DESCRI PTI ON

QUARTZ GLASS CRUCI BLE AND METHOD FOR PRODUCI NG THE SAME

TECHNI CAL FI ELD
[ 0001]
The present invention relates to a quartz gl ass

cruci ble and a nmethod for producing the sane.

BACKGROUND ART
[ 0002]

Conventionally, the so called Czochral ski nethod has
been wi dely adopted for producing a single crystal nateri al
such as a single crystal sem conductor material. This is a
met hod in which polycrystalline siliconis nelted in a
contai ner, and an end of a seed crystal is dipped into the
nmelt bath (nelt) and is pulled with rotation. In this
nmet hod, a single crystal grows under the seed crystal with
havi ng the sane crystal orientation. In pulling of a
single crystal silicon, a quartz glass crucible is
general ly used for the container fromwhich the single
crystal is pulled. The quartz glass crucible has an outer
| ayer including an opaque quartz glass containi ng bubbl es
therein, and an inner layer including a transparent quartz
gl ass contai ni ng substantially no bubbl es.

[ 0003]

In recent years, with increase in the size of single
crystal silicon wafers, increase in the dianeter of quartz
gl ass cruci bles has al so progressed, and it is necessary to
deal with the increase in the heat |oad that works on the
quartz glass crucible and the increase in heating tine in a
single crystal silicon pulling operation. Durability

agai nst deformati on when heating and durability against



degradation that occurs when cooling after heating, etc.
are required in a quartz glass crucible, and it is
sonetines required to use a raw naterial powder (raw quartz
powder) suitable for each requirenent selectively in a
necessary portion. For exanple, Patent Docunent 1

di scl oses doping a part of the outer layer with a

crystallization pronoting agent.

Cl TATI ON LI ST

PATENT LI TERATURE

[ 0004]

Pat ent Docunent 1: Japanese Unexam ned Patent Application
Publ i cati on No. 2010-275151

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0005]

As descri bed above, it is sonetines required to use
different types of raw material powder selectively in
necessary portions of a quartz glass crucible. For
exanpl e, sonmetinmes, a raw material (raw quartz powder)
having different characteristics is partially used in an
opaque quartz glass layer of a quartz glass crucible,
particularly in an outer |ayer that includes the outer
surface, where precision is required in the formati on range
of the raw material. However, the appearance of the
resulting quartz glass crucible is uniformy white, and the
boundary between the types of raw material cannot be
observed by visual observation. Accordingly, there has
been a problemthat a quartz glass crucible is used for
pulling a single crystal even when a predeterm ned raw
material |ayer (hereinafter, a |ayer (region) forned froma

predeterm ned raw nmaterial out of the constituents of the



quartz glass crucible is sonetines referred to sinply as
“raw material layer”) is not configured in a predeterm ned
range, causing a nmalfunction. For exanple, a quartz raw
material |ayer containing an inpurity for pronoting
devitrification can be intentionally forned on the outer
surface of a crucible having, as a base, a high-purity
quartz raw material with a low inpurity concentration in
order to inprove heat resistance by crystallization of
quartz glass. In this case, if the quartz raw materi al
| ayer containing the inpurity is fornmed on an unnecessary
portion, cracks occur due to degradation by
devitrification, and a malfunction that silicon nelt |eaks
out occurs.
[ 0006]

In addition, even when different types of raw
mat eri al powder are not used (the sane type of raw nateri al
powder is used) as a raw material powder for form ng an
outer layer of a quartz glass crucible, it has sonetines
been required for each region of the outer |ayer to have a
di fferent function.
[ 0007]

The present invention has been made in view of the
above circunstances, and an object thereof is to provide a
gquartz glass crucible that can be given a different
function in each region in the outer |ayer of the quartz
glass crucible. In addition, an object of the present
invention is also to provide a nethod for producing such a

quartz glass crucible.

SCOLUTI ON TO PROBLEM
[ 0008]
The present invention has been made to sol ve the

above probl ens, and provides a quartz glass crucible



conprising a bottom portion, a curved portion, and a
strai ght body portion, wherein

the quartz glass crucible includes an outer |ayer
conprising an opaque quartz glass containing bubbl es
therein, and an inner |ayer conprising a transparent quartz
gl ass,

the outer layer is fabricated froma sane type or two
or nore different types of raw naterial powder, the outer
| ayer having two or nore regions sectioned by content
densities of the bubbl es,

and regardi ng bubble content densities of two

adj acent regions of the outer layer, when da (pcs/m®) is

defined as a bubble content density of a region “a” having
a greater content density of the bubbles, and dv (pcs/ m?)
is defined as a bubble content density of a region “b”
having a smaller content density of the bubbles, a

di fference D=(da-dp)/dp between the bubble content densities
of the two adjacent regions is 10% or nore.

[ 0009]

In such a quartz glass crucible, two or nore regions
can be differentiated by the content densities of the
bubbles, and it is possible to inpart different functions
to two or nore regions sectioned by the content densities
of the bubbles based on the difference in bubble content
densities.

[ 0010]

In this case, the outer |ayer can be fabricated from
the two or nore different types of raw material powder, and
the regions sectioned by the content densities of the
bubbl es can be each fabricated fromthe different types of
raw mat eri al powder.

[ 0011]

In such a quartz glass crucible, an outer | ayer



fabricated fromparticular different types of raw materia
powder can be sectioned by the content densities of the
bubbl es.

[0012]

Furt hernore, a boundary where the difference D
bet ween the bubbl e content densities is 10% or nore can be
| ocated in the straight body portion.

