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DESCRIPTION

TITLE OF INVENTION: QUARTZ GLASS CRUCIBLE FOR PULLING

SINGLE CRYSTAL SILICON INGOT

TECHNICAL FIELD

[0001]

The present invention relates to a quartz glass

crucible for pulling a single crystal silicon ingot.

BACKGROUND ART

[0002]

A so-called Czochralski method (“CZ method”) has been

widely used for manufacturing single crystal silicon

(single crystal silicon ingots). In the CZ method, a

silicon melt is placed in a quartz glass crucible, and a

seed crystal is brought into contact with the surface of

the silicon melt. The quartz glass crucible is then

rotated, and the seed crystal is pulled upward while being

rotated in the opposite direction, thereby causing single

crystal silicon to grow at the lower end of the seed

crystal.

[0003]

Single crystal silicon ingots manufactured using a

quartz glass crucible may contain bubbles of several

micrometers to several millimeters in size, called

pinholes. Silicon wafers containing these bubbles can be

detected by visual or infrared inspection, but the presence

of even a single pinhole causes a yield reduction.

[0004]

The bubbles that cause pinholes in pulled single

crystal silicon ingots originate from, for example, gasses

inside the pulling apparatus, bubbles contained in the
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inner surface of the quartz glass crucible, and gases

generated by the reaction between the silicon melt and the

quartz glass crucible, and measures have been taken against

these bubbles (e.g., Patent Document 1).

CITATION LIST

PATENT LITERATURE

[0005]

Patent Document 1: WO2013/140706 A1

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0006]

As described above, measures have been taken against

the bubbles that cause pinholes in pulled single crystal

silicon ingots. However, there are cases where pinholes

occur that cannot be accounted for by these bubbles alone,

and a need has existed for a quartz glass crucible that

creates fewer pinholes in pulled single crystal silicon

ingots.

[0007]

The present invention has been made to solve the

above problem. An object of the present invention is to

provide a quartz glass crucible for pulling a single

crystal silicon ingot that can inhibit pinholes in pulled

single crystal silicon ingots.

SOLUTION TO PROBLEM

[0008]

The present invention has been made to solve the

above problem, and provides a quartz glass crucible for

pulling a single crystal silicon ingot, the crucible having

a crucible shape including a straight body portion, a
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curved portion, and a bottom portion. The crucible

includes: an outer layer made of an opaque quartz glass

containing bubbles; and an inner layer made of a

transparent quartz glass and having a thickness of greater

than or equal to 1.5 mm. Concentrations of Na, K, and Li

in the inner layer at 1 mm from an inner surface of the

quartz glass crucible are less than 5 ppb by mass for Na,

less than 5 ppb by mass for K, and less than 100 ppb by

mass for Li. Average concentrations of Na, K, and Li in a

thickness direction at the curved portion and the bottom

portion in the outer layer are less than 10 ppb by mass for

Na, less than 50 ppb by mass for K, and less than 180 ppb

by mass for Li.

[0009]

Such a quartz glass crucible can facilitate depth-

wise crystallization in brown rings that are formed on the

inner surface of the quartz glass crucible during pulling

of single crystal silicon ingots. This can inhibit the

release of bubbles formed inside the brown rings, thereby

inhibiting pinholes in the pulled single crystal silicon

ingots.

[0010]

Preferably, concentrations of Na, K, and Li in the

inner layer at 1 mm from the inner surface of the quartz

glass crucible are less than 5 ppb by mass for Na, less

than 5 ppb by mass for K, and less than 50 ppb by mass for

Li, and average concentrations of Na, K, and Li in the

thickness direction at the curved portion and the bottom

portion in the outer layer are less than 5 ppb by mass for

Na, less than 50 ppb by mass for K, and less than 100 ppb

by mass for Li.

[0011]

By satisfying these concentrations of impurity
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elements (hereinafter, Na, K, and Li may be referred to

collectively as impurity elements) in the inner and outer

layers of the quartz glass crucible, pinholes in the pulled

single crystal silicon ingots can be more effectively

inhibited.

[0012]

Preferably, average concentrations of Na, K, and Li

in the thickness direction at the straight body portion in

the outer layer satisfy at least one of: greater than or

equal to 10 ppb by mass for Na; greater than or equal to 50

ppb by mass for K; and greater than or equal to 180 ppb by

mass for Li.

[0013]

By satisfying these impurity concentrations at the

straight body portion in the outer layer, collapsing and

sinking of the quartz glass crucible during high-

temperature heating can be inhibited, rather than by making

the entire crucible highly pure.

[0014]

An outer diameter of the quartz glass crucible may be

greater than or equal to 800 mm.

[0015]

The present invention can be suitably applied to such

quartz glass crucibles with a diameter of as large as

greater than or equal to 800 mm.

