
SPECIFICATION SILICA CRUCIBLE FOR PULLING SILICON SINGLE CRYSTAL AND METHOD OF
PRODUCING THE SAME 5 TECHNICAL FIELD [0001] This invention relates to a high-purity silica
glass crucible used for pulling a silicon single crystal ingot for a semiconductor, and more particularly
to a high-purity silica glass crucible (hereinafter referred to as 10 a silica crucible simply) with a high
strength capable of reducing SiO gas taken from a silicon melt into a large-diameter silicon single
crystal ingot (hereinafter referred to as a single crystal ingot simply) during pulling to significantly
reduce pinhole defects in the single crystal ingot due to the SiO gas and prevent the occurrence of
deformation, distortion and the like. 15 BACKGROUND ART [0002] Heretofore, as typically illustrated
by schematic vertical sectional views in FIGS. 4(a) and (b), it is known that high-purity silica glass
powder 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 25 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 2000C, while the
starting powder is melted and solidified while conducting 30 vacuuming through an air flow path
opened to the inner surface of the graphite mold, whereby a silica crucible having, for example, a
thickness of 10 mm is produced [see FIG. 4(b)1. [0003] Also, it is known that the resulting silica
crucible has a two-  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 ratio of the inner layer to the outer layer is commonly
adjusted so as to be 1:1-5 [see FIG. 6). [0004] Furthermore, as shown by a schematic vertical
sectional view 10 in FIG. 5, it is well known that the single crystal ingot is produced by charging a
high-purity polycrystalline silicon lump into a silica crucible mounted onto a graphite support, melting
the polycrystalline silicon lump by a heater disposed along an outer periphery of the graphite support
to form a silicon melt, and heating and maintaining a 15 temperature of the silicon melt to a given
temperature range of 1500- 1600C and bringing a silicon seed crystal into contact with the silicon 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. 20 [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 25 the bottom of the single crystal ingot, during which the silicon melt (Si) and the inner surface
(SiO2) 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 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. 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 promoter onto an upper opening portion of the crucible along an outer peripheral surface
thereof to transform an amorphous structure into a crystalline structure by the action of the
crystallization promoter during melt- 10 molding. [0006] Patent Document 1: JP-B-H07-42193 Patent
Document 2: JP-A-2000-169287 Patent Document 3: JP-A-H 11-171687 Patent Document 4:
JP-A-2006-124235 15Patent Document 5: JP-A-2005-255488 DISCLOSURE OF THE INVENTION
[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 20 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 25 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 30 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 into the ingot to frequently cause pinhole defects.
[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 amorphous structure into a crystalline structure through the
action of the crystallization promoter, however, the crystallization is far advanced even in the pulling by
the action of the crystal accelerator existing in the crucible in combination with the lengthening of the
pulling time based on the increase in the diameter of the single crystal ingot, and hence crystal grains
are made further minute to more increase grain boundaries. And, the reaction between the silicon melt
(Si) and the inner surface of the crucible (SiO2) occurs more actively in the grain boundary than the
amorphous (vitreous) structure, and hence the generation of SiO gas is also significantly increased, so
that it is difficult to sufficiently release a large amount of the generated SiO gas into an Ar gas
atmosphere under a reduced pressure. Therefore, 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
into the ingot to promote the occurrences of pinhole defects. [0009]In accordance with an aspect of the
invention, there is provided:              (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  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. 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 0 to 10 from the bottom of
the crucible. [0012](4) A method of producing a silica crucible for pulling a 



