity silica
glass powder having an average particle size of 200-300 um and a purity
of not lower than 99.99% is used as a starting material and filled into a
space defined by an inner surface of a graphite mold and an outer
surface of a core, for example, a space of 30 mm while rotating the
graphite mold at a speed of 60-80 rpm [see FIG. 4(a)], and then the core
is taken out after the filling, and a three-phase AC arc discharge
apparatus using graphite electrodes is inserted from an upper opening
part while rotating the graphite mold at a speed of 50-100 rpm and
reciprocated vertically along the inner surface of the graphite mold to
heat an inside of the graphite mold to a temperature of about 2000°C,
while the starting powder is melted and solidified while conducting
vacuuming through an air flow path opened to the inner surface of the
graphite mold, whereby a silica crucible having, for example, a
thickness of 10 mm is produced [see FIG. 4(b}].
[0003] Also, it is known that the resulting silica crucible has a two-
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-1 layer laminated structure composed of an outer layer of high-purity
amorphous silica glass having a bubble content (expressed by a
percentage of a total volume of bubbles contained in silica glass per unit
volume) of 1 to 10% and a purity of not lower than 99.99% and an inner 5
layer of high-purity amorphous silica glass having a bubble content of not
higher than 0.6% and a purity of not lower than 99.99% and a thickness
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1 1-5 [see FIG. 6]. [0004] Furthermore, as shown by a schematic vertical
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that the ingot is produced b)iladjustlng the pulling
melt surface while rotating the silica crucible and simultaneously

rotating the silicon seed crystal in an Ar gas atmosphere under a
reduced pressure to pull it.

[0005] Moreover, in the above production of the single crystal ingot,
as also shown in FIG. 5, the silicon melt moves through convection flow
of flowing downward in the silica crucible from the bottom of the single
crystal ingot to the bottom of the crucible and then flowing upward
along the inner surface of the crucible from the bottom thereof toward
the bottom of the single crystal ingot, during which the silicon melt (Si)
and the inner surface (SiOz2) of the crucible are reacted to generate SiO
gas. The thus generated SiO gas moves toward the silicon melt surface
together with the flow of the silicon melt and is released and removed
into the Ar gas atmosphere under a reduced pressure, but it is
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.

In addition, for the purpose of preventing deformation and
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conditions so as not to cause such a defect. In addition, for the purpose of
preventing deformation and 2 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
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DISCLOSURE OF THE INVENTIOR

[0007] On the other hand, the demand for increasing a diameter of
the single crystal ingot is strong recently, and hence there is a tendency
of producing a large-diameter single crystal ingot with a diameter of 200
to 300 mm. As the diameter of the single crystal ingot becomes larger,
the diameter of the silica crucible also becomes larger, so that it is
required to use a silica crucible having an outer diameter of about 610-
810 mm for pulling a large-diameter single crystal ingot with a diameter
of 200-300 mm. In this case, as the diameter of the silica crucible
becomes larger, a contact area between the silicon melt and the inner
surface of the silica crucible during the pulling is enlarged to
significantly increase the generation of SiO gas, and hence it is difficult
to sufficiently release a large amount of the generated SiO gas into an
Ar gas atmosphere under a reduced pressure, so that there is a problem
that the gas moves to the bottom of the single crystal ingot, during
pulling, together with the flow of the silicon melt and is incorporated

mto the ingot to frequently cause pinhole defects.
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that the gas moves to the bottom of the single crystal ingot, during pulling,
together with the flow of the silicon melt and is incorporated into the ingot
to frequently cause pinhole defects. -3 [0008] Also, it is unavoidable to use
a silica crucible having a high- strength crystalline structure with the
enlargement in the diameter of the silica crucible. In the conventional
silica crucible having a high strength obtained by transforming an
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and when a distance from an upper opening en e cruci
the bottom of the single crystal ingot, during pulling, together with the

flow of the silicon melt and is incorporated into the ingot to promote the
occurrences of pinhole defects.

{0009] In order to accomplish the above-mentioned goal, the
summary and construction of the invention are as follows:

{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.

[0010] (2) A silica crucible for pulling a silicon single crystal

according to the item (1}, wherein the inner layer has such an inner
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to the start position for the pulling of the silicon single crystal is 100, 30
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 crucible for pulling a
silicon single crystal according to the item (1), wherein the inner layer has
such an inner -4 surface 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
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[0011] (3) A silica crucible for pulling a silico e crystal 5 according to
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from an upper opening end of the crucible.