[0016]

Preferably, the quartz glass crucible holds a silicon

melt therein, and has a brown ring formed on the inner

surface thereof after pulling a single crystal silicon

ingot from the silicon melt, and a density of bubbles with

a diameter of greater than or equal to 3.0 μm in the inner 

layer within an inner region of the brown ring is greater

than or equal to 4.0 bubbles/mm2.
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[0017]

The quartz glass crucible having such brown rings

formed on the inner surface thereof after pulling single

crystal silicon ingots can more effectively inhibit

pinholes on the pulled single crystal silicon ingots.

[0018]

Preferably, the quartz glass crucible holds a silicon

melt therein, and has a brown ring formed on the inner

surface thereof after pulling a single crystal silicon

ingot from the silicon melt, the brown ring having an outer

diameter reference line with a length of from 10 mm to 13

mm, the outer diameter reference line of the brown ring

being defined as a bisecting line extending along a

circumferential direction of the quartz glass crucible, and

the brown ring having the outer diameter reference line

with the length of from 10 mm to 13 mm satisfies the

following formula (1):

y ≥ 10x – 70 ... (1) 

where the length of the outer diameter reference line

of the brown ring is defined as x [mm], an uppermost

portion at an end of the outer diameter reference line of

the brown ring is defined as a reference height 0 [μm], and 

a protrusion height, which is a height of an uppermost

portion on the outer diameter reference line in an inner

region of the brown ring, is defined as y [μm].   

[0019]

The quartz glass crucible having such brown rings

formed can more effectively inhibit pinholes on the pulled

single crystal silicon ingots as well.

ADVANTAGEOUS EFFECTS OF INVENTION

[0020]

The inventive quartz glass crucible can facilitate
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the crystallization in the depth direction of brown rings

during pulling of single crystal silicon ingots. This can

inhibit the release of bubbles formed inside the brown

rings, thereby inhibiting pinholes in the pulled single

crystal silicon ingots.

BRIEF DESCRIPTION OF DRAWINGS

[0021]

FIG. 1 is a schematic sectional view showing portions

of a typical quartz glass crucible;

FIG. 2 is a picture of brown rings formed on an inner

surface of the quartz glass crucible;

FIG. 3 is a graph showing diameters of bubbles inside

a brown ring;

FIG. 4 is a graph showing relationship between the Li

concentration in an inner layer of the quartz glass

crucible and the bubble density inside a brown ring;

FIG. 5 is a graph showing correlation between the Na

concentration in an outer layer of the quartz glass

crucible and the Na concentration in the inner layer of the

quartz glass crucible;

FIG. 6 is a graph showing correlation between the K

concentration in the outer layer of the quartz glass

crucible and the K concentration in the inner layer of the

quartz glass crucible;

FIG. 7 is a graph showing correlation between the Li

concentration in the outer layer of the quartz glass

crucible and the Li concentration in the inner layer of the

quartz glass crucible;

FIG. 8 is a graph showing the topography of brown

rings in Experimental Examples 1 to 4; and

FIG. 9 is a schematic view of a brown ring.
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DESCRIPTION OF EMBODIMENTS

[0022]

As described above, measures have been taken against

the bubbles that cause pinholes. However, there are cases

where pinholes occur that cannot be accounted for by these

bubbles alone, and the present inventor has tried to solve

it.

[0023]

Brownish-red rings, called brown rings, are formed on

the inner surface of a quartz glass crucible after pulling

single crystal silicon ingots. A detailed investigation of

these brown rings revealed that the brown rings contain

bubbles of several to several tens of micrometers in

diameter, and these bubbles were expected to become

pinholes by being exposed to the silicon melt.

[0024]

As described above, bubbles of several to several

tens of micrometers in size are present inside the brown

rings. An investigation by the present inventor revealed

that lowering the Na, K, and Li concentrations in the inner

layer of the quartz glass crucible can reduce the diameter

of the bubbles inside the brown rings, and can also

facilitate depth-wise crystallization inside the brown

rings, thereby reducing erosion into the silicon melt. In

other words, it is possible to inhibit the release of

bubbles inside the brown rings into the silicon melt,

thereby reducing the number of bubbles incorporated into

single crystal silicon ingots and reducing the number of

pinhole defects in silicon wafers.