[ 0013]

When the boundary where the difference D between the
bubbl e content densities is 10%or nore is |located in the
strai ght body portion as described, the quartz gl ass
cruci ble can be given, in the strai ght body portion, two or
nore regions differentiated by the content densities of the
bubbl es.

[ 0014]

Furthernore, in the inventive quartz glass crucible,
t he boundary between the two adjacent regions is preferably
vi sual | y di stingui shabl e.

[ 0015]

Thus, the inventive quartz glass crucible is also
favorable in ternms of control since the boundary between
the two adjacent regions can be visually distinguished.

[ 0016]

Furthernore, in the inventive quartz glass crucible,
at least a part of the outer layer can have a plurality of
sub-layers differentiated by a difference in raw nmateri al
powder in a thickness direction of the quartz gl ass
cruci bl e.

[0017]

Thus, at least a part of the outer |layer can further
include a plurality of sub-layers differentiated by the
difference in raw naterial powder. The present invention

can also be applied to a quartz gl ass cruci bl e having such



a configuration.
[ 0018]

Furthernore, the quartz glass crucible can be a
quartz glass crucible for pulling a single crystal silicon
for pulling a single crystal silicon froma silicon nelt
held in the quartz gl ass crucible.

[ 0019]

Thus, the inventive quartz glass cruci ble can be used
particularly suitably as a quartz glass crucible for
pulling a single crystal silicon.

[ 0020]

In addition, the present invention provides a nethod
for producing a quartz glass crucible having an outer | ayer
conprising an opaque quartz glass containing bubbl es
therein, and an inner |ayer conprising a transparent quartz
gl ass, the quartz glass crucible conprising a bottom
portion, a curved portion, and a strai ght body portion, the
nmet hod conprising the steps of:

supplying a raw materi al powder of the outer |ayer
into a rotating nold to form on an inner surface of the
nol d, a powder | ayer to be the outer |ayer of the quartz
gl ass crucible; and

fabricating the outer |layer by heat-nelting the
powder | ayer,

wherein the powder layer is fornmed using a sane type
or two or nore different types of raw naterial powder as
the raw naterial powder of the outer |ayer,

when the powder layer is forned, a difference is nmade
in arotational rate of the nold so that the powder |ayer
Is sectioned into two or nore regions according to the
rotational rate of the nold, and

two or nore regions sectioned by content densities of

the bubbles are fabricated in the outer |ayer by heat-



melting the powder |ayer sectioned into the two or nore
regi ons, wherein regardi ng bubble content densities of two
adj acent regions of the outer layer, when da (pcs/m?®) is
defined as a bubble content density of a region “a” having
a greater content density of the bubbles, and dv (pcs/ m?)
is defined as a bubble content density of a region “b”
having a smaller content density of the bubbles, a

di fference D=(da-dp)/dp between the bubble content densities
of the two adjacent regions is 10% or nore.

[ 0021]

Such a nethod for producing a quartz glass crucible
makes it possible to form in an outer |ayer of the quartz
gl ass crucible to be produced, two or nore regions
sectioned by the content densities of the bubbles by nmeking
a difference in the rotational rate of the nold when
form ng the powder layer. 1In this manner, different
functions based on the difference in bubble content
densities can be inparted to two or nore regions sectioned
by the content densities of the bubbles.

[0022]

In this case, the powder |ayer can be fabricated
using the two or nore different types of raw materia
powder, and the two or nore regions of the powder | ayer
according to the rotational rate of the nold can each
contain the different types of raw material powder so that
the regions sectioned by the content densities of the
bubbl es are each fabricated fromthe different types of raw
mat eri al powder.

[ 0023]

In a quartz glass cruci ble produced by such a
producti on nethod, an outer |ayer fabricated from
particular different types of raw materi al powder can be

sectioned by the content densities of the bubbles.



[ 0024]

Furthernore, the rotational rate of the nold is
preferably changed in a position corresponding to the
strai ght body portion of the quartz glass crucible.

[ 0025]

In this manner, a quartz glass crucible having the
boundary where the difference D between the bubble content
densities is 10% or nore |located in the straight body
portion can be produced. Consequently, the quartz gl ass
cruci ble can be given, in the straight body portion of the
cruci ble, two or nore regions differentiated by the content
densities of the bubbl es.

[ 0026]

Furthernore, in the present invention, at |east a
part of the powder |ayer can be fornmed to have a plurality
of sub-powder-|ayers differentiated by a difference in raw
mat eri al powder in a thickness direction.

[ 0027]

By form ng the powder |ayer for the outer layer to
have such sub-powder-|ayers, at |least a part of the outer
| ayer of the quartz glass crucible to be produced can
further include a plurality of sub-layers differentiated by
the difference in raw materi al powder
[ 0028]

Furthernore, the quartz glass crucible can be a
quartz glass crucible for pulling a single crystal silicon
for pulling a single crystal silicon froma silicon nelt
held in the quartz gl ass crucible.

[ 0029]

Thus, a quartz glass crucible produced by the
i nventive production nmethod can be used particularly
suitably as a quartz glass crucible for pulling a single

crystal silicon.



ADVANTAGEQUS EFFECTS OF | NVENTI ON
[ 0030]

In the inventive quartz glass crucible, two or nore
regions can be differentiated by the content densities of
the bubbles, and it is possible to inpart different
functions to two or nore regions sectioned by the content
densities of the bubbles based on the difference in bubble
content densities. In addition, the inventive nethod for
produci ng a quartz glass crucible makes it possible to
form in an outer |layer of the quartz glass crucible to be
produced, two or nore regions sectioned by the content
densities of the bubbles by a sinple nmethod of naking a
difference in the rotational rate of the nold when form ng
t he powder | ayer.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0031]

FIG 1 is a schematic cross-sectional view of an
exanpl e of a quartz glass crucible according to the present
i nvention.