silicon single crystal according to the item (1), (2) or (3), wherein a crystalline portion of the crucible
contains 0.01-1 mass% of a crystallization promoter, and a crystalline structure is formed by
melt-molding the silica crucible having a ring-shaped cutoff portion extending upward from an upper
opening end of the crucible. [0013]In the melt-molding of the silica crucible according to embodiments
of the invention, the ratio of the crystallization promoter compounded in the ring-shaped cutoff portion
is set to be 0.01 to 1 mass%. If the ratio is less than 0.01 mass%, when a distance from the upper
opening end of the crucible to the start position for the pulling of the silicon single crystal is 100, it may
not be possible to crystalline only a crucible 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 may be 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 SiO gas at the crystal grain
boundary as mentioned above is activated  in this zone to facilitate the occurrence of pinhole defects
in the single crystal ingot. [0014]According to the silica crucible in embodiments of the invention, even
if the size of the crucible is increased to an outer diameter of 610-810 mm for pulling a large-diameter
single crystal ingot of 200 to 300 mm in diameter, a large amount of SiO gas generated along with the
increase of the crucible diameter through reaction between the inner surface of the crucible and the
silicon melt may be retained in the inner surface of the crucible constituting the wavy inner surface
shape with mountain parts and valley parts. The retained SiO gas is retained until it is grown by
aggregating with sequentially generated SiO gas to a size not affected by the convection flow of silicon
melt. The above generated SiO gas is separated from the ring groove when the generated gas is
grown to a size which has large buoyancy, moves straight toward the silicon melt surface at once, and
is released into an Ar gas atmosphere under a reduced pressure. Therefore, the amount of the
generated SiO gas moving with the convection flow of silicon melt to the bottom of the single crystal
ingot during pulling may be significantly reduced, and hence it may be 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 may be 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 may be 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.
BRIEF DESCRIPTION OF DRAWINGS [0015] FIG. 1 is a schematic vertical sectional view showing a
half potion of the silica crucible according to the invention. FIG. 2 is a schematic vertical sectional view
of a main part 5 showing the silica crucible according to the invention, in which (a) is a diagram
showing a wavy inner surface shape having mountain parts and valley parts and (b) is a diagram
schematically showing the behavior of SiO gas generated inside the silica crucible. FIG. 3 is a
schematic vertical sectional view showing a half 10 potion of silica crucible materials according to the
invention.           FIG. 4 is a schematic vertical sectional view showing production steps of a silica
crucible, in which (a) is a diagram showing a state of filling a material powder and (b) is a diagram
showing a state of melt-molding a silica crucible. 15FIG. 5 is a schematic vertical sectional view
showing a state of pulling a single crystal ingot. FIG. 6 is a diagram schematically showing the
behavior of SiO gas generated in an inner surface of the conventional silica crucible. 20 BEST MODE
FOR CARRYING OUT THE INVENTION [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 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 silicon melt surface in a
sectional side view of the crucible, 



30 and when a distance from an upper opening end of the crucible to the start position for the pulling
of the silicon single crystal is 100, only a crucible portion from the upper opening end to a position
within a range of 40 to 100 is crystalline.  [0017] In the conventional pulling, SiO gas generated by
reaction between the silicon melt and the inner surface of the silica crucible has a size of 50-200 p.m
in diameter immediately after the generation and moves with convection flow of the silicon melt along
the inner surface of 5 the crucible. Most of the SiO gas is released from the silicon melt surface into an
Ar gas atmosphere under a reduced pressure while maintaining the above size as schematically
shown by the vertical sectional view of the main part in FIG. 6, but the remaining slight amount of the
generated SiO gas moves to the bottom of the single 10 crystal ingot during pulling and is incorporated
thereinto, resulting in pinhole defects. Therefore, there is a problem that the ratio of SiO gas
incorporated into the single crystal ingot is significantly increased as diameters of the ingot and the
crucible become larger. [0018] On the contrary, as shown by the schematic vertical sectional 15 views
in FIGS. 1, 2(a) and 2(b), when at least an inner surface of the silica crucible between a start line and
an end line for the pulling of an ingot in the silicon melt surface is rendered to be of "wavy 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 20 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). Therefore, SiO gas generated at the bottom section of the crucible is moved
along the inner surface of the crucible with the flow of the silicon melt to the inside of the wavy inner 25
surface shape, where it is retained at a state attached to the inner 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 wavy inner surface
shape. When the size is enlarged 30 into about 500-900 pm, 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  an Ar gas atmosphere under a reduced pressure. Therefore, it is possible to significantly
reduce SiO gas caught by the convection flow of silicon melt and moved to the bottom of the single
crystal ingot during pulling and incorporated thereinto to cause pinhole defects. This 5 phenomenon is
not changed even if the diameters of the single crystal ingot and the silica crucible are increased.
[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 bottom of the silica 10
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 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 sufficient strength of the crucible cannot be obtained and there is a fear of causing deformation 20
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 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
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 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 sectional side view of the crucible.
When the upper end  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 crucible cannot be obtained and there is a fear of causing deformation or
distortion of 5 the silica crucible, while when it is positioned downward over 10 mm below the upper
opening end of the crucible, SiO gas cannot be suppressed sufficiently and there is a fear of causing
pinhole defects in the silicon single crystal ingot. Moreover, the reason why the lower end of the wavy
inner surface shape is the same height position as the lower 10 end of the straight body section of the
silica crucible is due to the fact that since the end position for the pulling of the silicon single crystal in
the silicon melt is frequently below the straight body section, if the end of the wavy inner surface shape
is positioned above the straight body section, SiO gas cannot be sufficiently suppressed and there is a
fear of 15 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 20 indicates a crucible portion covering a
range until the curvature is varied from the upper end to the bottom of the silica crucible. [0021] When
the pulling experiments of a large-diameter single crystal ingot having a diameter of 200-300 mm are
conducted using a large silica crucible with an inner diameter of 610-810 mm, it is preferable that the
distance between the top position of the mountain part and the deepest position of the valley part is
0.1-3 mm and the distance between the tops of the mountain parts is 10-100 mm in that the
occurrence of pinhole defects can be suppressed maximally in the above large-diameter single crystal
ingot. In the silica crucible of the 30 invention, the depth and width of the ring groove constituting the
wavy inner surface shape with mountain parts and valley parts are defined based on the results of
various experiments as mentioned above. When the depth and width of the ring groove fulfill the above
numerical  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 to wave". However, even if such a wave form is
modified, the same significant effect is also obtained as long as the distance between the top position
of the mountain part and the deepest position of the valley part and the distance between the tops of
the mountain parts are within the above ranges, respectively. 15 [0023] Moreover, when the distance
from the upper opening end of the crucible to the start position for the 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 portion of the crucible is composed of a high-strength crystalline structure and
the other portions (substantially below the 25 start line of the silicon melt surface for the pulling of the
ingot) are composed of an amorphous structure, the silica crucible can maintain the high strength even
in the pulling of the single crystal ingot, and hence it is made possible to prevent deformation or
distortion of the silica crucible. 30On 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
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 the crystallization promoter is not
existent in the silica crucible, it is possible to prevent the crystallization development action (grain
boundary increasing action) in the silica crucible during pulling. 10 [0024] The method of producing a
silica crucible for the pulling of a 



