
1

DESCRIPTION

TITLE OF INVENTION: QUARTZ GLASS CRUCIBLE

TECHNICAL FIELD

[0001]

The present invention relates to a quartz glass

crucible for growing a single crystal silicon ingot by a

Czochralski method (hereinafter referred to as the “CZ

method”).

BACKGROUND ART

[0002]

The CZ method is known as a method for

manufacturing a single crystal. In particular, the CZ

method is widely adopted in the industry for most single

crystal silicon to be used as materials for

semiconductor electronic components. In the CZ method,

polycrystalline silicon or the like charged in a quartz

glass crucible is melted by a heater, and then a seed

crystal is dipped into the surface of the silicon melt,

followed by pulling up the seed crystal dipped in the

silicon melt while rotating the seed crystal and the

quartz glass crucible to grow a single crystal with the

same crystal orientation as the seed crystal.

[0003]

FIG. 4 is a conceptual schematic diagram of a

pulling apparatus used to pull a single crystal by the

CZ method described above. As shown in FIG. 4, the

single crystal pulling apparatus 10 includes a pulling

chamber 12, a crucible 13 provided inside the pulling

chamber 12, a heater 14 disposed around the crucible 13,

a crucible holding shaft 15 and its rotating and lifting
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mechanism (not shown) for rotating and lifting the

crucible 13, a seed chuck 17 for holding a seed crystal

16 of silicon, a wire 18 for pulling the seed chuck 17,

and a winding mechanism (not shown) for rotating or

winding the wire 18. Further, a heat insulator 19 is

disposed around an outer periphery of the heater 14.

Single crystal silicon 20 is pulled by the wire 18 from

a raw material silicon melt 11.

[0004]

The crucible 13 disposed inside the single crystal

pulling apparatus 10 is composed of a closed-end

cylindrical quartz glass crucible containing a raw

material melt and a closed-end cylindrical graphite

crucible (sometimes referred to as a “carbon susceptor”)

containing therein the quartz glass crucible (e.g., see

Patent Literatures 1 and 2).

CITATION LIST

PATENT LITERATURE

[0005]

Patent Document 1: JP 2012-017245 A

Patent Document 2: JP 2013-139356 A

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0006]

While a quartz glass crucible is dimensioned to be

received inside a graphite crucible, it is difficult to

fabricate the quartz glass crucible such that an outer

surface thereof is in complete contact with an inner

surface of the graphite crucible, due to their

fabrication errors and other factors. Earnest studies

by the present inventors have revealed that, while the
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outer surface of the quartz glass crucible is shaped to

have a convex curved surface to follow the shape of the

inner surface of the graphite crucible, any individual

variations, such as manufacturing errors in the shapes

of the outer surface of the quartz glass crucible and

the inner surface of the graphite crucible, may result

in point contact between a bottom portion of the outer

surface of the quartz glass crucible 13A and the inner

surface of the graphite crucible 13B when the quartz

glass crucible 13A is disposed inside the graphite

crucible 13B as shown in FIG. 5, rendering the quartz

glass crucible 13A unstable. Any vibrations of the

quartz glass crucible 13A inside the graphite crucible

13B may damage the quartz glass crucible 13A inside the

graphite crucible 13B. Additionally, during manufacture

of a single crystal, the silicon melt will vibrate to

cause melt surface vibrations that make it difficult to

pull the single crystal silicon, and what is more, the

quartz glass crucible 13A will become eccentric during

pulling of the single crystal silicon, making it

impossible to supply heat uniformly to the silicon

ingot, which leads to quality degradation of the silicon

ingot.

[0007]

To address the above problems, it will be

contemplated that compatible quartz glass crucible 13A

and graphite crucible 13B are selected and combined to

provide a stable crucible 13. However, this requires a

trial-and-error approach to find a compatible

combination of the quartz glass crucible 13A and the

graphite crucible 13B, which is very inefficient and

does not necessarily guarantee achieving a preferable

combination.
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[0008]

The present invention has been made to solve the

above problems. An object of the present invention is

to provide a closed-end cylindrical quartz glass

crucible for growing a single crystal silicon ingot by

the CZ method that can be stable and self-supporting

when it is disposed inside a closed-end cylindrical

graphite crucible.