[0013] In the melt-molding of the silica crucible according to the
invention, the ratio of the crystallization promoter compounded in the
ring-shaped cutoff portion is set to be 0.01 to 1 mass%. If the ratio is
less than 0.01 mass%, when a distance from the upper opening end of
the crucible to the start position for the pulling of the silicon single
crystal is 100, it is not possible to crystalline only a crucibie portion
from the upper opening end to a position within a range of 40 to 100.
Therefore, the desired high strength cannot be secured in the main
body of the silica crucible, and hence the deformation, distortion and
the like are caused due to a deficiency of the strength in a large-
diameter silica crucible having an inner diameter of 610-810 mm.
While, if the ratio exceeds 1 mass%, crystallization proceeds, over an
ingot-pulling start line of the silicon melt surface, toward the inner
portion of the crucible and the crystalline structure in a zone contacting
with the silicon melt is also made crystalline, and hence the generation

of Si0 gas at the crystal grain boundary as mentioned above is activated
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the like are caused due to a deficiency of the strength in a large- diameter
silica crucible having an inner diameter of 610-810 mm. While, if the ratio
exceeds 1 mass%, crystallization proceeds, over an 30 ingot-pulling start
line of the silicon melt surface, toward the inner portion of the crucible and
the crystalline structure in a zone contacting with the silicon melt is also
made crystalline, and hence the generation of SiO gas at the crystal grain
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flow of silicon melt. The above generated SiO gas is separated from the
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._considerably reduce the occurrence of pinhgle defects’in 20 the single
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red B B e PR T LB SR AR e
MO Witkibles orwestthe ifner slgHtecst thelt to the bottom of the

single crystal ingot during pulling is significantly reduced, and hence it
is possible to considerably reduce the occurrence of pinhole defects in
the single crystal ingot. Furthermore, when only a crucible portion
ranging from the upper opening end to a position within a range of 40 to
100 is rendered to be crystalline, it is possible to secure the high
strength capable of preventing the occurrence of deformation, distortion
and the like in the silica crucible, but also the inner surface of the
crucible substantially contacting with the silicon melt keeps amorphous
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 is further suppressed as compared with the crystalline
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.



10

13

20

25

25 crucible substantially contacting with the silicon melt keeps amorphous
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 is further suppressed as compared with the crystalline 30
structure, and hence there is obtained a remarkable action capable of

BRIVIDGESORNPIGESN S FCHRIDINREglefects in the single crystal ingot
[m%%elto the generated SiO gas. -6 BRIEF DESCRIPTION OF DRAWINGS
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shawiredlshapéchaving ihbuacinshng enthralieyqratieranin (pfisch (a) is a
dia%@a;@_ BH3R0R %i%awwﬁwm%mﬁﬁ%@ﬂg%@@é@@%ﬂﬁﬂ%&lﬁdﬁaﬁge
e ?lllca crucible. FIG. 3 is a schematic vertical sectional view showing a
ang XiplRy RAGA Bt dR it ATAIY A SER R o the TN EDR. FIG.
belthisi arschemiate vestiparagetionaliviewsheiliog qradigton steps of a
silica crycible, in which (a) is a diagram showin state qof filling a
matorl e 0 el e Semo e ST e R el
potiiieabribiblec18aht: Sistaiehemetiordénicapsdutionabuitarshowing a
state ofrpylling @ SIRgleCHYRtR! iNgetchiGe6rid Adlidaramsachematically

showing the behavior of SiO gas %gn_erateql in an inner surface of the
ProgovitiotiaRiich &riidibR CFHBRIST MOBECEAR EaRAAREB roMRS 2
stalt\VENTN] Q0 L6EThe powbodinents bf iberinliegianwithberdeseribede of
mergjth Je Frené:%iﬁgcgl%lacgﬁnganying drawings below. The silica crucible

orthe ptlflﬁng ofa sing% crystal according to the invention is a silica

crucibleFiér plliingsssiiconadingke tigsthsectional view showing a state of
pulling a single crystal ingot.

FIG. 6 is a diagram schematically showing the behavior of Si0

gas generated in an inner surface of the conventional silica crucible.

