DESCRI PTI ON

TI TLE OF I NVENTION : CZ CRUCI BLE

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a CZ crucible for
pulling single crystal silicon by a Czochral ski method

(hereinafter referred to as the “CZ nethod”).

BACKGROUND ART
[ 0002]

The CZ nmethod is known as a nethod for
manufacturing a single crystal. 1In 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 this 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 7 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 7, the
single crystal pulling apparatus 10 includes a pulling
chamber 12, a CZ crucible 13 provided inside the pulling
chamber 12, a heater 14 disposed around the CZ crucible
13, a crucible holding shaft 15 and its rotati ng and
lifting mechanism (not shown) for rotating and lifting



the CZ 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 winding the wire 18. Further, a heat

i nsulator 19 is disposed around an outer periphery of
the heater 14. Single crystal silicon 20 is pulled by
the wire 18 froma raw material silicon nelt 11

[ 0004]

The CZ crucible 13 disposed inside the single
crystal pulling apparatus 10 is conposed of a cl osed-end
cylindrical quartz glass crucible containing the silicon
nmelt 11 and a closed-end cylindrical graphite crucible
(sonmetines 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 Docunment 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 reveal ed that, while the

outer surface of the quartz glass crucible is shaped to



have a convex curved surface to follow the shape of the
i nner 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
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 on a central axis
when the quartz glass crucible 13A is disposed inside
the graphite crucible 13B to forma CZ crucible 13 as
shown in FIG 8, 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 nelt will vibrate to cause nelt
surface vibrations that make it difficult to pull the
single crystal silicon, and what is nore, the quartz
gl ass crucible 13A will beconme eccentric during pulling
of the single crystal silicon, making it inpossible to
supply heat uniformy to the silicon ingot, which |eads
to quality degradation of the silicon ingot.
[ 0007]

To address the above problens, it will be
contenpl ated that conpatible quartz glass crucible 13A
and graphite crucible 13B are selected and conbi ned to
provide a stable CZ crucible. 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 sol ve the
above problens. An object of the present invention is
to provide a CZ crucible that ensures that a cl osed-end
cylindrical quartz glass crucible for growi ng a single
crystal silicon ingot by the CZ nethod can be stable and
sel f-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 CZ crucible for growing a
single crystal silicon ingot by a CZ nethod, wherein

the CZ crucible conprises a closed-end cylindrical
graphite cruci ble and a cl osed-end cylindrical quartz
gl ass cruci bl e disposed inside the graphite crucible,
and

the CZ crucible includes a gap between an inner
surface of a bottom portion of the graphite crucible and
an outer surface of a bottom portion of the quartz gl ass
crucible on a central axis of the CZ crucible, the gap
keeping the inner surface of the bottom portion of the
graphite cruci ble and the outer surface of the bottom
portion of the quartz glass crucible contactless with
each ot her.

[ 0010]

Such a CZ crucible ensures that the quartz gl ass
cruci ble can be stable and sel f-supporting w thout
havi ng point contact with the graphite crucible when the
quartz glass crucible is disposed inside the graphite
cruci bl e.

[0011]
In the CZ crucible, a height of the gap in a



direction of the central axis on the central axis of the
CZ crucible may be 0.5 mmto 5.0 mm
[0012]

Wth this feature, the quartz glass crucible can be
nore stable and sel f-supporting. Additionally,
def ormati on of the quartz glass crucible can be nore
ef fectively suppressed.

[ 0013]

In the CZ crucible, a size of the gap in a
direction perpendicular to the central axis of the CZ
cruci ble may be 60 mmor nore in dianeter.

[ 0014]

Wth this feature, the quartz glass crucible can be
nore stable and sel f-supporting, and installation of the
quartz glass crucible is facilitated.

[ 0015]

In the CZ crucible, the quartz glass crucible may
include a cylindrical straight body portion, a first
curved portion continuous with a |ower end of the
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, the
first curvature Rl and the second curvature R2 nmay have
a relationship of RL < R2, and an outer surface of the
bottom porti on may have a flat surface shape
per pendi cular to a central axis of the quartz gl ass
cruci bl e.

[ 0016]

Wth this feature, even when the bottom portion of
the quartz glass crucible is provided with a flat
surface, there is little effect on the shape of the

I nner surface of the quartz glass crucible, resulting in



a smaller effect on conditions of the convection flow of
the silicon nmelt during grow ng of the single crystal

silicon ingot by the CZ nethod.