[0025]

The present invention is described in greater detail

below. The present invention is a quartz glass crucible

for pulling a single crystal silicon ingot, the crucible
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having a crucible shape including a straight body portion,

a curved portion, and a bottom portion. The crucible

includes: an outer layer made of an opaque quartz glass

containing bubbles; and an inner layer made of a

transparent quartz glass and having a thickness of greater

than or equal to 1.5 mm. Concentrations of Na, K, and Li

in the inner layer at 1 mm from an inner surface of the

quartz glass crucible are less than 5 ppb by mass for Na,

less than 5 ppb by mass for K, and less than 100 ppb by

mass for Li, and average concentrations of Na, K, and Li in

a thickness direction at the curved portion and the bottom

portion in the outer layer are less than 10 ppb by mass for

Na, less than 50 ppb by mass for K, and less than 180 ppb

by mass for Li. These requirements need to be satisfied

before pulling a single crystal silicon ingot.

[0026]

Referring first to FIG. 1, portions of the inventive

quartz glass crucible are described. The quartz glass

crucible 10 in FIG. 1 includes an outer layer 21 made of an

opaque quartz glass containing bubbles and an inner layer

22 made of a transparent quartz glass. As shown in FIG. 1,

the crucible shape of the quartz glass crucible 10

typically consists of a bottom portion 12, a curved portion

13, and a straight body portion 14. A bottom center 11 is

defined at the center of the bottom portion 12, and the

bottom portion 12 and the curved portion 13 are sometimes

referred to as a large-curved portion and a small-curved

portion, respectively.

[0027]

As described above, in the inventive quartz glass

crucible 10, concentrations of Na, K, and Li in the inner

layer 22, which has a thickness of greater than or equal to

1.5 mm, at 1 mm from the quartz glass crucible inner
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surface are less than 5 ppb by mass for Na, less than 5 ppb

by mass for K, and less than 100 ppb by mass for Li. Such

high purity of the inner layer 22 of the quartz glass

crucible 10 satisfying the above Na, K, and Li

concentration requirements can facilitate crystallization

in the depth direction of brown rings during pulling of

single crystal silicon ingots. This, in turn, can inhibit

the release of bubbles formed inside the brown rings.

Also, in the inventive quartz glass crucible 10, average

concentrations of Na, K, and Li in the thickness direction

at the curved portion 13 and the bottom portion 12 in the

outer layer 21 are less than 10 ppb by mass for Na, less

than 50 ppb by mass for K, and less than 180 ppb by mass

for Li. By satisfying these element concentrations at the

curved portion 13 and the bottom portion 12 in the outer

layer 21, the diffusion of the above impurity elements to

the crucible inner surface can be inhibited, making it

possible to maintain the crucible inner layer 22 at a high

purity.

[0028]

The above impurity concentrations are preferably made

to provide higher purity as follows. That is, the

concentrations of Na, K, and Li in the inner layer 22 at 1

mm from the quartz glass crucible inner surface are

preferably less than 5 ppb by mass for Na, less than 5 ppb

by mass for K, and less than 50 ppb by mass for Li. The

average concentrations of Na, K, and Li in the thickness

direction at the curved portion 13 and the bottom portion

12 in the outer layer 21 are preferably less than 5 ppb by

mass for Na, less than 50 ppb by mass for K, and less than

100 ppb by mass for Li. By satisfying these impurity

element concentrations, pinholes in the pulled single

crystal silicon ingots can be more effectively inhibited.



10

[0029]

The impurity element concentrations in each layer of

the inventive quartz glass crucible can be measured by

preparing samples from the quartz glass crucible 10 and

using an inductively coupled plasma-mass spectrometry (ICP-

MS) method or the like. For both the inner layer 22 and

the outer layer 21, the measurement points shall include at

least one point in each of the straight body portion 14,

the curved portion 13, and the bottom portion 12. Two or

more measurement points may be set in each portion to take

an average value.

[0030]

The diffusion of each impurity element between the

outer layer 21 and the inner layer 22 is described with

reference to FIGS. 5 through 7. FIGS. 5 through 7 show the

correlations between the concentration in the outer layer

21 of the quartz glass crucible (average concentration in

the crucible thickness direction) and the concentration in

the inner layer 22 of the quartz glass crucible

(concentration at 1 mm from the inner surface of the quartz

glass crucible 10) for Na, K, and Li, respectively. The

correlations shown in these figures were measured by

fabricating a quartz glass crucible10 with an outer

diameter of 32 inches (800 mm) and preparing samples from

this quartz glass crucible. As can be seen from these

figures, if the Na concentration is less than 10 ppb by

mass in the outer layer 21, it can be less than 5 ppb by

mass in the inner layer 22, if the K concentration is less

than 50 ppb by mass in the outer layer 21, it can be less

than 5 ppb by mass in the inner layer 22, and if the Li

concentration is less than 180 ppb by mass in the outer

layer 21, it can be less than 100 ppb by mass in the inner

layer 22.
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[0031]

On the other hand, in the inventive quartz glass

crucible 10, average concentrations of Na, K, and Li in the

thickness direction at the straight body portion 14 in the

outer layer 21 preferably satisfy at least one of: greater

than or equal to 10 ppb by mass for Na; greater than or

equal to 50 ppb by mass for K; and greater than or equal to

180 ppb by mass for Li. To inhibit the quartz glass

crucible 10 from collapsing or sinking inward during high-

temperature heating, it is preferred to set the lower

limits of the impurity element concentrations in the

straight body portion 14 as described above. However, the

inner layer 22 of the quartz glass crucible 10 needs to

satisfy the above high purity requirements. Therefore, in

order to prevent the inner layer 22 from being contaminated

by diffusion, it is preferred not to increase the impurity

element concentrations at the straight body portion 14 in

the outer layer 21 beyond what is necessary.