BEST MODE FOR CARRYING OUT THE INVENTIOHN
[0016] The embodiments of the invention will be described with
reference to the accompanying drawings below.

The silica crucible for the pulling of a single crystal according
to the mvention is 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 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 silicon melt surface in a sectional side view of the crucible,
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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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
silicon melt surface in a sectional side view of the crucible, 30 and when a
distance from an upper opening end of the crucible to the start position

foolerihe pyling ekbecsiiconanalnsiealis 400 g%mxatgw%g'@e%ﬁieﬂ

from the upper opening end to a position within a range of 40 to 100 is
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while maintaining the above size as schematically shown by the vertical
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contrary, as shown by the’schematic vertical sectional 15 views in FIG

incerppapierl DY), (WReHag e Adb aiah Mgt siptthaicansteased as
diabetwaen siarttipe aad aniendinei ke thequiiegeaian. ingot in the
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silicon melt as schematically shown by the vertical sectional View of'the

INgiaiR Phf e JR5)t MErsterelssiengas geherafealattiiyy inner surface

shape having mountain parts and valley parts in the sectional side view
of the silica crucible”, an inside of a ring groove constituting the wavy
inner surface shape is a retention zone being free of the influence by the
flow of the silicon melt as schematically shown by the vertical sectional
view of the main part in FIG. 2(b]. Thereiore, Si0O gas generated at the
bottom section of the crucible is moved along the inner surface of the
crucible with the flow of the silicon melt to the inside of the wavy inner
surface shape, where it is retained at a state attached to the inner
surface of the ring groove together with SiO gas generated in the wavy
inner surface shape and then grown by aggregating with Si0 gas
sequentially moving into the ring groove and SiO gas sequentially
generated 1n the wavy inner surface shape. When the size is enlarged
into about 500-900 um, the accumulated gas has a large buoyancy and
it separates from the wavy inner surface shape and rises straight
toward the silicon melt surface by its large buoyancy without being

affected by the convection flow of silicon melt. Thus, it is released into
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bottom section of the crucible is moved along the inner surface of the
crucible with the flow of the silicon melt to the inside of the wavy inner 25
surface shape, where it is retained at a state attached to the inner surface
of the ring groove together with SiO gas generated in the wavy inner
surface shape and then grown by aggregating with SiO gas sequentially
moving into the ring groove and SiO gas sequentially generated in the

' ize| ed-30 ] oult.
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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, Si0Q
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 pesition 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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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 25 when
the end position for the pulling of the single crystal is above 10, SiO gas
cannot be suppressed sufficiently and there is a fear of causing pinhole
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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
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is improved. The straight body section of the silica crucible means a.
body section of the silica crucible as the name suggests, and concretely
20 indicates a crucible portion covering a range until the curvature is
varied from the upper end to the bottom of the silica crucible. [0021]
When the pulling experiments of a large-diameter single crystal ingot
having a diameter of 200-300 mm are conducted using a large silica
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ross section of the silica crucible is "sine to wave". However, even if such

c
the ARAVE IS niSHREG i %same  significant effect is also obtained as
[00BBY ashherdistancerhetwden dhetdop pdsittanthtthe prountainipartant of

i segetausonsl eyplerPland i dohose e or
crypistdsver Quisstthe erstaide poriivre igperdserippenanshing 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 prévent deformation or distortion of the
silica crucible.

On the other hand, as seen in the conventional silica crucible,
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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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 Iong as the high strength can be secured in only the upper
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(hereinafter indicated by BaO), calcium 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 crystallization 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.

[0025] Furthermore, when the ring-shaped cutoff portion containing

the crystaliization promoter is removed after the melt-molding of the
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crucible portion contains 0.01-1 mass% of a crystallization promoter 15
(preferably at least one of aluminum oxide (hereinafter indicated by
A1203), calcium oxide (hereinafter indicated by CaO), barium oxide
(hereinafter indicated by BaO), calcium carbonate (hereinafter indicated
by CaCO3) and barium carbonate (hereinafter indicated by BaCO3)), and
silica crucible materials are melt-molded at a state provided with a ring 20

siliSHaRe Ao tRAHIon eXEending, upRsd HOM HhEBREF APHIUNG.E0ELA% in

the crucible to form the créystallln_e, structure. As shown in the silica
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occurrence of pinhole defects can be suppressed in the single
for it PHRROBRSHIFERGRISHE PRI ahe IerheidismEdes Rgienal

conditions, which 1s 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 cutoff portion extending upward from an upper opening end of
the crucibie 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