single crystal according to the invention is characterized in that, as shown in the schematic vertical
sectional view of a half portion of silica crucible materials according to the invention in FIG. 3, the
crystalline crucible portion contains 0.01-1 mass% of a crystallization promoter 15 (preferably at least
one of aluminum oxide (hereinafter indicated by Al203), 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 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 25 position for the pulling of the
silicon single crystal is 100, a portion from the upper opening end to a range of 40-100 can be made
crystalline by adjusting a compounding ratio of the crystallization promoter. In this case, a
high-strength silica crucible having no occurrence of deformation, distortion and the like in the pulling
of the single crystal 30 ingot is obtained even if the inner diameter of the silica crucible is as large as
610-810 mm. [0025] Furthermore, when the ring-shaped cutoff portion containing the crystallization
promoter is removed after the melt-molding of the  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 remaining portion resulted by removing the crystallized portion
between the upper 5 opening end of the main body of the silica crucible and the start line for the
pulling of the ingot in the silicon melt surface) during the pulling of the single crystal ingot, and thus the
amosphous portions remains amorphous. Therefore, the generation of SiO gas is significantly
suppressed as compared with the crystalline structure, and hence the 10 occurrence of pinhole
defects can be suppressed in the single crystal ingot. This phenomenon is same even in the
large-diameter single crystal ingot having a diameter of 200-300 mm. [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 am is used as a starting powder for the
purpose of forming a main body of a crucible under normal conditions, which is filled into a space of 30
mm defined between an inner surface of a graphite mold and an outer surface of a core while the 20
graphite mold and the core are rotated at a speed of 65 rpm. Then, a crystallization promoter is
compounded and mixed with the starting powder at a ratio shown in Table 1 for the purpose of forming
a ring-shaped cutoff 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 30 inside of the
graphite mold to a temperature of about 2000C. 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  invention having a structure shown in FIG. 3
comprised of a crucible main body and a ring-shaped cutoff portion having a height (width) of 20 mm
and containing the crystallization promoter. Subsequently, the ring-shaped cutoff portion is cut and
removed from the silica crucible 5 materials of the invention using a diamond cutter, and thereafter a
wavy inner surface shape having mountain parts and valley parts, in which each of a depth and a
width of a ring groove is shown in Table 1 and a vertical section inner surface shape is sine wave, is
formed in the inner surface of the crucible between a start line for ingot pulling and 10 an end line for
ingot pulling in a silicon melt surface by grinding processing, and then the grinding-processed surface
is subjected to a smooth finishing treatment using an oxy-fuel burner. Thus, there are prepared silica
crucibles A-1 to A-9 according to the invention for the pulling of a single crystal ingot with a diameter of
200 mm, by 5 pieces 