ADVANTAGEOUS EFFECTS OF | NVENTI ON
[0017]

As descri bed above, the inventive CZ crucible for
pulling single crystal silicon ensures that the quartz
gl ass crucible can be stable and sel f-supporting when it
I's disposed inside the graphite crucible.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0018]

FIG 1 illustrates an exanple of a CZ crucible
according to the present invention.

FIG 2 illustrates an exanple of a shape (cross-
section) of a bottom portion of a quartz glass crucible
used for the CZ crucible according to the present
I nventi on.

FIG 3 illustrates a preferred exanple of the
quartz glass cruci ble used for the CZ crucible according
to the present invention.

FIG 4 illustrates another preferred exanple of the
quartz glass crucible used for the CZ crucible according
to the present invention.

FIG 5 illustrates an exanple of a gap neasuring
jig for nmeasuring a gap between a quartz glass crucible
and a graphite crucible.

FIG 6 illustrates an exanple of a taper gauge.

FIG 7 is a schematic conceptual diagram of a
pul I i ng appar at us.

FIG 8 illustrates an exanple of a conventional CZ

cruci bl e.



DESCRI PTI ON OF EMBODI MENTS
[ 0019]

Herei nafter, the present invention will be
described in detail, but the present invention is not
limted to the foll ow ng description.

[ 0020]

As descri bed above, a need has existed for a CZ
crucible that ensures that a cl osed-end cylindrical
quartz glass crucible for growi ng a single crystal
silicon ingot by the CZ nmethod can be stable and self-
supporting when it is disposed inside a closed-end
cylindrical graphite crucible.

[ 0021]

The present inventors have earnestly studied to
achi eve the above object and consequently found that it
is possible to ensure that a quartz glass crucible can
be stabl e and sel f-supporti ng when di sposed inside a
graphite crucible by enploying a CZ crucible for grow ng
a single crystal silicon ingot by the CZ nethod, where
the CZ crucible includes the closed-end cylindrical
graphite cruci ble and the cl osed-end cylindrical quartz
gl ass cruci bl e disposed inside the graphite crucible,
and the CZ crucible includes a gap between an inner
surface of a bottom portion of the graphite crucible and
an outer surface of a bottom portion of the quartz gl ass
crucible on a central axis of the CZ crucible, the gap
keeping the inner surface of the bottom portion of the
graphite crucible and the outer surface of the bottom
portion of the quartz glass crucible contactless with
each other. This finding has led to the conpletion of
t he present invention.

[ 0022]



A description is given below with reference to the
dr awi ngs.
[ 0023]

First of all, the present inventors investigated
why a cl osed-end cylindrical quartz glass crucible
rattl es and beconmes unstable inside a closed-end
cylindrical graphite crucible when disposed inside the
graphite crucible in a CZ crucible for growing a single
crystal silicon ingot by the CZ nethod, and reveal ed
that the quartz glass crucible beconmes unstable due to
poi nt 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 on
a central axis, which is caused by individual variations
such as manufacturing errors in the shape of the outer
surface of the bottom portion of the quartz gl ass
crucible during its manufacture as described above.
Thus, the present inventors have found that the above
probl enms can be solved by providing a gap between the
i nner surface of the bottom portion of the graphite
crucible and the outer surface of the bottom portion of
the quartz glass crucible on the central axis of the CZ
cruci ble, where the gap keeps the inner surface of the
bottom portion of the graphite crucible and the outer
surface of the bottom portion of the quartz gl ass
cruci ble contactless with each other.

[ 0024]

FIG 1 illustrates an exanple of a CZ crucible
according to the present invention. This CZ crucible 1
i ncl udes a closed-end cylindrical graphite crucible 1B
and a cl osed-end cylindrical quartz glass crucible 1A
di sposed inside the graphite crucible 1B. When the
quartz glass crucible 1A is disposed inside the graphite



crucible 1B, the CZ crucible 1 includes a gap 7 between
an inner surface of a bottom portion of the graphite
crucible 1B and an outer surface of a bottom portion of
the quartz glass crucible 1A on a central axis 6 of the
CZ crucible 1, where the gap 7 keeps the inner surface
of the bottom portion of the graphite crucible 1B and

t he outer surface of the bottom portion of the quartz
gl ass crucible 1A contactless with each other, as shown
in an enlarged view of the bottom portion 5. Such CzZ
crucible 1 avoids point contact (FIG 8) 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 1B, and preferably, provides
surface contact between an outer edge of the bottom
portion of the quartz glass crucible 1A and the inner
surface of the graphite crucible 1B, ensuring that the
quartz glass cruci ble 1A can be stable and self-
supporting when di sposed inside the graphite crucible
1B.