[0032]

The reason for providing separate requirements for

the bottom and curved portions 12, 13 and the straight body

portion 14 in the outer layer 21 in the above manner is

that the bottom and curved portions 12, 13 of the quartz

glass crucible, in particular, have a longer contact time

with the silicon melt and so the diameter of the brown

rings tends to increase compared to those in the straight

body portion 14. Hence, by lowering the Na, K, and Li

concentrations in, in particular, the inner surface of the

bottom and curved portions 12, 13 to facilitate the

crystallization in the depth direction of the brown rings,

it is possible to inhibit the release of bubbles formed

inside the brown rings. In addition, by lowering the Na,

K, and Li concentrations in the outer layer 21 only at the
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bottom and curved portions 12, 13, it is possible to

inhibit pinhole defects while inhibiting deformation of the

straight body portion 14 during use of the quartz glass

crucible 10.

[0033]

The present invention can be suitably applied to

quartz glass crucibles 10 with an outer dimeter of 800 mm

or greater. Such quartz glass crucibles 10 can pull

larger-diameter single crystal silicon ingots, and even

such larger-diameter single crystal silicon ingots can be

pulled with fewer pinholes formed therein. Single crystal

silicon wafers with a diameter of 12 inches (300 mm) or

greater have strict specifications about pinholes, and

quartz glass crucibles with an outer diameter of 800 mm or

greater used for such wafers also have high quality

requirements. In such cases, both the single crystal

silicon wafers and the quartz glass crucible are large, and

bubbles are likely to be caught on the underside of the

pulled single crystal silicon ingots. Thus, the

application of the present technique is necessary.

[0034]

The relationship between the conditions of brown

rings on the surface of the inner layer of the quartz glass

crucible and the impurity element concentrations in the

quartz glass crucible inner layer is described below.

[0035]

As described above, brown-colored rings called “brown

rings” are formed on the quartz glass crucible inner

surface due to contact with the silicon melt, and bubbles

of several to several tens of micrometers in size were

found to be observed inside the ring. Comparing cases

where Na and K concentrations in the inner layer of the

quartz glass crucible are both less than 5 ppb by mass and
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where the Na and K concentrations are both greater than or

equal to 50 ppb by mass, the bubbles were found to be

smaller in diameter if the Na and K concentrations are less

than 5 ppb by mass.

[0036]

FIG. 2 shows a picture of brown rings formed on the

quartz glass crucible inner surface. FIG. 2(a) shows the

quartz glass crucible inner surface. The circular objects

appearing in FIG. 2(a) are brown rings. Brown rings may be

isolated, but as shown in FIG. 2(a), some brown rings may

be joined together. FIG. 2(b) is an enlarged view of a

portion in FIG. 2(a). As shown in FIG. 2(b), bubbles of

several to several tens of micrometers in size are observed

inside a brown ring.

[0037]

FIG. 3 shows the results of investigation on the

diameter of the bubbles inside the brown ring shown in FIG.

2(b). FIG. 3 shows the comparison between cases where the

impurity element concentrations in the quartz glass

crucible inner layer are less than 5 ppb by mass for both

Na and K and less than 50 ppb by mass for Li and where the

impurity element concentrations are greater than 50 ppb by

mass for both Na and K and less than 50 ppb by mass for Li.

As can be seen from this figure, at the same Li

concentration of less than 50 ppb by mass, the bubble

diameter is smaller when both the Na and K concentrations

are less than 5 ppb by mass.

[0038]

As shown in FIG. 4, comparing cases where the Li

concentration in the quartz glass crucible inner layer is

greater than or equal to 180 ppb by mass and where the Li

concentration is less than 100 ppb by mass, the number

density of bubbles near the center of the brown ring was



14

found to be higher at the Li concentration of less than 100

ppb by mass. A high number density of bubbles means that

the bubbles remain unreleased. In that case, the bubbles

are present at deep positions and have not been

incorporated into the silicon melt.

[0039]

In addition to the above findings, it was also found

that fewer pinholes of several to several tens of

micrometers in size are formed in pulled single crystal

silicon ingots if the quartz glass crucible inner layer has

the Na and K concentrations of less than 5 ppb by mass and

the Li concentration of less than 100 ppb by mass.