15 respectively, each having such a size that an outer diameter is 610 mm, a depth is 380 mm and a
thickness of 10 mm, and positioning a start line for ingot pulling in a silicon melt surface at 50 mm from
an upper opening end of the crucible and an end line for pulling at 300 mm from the upper opening
end, and having a two-layer laminated structure 20 shown in FIG. 1 and composed of an inner layer of
a high-purity silica glass with a bubble content of 0,3%, a purity of 99.998% and a thickness of 4 mm
and an outer layer of a high-purity silica glass with a bubble content of 5%, a purity of 99.994% and a
thickness of 6 mm, and containing no crystallization promoter in the upper end of the 25 crucible.
(B) In the same production method as in the silica crucibles A1 to A-9 of the invention in the above (A)
except that the height (width) of the ring-shaped cutoff portion is 40 mm and the ratio of the
crystallization promoter compounded therein is shown in Table 1 and 30 the wavy inner surface shape
having mountain parts and valley parts, in which each of a depth and a width of a ring groove is shown
in Table 1 and a vertical section inner surface shape is sine wave, is formed in the inner surface of the
crucible between a start line for ingot pulling  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 mm, by 5 pieces respectively, each having such
a size that an outer 5 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 10 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] (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 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
2000C. On the 30 other hand, the starting powder is melted and solidified in the graphite mold while
conducting vacuuming through an air flow path opened to the inner surface of the mold to prepare
conventional silica crucibles C1 to C-10 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 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 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, 10 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 crucible.           (D) In the same production method as in the conventional silica crucibles
C-1 to 0-9 in the above (C) except that the crystallization 15 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 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% 25 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.



30 [0028] With respect to the resulting silica crucibles A-1 to A-9 and B1 to 8-9 according to the
invention and conventional silica crucibles C-1 to 0-9 and D-1 to D-9 are observed crystallization from
the upper opening end of the crucible with an optical microscope, and a  crystallization ratio when a
distance from the upper opening end of the crucible to a start position for the pulling of a silicon single
crystal is 100 is shown in Tables 1 and 2 (the column of "before ingot pulling") as an average value of
5 crucibles. 5Subsequently, single crystal ingots having diameters of 200 mm and 300 mm,
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 15 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 "after ingot
pulling") as an average value of 5 crucibles. [0029](Evaluation) 20(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 25 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 (.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 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
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 am is regarded as a pinhole generating wafer. The measured results are 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 used
after the pulling to measure, with a 10 vernier caliper, a gap (mm) between the outer surface of the
upper opening end and the ruler. An average value of 4 points measured in the outer periphery of the
crucible is calculated as a deformation amount of the upper opening end portion (mm), whereby the
strength of the silica crucible is evaluated.  [0031] Table 1 Type Ratio of crystallizatimn promoter
compounded in cutoff portion (mass %) Size of'Crystallization 



ring groove[ratio from upper (mm)iopening end of crucible (volume % Number of wafers with pinhole
defects Deformation amount of upper opening end portion (mm)   Groove depth ? Groove1 Before
widthingot pulling After ingot pulling   Silicon crucible of the invention A-1 Al203:I% 0.5 1098.199.017
0.9  



A-2 CO : 0.5% 1 4084.6 85.51b L2  A-3 Ba0:0.1%L5F70F74.8 75.8 4 1.4  A-4 CaCC%: 0.05%
210063.964.8 6 1_6  A-5 BaCOc:0.01% 1 20 42.6 



42.9 6 4.1  A-6 Ca0: 0.3% 1 30 93.6 94.5 5 0.7  4-7 Ca:0.01% BaCO3:0.01%  0051.3 52.2 I 2 2.8  A-8 



Bo: 004% 0z CaC10.  9072.0 72.8 6   A-9 Al203:0.1% BaO:0.2% CaCO3:0.3% 150 95.9 96.4 4 1.0  B-
Al203:0.5% 2 50 98.9 99.6 



7 0.8  8-2 Ca0:0.01%    6 4.7  B BaCO3:0.1% 1.5 50 77.4 78.25   B-4 Al203:0.05%F1 Ca :0.05%
CaCO2:0.05% F1 