FIG 2 is a schematic front view of an exanple of a
quartz glass cruci ble according to the present invention.

FIG 3 is a schematic cross-sectional view of a
different exanple of a quartz glass crucible according to
the present invention.

DESCRI PTI ON OF EMBCODI MENTS
[ 0032]
As described above, characteristics of a quartz gl ass
cruci ble can be varied by using nultiple types of raw
mat eri al powder having different characteristics as a raw

mat eri al powder (raw quartz powder) configuring an opaque



quartz glass |ayer (outer layer) of the quartz gl ass

cruci ble. Sonetinmes, a raw material powder having

di fferent characteristics is partially used particularly in
an outer layer that includes the outer surface, where
precision is required in the formati on range of the raw

mat eri al powder. However, there has been a probl emthat

t he boundary between the types of raw material cannot be
observed by observing the appearance of the resulting
quartz glass crucible. To solve this problem the present

i nventor has keenly studied and found out that the boundary
bet ween the types of raw material can be visually

di sti ngui shed by varying the content densities of the
bubbl es in each region having a different raw naterial, and
conpl eted the present invention. In addition, the present

i nventor has found out that such a quartz glass crucible
having regions differentiated by the content densities of

t he bubbl es can al so be applied when the sane type of raw
mat eri al powder is used.

[ 0033]

Herei nafter, the present invention will be nore
specifically described with reference to the draw ngs.
[ 0034]

FIG 1 shows a schematic cross-sectional view of an
exanpl e of a quartz glass crucible according to the present
invention. FIG 2 shows a schematic front view of an
exanpl e of a quartz glass crucible according to the present
i nvention.

[ 0035]

As shown in FIG 1, the inventive quartz gl ass
cruci ble 11 includes a bottom portion 12, a curved portion
13, and a straight body portion 14. The straight body
portion 14 refers to a portion of a substantially

cylindrical shape in a crucible shape. A region between
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the straight body portion 14 and the bottom portion 12 is
referred to as the curved portion 13. The bottom portion
12 of the crucible can be defined, for exanple, as a
portion having a dianeter of approximtely two-thirds or

| ess of the outer dianeter of the crucible. The height of
the straight body portion 14 can be defined, for exanple,
as the upper-four-third portion of the height of the

cruci ble, although it depends on the shape of the crucible.
[ 0036]

In addition, the quartz glass crucible 11 has an
outer layer 21 including an opaque quartz gl ass contai ni ng
bubbl es therein, and an inner layer 31 including a
transparent quartz glass. The inner layer 31 is a portion
that | ooks transparent since substantially no bubbles are
contai ned. Furthernore, the outer layer 21 of the
i nventive quartz glass crucible 11 is fabricated fromthe
sanme type or two or nore different types of raw materi al
powder, the outer |ayer having two or nore regions
sectioned by the content densities of the bubbles. In
FIGS. 1 and 2, a first region 22 and a second regi on 24
sectioned by the content densities of the bubbles are shown
as an exanple. Furthernore, in the inventive quartz gl ass
cruci ble 11, regarding bubble content densities of two
adj acent regions of the outer |ayer 21, when da (pcs/ m?)
is defined as a bubble content density of a region “a”
havi ng a greater content density of the bubbles, and dp
(pcs/m®) is defined as a bubble content density of a
region “b” having a smaller content density of the bubbl es,
a difference D=(da-db)/dp between the bubbl e content
densities of the two adjacent regions is 10% or nore.

[ 0037]
The difference D between the bubble content densities

will be explained with the first region 22 and the second

11



region 24 shown in FIGS. 1 and 2 as an exanple. Here,
suppose the first region 22 is a region having a greater
bubbl e content density than the second region 24.
Meanwhi | e, suppose the second region 24 is a region having
a smal l er bubble content density than the first region 22.
In this case, out of the two adjacent regions, the first

region 22 corresponds to the region “a” having the greater
content density of the bubbles, and the bubbl e content
density thereof is da (pcs/m?). On the other hand, the
second region 24 corresponds to the region “b” having the
smal l er content density of the bubbles in this case, and

t he bubbl e content density thereof is dp (pcs/mm®). In this
event, the difference between the bubble content densities
of the adjacent first region 22 and second region 24 is
defined as D=(da-dp)/do. In the present invention, this

di fference D between the bubble content densities is set to
be 10% or nore.

[ 0038]

The bubbl e content density in each region of the
quartz glass crucible 11 is expressed by the nunber of
bubbl es per unit volunme of 1 nm®. The bubbl e content
densities can be neasured as follows, for exanple.
Firstly, a sanple is cut out of a region to neasure the
bubbl e content density of, and is processed to have a
t hi ckness of approximately 1 mm Next, the bubbles are
observed using an optical mcroscope at a nmagnifyi ng power
of 30. In this event, the nunber of bubbles that are
present wwthin an area of 5.5 m? i s neasured. Taking the
t hi ckness of the sanple (approximately 1 nm into
consi deration, the nunber of bubbles per unit volune, that
i's, the bubble content density [pcs/m®] is cal cul ated.
[ 0039]

In the exanple of FIG 1 and FIG 2, a case where

12



there are two regions having different bubble content
densities in the outer |layer 21 is shown, but there may be
three or nore regions sectioned by the content densities of
t he bubbles. In that case, it is sufficient to have one or
nore conbi nati ons of two adj acent regions that satisfy the
relation that the difference D between the bubbl e content
densities thereof is 10% or nore.