-13 -



10

15

20

2
LN

crystal ingot having a diameter of 200-300 mm. [0026] (Example) (A)
According to the production process shown in FIGS. 4(a) 15 and 4(b),
high-purity silica glass powder with a purity of 99.998 mass% having an
average particle size of 250 m 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

i GRANIL AL and.an puter suslace:al mears whiledhr 20 graphile mgld
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temperature gf@}bout 200QC. On the other hand, the startlng powder is
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prefyoraateiisyksegyantly Ahe ng-shapeas-guteffiBortian s eHt R for the
removgd from }the silica crucible 5 materials of the invention using a
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' in T d tical section inner surface shape
e the e W SR s B E v
ingihartérgajapplifg iEna 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 95.998% 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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1o an end line for ingot pulling in a silicon melt surface by grinding
processing, and then the grinding-processed surface is subjected to a
smooth finishing treatment using an oxy-fuel burner. Thus, there are
prepared silica crucibles A-1 to A-9 according to the invention for the
pulling of a single crystal ingot with a diameter of 200 mm, by 5 pieces 15
respectively, each having such a size that an outer diameter is 610 mm, a
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jlica crycibles B-1 to B-9 accarding to the invention for the pulling of a
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having s eHiETASSTaEtingg 9838 AP 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 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 is filled 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-

1 to C-10 for the pulling of a single crystal ingot with a diameter of 200

-15-



10

I3

20

25

30

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 to 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 no
crystallization promoter in the upper end of the crucible. [0027]

; in the upper er t_
O ML IS GRS 0 o) Bk oS BORLE B ey

dizgnotryds MESIHThaviAgRIR d5erSGe PartieGReRIcIBEEH 1 Udbdrs.aand

posiatinthpawdelrunaer foeraleonditions ivhichiisdiled intosa space.af 36
mrrgnj;% defined between an inner uéﬁ?i%]? of a graphite mold and an outer
[

32 BB EsBPER % SWEHEYP0 it RohT RGP erRible
puBizes whildGhergrdpbite theldiapdthepeormarerndiatedidt avspged of69ayer

lizati ri nded and mixed with the
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thidkidingothe gore isiakan sutanthadh r@ﬁwﬁﬁ-ﬁ§ﬂ§ disehA98ss with a

aratus usin phite electrodes is inserted from the upper opening
bu Rl BTG e b DI s ead o B8 it AR b RUCAEH Tp
andm dosnialgng fisedtinetsunfgoe oi sherdgraphiteupoier te e asfathdnside vfle,
j n re. Qf ut 2000C. On the 30 ather hand,
pr({@ggﬁg‘?gﬁgg? i?l rﬁn?e tesgﬂanf g(%}gi‘ﬁgl&m%lé‘%tr%%hﬁ)g rri‘:ﬁso";rld1 whife <
Padsnigueihd VaBGdnthGhBrovaprastaiteswbatteopeimabito the inner
o the g A 2 S et o 200 1 ph
.,.for the pullin single crystal ingot with a diameter o - by
Sl o PAEReth o S g COh 1S3 TR H Bt GRYABRFation
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< SR oL IS ol are o e an oo
congarippeabpliftagcanglpiss Rnvinpvibieyshe pulling of a single crystal
ingot with a diameter of 300 mm, 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 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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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, io and
containing crystallization promoter in the upper end of the crucible,
provided that a wavy inner surface having mountain parts and valley parts

cry'$tA0E SRR RS IRna! ﬁ%ﬁg?ﬁﬁéé%%%@?u%#}g é%%ﬁ?x%eend of the

production method as in the conventional silica cru ‘ C-9inthe
CrUMBlR (& Rl RRE i dR/stal REOHNESOS e RBIERTs FeRiGeeristae is
100mpatapening FagRetion:of the iedbliviia radosienefiAMPBRIOw”) as
an th‘g uggg:v%ﬁening end are.prepared conventional silica crucibles D-1 to