SOLUTION TO PROBLEM

[0009]

The present invention has been made to achieve the

above object, and provides a quartz glass crucible for

growing a single crystal silicon ingot by a CZ method,

wherein

the quartz glass crucible has a closed-end

cylindrical shape comprising a cylindrical straight body

portion, a first curved portion continuous with a lower

end of the straight body portion and having a first

curvature R1, a second curved portion continuous with

the first curved portion and having a second curvature

R2, and a bottom portion continuous with the second

curved portion,

the first curvature R1 and the second curvature R2

have a relationship of R1 < R2, and

an outer surface of the bottom portion forms a flat

surface perpendicular to a central axis of the quartz

glass crucible or a concave surface concave with respect

to the flat surface.

[0010]

Such a quartz glass crucible can be stable and

self-supporting when it is disposed inside a graphite

crucible, regardless of individual variations in the
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quartz glass crucible and the graphite crucible. The

inventive quartz glass crucible can also provide better

operational efficiency and safety during normal storage

because it can be stably stored with its bottom portion

facing down, in the same manner as when disposed inside

a graphite crucible. Additionally, the inventive quartz

glass crucible can suppress any change or disturbance in

conditions of the convection flow of the silicon melt

during growing of the single crystal silicon ingot by

the CZ method.

[0011]

In the quartz glass crucible, the first curvature

R1 may be in a range of 120 mm ≤ R1 ≤ 240 mm, and the 

second curvature R2 may be in a range of 750 mm ≤ R2 ≤ 

880 mm.

[0012]

With this feature, any change or disturbance in

conditions of the convection flow of the silicon melt

can be further suppressed.

[0013]

In the quartz glass crucible, a width of the bottom

portion when viewed in a cross-section including the

central axis of the quartz glass crucible may be 60 mm

or more.

[0014]

With this feature, point contact between the outer

surface of the bottom portion of the quartz glass

crucible and the inner surface of the bottom portion of

the graphite crucible can be inhibited in a more stable

manner.

ADVANTAGEOUS EFFECTS OF INVENTION

[0015]
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As described above, the inventive quartz glass

crucible can be stable and self-supporting when it is

disposed inside a graphite crucible, regardless of

individual variations in the quartz glass crucible and

the graphite crucible. The inventive quartz glass

crucible can also provide better operational efficiency

and safety because it can be stably stored with its

bottom portion facing down, in the same manner as when

disposed inside a graphite crucible. Additionally, the

inventive quartz glass crucible can suppress any change

or disturbance in conditions of the convection flow of

the silicon melt during growing of the single crystal

silicon ingot by the CZ method.

BRIEF DESCRIPTION OF DRAWINGS

[0016]

FIG. 1 illustrates an example of a quartz glass

crucible according to the present invention.

FIG. 2 illustrates the quartz glass crucible

according to the present invention when it is installed

inside a graphite crucible.

FIG. 3 illustrates another example of the quartz

glass crucible according to the present invention.

FIG. 4 is a schematic conceptual diagram of a

pulling apparatus.

FIG. 5 illustrates a quartz glass crucible when it

is installed inside a graphite crucible (an example of a

related art).

DESCRIPTION OF EMBODIMENTS

[0017]

Hereinafter, the present invention will be

described in detail, but the present invention is not
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limited to the following description.

[0018]

As described above, a need has existed for a

closed-end cylindrical quartz glass crucible for growing

a single crystal silicon ingot by the CZ method that can

be stable and self-supporting when it is disposed inside

a closed-end cylindrical graphite crucible.