[ 0040]

The inventive quartz glass crucible 11 can be used
particularly suitably as a quartz glass crucible for
pulling a single crystal silicon for pulling a single
crystal silicon froma silicon nelt held in the quartz
gl ass crucible 11.

[0041]

In the inventive quartz glass crucible 11, two or
nore regions can be differentiated by the content densities
of the bubbles, and it is possible to inpart different
functions to two or nore regions sectioned by the content
densities of the bubbles based on the difference in bubble
content densities. For exanple, in the case of a quartz
glass crucible for pulling a single crystal silicon, it is
soneti mes necessary to adjust infrared transmttance from
requi renents of the quality (density of oxygen contained in
the crystal, etc.) of the crystal to be pulled, etc. 1In
the present invention, infrared transmttance can be
adj ust ed based on the difference in bubble content
densities according to the region of the quartz gl ass
cruci bl e outer |ayer.

[0042]

Furthernore, in the inventive quartz glass crucible
11, the boundary where the difference D between the bubble
content densities is 10%or nore is preferably located in

the straight body portion of the quartz glass crucible 11

13



as shown in FIGS. 1 and 2. Consequently, the quartz gl ass
cruci ble 11 can be given, in the straight body portion, two
or nore regions differentiated by the content densities of
t he bubbl es.

[ 0043]

In particular, the outer layer 21 of the inventive
quartz glass crucible 11 can be fabricated fromtw or nore
different types of raw material powder. |In this case, the
regi ons sectioned by the content densities of the bubbles
can be each fabricated fromthe different types of raw
material powder. |In this manner, the regions fabricated
fromthe different types of raw naterial powder can be
visually differentiated by the content densities of the
bubbl es even in a quartz glass crucible state. Note that
the differentiation by visual observation in this event is
possi bl e not only when seen fromthe outer |ayer side of
the crucible, but also when seen fromthe inner |ayer side
in the present invention. This is because the inner |ayer
i ncludes a transparent quartz glass. The visua
differentiati on based on the bubble content densities can
be perforned clearly when the difference D between the
bubbl e content densities of the two adjacent regions is 10%
or nore. Furthernore, this is not Iimted to cases where
different types of raw material powder are used, and visua
differentiation by the boundary |ine between the two
regions is also possible when the sane type of raw materia
powder is used if the difference D between the bubbl e
content densities is 10%or nore. That is, when the
di fference D between the bubble content densities of the
two adj acent regions is 10%or nore, a difference of shade
i n appearance occurs in the boundary position, and the
boundary |ine can be visually observed.

[ 0044]

14



Furthernore, the present invention can be formed so
that at |east a part of the outer layer has a plurality of
sub-layers differentiated by a difference in raw nmateri al
powder in a thickness direction of the quartz gl ass
crucible. FIG 3 shows a schematic cross-sectional view of
an exanple of a different enbodi nent of the quartz gl ass
cruci ble according to the present invention. The quartz
gl ass crucible 41 shown in FIG 3 includes a bottom portion
42, a curved portion 43, and a straight body portion 44,
and has an outer layer 51 including an opaque quartz gl ass
cont ai ni ng bubbl es therein, and an inner |layer 61 including
a transparent quartz glass in the sane manner as the quartz
glass crucible 11 shown in FIG 1. FIG 3 shows an exanple
where the outer layer 51 has three sub-layers 71, 81, and
91 differentiated by the difference in raw materi al powder.
The three sub-layers 71, 81, and 91 are forned, for
exanple, fromraw naterial powders each having a different
contam nant or type and content of dopant, etc.

Furthernore, in the enbodinent of FIG 3, at |east one sub-
| ayer has two or nore regions sectioned by the content
densities of the bubbles, where the difference D between

t he bubble content densities is 10%or nore. In this
manner, the difference D between the bubble content
densities of two adjacent regions in the outer |ayer 51 can
be made to be 10% or nore.

[ 0045]

FIG 3 shows an exanple where, out of the sub-I|ayers
71, 81, and 91 of the outer |ayer, the innernost sub-Iayer
71 and the outernost sub-layer 91 each have a region
sectioned by the content densities of the bubbles. In the
i nner nost sub-layer 71, the difference D between the bubble
content densities of the first region 72 and the second

region 74 is 10%or nore. Likew se, in the outernost sub-
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| ayer 91, the difference D between the bubbl e content
densities of the first region 92 and the second region 94
is 10% or nore. In this manner, nultiple regions in a
vertical (height) direction of the quartz glass crucible 41
can be differentiated by the anount of the bubble content
densities in each of the innernost sub-layer 71 and the
out er nost sub-| ayer 91.

[ 0046]

In addition, when there is a difference in the bubble
content densities in the vertical direction in the
I nnernost sub-layer 71 and the difference Dis 10% or nore
as shown in FIG 3, the boundary portion in the sub-Iayer
71 can be visually discerned fromthe inner |ayer 61 side
of the quartz glass crucible 41. On the other hand, when
there is a difference in the bubble content densities in
the vertical direction in the outernost sub-layer 91 and
the difference Dis 10% or nore, the boundary portion in
the sub-layer 91 can be visually discerned from outside the
outer layer 51 of the quartz glass crucible 41.