[ 0025]

The quartz glass crucible 1A and the graphite
crucible 1B are not |limted to particular shapes as | ong
as their shapes result in such CZ crucible 1. FIG 2
il lustrates exanples of the shape (cross-section) of the
bottom portion 5 of the quartz glass crucible 1A As
shown in FIG 2, the cross-sectional shape of the bottom
portion 5 may be any of (A) convex, (B) flat, and (C)
concave shapes.

[ 0026]

FIG 3 illustrates the quartz glass crucible 1A
with the bottom portion of a flat cross-sectional shape
shown in FIG 2B. Wth the outer surface of the bottom

portion 5 of the quartz glass crucible 1A shaped into a
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flat surface 5A perpendicular to the central axis 6 of
the quartz glass crucible 1A (hereinafter sinmply
referred to as a “flat surface”), the gap 7 can be
provided in the CZ crucible 1 in a reliable and stable
manner .

[0027]

Also, FIG 4 illustrates the quartz glass crucible
1A with the bottom portion of a concave cross-sectiona
shape shown in FIG 2C. Wth the outer surface of the
bottom portion 5 of the quartz glass crucible 1A shaped
into a concave surface 5B concave with respect to the
above flat surface 5A as shown in FIG 4 (hereinafter
sinmply referred to as a “concave surface”), the gap 7
can be provided in the CZ crucible as well. In this
case, in terms of ensuring the maxinum stability, it is
preferred that the concave surface has a shape symmetric
about the central axis 6, in other words, an edge of the
concave portion has a circul ar shape centered on the
central axis 6 when the quartz glass crucible 1A is
viewed in the direction of the central axis 6 fromthe
outer surface of the bottom portion 5.

[ 0028]

It is nore preferred that the quartz glass crucible
1A further includes a first curved portion 3 continuous
with a lower end of a cylindrical straight body portion
2 and having a first curvature Rl and a second curved
portion 4 continuous with the first curved portion 3 and
having a second curvature R2, where the first curvature
R1 and the second curvature R2 satisfy the relationship
of RL < R2. The quartz glass crucible 1A with such a
shape has little effect on the shape of the inner
surface of the quartz glass crucible 1A even when the

flat surface 5A or the concave surface 5B is forned.
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Thus, there is little effect on conditions of the
convection flow of the silicon nelt during growing of a
single crystal silicon ingot by the CZ nethod.

[ 0029]

While the first curvature R1 and the second
curvature R2 are not limted to particular values, it is
preferred that the first curvature Rl is in the range of
100 mm £ R1 £ 200 mm, and the second curvature R2 is in
the range of 800 mm < R2 < 900 mm. With such values,
any change or disturbance in conditions of the
convection flow of the silicon nelt can be suppressed in
a nore stabl e manner
[ 0030]

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

[ 0031]

It is also, of course, possible to adjust the inner
surface shape of the graphite crucible 1B in order to
provide the gap 7 for keeping the inner surface of the
bottom portion of the graphite crucible 1B and the outer
surface of the bottom portion of the quartz gl ass
cruci ble 1A contactless with each other, besides the
above nmethod of adjusting the outer surface shape of the
bottom portion of the quartz glass crucible 1A In
terms of a smaller effect on thermal conditions during
growing of the single crystal silicon ingot, it is
preferred to formthe CZ crucible 1 with the gap 7 by
setting the outer surface shape of the bottom portion of
t he quartz glass crucible 1A
[ 0032]
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The gap 7 is preferably sized to have a height (H
in FIG 1) of 0.5 mmto 5.0 nmin the central axis
direction on the central axis 6 of the CZ crucible 1.
Consi deri ng measurenent errors (nmeasurenment lower limt)
for the height H of the gap 7, setting the height Hto
0. 5 mmor nore can stably guarantee the gap 7. During
growi ng of the single crystal silicon ingot, gas
entrapped in the gap 7 may expand and increase the
pressure in the gap 7. However, setting the height Hto
any value within 5.0 mm can reduce the effect of
expansi on of the gas entrapped in the gap 7, resulting
in the CZ crucible 1 that can effectively suppress
def ormati on of the quartz glass crucible 1A
[ 0033]

In addition, the size of a gap in the direction
per pendi cular to the central axis 6 (Win FIG 1) is
preferably 60 mmor nore in dianmeter. Wth such size W
the quartz glass crucible 1A is nore stably installed
I nside the graphite crucible 1B, resulting in the CZ
crucible 1 with less rattling. Additionally,
installation of the quartz glass crucible is
facilitated.