[0019]

The present inventors have earnestly studied to

achieve the above object and consequently found that a

quartz glass crucible for growing a single crystal

silicon ingot by the CZ method that has a closed-end

cylindrical shape comprising a cylindrical straight body

portion, a first curved portion continuous with a lower

end of the straight body portion and having a first

curvature R1, a second curved portion continuous with

the first curved portion and having a second curvature

R2, and a bottom portion continuous with the second

curved portion, where the first curvature R1 and the

second curvature R2 have a relationship of R1 < R2 and

an outer surface of the bottom portion forms a flat

surface perpendicular to a central axis of the quartz

glass crucible or a concave surface concave with respect

to the flat surface, can be stable and self-supporting

when it is disposed inside a graphite crucible,

regardless of individual variations in the quartz glass

crucible and the graphite crucible, and found that such

a quartz glass crucible also can provide better

operational efficiency and safety during normal storage

and further can suppress any change or disturbance in

conditions of the convection flow of the silicon melt

during growing of the single crystal silicon ingot by

the CZ method. This finding has led to the completion
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of the present invention.

[0020]

A description is given below with reference to the

drawings.

[0021]

First of all, the present inventors contemplated a

closed-end cylindrical quartz glass crucible for use in

a crucible for growing a single crystal silicon ingot by

the CZ method, where the quartz glass crucible can be

stable and self-supporting when it is disposed inside a

closed-end graphite crucible, and found that the quartz

glass crucible becomes unstable due to point contact

between an outer surface of a bottom portion of the

quartz glass crucible and an inner surface of a bottom

portion of the graphite crucible, which is caused by

individual variations such as manufacturing errors in

the shape of the outer surface of the bottom portion of

the quartz glass crucible during its manufacture. The

present inventors have found that shaping the outer

surface of the bottom portion of the quartz glass

crucible into a flat surface perpendicular to the

central axis of the quartz glass crucible (hereinafter

simply referred to as a “flat surface”) or a concave

surface concave with respect to this flat surface

(hereinafter simply referred to as a “concave surface”)

can inhibit the point contact, thus allowing the quartz

glass crucible to be stably placed inside the graphite

crucible.

[0022]

However, simply shaping the outer surface of the

bottom portion of a conventional quartz glass crucible

into a flat surface or a concave surface leads to a

reduced thickness of the bottom portion of the quartz
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glass crucible, which may reduce the strength and may

affect conditions of the convection flow of the silicon

melt due to changes occurring in heat transfer balance

in the crucible during growing of the single crystal

silicon. On the other hand, assuring the thickness of

the bottom portion of the quartz glass crucible requires

changing the shape of the inner surface of the quartz

glass crucible, but it has been found that changing the

shape of the inner surface of the quartz glass crucible

affects conditions of the convection flow of the silicon

melt. Thus, the present inventors have found that a

quartz glass crucible that does not affect conditions of

the convection flow of the silicon melt even with the

outer surface of its bottom portion being shaped into a

flat surface or a concave surface can be achieved by

shaping the quartz glass crucible such that it has a

closed-end cylindrical shape including a first curved

portion continuous with a lower end of a cylindrical

straight body portion and having a first curvature R1, a

second curved portion continuous with the first curved

portion and having a second curvature R2, and a bottom

portion continuous with the second curved portion, where

the first curvature R1 and the second curvature R2 have

a relationship of R1 < R2. This finding has led to the

completion of the present invention.

[0023]

(First Embodiment)

FIG. 1 illustrates an example of a quartz glass

crucible according to the present invention. This

quartz glass crucible 1A has a closed-end cylindrical

shape including a cylindrical straight body portion 2, a

first curved portion 3 continuous with a lower end of

the straight body portion 2 and having a first curvature
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R1, a second curved portion 4 continuous with the first

curved portion 3 and having a second curvature R2, and a

bottom portion 5 continuous with the second curved

portion 4, where the first curvature R1 and the second

curvature R2 satisfy the relationship of R1 < R2. The

bottom portion 5 has an outer surface that is shaped

into a flat surface 5A perpendicular to the central axis

6 of the quartz glass crucible.