[0047]

The present invention can be applied particularly
favorably when different types of raw material powder are
used in the end face side and the bottom portion side in
the straight body portion of the quartz glass crucible 11.
A raw material powder for high durability against
def ormation by heat, and a raw naterial powder for high
durabi lity agai nst degradation that occurs when cooling
after heating, etc. are sonetines used selectively, and the
position of the boundary line thereof varies dependi ng on
conditions of the single crystal silicon ingot pulling
operation. FIGS. 1 and 2 show an exanpl e where the first
region 22 is the straight body portion fromthe end face

(upper end) of the crucible to a predeterm ned range, and
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for exanple, the raw material powder (raw material powder
A) of this first region 22 can be a raw material powder
containing an inmpurity such as a crystallization pronoting
agent. In addition, the raw material powder (raw materia
powder B) of the second region 24 can be a raw materia
powder that does not contain an inpurity such as a
crystallization pronoting agent. The present invention can
al so be applied to other enbodi nents. For exanple, the
present invention can be applied in a case where only the
m ddl e of the straight body portion not including the end
face is an inpurity-containing |layer, or a case where a
| ayer of a different type of raw naterial is provided only
in the curved portion (small curved portion). In this
case, a difference can be nmade in the bubble density of the
I mpurity-containing | ayer and the content densities of the
bubbles in the | ayer that does not contain an inpurity.
[ 0048]

The inventive quartz glass crucible 11 with a
di fference nmade in the bubble content densities as
descri bed above can be produced by a nethod of making a
difference in the rotational rate of the nold when form ng
each raw material powder (raw quartz powder) in a rotating
nold. Since a difference occurs in the centrifugal force
wor ki ng on the powder |ayer (raw material powder conpact)
according to the rotational rate of the nold, the density
of the powder |ayer (raw material powder conpact) can be
adj usted by adjusting the rotational rate of the nold. In
this manner, a difference in bubble content densities can
be made between each region in the outer |layer 21 of the
quartz glass crucible 11 obtained after heat-nelting (arc
nelting) the powder |ayer. However, on application of the
present invention, the adjustnent is not limted to only

the adjustnment of the rotational rate of the nold. For
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exanpl e, the bubble content densities can be adjusted by
adjusting the particle size of the raw material powder.
[ 0049]

A nethod for making a difference in the rotationa
rate of the nold is, specifically, the foll ow ng nethod.
Firstly, a raw material powder of the outer |ayer is
supplied into a rotating nold to form on an inner surface
of the nold, a powder layer to be the outer layer of the
gquartz glass crucible (step “a”). Next, the outer layer is
fabricated by heat-nelting the powder |ayer (step “b”). A
known arc nelting can be used for the heat-nelting. Here,

in step “a” of the inventive nethod for producing a quartz
gl ass crucible, the powder |ayer is formed using the same
type or two or nore different types of raw material powder
as the raw materi al powder of the outer |ayer.

Furthernore, in step “a”, when the powder |ayer is forned,
a difference is nade in the rotational rate of the nold so
that the powder | ayer is sectioned into two or nore regions
according to the rotational rate of the nold. Two or nore
regions (the first region 22 and the second region 24 in
FIGS. 1 and 2) sectioned by the content densities of the
bubbl es are fabricated in the outer |ayer 21 by heat-
nelting the powder |ayer sectioned into the two or nore
regions. By such a production nethod, it is possible to
produce a quartz glass crucible 11 where regarding the
bubbl e content densities of two adjacent regions of the
outer layer 21, when da (pcs/m#®) is defined as a bubble
content density of a region “a” having a greater content
density of the bubbles, and dp (pcs/m®) is defined as a
bubbl e content density of a region “b” having a smaller
content density of the bubbles, a difference D=(da-db)/dp
bet ween the bubbl e content densities of the two adjacent

regions is 10% or nore.
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[ 0050]

The inner |ayer 31 of the quartz glass crucible 11
shown in FIG 1 can be fabricated by a known net hod. For
exanpl e, the inner layer 31 can be fabricated by arc
melting while supplying a raw material powder for the inner
| ayer to the inside of the outer layer 21 after formng the
outer layer 21. The inner |ayer 31 can also be forned by
maki ng the inner surface side of the powder |ayer forned
fromthe raw material powder for the outer I|ayer
transparent by arc nelting.

[ 0051]

Such a nethod for producing a quartz glass crucible
makes it possible to differentiate, by the content
densities of the bubbles, two or nore regions in the outer
| ayer of the quartz glass crucible to be produced sectioned
by the content densities of the bubbles by making a
difference in the rotational rate of the nold when form ng
the powder layer. In this manner, different functions
based on the difference in bubble content densities can be
inparted to two or nore regions sectioned by the content
densities of the bubbl es.

[ 0052]

Furt hernore, when the powder |ayer is fabricated
using two or nore different types of raw material powder,
it i1s particularly preferable for the two or nore regions
of the powder |ayer according to the rotational rate of the
nold to each contain the different types of raw nmateri al
powder. In this manner, each of the regions sectioned by
the content densities of the bubbles can be fabricated from
a different raw naterial powder.

[ 0053]
Conventionally, a quartz glass crucibl e obtained by

heating a raw materi al powder forned in a rotating nold
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fromthe inside is uniformy white in appearance, and the
boundary between the types of raw material cannot be
observed. However, when the difference D between the
bubbl e content densities (pcs/m#) of adjacent regions in
the outer layer 21 is 10%or nore as in the inventive
quartz glass crucible 11, a difference of shade in

appear ance occurs, and the boundary with a | ayer of a
different raw nmaterial can be visually observed.

[ 0054]

Furt hernore, by changing the rotational rate of the
nmold in a position corresponding to the strai ght body
portion of the quartz glass crucible, a quartz gl ass
cruci bl e having the boundary where the difference D between
t he bubble content densities is 10%or nore |located in the
strai ght body portion can be produced. Consequently, the
quartz glass cruci ble can be given, in the straight body
portion of the crucible, two or nore regions differentiated
by the content densities of the bubbles.