50 1 '76.5 77.3 4 1.2  - Ba003:0.8% 1 10 94.0F94.55 0.7  B-6 Al203.0.1% 1 30F172.072.8 5 1.6  B-7
Ca0:0235 1 



BaCO2 : 0.15% 60 85.986.4 4 1.1  8-8 Be :1%1 80 98.1F99.0 8 0.9  8-9 CaCO3:0.5%FI 100 84.0
84.4F6 L2  [0032] Table 2  Type Ratio of crystallization promoter 



1compounded  upper opening end portion (mass %) Size of ring groove (limU Crystallization ratio from
upper opening end of crucible (volume Number of Wafers with pinhole defects Deformation amount of
upper opening end portion 0tua)   Groove depth Groove width Before ingot pulling After ingot pulling   



a! ii w o :LS ia s t, a c I C-1 Al203% 137.3 214.3 0.2   C-2 ICa()O. 5% I 124.6 188.527 0. 4    j f-3]Be0.
1% 11' . 5 



60. 32 0.3    : C-4:CaCO:0,05% 104.1 150.824 0.4  C-5 IBaC0s0.01%   127.419 0.7  C-6 I/11203:O
3% 0, 30A   133.6 205.125 0.2  



Ca0: t0. 01% , -!BaCO301%  90.0 137.221 0.4  113a0:O. 06% CaCO3:0.04/% _ 112.6 160.926 0.4  -
C-9 ia FAl253:0. 1% BaO:0. 2% CaCO3:O. 3% -  135.0 206.231 



0.3  C-10 Al203:0. 005%   37.9 38. 1_ Inward falling  -) Stop   D-1 Al203:0!% BaO:0. 5% - 38. 4 270.
532 0.1  D-2 c:0.01%  79.1 144.722 0.4 



a)  D-3BaCO3:(). 1%  - 116.9 197.628 0.3  D-4 Al203:0.05% Ca:0.05% CaCO3: O. 05% - _ 114.8
192.226 0.4  BaCO3:0.8% - 133.1 250.029 0.3  



D-6FAl20:0.1% - 112.0 185.026 0.2  D-7 Ca0:C. 35%  RaCO3 : 0. 15%_ 125.2 224.729 0.3  D-8 BaO
:1%  -1138.2 272.733 0.1  FD-9F CaCO30. 5%  1123.2 



227,431 0.1  [0033] As seen from the results shown in Tables 1 and 2, even when the outer diameter
of the silica crucibles A-1 to A-9 and B-I to B-9 according to the invention have a high strength capable
of suppressing a crucible deformation during the pulling of the single crystal ingot by a crystalline
structure formed from a an upper opening end of the crucible to a position of 40-100 when a distance
from the upper opening end to a start position for the pulling of a silicon single crystal is 100 even if the
outer diameter is increased to 610-810 mm for pulling a large-diameter single crystal ingot with a
diameter of 200-300 mm. In 10 addition, since no crystallization promoter is existent in the upper
opening end portion of the crucible, 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 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 20 of the crucible is 0 and a height position of the upper opening end of the
crucible is 100 in a sectional side view of the crucible, the start position  for the pulling of the silicon
single crystal is within a height position range of 50 to 95 from the bottom of the crucible and the end
position for the pulling of the silicon single crystal is within a height position 25 range of 0 to 10 from
the bottom of the crucible.            4. A method of producing a silica crucible for pulling a silicon single
crystal according to claim 1, 2 or 3, wherein a crystalline portion of the crucible contains 0.01-1 mass%
of a crystallization promoter, and a crystalline structure is foxwed by melt-molding the silica crucible 30
having a ring-shaped cutoff portion extending upward from an upper opening end of the crucible.
5. A method of producing a silica crucible for pulling a silicon single crystal according to claim 4,
wherein the crystallization promoter  is at least one of aluminum oxide, calcium oxide, barium oxide,
calcium carbonate and barium carbonate.  ABSTRACT           There is provided a silica crucible for
pulling a silicon single crystal, comprising silica glass and having a two-layer structure of an outer layer
and an inner layer, wherein the inner layer, in a sectional side view of the crucible, has a wavy inner
surface shape having mountain parts and valley parts at least between a start position and an end
position for the pulling of a silicon single crystal in a silicon melt surface, and when a distance from an
upper opening end of the crucible to the start position for the pulling of the silicon single crystal is 100,
only a crucible portion from the upper opening end to a position within a range of 40 to 100 is
crystalline. 