[0024]

FIG. 2 illustrates the quartz glass crucible 1A

according to the present invention when it is installed

inside a graphite crucible. Since the bottom portion 5

of the quartz glass crucible 1A has the flat surface 5A

perpendicular to the central axis 6 of the quartz glass

crucible as shown in FIG. 1, point contact between the

outer surface of the bottom portion of the quartz glass

crucible 1A and the inner surface of the bottom portion

of the graphite crucible 13B is avoided as shown in FIG.

2, allowing the quartz glass crucible 1A to be stable

and self-supporting when it is disposed inside the

graphite crucible 13B. While a gap is formed between

the quartz glass crucible 1A and the graphite crucible

13B as shown in FIG. 2, problems such as rattling will

not occur because an outer edge of the bottom portion of

the quartz glass crucible 1A is in surface contact with

the inner surface of the graphite crucible 13B.

[0025]

Further, this quartz glass crucible 1A is

configured such that it includes the first curved

portion 3 continuous with the lower end of the

cylindrical straight body portion 2 and having the first

curvature R1 and the second curved portion 4 continuous

with the first curved portion 3 and having the second
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curvature R2, where the first curvature R1 and the

second curvature R2 satisfy the relationship of R1 < R2.

Accordingly, there is little effect on the shape of the

inner surface of the quartz glass crucible even when the

flat surface 5A is formed. As such, there is also

little effect on conditions of the convection flow of

the silicon melt during growing of the single crystal

silicon ingot by the CZ method.

[0026]

Conventionally, when a quartz glass crucible is

stored, a jig is used to support the bottom portion of

the quartz glass crucible in a stable manner or the

quartz glass crucible is placed with its bottom portion

facing up and its opening facing down. However, since a

quartz glass crucible for growing a large-diameter

single crystal silicon ingot in particular has a large

size, turning it upside down requires high amounts of

labor and also involves the risk of falling or the like.

In contrast, the inventive quartz glass crucible

provides better operational efficiency and safety during

normal storage because it can be stably stored with its

bottom portion facing down, in the same manner as when

disposed inside a graphite crucible, without the use of

a special jig or the like.

[0027]

While the first curvature R1 and the second

curvature R2 are not limited to particular values, it is

preferred that the first curvature R1 is in the range of

120 mm ≤ R1 ≤ 240 mm, and the second curvature R2 is in 

the range of 750 mm ≤ R2 ≤ 880 mm.  With such values, 

any change or disturbance in conditions of the

convection flow of the silicon melt can be suppressed in

a more stable manner.
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[0028]

While the mouth diameter of the quartz glass

crucible 1A is not limited to a particular value, a

larger mouth diameter is particularly preferred in the

present invention. For example, the mouth diameter may

be 32 inches (about 800 mm) or more.

[0029]

The bottom portion 5 is preferably sized to have a

width W, as viewed in a cross-section including the

central axis 6 of the quartz glass crucible 1A

(hereinafter also referred to as a “bottom portion

cross-sectional width W”), of 60 mm or more. With the

width W in such a range, point contact between the outer

surface of the bottom portion of the quartz glass

crucible and the inner surface of the bottom portion of

the graphite crucible can be inhibited in a more stable

manner.

[0030]

It is preferred that the graphite crucible in which

the quartz glass crucible is to be installed is of a

closed-end cylindrical shape and has an inner surface

that includes a straight body portion with a cylindrical

inner peripheral surface, a first curved portion

continuous with a lower end of the straight body portion

and having a first curvature R3, and a second curved

portion continuous with the first curved portion and

having a second curvature R4, where, in the relationship

between the quartz glass crucible and the graphite

crucible, the first curvature R1 of the quartz glass

crucible satisfies an equation of R1 = R3±50 mm and the

second curvature R2 of the quartz glass crucible

satisfies an equation of R2 = R4±50 mm. Any combination

of the quartz glass crucible and the graphite crucible
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satisfying such a relationship can further suppress any

change or disturbance in the conditions of the

convection flow of the silicon melt.

[0031]

(Second Embodiment)

FIG. 3 illustrates another example of the quartz

glass crucible according to the present invention.

