DESCRI PTI ON

TI TLE OF I NVENTI ON: QUARTZ GLASS CRUCI BLE

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a quartz gl ass
crucible for growing a single crystal silicon ingot by a
Czochral ski method (hereinafter referred to as the “CZ
met hod”) .

BACKGROUND ART
[ 0002]

The CZ nmethod is known as a nethod for
manufacturing a single crystal. |In particular, the CZ
method is widely adopted in the industry for nost single
crystal silicon to be used as materials for
sem conductor el ectronic conmponents. In the CZ nethod,
pol ycrystalline silicon or the like charged in a quartz
glass crucible is nelted by a heater, and then a seed
crystal is dipped into the surface of the silicon nelt,
followed by pulling up the seed crystal dipped in the
silicon nelt 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
pul I ing apparatus used to pull a single crystal by the
CZ met hod descri bed 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



mechani sm (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 wi ndi ng nechani sm (not shown) for rotating or

wi nding the wire 18. Further, a heat insulator 19 is

di sposed around an outer periphery of the heater 14.
Single crystal silicon 20 is pulled by the wire 18 from
a raw material silicon nmelt 11

[ 0004]

The crucible 13 di sposed inside the single crystal
pul I ing apparatus 10 is conposed of a cl osed-end
cylindrical quartz glass crucible containing a raw
material nmelt 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).

Cl TATION LI ST

PATENT LI TERATURE

[ 0005]

Pat ent Docunent 1: JP 2012-017245 A
Pat ent Docunent 2: JP 2013-139356 A

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0006]

While a quartz glass crucible is dinmensioned to be
received inside a graphite crucible, it is difficult to
fabricate the quartz glass crucible such that an outer
surface thereof is in conplete 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



outer surface of the quartz glass crucible is shaped to
have a convex curved surface to foll ow the shape of the
i nner surface of the graphite crucible, any individual
vari ations, 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
i n 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
gl ass crucible 13A is disposed inside the graphite
crucible 13B as shown in FIG 5, rendering the quartz
gl ass crucible 13A unstable. Any vibrations of the
quartz glass crucible 13A inside the graphite crucible
13B nay damage the quartz glass crucible 13A inside the
graphite crucible 13B. Additionally, during manufacture
of a single crystal, the silicon nmelt will vibrate to
cause nelt surface vibrations that make it difficult to
pull the single crystal silicon, and what is nore, the
quartz glass crucible 13A will beconme eccentric during
pulling of the single crystal silicon, making it
i npossible to supply heat uniformy to the silicon
i ngot, which leads to quality degradation of the silicon
i ngot .
[ 0007]

To address the above problens, it wll be
contenpl ated that conpatible quartz glass crucible 13A
and graphite crucible 13B are selected and conbi ned to
provide a stable crucible 13. However, this requires a
trial-and-error approach to find a conpatible
conmbi nation of the quartz glass crucible 13A and the
graphite crucible 13B, which is very inefficient and
does not necessarily guarantee achieving a preferable

conbi nati on.



[ 0008]

The present invention has been nade to solve the
above problens. 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 nmethod that can be stable and self-supporting
when it is disposed inside a closed-end cylindrical

graphite crucible.

SOLUTI ON TO PROBLEM
[ 0009]

The present invention has been nade to achieve the
above object, and provides a quartz glass crucible for
growing a single crystal silicon ingot by a CZ nethod,
wher ei n

the quartz glass crucible has a closed-end
cylindrical shape conprising a cylindrical straight body
portion, a first curved portion continuous with a | ower
end of the straight body portion and having a first
curvature Rl, 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 Rl and the second curvature R2
have a relationship of Rl < R2, and

an outer surface of the bottom portion forns a fl at
surface perpendicular to a central axis of the quartz
gl ass crucible or a concave surface concave with respect
to the flat surface.