[0040]

From the above, the occurrence of pinholes in pulled

single crystal silicon ingots can presumably be reduced by

lowering the Na and K concentrations in the inner layer of

the quartz glass crucible to reduce the bubble diameter and

by lowering the Li concentration to inhibit the release of

bubbles into the silicon melt. To summarize the effects of

the inventive requirements for impurity elements, an

advantage of lowering the Na and K concentrations is that

the bubbles inside the brown rings can be kept small by

lowering the Na and K concentrations. Advantages of

lowering the Li concentration are that the crystallization

in the depth direction of the brown rings can occur at a

faster rate and that, as a result of this, the bubbles

forced to occur by the crystallization can be made present

at relatively deeper positions, and also the

crystallization slows down the erosion rate, preventing the

bubbles from being released into the silicon melt.

[0041]

As described above, brown rings are formed due to the

crystallization of the inner surface of the quartz glass
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crucible, so it was presumed that the degree of

crystallization varies depending on the Na, K, and Li

concentrations in the inner surface of the quartz glass

crucible and that the lower the N, K, and Li

concentrations, the more the crystallization inside the

brown rings, or in other words, the crystallization in the

depth direction from the inner surface of the quartz glass

crucible progresses, thereby reducing the erosion into the

silicon melt. Hence, as shown in the following

experimental examples, the topography of 12-mm diameter

brown rings formed on quartz glass crucibles with different

inner surface Na, K, and Li concentrations were measured

using a surface roughness measuring instrument.

[0042]

Experimental Examples 1 to 4

Four types of quartz glass crucibles with different

inner surface Na, K, and Li concentrations were prepared.

The impurity element concentrations at 1 mm deep from the

inner surface of each quartz glass crucible were as

follows:

Experimental Example 1 ... Na: 3 ppb by mass, K: 1 ppb by

mass, Li: 200 ppb by mass

Experimental Example 2 ... Na: 2 ppb by mass, K: 3 ppb by

mass, Li: 200 ppb by mass

Experimental Example 3 ... Na: 3 ppb by mass, K: 2 ppb by

mass, Li: 70 ppb by mass

Experimental Example 4 ... Na: 4 ppb by mass, K: 1 ppb by

mass, Li: 70 ppb by mass

[0043]

The topography of 12-mm diameter brown rings formed

on these quartz glass crucibles with different inner layer

Na, K, and Li concentrations was measured using a surface

roughness measuring instrument. The results were as shown
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in FIG. 8.

[0044]

As can be seen from FIG. 8, when the Na and K

concentrations are both less than 5 ppb by mass and the Li

concentration is less than 100 ppb by mass in the quartz

glass crucible inner layer (Experimental Examples 3 and 4),

protrusions are about 10 to 20 μm higher than when the Na 

and K concentrations are both less than 5 ppb by mass and

the Li concentration is greater than or equal to 100 ppb by

mass (Experimental Examples 1 and 2). In other words, it

can be said that when the Na and K concentrations are both

less than 5 ppb by mass and the Li concentration is less

than 100 ppb by mass, the crystallization inside the brown

rings is facilitated, inhibiting the erosion into the

silicon melt.  This erosion difference of 10 to 20 μm is 

believed to be affecting the release of bubbles of several

to several tens of micrometers in size.

[0045]

A high alkali metal content generally facilitates the

crystallization of quartz glass. However, it can be said

that the opposite phenomenon is occurring inside the brown

rings, which are formed by the reaction between the quartz

glass with low metal concentrations and the silicon melt.

From this, keeping the impurity element concentrations in

the inner layer of the quartz glass crucible at less than 5

ppb by mass for Na, less than 5 ppb by mass for K, and less

than 100 ppb by mass for Li can presumably facilitate the

crystallization inside the brown rings, thereby inhibiting

the bubbles inside the brown rings from being exposed.

[0046]

As described above, quartz glass crucibles that

satisfy the inventive requirements for impurity element

concentrations can facilitate the crystallization in the
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depth direction of brown rings during pulling of single

crystal silicon ingots. As a result, the inventive quartz

glass crucible can be defined as follows, based on the

brown ring after pulling a single crystal silicon ingot.

That is, the inventive quartz glass crucible holds a

silicon melt therein and has a brown ring formed on the

inner surface thereof after pulling a single crystal

silicon ingot from the silicon melt, and, preferably, a

density of bubbles with a diameter of greater than or equal

to 3.0 μm in the inner layer within an inner region of the 

brown ring is greater than or equal to 4.0 bubbles/mm2.