B 5 orthe phjlﬁnog S géjl‘ﬁlg ec?r‘ystal ingot with a diameter of 300 mm, by

5 pieceStdspegticeliiyeachdlavinys suchasize thairey disteradmmet2 230
mr8LhEBod depth f%&ﬁéc@%@?%zéﬁh@&q?g 36 B3¢ g&ﬁ!:!ﬂ%?&?%
n melt surfac e

. astart line for ingot pulling in"a silic rface at 100 mm from t
Wltbp%éa%@ﬁm%wa%ﬂw iReHbr pRIME BRIES M GroRT B ippet-1
to @pEraiilig @d% &mh@hﬁ\&ﬁ@@rd&iﬂg|&YQh@@ﬂﬂé§ﬁQo§§fF@iHr@k@B@i?%ﬁ?%tﬁf@@l

...inner_layer o jgh- purity silj ass with a hubble content o %, a
Sl B BUadeon 28 B 2 HIcHde b st i o HEFRAYEFof reces
for leiglparitysilivalytdssbwith aAfibbleheopteiigf 594 miriyl 099297 %
ingBRd %ﬂ*éi“d@%%alﬂfzé%dﬂrﬁ«ﬁﬂdtﬁgf}é@g}% PR 1% %'J{%?‘H?'hﬁéo 8HIR i

the upper end of the crucible, provi that'a wavy inner surface shape

ODICAVFY SHNESRP it 4. SHifey pane erdiolmiediPtiathRerstefEcd
accortliegrusitie. 36/[0028h Witk respeeiiodhe resultingsilisa grusibles A%,
C-LHHEE L R SeIRE T e S asivan Aol i e
cruciblés C-1 1o C- - - 1Zadl

ratmpwérenpeniimjmdeoifrm d&miblpp&mm@nmmg&lndi@rbsk_;emnaﬁma {1ba
satOEBliaion e ienagyar s o Lm0 8 i o
Tahiggvinandablésa emnprgnel califnioruerstlingot palimgyesrage value
of 5 crucibles.
[C029] (Evaluation)

{1} Suppression of pinhole defects

As to the above various silica crucibies after the puliing 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 I 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 wafers 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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an average value of 5 crucibles. 5 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-i 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 10 for each as described above. After the pulling of the

andNPIGFTysiah fQok3.dhe ¢ryatalization from. the %%@%%ms@a&we

crucible is observed with respect to the Silica cru A- 1t0'A-9 and

APRRTAYIS & HREBRIRG B IRvesHa ariene soibaptidralestiefeersapnan

& waikith -9 and griasBdhUsinig an dipligat sH G PseARS AT Athan 30 pm
io when a distance upper o nld of the

. tallization 15 rat [

S TERBIECS 8 I BOLTBNISF R B of a SHCBIPEMIE S/StA S F66 1
shahown ifabhdsieb arath@ 2 (the column of "after ingot pulling”) as an
[Oﬂﬁﬂ:ag?Qﬂalg?réﬁénﬁr%iQiﬁ%a[QQa%%b@évalUation) 20 (1) Suppression of

ole defects As to the above various silica crucibles after the puI]%g of
the singfe Y8 wigeRsth inhthaiaheteFgiblepper slsérimGRREST e
thectuaiblesisimeasurethatsko-Nait HalapgdstiRe LREAPRBLY, idnd dsrdical

._result, any crucihbles are considerably small in the deformation because 25
i B DGR THSH SAIGE AP LA LR RS G R =
verrangeafipot Jargsrthanm ) nhetwerthehmaratSrsingtiacry statirrgotspane

i hessili j =1 - - -9, .
oD s e Tvorion s (L Aaarde pE e alln LR in
the plater PRI BRE WY, HobOrNaIes RaviRg ] eiririese slcformatonre cut
amOutifQsn gnesinste oysialingaldairg s-dmaleral BNk 286-890:h of
th walfers havmgia thICk%?lss f 775 m are cut out from one single crysta