[ 0010]

Such a quartz glass crucible can be stable and

sel f-supporting when it is disposed inside a graphite

cruci ble, regardl ess of individual variations in the



quartz glass crucible and the graphite crucible. The

i nventive quartz glass crucible can al so 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 di sposed i nside
a graphite crucible. Additionally, the inventive quartz
gl ass cruci bl e can suppress any change or disturbance in
conditions of the convection flow of the silicon nelt
during growi ng of the single crystal silicon ingot by
the CZ net hod.

[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 mMm
[ 0012]

Wth this feature, any change or disturbance in
conditions of the convection flow of the silicon nelt
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 my be 60 nm
or nore.

[ 0014]

Wth this feature, point contact between the outer
surface of the bottom portion of the quartz gl ass
crucible and the inner surface of the bottom portion of
t he graphite crucible can be inhibited in a nore stable

manner .

ADVANTAGEOUS EFFECTS OF | NVENTI ON
[ 0015]



As descri bed above, the inventive quartz gl ass
cruci ble can be stable and sel f-supporting when it is
di sposed inside a graphite crucible, regardl ess of
i ndi vidual variations in the quartz glass crucible and
the graphite crucible. The inventive quartz gl ass
cruci ble can al so provide better operational efficiency
and safety because it can be stably stored with its
bottom portion facing down, in the same nmanner as when
di sposed inside a graphite crucible. Additionally, the
i nventive quartz glass crucible can suppress any change
or disturbance in conditions of the convection flow of
the silicon nmelt during growi ng of the single crystal

silicon ingot by the CZ nethod.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0016]

FIG 1 illustrates an exanple of a quartz gl ass
cruci ble according to the present invention.

FIG 2 illustrates the quartz glass crucible
according to the present invention when it is installed
i nside a graphite crucible.

FIG 3 illustrates another exanple of the quartz
gl ass crucible according to the present invention.

FIG 4 is a schematic conceptual diagram of a
pul I i ng appar at us.

FIG 5 illustrates a quartz glass crucible when it
is installed inside a graphite crucible (an exanple of a
related art).

DESCRI PTI ON OF EMBODI MENTS
[0017]
Herei nafter, the present invention will be

described in detail, but the present invention is not



limted to the foll ow ng description.
[ 0018]

As descri bed above, a need has existed for a
cl osed-end cylindrical quartz glass crucible for grow ng
a single crystal silicon ingot by the CZ nethod that can
be stable and sel f-supporting when it is disposed inside
a closed-end cylindrical graphite crucible.
[ 0019]

The present inventors have earnestly studied to
achi eve the above object and consequently found that a
quartz glass crucible for grow ng a single crystal
silicon ingot by the CZ method that has a cl osed-end
cylindrical shape conprising a cylindrical straight body
portion, a first curved portion continuous with a | ower
end of the straight body portion and having a first
curvature Rl, 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 RL and the
second curvature R2 have a relationship of Rl < R2 and
an outer surface of the bottom portion fornms a flat
surface perpendicular to a central axis of the quartz
gl ass crucible or a concave surface concave with respect
to the flat surface, can be stable and sel f-supporting
when it is disposed inside a graphite crucible,
regardl ess of individual variations in the quartz gl ass
crucible and the graphite crucible, and found that such
a quartz glass crucible also can provide better
operational efficiency and safety during nornmal storage
and further can suppress any change or disturbance in
conditions of the convection flow of the silicon nelt
during growing of the single crystal silicon ingot by
the CZ method. This finding has led to the conpletion



of the present invention.
[ 0020]

A description is given below with reference to the
dr awi ngs.
[ 0021]

First of all, the present inventors contenplated a
cl osed-end cylindrical quartz glass crucible for use in
a crucible for growing a single crystal silicon ingot by
the CZ nmet hod, where the quartz glass crucible can be
stabl e and sel f-supporting when it is disposed inside a
cl osed-end graphite crucible, and found that the quartz
gl ass cruci bl e becones unstabl e due to point contact
bet ween 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
i ndi vi dual variations such as manufacturing errors in
t he 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 gl ass
crucible into a flat surface perpendicular to the
central axis of the quartz glass crucible (hereinafter
sinmply referred to as a “flat surface”) or a concave
surface concave with respect to this flat surface
(hereinafter sinply referred to as a “concave surface”)
can inhibit the point contact, thus allow ng the quartz
gl ass crucible to be stably placed inside the graphite
cruci bl e.