The quartz glass crucible having such brown rings formed on

the inner surface thereof after pulling single crystal

silicon ingots can more effectively inhibit pinholes in the

pulled single crystal silicon ingots.

[0047]

A multi-pulling method, in which multiple single

crystal silicon ingots are pulled up from a single quartz

glass crucible, is increasingly used, and the above

definition of the inventive quartz glass crucible based on

bubbles in the brown ring after the pulling shall be the

one that defines the quartz glass crucible after pulling

the first single crystal silicon ingot. Here, the quartz

glass crucible is used for about tens to a hundred hours.

This is because, in the case of pulling multiple ingots,

the brown rings that once occurred may disappear in the

course of prolonged usage.

[0048]

The inventive quartz glass crucible holds a silicon

melt therein and has a brown ring formed on the inner

surface thereof after pulling a single crystal silicon

ingot from the silicon melt, and, preferably, a protrusion

height of the brown ring satisfies the following
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requirements. That is, preferably, a brown ring having an

outer diameter reference line with a length of from 10 mm

to 13 mm is formed, where the outer diameter reference line

of the brown ring is defined as a bisecting line of the

brown ring extending along a circumferential direction of

the quartz glass crucible. Also, preferably, the brown

ring having the outer diameter reference line with the

length of from 10 mm to 13 mm satisfies the following

formula (1):

y ≥ 10x – 70 ... (1) 

where the length of the outer diameter reference line

of the brown ring is defined as x [mm], an uppermost

portion at an end of the outer diameter reference line of

the brown ring is defined as a reference height 0 [μm], and 

a protrusion height, which is a height of an uppermost

portion on the outer diameter reference line in an inner

region of the brown ring, is defined as y [μm].   

[0049]

The quartz glass crucible having such brown rings

formed can more effectively inhibit pinholes in the pulled

single crystal silicon ingots as well.

[0050]

A more detailed description is given below. FIG. 9

is a schematic view of a brown ring. The density of

bubbles inside the brown ring as well as the outer diameter

and reference height of the brown ring in the present

invention pertain to a single brown ring as shown in FIG.

9. A union of multiple brown rings is not used for the

calculation of these values.

[0051]

In FIG. 9, a direction from the bottom portion of the

quartz glass crucible to the end face thereof (upper end of

the straight body portion), i.e., the vertical direction,
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is shown. The bisecting line extending along the

circumferential direction of the crucible is a line that

bisects the brown ring in a plane perpendicular to the

vertical direction of the quartz glass crucible. The outer

diameter reference line refers to a line segment between

two points at which the bisecting line intersects the outer

circumference of the brown ring. In the present invention,

it is preferred that brown rings having the outer diameter

reference line with the length of from 10 mm to 13 mm are

formed after pulling the first single crystal silicon

ingot. The outer diameter reference line can be said to be

the outer diameter of the brown rings. However, since the

brown rings are not always perfectly circular, the above

definition is used.

[0052]

The uppermost portion at the end of the outer

diameter reference line of the brown ring is the higher of

the above two points. This is described with reference to

FIG. 8. FIG. 8 shows the height of the brown ring in FIG.

9 relative to the inner surface of the quartz glass

crucible, as measured using a surface roughness measuring

instrument. The uppermost portion at the end of the outer

diameter reference line shown on the right side of FIG. 8

is defined as a reference height 0 [μm].  A protrusion 

height, which is the height of an uppermost portion on the

outer diameter reference line in an inner region of the

brown ring, is defined as y [μm].  In Experimental Example 

4 in FIG. 8, the length of the outer diameter reference

line is approximately 12.2 mm.  The reference height 0 [μm] 

is located at approximately 15.5 mm on the horizontal axis

in the figure. Since this position is set as the reference

height 0 [μm], the height of the uppermost portion on the 

outer diameter reference line, which is located at
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approximately 10 mm on the horizontal axis in the figure,

is about 54 μm.  That is, y = 54, x = 12.2, satisfying the 

formula (1).

[0053]

One presumable reason for this protruding profile of

the brown ring to have occurred is that the crystallization

progressed concurrently with the occurrence of erosion into

the silicon melt and thus the crystallized portion avoided

from the erosion, resulting in the protruding profile. In

other words, the portion corresponding to the left side of

the maximum value of the curve of each experimental example

in FIG. 8 was presumably eroded by the flow of silicon

melt, resulting most of the brown-colored portion

(crystallized portion) disappearing.

[0054]

Method for Manufacturing Quartz Glass Crucible

The inventive quartz glass crucible can be

manufactured by any known method, except for controlling

the impurity element concentrations in the inner and outer

layers. For example, the inventive quartz glass crucible

can be manufactured by a method called an arc rotating

melting method. In this case, first, a silicon dioxide

powder (silica powder, quartz powder) as a raw material

powder is supplied into a rotating mold and molded by the

centrifugal force into a crucible-like molded product.