“iRgSThAVNG' 2 Gidtnet8r 9# 500 mm. With respect to the total wafers cut

out from 5 single crystal ingots, respectively, the upper -17 and lower
surfaces of the wafers are inspected using an inspection
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apparatus to measure the number of wafers with pinhole defects when a
wafer having a depression with a diameter of not smaller than 30 m is
regarded as a pinhole generating wafer. The measured results are 5
shown in Tables 1 and 2. [0030] (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
[0 0&5@2 fﬁeihn; pulling to measure, with a 1o vernier caliper, a gap (mm)
between the outer surface of the upper opening end and the ruler. An
average value of 4 pomts measured in the outer perlphery of the crucible

iscatettatedas-adeforn lauun ClIIIUUIIL Jlrs%ltcallf J t} n i"lii"lg e pGi’;iOi"n
ALic
(mm), wHereby the strengthrcb;fgQ}@Ggllccyg{m gg@pelva uated. -18 [0031]
rysta 10n . . ~
Table 1 Rafidat &1t of Crystaljization cry qﬁz@q gh iy ﬁﬁgﬁo% ﬁé‘i@%h
ﬂi}fif)er Nusrberdef| Befor natron—openin cllu ot promoter: il m) crercibbesning
oube (o) OLe on
(volume 96y {far&ts amoliftofTypeseom @Q@Z@ﬂed‘;ﬁgiﬁvltrw@p@r )ﬁ‘érﬁ“ﬁ
cutoff portidfGriove Groove Befdre Afterpinhole:Bme portion fepth™
wiath jngaetmngotdefects ~mm) (mass pullssgipulling A-1 A1203/1% 0.45
10/98.1 990: G0 A-2 Ca0 0.1 46%84.6 8655 18 A-3 B&0 0.1% 15 70
74:8%75. 8% 1 A4 R4 CaC03-80.05% P 100 880 64 861 6 Al5 BaCO34
0.0+ 58U 645 0 61417 A 6-CAN 3-6-670609-4°58-03.6-D4-5 5+ -
AR RN SO e Bl S A hé’n AN ¥
C:lp UJ.A{ d—\ F (P%buo J. UL70 605136222 2.8 WA-8 Bag 0.:06%
IS A 1 30 83, 6 94. 5 5 0.7
aG T 0.3%
o | e a0 @ 0.01% ‘ -
BN hacos o 0.0 1 80 51.3 52.2 2 2.8
g1, Bal © 0. 06% R j
E Aly0g © 0.1%
= 1 A-91  Ba0 : 0.2% 1 50 95.9 96. 4 4 Lo
E CaC0sz : C.3%
3
= | A0y @ 0.8% -
Rl 1 S A 2 50 98. ¢ 99. 6 7 0.8
=
5 |B-2  caD : 0.01% 0.5 50 40. 6 40.8 6 4.7
g |, BaCO3 © 0. 1% .
3UB30 Cacor ¢ oo 1.5 50 77, 4 78.2 5 1.2
o Als0g : 0.05%
B~4 | Cab : 0.05% 1 50 76. 5 77.3 4 L2
CHC03 D0, 08%
B-5|  BaC0a ' (.8% 1 10 94. O 94. 5 6 0.7
B-6]  Al0g : 0.1% 1 30 72,6 7.8 3 6
» Cal @ 0.35%
e 1 80 85.9 86. 4 g 11
B-8|  Ba0 : 1% 1 80 98. 1 9g. 0 8 0.9
B-9 |  Cal0; : 0.5% 1 100 84.0 84, 4 8 12
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A CaC030.04k 19072.072.86 1.7 A1203 0.1% A-9 BaO 0.2% 50 95.9
96.44 1.0 CaC03 0.3% A1203 0.5% B-1125098.999.6 7 0.8 B-2 Cap
0.01% 0.5 50 40.6 40.8 6 4.7 1jBaCO3 0.1% B-3 CaC0O3 0. 1% 1.5 50
77.478.251-2 A1"030 0.05% B-4 CaO 0.05% 150 76.577.341.2
CaC03 0.05% B-5 BaC03 0.8% 1 1094.094.56 0.7 B-6 A12030.1% 1
3072.072.851.6 CaO 0.35% B BaCO3 0. 15% 16085.986.441.1