[ 0034]

Now a description is given of howto estimte the
size (height Hand wwdth W of the gap 7. For exanple,
the size of the gap 7 can be estimted by neasuri ng,
using a three-di nensi onal shape measuring device or the
i ke, the outer surface shape of the quartz gl ass
crucible 1A and the inner surface shape of the graphite
crucible 1B that are to be actually conbined, and then
anal yzi ng respective dat a.

[ 0035]
Alternatively, the gap 7 between the inner surface
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of the bottom portion of the graphite crucible 1B and

t he outer surface of the bottom portion of the quartz

gl ass crucible 1A on the central axis 6 of the CZ
crucible 1 can be easily and reliably nmeasured by using
a gap neasuring jig 30 as shown in FIG 5 and a taper
gauge as shown in FIG 6 against the bottom portion of
the quartz glass crucible 1A. Specifically, in FIG 5,
portions with a curved surface (cross-sectional shape
portions 31 with a gauge) reflect the cross-sectional
shape of the inner surface of the graphite crucible 1B.
Appl ying the cross-sectional shape portions 31 onto the
outer surface of the bottom portion 5 of the quartz

gl ass crucible 1A creates a gap between the cross-
sectional shape portions 31 of the gap neasuring jig 30
and the bottom portion of the quartz glass crucible 1A
By measuring the size of this gap, values of the height
H and the size Wof the gap can be easily obtained. At
this time, the conical taper gauge as shown in FIG 6 is
inserted into the gap, and a conical surface of the

coni cal taper gauge is brought into contact with the
cross-sectional shape portions 31 and the outer surface
of the quartz glass crucible 1A. The height H of the
gap 7 can be neasured froma position at which the

coni cal surface of the conical taper gauge is in contact
with the cross-sectional shape portions and the outer
surface of the quartz glass crucible 1A. Perform ng the
measurenent in this manner allows for very easy and
accurate measurenent of the height and dianeter of the
gap W thout requiring skill.

EXAMPLE
[ 0036]
The present invention is described below in detai
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usi ng Exanpl es, although these Exanples do not |limt the
present invention.
[ 0037]

CZ cruci bl es shown bel ow were prepared as
Conpar ative Exanpl e and Exanpl es and evaluated as to
whet her the quartz glass crucible could remain self-
supporting inside the graphite crucible w thout
rattling. Then, a single crystal silicon ingot was
actually grown using the CZ nethod, and deformation of
the quartz glass cruci ble and degree of disturbance of
crystallization (single crystal yield) were eval uated.
The single crystal yield is calculated as a ratio of the
wei ght of the single crystal obtained as the product to
the weight of the raw material charged. The single
crystal yield of Conparative Exanple 1 was defined to be
1.0 as the norm
[ 0038]
(Conparati ve Exanple 1)

A CZ crucible was prepared that included a quartz
gl ass crucible having a first curved portion with a
curvature R1 of 180 nmm and a second curved portion with
a curvature R2 of 815 mm continuous with a straight
body portion with a 32 inch (about 800 nm) nouth
di ameter, and having a bottom portion with a convex
surface, where no gap was provi ded between the bottom
portion of the quartz glass crucible and the graphite
crucible on the central axis (H= 0, W= 0).
[ 0039]
(Exanple 1)

A CZ crucible was prepared that included a quartz
gl ass crucible having a first curved portion with a
curvature R1 of 180 nmm and a second curved portion with

a curvature R2 of 815 mm continuous with a straight
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body portion with a 32 inch (about 800 nm nouth

di ameter, and having a bottom portion with a fl at
surface, where a gap with the size of H= 10.0 nmand W
= 255 mm was provi ded between the bottom portion of the
quartz glass crucible and the graphite crucible.