[ 0055]

Furt hernore, when the quartz glass crucible 41 shown
in FIG 3 is produced, the quartz glass crucible 41 is
produced by formng at |least a part of the powder |ayer to
have a plurality of sub-powder-l|layers differentiated by a
difference in raw material powder in a thickness direction,
and ot herw se producing in the same manner as descri bed
above.

EXAMPLE
[ 0056]

Herei nafter, the present invention will be described
nore specifically with reference to Exanpl es of the present
i nvention and Conparative Exanples, but the present

invention is not limted to these Exanples, and there is no
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doubt that various nodifications can be carried out unless
deviating fromthe technical concept of the present

i nvention.

[ 0057]

(Exampl e 1)

A quartz glass crucible 11 as shown in FIGS. 1 and 2
was produced. Note that as the raw naterial powder (raw
quartz powder) for the outer |ayer 21, the follow ng two
different types of raw material powder (raw material powder
A and raw material powder B) were used.

Raw mat eri al powder A: Al -content concentration of 50
ppm. Particle size was 50 to 500 um, mostly 100 to 300 um.

Raw mat eri al powder B: Al -content concentration of 8
ppm. Particle size was 50 to 500 um, mostly 100 to 300 um.
[ 0058]

The raw material powder A having a particle size of
50 to 500 pm was supplied into a mold with an inner
di aneter of 570 nmrotating at a rotational rate of 120 rpm
for formation at the end face side froma mddle |ine of
the straight body portion of the quartz glass crucible.
Next, the rotational rate of the nold was changed to 70
rpm and the raw material powder B having a particle size
of 50 to 500 uym was introduced. Thus, formation of a
powder | ayer to be the outer l|layer 21 of the quartz gl ass
cruci ble 11 was conpleted. That is, when the powder | ayer
was fornmed, a difference was nade in the rotational rate of
the nold to section the powder layer into two or nore
regi ons according to the rotational rate of the nold. This
corresponds to using different types of raw material powder
as the raw material powder and changing the rotational rate
of the nold with each raw material powder. Next, the
powder | ayer (conpact) was heat-nelted fromthe inside by

arc discharge and cooled to obtain a quartz glass crucible
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11 having a dianmeter of 555 to 560 mm That is, out of the
outer layer 21 in FIGS. 1 and 2, the first region 22 was
formed fromthe raw materi al powder A, and out of the outer
layer 21 in FIGS. 1 and 2, the second region 24 was forned
fromthe raw materi al powder B.

[ 0059]

When the appearance of the quartz glass crucible 11
produced as descri bed above was visually observed at an
I'1'lum nance of 500 lux or nore, it was observed that a
cl ear boundary line had occurred in the border between a
raw material layer A (that is, the region forned fromthe
raw mat eri al powder A, corresponding to the first region
22) and a raw material |layer B (that is, the region forned
fromthe raw material powder B, corresponding to the second
region 24). Note that the visual observation in this event
was conducted fromthe outer |ayer side of the crucible.
When the densities of the contained bubbles in the raw
material |ayer A and the raw nmaterial |ayer B were
nmeasured, the densities were 63 pcs/mm? in the raw materi al
| ayer A, and 43 pcs/mm? in the raw material layer B. In
this case, the raw naterial layer Ais the region “a” with
the greater content density of the bubbles, and the bubble
content density da is 63 pcs/m®. On the other hand, the
raw material layer Bis the region “b” with the smaller
content density of the bubbles, and the bubbl e content
density dp is 43 pcs/m®. Therefore, the difference D=(da-
dp) / dp between the bubble content densities is (63-

43)/ 43=0. 465, that is, 46.5% In addition, when the

I mpurity concentration of each region was neasured, each
showed the characteristics of the inpurity concentration of
the raw nmaterial powder A and the raw material powder B
respectively, and it was confirned that the raw materi al

| ayers A and B were separated at the boundary |ine.
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[ 0060]
(Exanmpl e 2)

A quartz glass crucible 11 was fabricated with the
rotational rate of the nold when formng the raw materi a
powder A changed to 110 rpm conpared with Exanple 1. Wen
t he appearance of this quartz glass crucible 11 was
visual |y observed in the same nmanner as in Exanple 1, it
was observed that a clear boundary |ine had occurred in the
border between the raw material |layer A and the raw
material |ayer B. Wen the densities of the contained
bubbles in the raw material |ayer A and the raw materi al
| ayer B were neasured, the densities were 59 pcs/m® in the
raw material layer A and 43 pcs/mm® in the raw nateria
| ayer B, and as the difference D between the bubbl e content
densities, a difference by 37.2% had occurred.

[ 0061]
(Exanpl e 3)

A quartz glass crucible 11 was fabricated with the
rotational rate of the nold when formng the raw materi a
powder A changed to 110 rpm and the rotational rate of the
nol d when formng the raw naterial powder B changed to 90
rpmconpared with Exanple 1. Wen the appearance of this
quartz glass crucible 11 was visually observed in the sane
manner as in Exanple 1, it was observed that a clear
boundary |ine had occurred in the border between the raw
material |ayer A and the raw material |ayer B. Wen the
densities of the contained bubbles in the raw materi al
| ayer A and the raw material |ayer B were neasured, the
densities were 57 pcs/mm® in the raw material |ayer A and
49 pcs/mm? in the raw material |ayer B, and as the
di fference D between the bubble content densities, a
di fference by 16. 3% had occurr ed.