[ods3} Bag,

A

%80981990809 1 B-9 CaCO30.51A 1100 1 84-084.4

6 1.2 [0032] Table 2 Ratio of | Size of Crystallization crystallization i ring
groove ratio from upper promoter opening end of Number ofbeormation
Type cor@pﬁgygpea n (mm)_ Cg%lzglp)%e (\_IOI e at gl§ arpoumnt ol with
upper opening uppenope mngleg@raﬁt_éon and | poktiaR«sro qov! eGrggefgrmm
Before A F“@F@‘f}ole P p depth wiglth mgc@ﬁﬂgﬁftﬂég@@;?g (Mass:Hoy
puliing pdliRG i C-1 7 AT203 373 { 2143 31 0.2 C- Q | B opening
124.6 188162705 4 Sroove | Groove: | Before | After | cre
depth width | tngot 1ngot elects ()
{mass %) pulling | pulling
C-1]  Aly0y : 1% — e 137.5 | 214.3 31 0.2
C-5 | Cab : 0.5% — — 124.6 | 188.5 27 0. 4
C-2|  Ba0 : 0.1% — e 112.5 | 160.3 26 0.3
C-4 | CaCO3 : 0.05% — — 104.1 | 150.8 24 0.4
C-5 | BaCGs : 0,91% — - 81.4 127. 4 19 0.7
. A0y 0 0. 3% _ — -
e A 133.6 | 205.1 25 .
n Cal @ 0.01% — _ -
CT1 pacos ¢ 0. 018 80. 0 187. 2 21 0.4
_ Bad @ 0. 06% - _ .
LB Gacos o oa 112.6 | 160.9 26 0.4
Tg Alg{)g D00 1%
S 1c-2] Bad : 0.2% e — 135,0 | 206.2 31 0.3
z CalOs T 0. 3%
E Cc-10 Al,Qy 0 0, 005% — — 37.9 38.1 _  {nward falling
w -~ Stop
—~ Al,05 @ 0,5% - . e
: L N I 138.4 | 270.5 32 0.1
Tz Cab : 0.01% — — 79. 1 144, 7 22 0.4
2 BaCO, @ 0. 1%
£ L B — —_ 116.9 | 197.6 28 0.3
A1,05 @ 0. 08%
D-4 | Cab @ 0. 05% e — 114.8 | 192.2 26 0.4
CaC0y ¢ 0. 05%
D5 | BaCOs : 0.8% — — 133.31 | 250.0 29 0.3
D=5 Al,Gs - 0.1% e — 112.6 | 1850 26 0.2
Cal @ 0. 35% -
7| Bacoy ¢ 0. 1% n 125.2 | 224.7 29 0.3
D-§ |  Bad : 1% L — — 138.2 . 2727 33 0.1
D-8 | Cally @ C. 5% | — — 123,72 | 227.4 31 0.1
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C-31Ba0O : 0.1% - - 113.5 160.3 26 0.3 C-4 CaCO3 0.05% - - 104.1 150.8
0.4 C-5BaCOa:0.01%--81.4127.4190.7 C-6 A1203 0.3% - - (
133.6 205.1 25 0.2 CaO 0.3% Ca0 0.01% C-7 BaC03:0.01% 90.0 137.2
21 0.4 C8BCaDC03 0.06% 112.6 160.9 26 0.4 A1203: 0-1% C-9 Ba0O
0.2%--1135,0206.2310.3 CaCO3:0.3% C-10! A1203 0.005h 3g,1
- Inward St falling op D-1 A1203:0.5% ! - BaO 0. 59'F 138.4 270.5 32

[oe%égD 2saR el Bbih' mie/rbldng: Z}?a?w%n%&ﬂ?&?? Qri‘c?/%“e%’n]%@n

3 0] CaCo03: 0.19% A1203 0.05% D-4 Cap :0.05% - - 114.8 1
theglfar EisesisoBERTRBIBRCOTHIgHA- 11@311 -Pmnch Belotg @@

acddtddsdg & e 1n*1é18t@31c185§v%6a01'ﬁ o airetgbYca PabhiBaE @3 r%%%?ng
Ba % - -