[ 0040]

(Exanpl e 2)

A CZ cruci bl e was prepared under the sanme
conditions as Exanple 1, except that the size of the gap
bet ween the bottom portion of the quartz glass crucible
and the graphite crucible was set to H= 0.5 nmand W=
60 mMm
[ 0041]

(Exanpl e 3)

A CZ crucible was prepared that included a quartz
gl ass crucible having a first curved portion with a
curvature R1 of 180 nmm and a second curved portion with
a curvature R2 of 815 mm continuous with a straight
body portion with a 32 inch (about 800 nm) nouth
di ameter, and having a bottom portion with a concave
surface, where a gap with the size of H= 3.0 mm and W=
70 mm was provi ded between the bottom portion of the
quartz glass cruci ble and the graphite cruci bl e.

[ 0042]
(Exanpl e 4)

A CZ cruci ble was prepared under the sanme
conditions as Exanple 1, except that the size of the gap
bet ween the bottom portion of the quartz glass crucible
and the graphite crucible was set to H= 3.0 nmand W=
140 mm
[ 0043]

(Exanpl e 5)
A CZ cruci ble was prepared under the sane
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conditions as Conparative Exanple 1, except that the
size of the gap between the bottom portion of the quartz
gl ass crucible and the graphite crucible was set to H =
3.0 mm and W= 440 mm

[ 0044]

(Exanpl e 6)

A CZ cruci bl e was prepared under the sanme
conditions as Exanple 3, except that the size of the gap
bet ween the bottom portion of the quartz glass crucible
and the graphite crucible was set to H= 1.0 nmand W=
30 mm
[ 0045]

(Exanple 7)

A CZ cruci ble was prepared under the sane
conditions as Exanple 1, except that the size of the gap
bet ween the bottom portion of the quartz glass crucible
and the graphite crucible was set to H= 5.0 mmand W=
180 mMm
[ 0046]

As shown in Table 1, it can be seen that the CZ
crucible with a gap between the inner surface of the
bottom portion of the graphite crucible and the outer
surface of the bottom portion of the quartz gl ass
cruci ble, as in each of Exanples, ensures that the
quartz glass cruci ble can be stable and sel f-supporting
when it is disposed inside the graphite crucible.

[ 0047]
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[ Tabl e 1]
Shape of
Cont act | Hei ght : quartz .
of Hof | Dameter gl ass Deform| - | Single
b Wof gap . . suppor | crystal
ottom gap (rm) cruci bl e ation tin el d
portion | (mm) bott om 9 y
portion
Conp. Convex 1.00
Ex. 1 Cont act 0.0 0 surf ace good poor (nor m
x 1| @At 10 0 255 Fl at fair | good | 1.05
ess surface
EX 2 Cont act 0.5 60 Fl at good good 1.09
| ess surface
x 3| DM 30 70 Concave | ¢ i+ | good | 1.08
ess surface
EX 4 Cont act 3.0 140 Fl at good good 1.09
| ess surface
EX 5 Cont act 3.0 440 Convex good good 1.08
| ess surface
Ex 6| DM 10 30 concave | ¢oir | fair | 1.07
ess surface
Cont act Fl at
EX 7 | ess 5.0 180 surf ace good good 1.09
[ 0048]
It should be noted that the present invention is
not limted to the above-described enbodi nents. The

enbodi nents are just exanples, and any exanples that
have substantially the same feature and denonstrate the
sanme functions and effects as those in the techni cal
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 CZ crucible for growing a single crystal silicon
i ngot by a CZ nethod, wherein

the CZ crucible conprises a closed-end cylindrical
graphite crucible and a cl osed-end cylindrical quartz
gl ass cruci bl e disposed inside the graphite crucibl e,
and

the CZ crucible includes a gap between an inner
surface of a bottom portion of the graphite crucible and
an outer surface of a bottom portion of the quartz gl ass
crucible on a central axis of the CZ crucible, the gap
keeping the inner surface of the bottom portion of the
graphite crucible and the outer surface of the bottom
portion of the quartz glass crucible contactless with

each ot her.

2. The CZ crucible according to claim1l, wherein a
hei ght of the gap in a direction of the central axis on
the central axis of the CZ crucible is 0.5 nmto 5.0 nm

3. The CZ crucible according to claim1l or 2, wherein
a size of the gap in a direction perpendicular to the

central axis of the CZ crucible is 60 nmor npre in

di amet er.
4. The CZ crucible according to any one of clains 1 to
3, wherein

the quartz glass crucible conprises a cylindrical
strai ght body portion, a first curved portion continuous
with a |lower 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
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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 has a fl at
surface shape perpendicular to a central axis of the

quartz gl ass cruci bl e.