[ 0062]
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(Exanpl e 4)

A quartz glass crucible 11 was fabricated with the
rotational rate of the nold when formng the raw materi al
powder A changed to 110 rpm and the rotational rate of the
nol d when formng the raw materi al powder B changed to 95
rpmconpared with Exanple 1. Wen the appearance of this
quartz glass crucible was visually observed in the sane
manner as in Exanple 1, it was observed that a clear
boundary |ine had occurred in the border between the raw
material |ayer A and the raw material |ayer B. Wen the
densities of the contained bubbles in the raw materia
| ayer A and the raw naterial |ayer B were neasured, the
densities were 59 pcs/m® in the raw material |ayer A and
53 pcs/mm® in the raw material |ayer B, and as the
di fference D between the bubble content densities, a
di fference by 11.3% had occurr ed.

[ 0063]
(Conpar ati ve Exanpl e 1)

A quartz glass crucible was fabricated with the
rotational rate of the nold when formng the raw materi a
powder B changed to 120 rpm conpared with Exanple 1. Wen
t he appearance of this quartz glass crucible was visually
observed in the sane manner as in Exanple 1, it was not
possi bl e to observe a boundary line in the border between
the raw material |ayer A and the raw material |ayer B
When the densities of the contained bubbles in the raw
material |ayer A and the raw material |ayer B were
nmeasured, the densities were 63 pcs/mm? in the raw materi al
| ayer A, and 63 pcs/mm® in the raw material |ayer B, and as
the difference D between the bubble content densities, the
di fference was by 0% and so the reason can be consi dered
to be that there was no difference between the bubble

content densities of the raw material |ayer A and the raw
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material |ayer B.
[ 0064]
(Conpar ati ve Exanpl e 2)

A quartz glass crucible was fabricated with the
rotational rate of the nold when formng the raw materi a
powder A changed to 90 rpm and the rotational rate of the
nol d when formng the raw naterial powder B changed to 90
rpmconpared with Exanple 1. Wen the appearance of this
gquartz glass crucible was visually observed in the sane
manner as in Exanple 1, it was not possible to observe a
boundary line in the border between the raw material |ayer
A and the raw material layer B. Wen the densities of the
cont ai ned bubbles in the raw naterial |ayer A and the raw
material |ayer B were neasured, the densities were 50
pcs/m? in the raw material layer A and 49 pcs/m® in the
raw material layer B, and as the difference D between the
bubbl e content densities, the difference was by 2.0% and
so the reason can be considered to be that there was little
di fference between the bubble content densities of the raw
material |ayer A and the raw material |ayer B
[ 0065]

(Conpar ati ve Exanpl e 3)

A quartz glass crucible was fabricated with the
rotational rate of the nold when formng the raw materi a
powder B changed to 110 rpm conpared with Exanple 1. Wen
t he appearance of this quartz glass crucible was visually
observed in the sane manner as in Exanple 1, a boundary
i ne was observed in the border between the raw nmateria
| ayer A and the raw material |ayer B, but was in an uncl ear
state conpared with Exanple 1. Wen the densities of the
cont ai ned bubbles in the raw naterial |ayer A and the raw
material |ayer B were neasured, the densities were 63
pcs/m® in the raw material [ayer A and 58 pcs/m® in the
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raw material layer B, and as the difference D between the
bubbl e content densities, the difference was by 8.6% and
so the reason can be considered to be that the difference
bet ween the bubbl e content densities of the raw materia

| ayer A and the raw material |ayer B was snmaller.

[ 0066]

(Conpar ati ve Exanpl e 4)

A quartz glass crucible was fabricated with the
rotational rate of the nold when formng the raw materi a
powder A changed to 70 rpm and the rotational rate of the
nol d when formng the raw materi al powder B changed to 60
rpmconpared with Exanple 1. Wen the appearance of this
quartz glass crucible was visually observed in the sane
manner as in Exanple 1, a boundary |line was observed in the
border between the raw material |ayer A and the raw
material |ayer B, but was in an unclear state conpared with
Exanple 1. Wen the densities of the contained bubbles in
the raw material |ayer A and the raw naterial |ayer B were
nmeasured, the densities were 45 pcs/mm® in the raw materi al
| ayer A, and 41 pcs/mm® in the raw material |ayer B, and as
the difference D between the bubble content densities, the
di fference was by 9.8% and so the reason can be consi dered
to be that the difference between the bubble content
densities of the raw material layer A and the raw materi al
| ayer B was smal | er.

[ 0067]

The rotational rate of the nold when formng the raw
mat eri al powder, the bubble content of the base | ayer
(outer layer) of the obtained quartz glass crucible, and
the visual observation results of the boundary Iine of
Exanples 1 to 4 and Conparative Exanples 1 to 4 have been
summarized in Table 1. In the table, “Favorable” indicates

that the boundary line was visually observed distinctly and
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the result was extrenely favorable, “Sonewhat poor”
i ndicates that the boundary |ine was observed but was
uncl ear and the result was therefore sonmewhat poor, and

“Poor” indicates that it was not possible to visually
observe the boundary line and the result was poor.