)
I S i Rt
cryistdRblesstrandZref@mwhbfrdhe auerdiametepehthe sitich af ubibles
cruftibio &2 FURBIABBAD-100 when a distance from the upper opening
end to a start position for the pulling of a silicon single crystal is 100
even if the outer diameter is increased to 610-810 mm for pulling a
large-diameter single crystal ingot with a diameter of 200-300 mm. In
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 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
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, 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
silicon melt is unavoidable. In this zone is more activated the
generation of Si0 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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according to the invention have a high strength capable of suppressing a
crucible deformation during the pulling of the single crystal ingot by a s
crystalline structure formed from a an upper opening end of the crucible
to a position of 40-100 when a distance from the upper opening end to a
start position for the pulling of a silicon single crystal is 100 even if the
outer diameter is increased to 610-810 mm for pulling a large-diameter
surtideeysialingabth adiametsr ohR00-3080mRe: N0l a 28HUoR. Hce
no crystallization promoter is existent in the upper opening end partion of
ratip@ERRGHIEY St SHOHCABEE Phy Rife U BRSTaRREREMFAIA Y [ddibe! the
crudevpiapesk sothahap entokbaussistuetire 49 Maintained didheinnen
amfifaceratie guicitie sybstanially centacting withya silicon melt during,
e pu‘ﬁmg 5 thed singlec s%rflmgof Whitg the hBer of plrﬁ*no e
uppefaetsigenevhtdtinrtia Bingle dlystaldapgot iheqsldegbly sedticglibythe
sto gwm er surface shape with mountain parts and valley parts formed
om the start line for ingot pulling to the end line for pulling in the silicon

.

[00RE]: sdimeacainaithePafatboriiicericiitnkithltheadfHgas 28

parsimdgwgz Qmtaeletier b@ﬂﬁn@%(i%ﬂg@fﬁﬁbéﬁﬁbﬁﬂicéiﬁfgl@ bi?ﬁﬁ@al iﬁg@btl-9

..and D-1 to D-9 igh strength capable of suppressing, the crucible

i PR s LDt T S Pre L Sl RO GRS TR upper

immppemnteendportoh aofdhgusziitibled is ecystdiimsrucirephsisilee the

Crygmsrta}g%glﬁ_on promqter_is e_xistent in the upper open!ng_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 3o 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 -21
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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 5 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 {gfgergiameter single crystal ingot with a
diameter of 200-300 mm, and greatly contributes to the 10 improvement of
vield antt ofiaRteF sTariBlaiEoRaRsrimEoh SiHgRn sl warstals2

corfp Ay dildsilicasy ueiblentoriplingwsilicprr-dngle ahystali semniiging
silica glass and hetvingfa two-layer structure of an outer layer and an

n

1ay?ﬁn s ﬁé},lg{/lv erin the inner layer, in a sectional side view of the
crucible;hkasia waeyiiner syrfacersizapediawig sidentanwpairtdandrucible,

haalleyRas Aleastheee %ﬁa@ip%sﬁh%mgﬁn aogﬂaq%i%ﬁam

uIIin% f a silicon single crystal in a sificon melt surface, and when

p . ¢
at lgReh TRt WsRTaR SEYERPENAG émfictmenduepidienlotHésmi poutioha
silifentharpuling-gé theisilicen RinaleesystahisakQ,andy a crucible portion
from the upper openin erlg to a position within a ran gof 40 to 100.is
crystallfcs A SIE SRR or BUTIRBEA SRESH Snhchar SEES I
thetewlainpdswierépr thecdmelliagerhdsessidivan ismarlsufaseall s shapeonly
- di > Ifi tai - pest
AR e L AR S T
range phatihtanl P4Hsis IR ts i mm. 3. A silica crucible for pulling a silicon

single cpystalsaceRrekngio16lahm datidgnhersiowhan @ deighdposition of
acc?rseggﬁ%%gl %jrr%;glewcﬁ%%gg It%?: ?H%&rf%gehrt gg%‘“sc*ilncgf atgei%p e%“r surface
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 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 s 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 0 to 10 from the bottom of the crucible.

4. A method of producing a silica crucible for pulling a silicon
single crystal according to claim 1, 2 or 3, wherein a crystalline portion
of the crucible contains 0.01-1 mass% of a 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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crucible is 100 in a sectional side view of the crucible, the start position
for the pulling of the silicon single crystal is within a height position range
of 50 to 95 from the bottom of the crucible and the end position for the
pulling of the silicon single crystal is within a height position 25 range of 0
to 10 from the bottom of the crucible. 4. A method of producing a silica
crucible for pulling a silicon single crystal according to claim 1, 2 or 3,

is BRI aasYalngactian Aidbe siualis AURNSg; dfgg]%?é% HRium
crystallization promoter, an a crysta ine structure is forme

carpeRaHo Mg B EABacaTRMBIEBD 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 -23 is at least one of
aluminum oxide, calcium oxide, barium oxide, calcium carbonate and
barium carbonate. -24
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