[ 0022]

However, sinply 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



gl ass cruci ble, which may reduce the strength and may

af fect conditions of the convection flow of the silicon
nmelt due to changes occurring in heat transfer bal ance
in the crucible during growi ng of the single crystal
silicon. On the other hand, assuring the thickness of

t he bottom portion of the quartz glass crucible requires
changi ng the shape of the inner surface of the quartz

gl ass 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 cruci ble that does not affect conditions of
the convection flow of the silicon nelt even with the
outer surface of its bottom portion being shaped into a
flat surface or a concave surface can be achi eved by
shapi ng the quartz glass crucible such that it has a

cl osed-end cylindrical shape including a first curved
portion continuous with a |ower end of a cylindrica
strai ght body portion and having a first curvature Rl, 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 RL and the second curvature R2 have
a relationship of RL < R2. This finding has led to the
conpl etion of the present invention.

[ 0023]

(First Enmbodi ment)

FIG 1 illustrates an exanple of a quartz gl ass
cruci ble 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 | ower end of

t he straight body portion 2 and having a first curvature



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 RlL and the second
curvature R2 satisfy the relationship of RL < 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
per pendi cular to the central axis 6 of the quartz gl ass
crucible as shown in FIG 1, point contact between the
outer surface of the bottom portion of the quartz gl ass
crucible 1A and the inner surface of the bottom portion
of the graphite crucible 13B is avoided as shown in FIG
2, allowng the quartz glass crucible 1A to be stable
and sel f-supporting when it is disposed inside the
graphite crucible 13B. Wile a gap is fornmed between
the quartz glass crucible 1A and the graphite crucible
13B as shown in FIG 2, problenms such as rattling wl
not occur because an outer edge of the bottom portion of
the quartz glass crucible 1A is in surface contact with
t he 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 |ower end of the
cylindrical straight body portion 2 and having the first
curvature Rl and the second curved portion 4 continuous

with the first curved portion 3 and having the second

10



curvature R2, where the first curvature Rl and the
second curvature R2 satisfy the relationship of Rl < R2.
Accordingly, there is little effect on the shape of the
I nner surface of the quartz glass crucible even when the
flat surface 5Ais fornmed. As such, there is also
little effect on conditions of the convection flow of
the silicon nmelt during growi ng of the single crystal
silicon ingot by the CZ nethod.

[ 0026]

Conventionally, when a quartz glass crucible is
stored, a jig is used to support the bottom porti on of
the quartz glass crucible in a stable nmanner 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 growng a | arge-di aneter
single crystal silicon ingot in particular has a | arge
size, turning it upside down requires high anmounts of
| abor and al so involves the risk of falling or the |ike.
In contrast, the inventive quartz glass crucible
provi des better operational efficiency and safety during
normal storage because it can be stably stored with its
bottom portion facing down, in the same nmanner as when
di sposed inside a graphite crucible, w thout the use of
a special jig or the Ilike.

[0027]

While the first curvature Rl and the second
curvature R2 are not limted to particular values, it is
preferred that the first curvature Rl is in the range of
120 mm £ R1 £ 240 mm, and the second curvature R2 1is 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 nmelt can be suppressed in

a nore stabl e nmanner

11



[ 0028]

Whil e the nouth diameter of the quartz gl ass
crucible 1A is not |limted to a particular value, a
| arger nmouth diameter is particularly preferred in the
present invention. For exanple, the nouth dianeter nmay
be 32 inches (about 800 nm or nore.

[ 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 mmor nore. Wth the
width Win such a range, point contact between the outer
surface of the bottom portion of the quartz gl ass
crucible and the inner surface of the bottom portion of
t he graphite crucible can be inhibited in a nore stable
manner .