Descriptions of similar components to those in FIG. 1

will be omitted as appropriate. The quartz glass

crucible 1B according to the present embodiment includes

the bottom portion 5 that has an outer surface shaped

into a concave surface 5B concave with respect to the

flat surface perpendicular to the central axis 6 of the

quartz glass crucible. Such a shape can provide the

same effects as those in the first embodiment. While

the concave surface 5B is not limited to a particular

shape as long as it is concave with respect to the flat

surface perpendicular to the central axis 6 of the

quartz glass crucible, in terms of ensuring the maximum

stability, it is preferred that the concave surface 5B

has a shape symmetric about the central axis 6, in other

words, an edge of the concave portion has a circular

shape centered on the central axis when the quartz glass

crucible 1B is viewed in the direction of the central

axis 6 from the outer surface of the bottom portion.

EXAMPLE

[0032]

The present invention is described below in detail

using Examples, although these Examples do not limit the

present invention.

[0033]

As shown below, quartz glass crucibles with a 32
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inch (about 800 mm) mouth diameter and each having a

different shape except for the straight body portion

were placed in a graphite crucible for evaluation. The

evaluation began by investigating whether rattling would

occur when each quartz glass crucible was installed

inside the graphite crucible. To evaluate the presence

or absence of rattling, each quartz glass crucible was

placed on a horizontal platform, and, at 30 cm height

from the platform, the quartz glass crucible was pushed

horizontally in the area of 200 mm2 with the force of 8N

using a force gauge. If the quartz glass crucible was

raised on its pushed side and tilted at 10 degrees or

more, that quartz glass crucible was determined to have

rattling (poor). It should be noted that the vertical

direction relative to the ground was defined as 0

degrees, and if the quartz glass crucible was tilted

prior to application of the force, the degrees were also

added.

[0034]

Then, a single crystal silicon ingot was grown

using the CZ method. The presence or absence of

dislocations in the grown single crystal silicon ingot

was evaluated to evaluate a change or disturbance in the

convection flow of the silicon melt during growing of

the single crystal silicon ingot. The graphite crucible

in which each quartz glass crucible was to be installed

had an inner surface including a straight body portion

with a cylindrical inner peripheral surface, a first

curved portion continuous with a lower end of the

straight body portion and having a first curvature R3 of

180 mm, and a second curved portion continuous with the

first curved portion and having a second curvature R4 of

815 mm.
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[0035]

(Comparative Example 1)

A quartz glass crucible including a cylindrical

straight body portion, a first curved portion having a

first curvature R1 of 180 mm, and a second curved

portion having a second curvature R2 of 815 mm was used.

The quartz glass crucible of Comparative Example 1

included a bottom portion with a convex shaped outer

surface.

[0036]

(Comparative Example 2)

A quartz glass crucible including a cylindrical

straight body portion, a first curved portion having a

first curvature R1 of 180 mm, and a flat surface with a

cross-sectional bottom portion width W of 570 mm was

used.

[0037]

(Example 1)

A quartz glass crucible including a cylindrical

straight body portion, a first curved portion having a

first curvature R1 of 180 mm, a second curved portion

having a second curvature R2 of 815 mm, and a bottom

portion having a concave surface with a cross-sectional

bottom portion width W of 60 mm was used.

[0038]

(Example 2)

A quartz glass crucible similar to that of Example

1 was used, except that the cross-sectional bottom

portion width W was set to 50 mm.

[0039]

(Example 3)

A quartz glass crucible including a cylindrical

straight body portion, a first curved portion having a
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first curvature R1 of 130 mm, a second curved portion

having a second curvature R2 of 765 mm, and a bottom

portion having a flat surface with a cross-sectional

bottom portion width W of 255 mm was used.

[0040]

(Example 4)

A quartz glass crucible similar to that of Example

3 was used, except that the first curvature R1 was set

to 230 mm, the second curvature R2 was set to 865 mm,

and the cross-sectional bottom portion width W was set

to 140 mm.

[0041]

(Example 5)

A quartz glass crucible similar to that of Example

4 was used, except that the first curvature R1 was set

to 110 mm, the second curvature R2 was set to 815 mm,

and the cross-sectional bottom portion width W was set

to 140 mm.