Then, the molded product has its inner side heated and

melted by arc flames to form a translucent quartz glass

crucible base (outer layer) (base forming step). During or

after the formation of the crucible base, silicon dioxide

powder is additionally supplied into the heated atmosphere

inside the crucible base to form a transparent quartz glass

inner layer on the inner surface of the crucible base

(inner layer forming step). The method of forming the
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inner layer made of a transparent quartz glass by heating

while scattering the quartz powder is also called a

scattering method. The impurity element concentrations in

the inner and outer layers can be adjusted, for example, by

adjusting the impurity element concentrations in the raw

material powder for each layer.

EXAMPLE

[0055]

The present invention is now further detailed with

reference to examples, though the present invention is not

limited to these examples.

[0056]

Examples 1 to 3 and Comparative Examples 1 to 4

Quartz glass crucibles with an outer diameter of 800

mm were manufactured using an arc rotating melting method.

The impurity concentrations in the inner layer, the

impurity concentrations in the outer layer (at the curved

and bottom portions), and the impurity concentrations in

the outer layer (at the straight body portion) of each

manufactured quartz glass crucible were adjusted as shown

in Table 1. That is, each impurity concentration shown in

Table 1 is the concentration (unit: ppb by mass) in each

portion of each quartz glass crucible prior to pulling a

single crystal silicon ingot. As described above, the

impurity concentration in the inner layer is the

concentration at 1 mm deep from the inner surface of each

quartz glass crucible, and the impurity concentration in

each portion of the outer layer is the average

concentration in the thickness direction.

[0057]

Then, the manufactured quartz glass crucibles were

used to pull single crystal silicon ingots. Brown rings
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formed on the inner surface of each quartz glass crucible

after pulling the first single crystal silicon ingots were

observed. Brown rings having the outer diameter reference

line with the length of from 10 mm to 13 mm were selected

as the brown rings to be observed. As the conditions of

bubbles in the inner layer within the inner region of each

brown ring, Table 2 shows the bubble diameter of the

largest bubble among the bubbles contained and the density

of bubbles with a diameter of greater than or equal to 3.0

μm in the brown ring.  Table 2 also shows the length x of 

the outer diameter reference line in the above formula (1)

and the protrusion height y, which is the height of the

uppermost portion on the outer diameter reference line,

obtained by observing the brown rings. Table 2 also shows

the conditions of pinholes that occurred after pulling the

first single crystal silicon ingot, under the column

“pinhole results.” The pinhole results were evaluated on a

three-level scale: “particularly good,” “good,” and “bad,”

which were defined as follows for convenience. In terms of

the number of pinholes detected when fabricating single

crystal silicon wafers from the single crystal silicon

ingot, the pinhole results were evaluated as “bad” if the

number of pinholes detected was greater than or equal to

that of Comparative Example 1 as a reference, evaluated as

“good” if the number of pinholes detected was less than or

equal to half of that evaluated as “bad,” and evaluated as

“particularly good” if the number of pinholes detected was

less than or equal to half of that evaluated as “good.”

[0058]
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[Table 1]

Inner layer
(1 mm deep from
inner surface)

[mass ppb]

Average
concentrations
in outer layer
(at curved and

bottom portions)
[mass ppb]

Average
concentrations
in outer layer

(at straight body
portion)

[mass ppb]

Na K Li Na K Li Na K Li

Example 1 4 <1 7 1 14 12 5 62 710

Example 2 <1 1 43 1 36 95 1 36 270

Example 3 1 2 91 2 46 150 2 53 220

Comparative
Example 1

1 5 120 2 41 200 5 75 680

Comparative
Example 2

98 93 17 520 180 33 88 86 180

Comparative
Example 3

13 1 78 71 77 150 4 91 470

Comparative
Example 4

1 7 240 2 55 570 14 82 740

[0059]

[Table 2]

Conditions of bubbles
in brown rings

Relative height of
brown rings:
formula(1)

Pinhole
results

Maximum
bubble

diameter
[μm] 

Bubble
density

[Number of
bubbles/mm2]

Outer
diameter
reference

line
length
[mm]

Uppermost
portion
height
[μm] 

Example 1 13 5.5 10 34
Particularly

good

Example 2 11 4.2 11 45
Particularly

good

Example 3 11 4.8 12 52 good

Comparative
Example 1

23 1.4 12 42 Bad

Comparative
Example 2

25 1.6 10 25 Bad

Comparative
Example 3

20 1.5 10 20 Bad

Comparative
Example 4

25 1.3 11 32 Bad

[0060]