[ 0030]

It is preferred that the graphite crucible in which
the quartz glass crucible is to be installed is of a
cl osed-end cylindrical shape and has an inner surface
that includes a straight body portion with a cylindrica
i nner peripheral surface, a first curved portion
continuous with a | ower 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
bet ween the quartz glass crucible and the graphite
crucible, the first curvature R1 of the quartz gl ass
cruci ble satisfies an equation of Rl = R3t50 nm and the
second curvature R2 of the quartz glass crucible
satisfies an equation of R2 = R4x50 nm Any conbi nati on

of the quartz glass crucible and the graphite crucible

12



satisfying such a relationship can further suppress any
change or disturbance in the conditions of the
convection flow of the silicon nelt.
[ 0031]
(Second Enbodi nent)

FIG 3 illustrates another exanple of the quartz
gl ass crucible according to the present invention.
Descri ptions of simlar conponents to those in FIG 1
will be omtted as appropriate. The quartz gl ass
crucible 1B according to the present enbodi nent incl udes
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 enbodinment. While
t he concave surface 5B is not limted to a particular
shape as long as it is concave with respect to the fl at
surface perpendicular to the central axis 6 of the
quartz glass crucible, in terns of ensuring the maxi mum
stability, it is preferred that the concave surface 5B
has a shape symretric about the central axis 6, in other
wor ds, an edge of the concave portion has a circular
shape centered on the central axis when the quartz gl ass
crucible 1B is viewed in the direction of the central
axis 6 fromthe outer surface of the bottom portion.

EXAMPLE
[ 0032]

The present invention is described below in detai
usi ng Exanpl es, although these Exanples do not |limt the
present invention.

[ 0033]
As shown bel ow, quartz glass crucibles with a 32

13



inch (about 800 mm nouth diameter and each having a
di fferent shape except for the straight body portion
were placed in a graphite crucible for evaluation. The
eval uati on began by investigating whether rattling would
occur when each quartz glass crucible was installed
I nside the graphite crucible. To evaluate the presence
or absence of rattling, each quartz glass crucible was
pl aced on a horizontal platform and, at 30 cm hei ght
fromthe platform the quartz glass crucible was pushed
hori zontally in the area of 200 mm? 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
nore, that quartz glass crucible was determ ned to have
rattling (poor). It should be noted that the vertica
direction relative to the ground was defined as 0O
degrees, and if the quartz glass crucible was tilted
prior to application of the force, the degrees were al so
added.
[ 0034]

Then, a single crystal silicon ingot was grown
using the CZ nmethod. The presence or absence of
di sl ocations in the grown single crystal silicon ingot
was eval uated to evaluate a change or disturbance in the
convection flow of the silicon nelt during grow ng of
the single crystal silicon ingot. The graphite crucible
i n which each quartz glass crucible was to be installed
had an i nner surface including a straight body portion
with a cylindrical inner peripheral surface, a first
curved portion continuous with a |ower end of the
strai ght 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

14



[ 0035]
(Conpar ati ve Exanple 1)

A quartz glass crucible including a cylindrical
strai ght body portion, a first curved portion having a
first curvature R1 of 180 nmm and a second curved
portion having a second curvature R2 of 815 nm was used.
The quartz glass crucible of Conparative Exanple 1
i ncluded a bottom portion with a convex shaped outer
surface.
[ 0036]
(Conpar ati ve Exanpl e 2)

A quartz glass crucible including a cylindrical
strai ght body portion, a first curved portion having a
first curvature R1 of 180 nm and a flat surface with a
cross-sectional bottom portion width Wof 570 nm was
used.
[ 0037]
(Exanple 1)

A quartz glass crucible including a cylindrical
strai ght 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 Wof 60 nmm was used.
[ 0038]
(Exanpl e 2)

A quartz glass crucible simlar to that of Exanple
1 was used, except that the cross-sectional bottom
portion width Wwas set to 50 nm
[ 0039]
(Exanpl e 3)

A quartz glass crucible including a cylindrical

strai ght body portion, a first curved portion having a

15



first curvature RL 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-sectiona
bottom portion width Wof 255 nmm was used.