[0042]

(Example 6)

A quartz glass crucible similar to that of Example

5 was used, except that the first curvature R1 was set

to 250 mm.

[0043]

(Example 7)

A quartz glass crucible similar to those of

Examples 5 and 6 was used, except that the first

curvature R1 was set to 180 mm and the second curvature

R2 was set to 740 mm.

[0044]

(Example 8)

A quartz glass crucible similar to that of Example

7 was used, except that the second curvature R2 was set
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to 890 mm.

[0045]

The shape data for the quartz glass crucibles of

Comparative Examples 1 and 2 and Examples 1-8 as well as

their evaluation results are shown in Table 1.

[0046]

[Table 1]

Outer
surface
shape of
crucible
bottom
portion

R1 R2

Bottom
portion
cross-

sectional
width
(mm)

Rattl
ing

Convect
ion

flow of
silicon

Comp.
Ex. 1

Convex
surface

180 815 0 poor good

Comp.
Ex. 2

Flat surface 180 - 570 good poor

EX. 1
Concave
surface

180 815 60 good good

EX. 2
Concave
surface

180 815 50 fair good

EX. 3 Flat surface 130 765 255 good good
EX. 4 Flat surface 230 865 140 good good
EX. 5 Flat surface 110 815 140 good fair
EX. 6 Flat surface 250 815 140 good fair
EX. 7 Flat surface 180 740 140 good fair
EX. 8 Flat surface 180 890 140 good fair

↑
good: Tilt
less than 5°
fair: Tilt 5°
or more and
less than 10°
poor: Tilt 10°
or more

[0047]

As shown in Table 1, it can be seen that shaping

the outer surface of the bottom portion of the quartz

glass crucible into a flat surface or a concave surface,

as in Examples 1-8 and Comparative Example 2, enables

the quartz glass crucible to be stable and self-

supporting inside the graphite crucible. However, the
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quartz glass crucible of Comparative Example 2, which

did not have the second curved portion, experienced a

change or disturbance in the convection flow of the

silicon melt. On the other hand, it can also be seen

that the use of the quartz glass crucible with the first

curved portion having the first curvature R1 and the

second curved portion having the second curvature R2,

where the relationship of R1 < R2 is satisfied, can

suppress any change or disturbance in the convection

flow of the silicon melt during growing of the single

crystal silicon ingot, as in Examples 1-8.

Additionally, each of the quartz glass crucibles of

Examples 1-8 could be stably stored with its bottom

portion facing down, in the same manner as when disposed

inside a graphite crucible, without the use of a special

jig or the like, providing better operational efficiency

and safety during normal storage.

[0048]

It should be noted that the present invention is

not limited to the above-described embodiments. The

embodiments are just examples, and any examples that

have substantially the same feature and demonstrate the

same functions and effects as those in the technical

concept disclosed in claims of the present invention are

included in the technical scope of the present

invention.
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CLAIMS

1. A quartz glass crucible for growing a single

crystal silicon ingot by a CZ method, wherein

the quartz glass crucible has a closed-end

cylindrical shape comprising a cylindrical straight body

portion, a first curved portion continuous with a lower

end of the straight body portion and having a first

curvature R1, a second curved portion continuous with

the first curved portion and having a second curvature

R2, and a bottom portion continuous with the second

curved portion,

the first curvature R1 and the second curvature R2

have a relationship of R1 < R2, and

an outer surface of the bottom portion forms a flat

surface perpendicular to a central axis of the quartz

glass crucible or a concave surface concave with respect

to the flat surface.

2. The quartz glass crucible according to claim 1,

wherein

 the first curvature R1 is in a range of 120 mm ≤ R1 

≤ 240 mm, and 

 the second curvature R2 is in a range of 750 mm ≤ 

R2 ≤ 880 mm. 

3. The quartz glass crucible according to claim 1 or

2, wherein a width of the bottom portion when viewed in

a cross-section including the central axis of the quartz

glass crucible is 60 mm or more.