[ Tabl e 1]

Rot ati onal rate |[Measurement results of bubble
of mold [rpm content densities
Bubbl e cont ent
densities Di fference Vi sual
RawW RawW (density in D in bubble observation
. . nunber) [ pcs/ nm?] of boundary
mat eri al [materi al RawW RawW cont ent i ne
powder powder . . densities
materi al |materi al
A B (da-dp) / dp
| ayer A |layer B [%
(first (second
regi on) |region)
Example 1 120 70 63 43 46.5 Favor abl e
Example 2 |110 70 59 43 37.2 Favor abl e
Example 3 |110 90 57 49 16. 3 Favor abl e
Example 4 |110 95 59 53 11.3 Favor abl e
Conpar ati ve|, 120 63 63 0.0 Poor
Example 1
comparat] Velgg 90 50 49 2.0 Poor
anple 2
Conpar ati ve 120 110 63 58 8 6 Sonewhat
Exampl e 3 poor
Conpar ati ve 70 60 45 41 9 8 Sonewhat
Exampl e 4 poor
[ 0068]

Fromthe results of Exanples 1 to 4 and Conparative
Exanples 1 to 4, it was nade clear that when a difference
is made in the rotational rate of the nold when formng a

quartz raw material powder, a difference occurs in the
bubbl e content densities of the obtained quartz gl ass
| ayer

cruci ble, and the boundary line in the raw materi a

can be observed on visual observation of the appearance.
It was reveal ed that when the difference D between the

is 10% or
boundary |ine can be visually observed with certainty.

[ 0069]

bubbl e content densities nore, in particular, the
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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 exanpl es that have
substantially the sane feature and denonstrate the sane
functions and effects as those in the technical concept
di sclosed in clainms of the present invention are included

in the technical scope of the present invention.
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CLAI M5

1. A quartz glass crucible conprising a bottom portion,
a curved portion, and a straight body portion, wherein

the quartz glass crucible includes an outer | ayer
conprising an opaque quartz glass containing bubbl es
therein, and an inner |ayer conprising a transparent quartz
gl ass,

the outer layer is fabricated froma sane type or two
or nore different types of raw naterial powder, the outer
| ayer having two or nore regions sectioned by content
densities of the bubbl es,

and regardi ng bubble content densities of two
adj acent regions of the outer layer, when da (pcs/m?®) is
defined as a bubble content density of a region “a” having
a greater content density of the bubbles, and dp (pcs/ nm®)
is defined as a bubble content density of a region “b”
having a smaller content density of the bubbles, a
di fference D=(da-dp)/dp between the bubble content densities
of the two adjacent regions is 10%or nore, and a boundary
where the difference D between the bubble content densities

is 10%or nore is located in the straight body portion.

2. The quartz glass crucible according to claim1,
wherein the outer layer is fabricated fromthe two or nore
different types of raw materi al powder, and the regions
sectioned by the content densities of the bubbles are each

fabricated fromthe different types of raw materi al powder.

3. The quartz gl ass cruci ble according to any one of
claims 1 to 2, wherein the boundary between the two

adj acent regions is visually distinguishable.



4. The quartz gl ass cruci ble according to any one of
claims 1 to 3, wherein at |least a part of the outer |ayer
has a plurality of sub-layers differentiated by a
difference in raw material powder in a thickness direction
of the quartz gl ass crucible.

5. The quartz gl ass cruci ble according to any one of
claims 1 to 4, wherein the quartz glass crucible is a
quartz glass crucible for pulling a single crystal silicon
for pulling a single crystal silicon froma silicon nelt

held in the quartz gl ass crucible.

6. A net hod for producing a quartz glass crucible having
an outer layer conprising an opaque quartz gl ass containing
bubbl es therein, and an inner |ayer conprising a
transparent quartz glass, the quartz glass crucible
conprising a bottom portion, a curved portion, and a
strai ght body portion, the nmethod conprising the steps of:

supplying a raw materi al powder of the outer |ayer
into a rotating nold to form on an inner surface of the
nol d, a powder | ayer to be the outer |ayer of the quartz
gl ass crucible; and

fabricating the outer |layer by heat-nelting the
powder | ayer,

wherein the powder layer is fornmed using a sane type
or two or nore different types of raw naterial powder as
the raw naterial powder of the outer |ayer,

when the powder layer is forned, a difference is nmade
in arotational rate of the nold so that the powder |ayer
Is sectioned into two or nore regions according to the
rotational rate of the nold, and

two or nore regions sectioned by content densities of
the bubbles are fabricated in the outer |ayer by heat-
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melting the powder |ayer sectioned into the two or nore
regi ons, wherein regardi ng bubble content densities of two
adj acent regions of the outer layer, when da (pcs/m?®) is
defined as a bubble content density of a region “a” having
a greater content density of the bubbles, and dv (pcs/ m?)
is defined as a bubble content density of a region “b”
having a smaller content density of the bubbles, a

di fference D=(da-dp)/dp between the bubble content densities
of the two adjacent regions is 10%or nore, and the
rotational rate of the nold is changed in a position
corresponding to the straight body portion of the quartz

gl ass cruci bl e.

7. The met hod for producing a quartz glass crucible
according to claim®é,

wherein the powder |ayer is fabricated using the two
or nore different types of raw naterial powder, and

the two or nore regions of the powder |ayer according
to the rotational rate of the nold each contains the
different types of raw material powder so that the regions
sectioned by the content densities of the bubbles are each

fabricated fromthe different types of raw naterial powder

8. The nmet hod for producing a quartz glass crucible
according to any one of clains 6 to 7, wherein at |east a
part of the powder layer is forned to have a plurality of
sub- powder -1l ayers differentiated by a difference in raw

mat eri al powder in a thickness direction.

9. The met hod for producing a quartz glass crucible
according to any one of clains 6 to 8 wherein the quartz
glass crucible is a quartz glass crucible for pulling a

single crystal silicon for pulling a single crystal silicon
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froma silicon nelt held in the quartz gl ass crucible.
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