[ 0040]

(Exanpl e 4)

A quartz glass crucible simlar to that of Exanple
3 was used, except that the first curvature Rl was set
to 230 mm the second curvature R2 was set to 865 nmm
and the cross-sectional bottom portion width Wwas set
to 140 mm
[ 0041]

(Exanpl e 5)

A quartz glass crucible simlar to that of Exanple
4 was used, except that the first curvature RL was set
to 110 mm the second curvature R2 was set to 815 mm
and the cross-sectional bottom portion width Wwas set
to 140 mm
[ 0042]

(Exanpl e 6)

A quartz glass crucible simlar to that of Exanple
5 was used, except that the first curvature Rl was set
to 250 mMm
[ 0043]

(Exanple 7)

A quartz glass crucible simlar to those of
Exanpl es 5 and 6 was used, except that the first
curvature RL was set to 180 nmm and the second curvature
R2 was set to 740 mm
[ 0044]

(Exanpl e 8)
A quartz glass crucible simlar to that of Exanple

7 was used, except that the second curvature R2 was set

16



to 890 mm
[ 0045]

The shape data for the quartz glass cruci bl es of
Conparative Exanples 1 and 2 and Exanples 1-8 as well as
their evaluation results are shown in Table 1.

[ 0046]

[ Tabl e 1]
CQut er Bott om
surface portion Convect
shapg of R1 RO Cross- Rattl i on
crucible secti onal I ng fl ow of
bottom wi dt h silicon
portion (mm)
Conp. Convex
Ex 1 surf ace 180 | 815 0 poor good
Egﬂpé Fl at surface | 180 - 570 good poor
EX. 1 Concave 180 | 815 60 good good
surface
EX. 2 Concave 180 | 815 50 fair good
surface
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
1
good: Tilt
| ess than 5°
fair: Tilt 5°
or nore and
| ess than 10°
poor: Tilt 10°
or nore
[ 0047]

As shown in Table 1, it can be seen that shaping
t he 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 Conparative Exanple 2, enables
the quartz glass crucible to be stable and self-

supporting inside the graphite crucible. However, the

17



quartz glass cruci bl e of Conparative Exanple 2, which
did not have the second curved portion, experienced a
change or disturbance in the convection flow of the
silicon nelt. 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 RL < R2 is satisfied, can
suppress any change or disturbance in the convection
flow of the silicon nmelt during growi ng of the single
crystal silicon ingot, as in Exanples 1-8.

Addi tionally, each of the quartz glass crucibl es of
Exanpl es 1-8 could be stably stored with its bottom
portion facing down, in the same manner as when di sposed
i nside a graphite crucible, wthout the use of a speci al
jig or the like, providing better operational efficiency
and safety during normal storage.

[ 0048]

It should be noted that the present invention is
not limted to the above-described enbodi nents. The
enbodi nrents are just exanples, and any exanples that
have substantially the same feature and denonstrate the
same functions and effects as those in the technica
concept disclosed in claims of the present invention are
included in the technical scope of the present

i nventi on.
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CLAI M5

1. A quartz glass crucible for growing a single
crystal silicon ingot by a CZ nethod, wherein

the quartz glass crucible has a closed-end
cylindrical shape conprising a cylindrical straight body
portion, a first curved portion continuous with a | ower
end of the straight body portion and having a first
curvature Rl, 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 Rl and the second curvature R2
have a relationship of Rl < R2, and

an outer surface of the bottom portion forns a flat
surface perpendicular to a central axis of the quartz
gl ass crucible or a concave surface concave with respect

to the flat surface.

2. The quartz glass crucible according to claim1,
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 claim1 or
2, wherein a width of the bottom portion when viewed in
a cross-section including the central axis of the quartz
gl ass crucible is 60 mm or nore.

19