As can be seen from Tables 1 and 2, the pinhole

results were found to be good if the impurity

concentrations of Na, K, and Li in the inner layer are less

than 5 ppb by mass for Na, less than 5 ppb by mass for K,

and less than 100 ppb by mass for Li, and the Na, K, and Li



24

concentrations at the curved and bottom portions in the

outer layer are less than 10 ppb for Na, less than 50 ppb

by mass for K, and less than 180 ppb by mass for Li. In

addition, with such impurity concentration requirements

satisfied, the density of bubbles with a diameter of 3.0 μm 

or greater in the brown ring was able to reach 4.0

bubbles/mm2 or greater. Such a high number density means

that the bubbles remain unreleased, and in that case, they

are present at deep positions inside the brown ring and

have not been incorporated into the silicon melt. As can

be seen from Table 2, Examples 1 to 3 satisfied the above

formula (1) for the brown rings having the outer diameter

reference line with the length of from 10 mm to 13 mm, and

in this case, the pinhole results were “particularly good”

or “good.” On the other hand, Comparative Examples 1 to 4

did not satisfy the above formula (1).

[0061]

In each of the above examples and comparative

examples, the impurity elements at the straight body

portion in the outer layer of each manufactured quartz

glass crucible included a high concentration element

(satisfying at least one of greater than or equal to 10 ppb

by mass for Na, greater than or equal to 50 ppb by mass for

K, and greater than or equal to 180 ppb by mass for Li),

which inhibited collapse and sinking.

[0062]

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

substantially have 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 pulling a single crystal

silicon ingot, the crucible having a crucible shape

including a straight body portion, a curved portion, and a

bottom portion, the crucible comprising:

an outer layer made of an opaque quartz glass

containing bubbles; and

an inner layer made of a transparent quartz glass and

having a thickness of greater than or equal to 1.5 mm,

wherein

concentrations of Na, K, and Li in the inner layer at

1 mm from an inner surface of the quartz glass crucible are

less than 5 ppb by mass for Na, less than 5 ppb by mass for

K, and less than 100 ppb by mass for Li, and

average concentrations of Na, K, and Li in a

thickness direction at the curved portion and the bottom

portion in the outer layer are less than 10 ppb by mass for

Na, less than 50 ppb by mass for K, and less than 180 ppb

by mass for Li.

2. The quartz glass crucible for pulling a single

crystal silicon ingot according to claim 1, wherein

concentrations of Na, K, and Li in the inner layer at

1 mm from the inner surface of the quartz glass crucible

are less than 5 ppb by mass for Na, less than 5 ppb by mass

for K, and less than 50 ppb by mass for Li, and

average concentrations of Na, K, and Li in the

thickness direction at the curved portion and the bottom

portion in the outer layer are less than 5 ppb by mass for

Na, less than 50 ppb by mass for K, and less than 100 ppb

by mass for Li.
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3. The quartz glass crucible for pulling a single

crystal silicon ingot according to claim 1 or 2, wherein

average concentrations of Na, K, and Li in the thickness

direction at the straight body portion in the outer layer

satisfy at least one of: greater than or equal to 10 ppb by

mass for Na; greater than or equal to 50 ppb by mass for K;

and greater than or equal to 180 ppb by mass for Li.

4. The quartz glass crucible for pulling a single

crystal silicon ingot according to any one of claims 1 to

3, wherein an outer diameter of the quartz glass crucible

is greater than or equal to 800 mm.

5. The quartz glass crucible for pulling a single

crystal silicon ingot according to any one of claims 1 to

4, wherein

the quartz glass crucible holds a silicon melt

therein, and has a brown ring formed on the inner surface

thereof after pulling a single crystal silicon ingot from

the silicon melt, and

a density of bubbles with a diameter of greater than

or equal to 3.0 μm in the inner layer within an inner 

region of the brown ring is greater than or equal to 4.0

bubbles/mm2.

6. The quartz glass crucible for pulling a single

crystal silicon ingot according to any one of claims 1 to

5, wherein

the quartz glass crucible holds a silicon melt

therein, and has a brown ring formed on the inner surface

thereof after pulling a single crystal silicon ingot from

the silicon melt, the brown ring having an outer diameter

reference line with a length of from 10 mm to 13 mm, the
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outer diameter reference line of the brown ring being

defined as a bisecting line extending along a

circumferential direction of the quartz glass crucible, and

the brown ring having the outer diameter reference

line with the length of from 10 mm to 13 mm satisfies the

following formula (1):

y ≥ 10x – 70 ... (1)  

where the length of the outer diameter reference line

of the brown ring is defined as x [mm], an uppermost

portion at an end of the outer diameter reference line of

the brown ring is defined as a reference height 0 [μm], and 

a protrusion height, which is a height of an uppermost

portion on the outer diameter reference line in an inner

region of the brown ring, is defined as y [μm].   


