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Description
Title of Invention

CORE WIRE HOLDER, APPARATUS FOR
PREPARING SILICON, AND METHOD FOR PREPARING

SILICON

Technical Field
[0001]

The present invention relates to: a filament holder
which is included in a bell-jar reactor of a silicon
production apparatus and which is for holding a silicon
filament; a silicon production apparatus; and a silicon

production method.

Background Art
[0002]

One of the conventionally known methods of
producing silicon (which is used as a raw material for a
semiconductor or a raw material for a wafer for use in
photovoltaic power generation) is, for example, Siemens
process. A method of producing silicon using Siemens
process involves supplying a mixed gas composed of
hydrogen and trichlorosilane into a bell-jar reactor in
which a silicon filament is held upright by a filament

holder. This allows silicon to be deposited and grow
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around the silicon filament, making it possible to obtain
polysilicon (also called "polycrystalline silicon").

[0003]

A conventional silicon production apparatus is
disclosed in, for example, Patent Literature 1. Patent
Literature 1 discloses that the shape of a filament
holder includes a tapered portion which decreases in
diameter in the upward direction and that the angle of
the tapered portion to the perpendicular is not less than

35 degrees and not more than 65 degrees.

Citation List
[Patent Literature]
[0004]
[Patent Literature 1]
Japanese Patent Application Publication, Tokukai,

No. 2009-256191

Summary of Invention
Technical Problem
[0005]

However, according to the conventional filament
holder disclosed in Patent Literature 1, the taper angle
of the conical shape is large. This narrows the range of

angles from which source gas is directed toward the
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base portion of the silicon filament held upright by the
filament holder, resulting in a reduction in deposition of
silicon on the silicon filament.

[0006]

The present invention was made in view of the
above conventional issue, and an object thereof is to
provide a filament holder, a silicon production
apparatus, and a silicon production method each of
which is capable of improving deposition of silicon on a
base portion of a silicon filament and which in turn
makes it possible to improve deposition of silicon on the

entire silicon filament.

Solution to Problem
[0007]

In order to attain the above object, a filament
holder in accordance with an aspect of the present
invention is a filament holder including a filament
holding portion which is made of carbon and which has
a substantially truncated cone shape, in which: the
filament holding portion has, in a top surface thereof, a
filament insert hole configured to hold a silicon filament
inserted therein; an angle between an axis and a
generatrix of the substantially truncated cone shape is

not less than 10 degrees and not more than 30 degrees;
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and a thickness of the filament holding portion between
an outer periphery of the top surface of the filament
holding portion and an inner wall surface, which is
contacted by the silicon filament, of the filament insert

hole is not more than 3 mm at at least one location.

Advantageous Effects of Invention
[0008]

An aspect of the present invention brings about
the following effect: providing a filament holder, a
silicon production apparatus, and a silicon production
method each of which is capable of improving deposition
of silicon on a base portion of a silicon filament and
which in turn makes it possible to improve deposition of

silicon on the entire silicon filament.

Brief Description of Drawings
[0009]

(a) of Fig. 1 is a cross-sectional view showing a
configuration of a filament holder in accordance with
Embodiment 1 of the present invention. (b) of Fig. 1 is a
cross-sectional view of the configuration of the filament
holder, taken along line A-A’ in (a) of Fig. 1. (c) of Fig. 1
is an enlarged elevational view showing a configuration

of a top surface of a filament holding portion of the
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filament holder.

Fig. 2 is a ~cross-sectional view showing a
configuration of a bell-jar reactor that includes the
filament holder.

(a) of Fig. 3 is a cross-sectional view showing a
configuration of a variation of the filament holder. (b) of
Fig. 3 is a cross-sectional view of the configuration of
the filament holder, taken along line A-A’ in (a) of Fig. 3.
(c) of Fig. 3 is an enlarged elevational view showing a
configuration of a top surface of a filament holding
portion of the filament holder.

(a) of Fig. 4 is a perspective plan view showing a
configuration of a variation of the filament holder in
accordance with Embodiment 1. (b) of Fig. 4 is a cross-
sectional view of the configuration of the variation of
the filament holder, taken along line A-A’ in (a) of Fig. 4.

(a) of Fig. 5 is a cross-sectional view showing a
configuration of a filament holder in accordance with
Embodiment 2 of the present invention. (b) of Fig. 5 is a
cross-sectional view of the configuration of the filament
holder, taken along line A-A’ in (a) of Fig. 5. (c) of Fig. 5
is an enlarged elevational view showing a configuration
of a top surface of a filament holding portion of the
filament holder.

(a) of Fig. 6 is a cross-sectional view showing a
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configuration of a variation of the filament holder. (b) of
Fig. 6 is a perspective view showing the configuration of
the filament holder.

(a) to (c) of Fig. 7, which show configurations of
Comparative Examples for comparison with a filament
holder in accordance with an embodiment of the present
invention, are cross-sectional views each showing a
configuration of a filament holder and how

polycrystalline silicon is deposited on a silicon filament.

Description of Embodiments
[0010]

Embodiment 1

The following description  will discuss an
embodiment of the present invention with reference to
Figs. 1 to 4 and 7.
[0011]

A filament holder in accordance with Embodiment
1 is included in a bell-jar reactor of a silicon production
apparatus, holds a silicon filament, and passes electric
current through the silicon filament. More specifically,
Embodiment 1 relates to a filament holder which is
provided on an electrode at a base plate of a bell-jar
silicon production apparatus. First, a configuration of

the bell-jar reactor is discussed with reference to Fig. 2.
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Fig. 2 is a cross-sectional view showing a configuration
of a bell-jar reactor 1A of the silicon production
apparatus of Embodiment 1.

[0012]

In Embodiment 1, as a silicon production
apparatus, for example, Siemens process is used to
produce polycrystalline silicon. The Siemens process
involves, as illustrated in Fig. 2, reducing silicon
trichloride (SiHCl3) (which is silane gas) with hydrogen
(H2) gas in the bell-jar reactor 1A, thereby allowing
highly-pure polycrystalline silicon to be deposited.
[0013]

As illustrated in Fig. 2, the bell-jar reactor 1A
includes at least a pair of electrodes 3 provided at a
base plate 2, and includes filament holders 10A which
are provided on the respective electrodes 3, which hold
a silicon filament 4A, and which are composed of carbon.
Each of the filament holders 10A includes, in an upper
part thereof, a filament holding portion 12A which has a
filament insert hole 13A. The silicon filament 4A is
inserted into these filament insert holes 13A, and is
thereby held upright.

[0014]
The bell-jar reactor 1, which has the above-stated

features, is configured such that: silicon trichloride
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(SiHCl3) and hydrogen (H2) gas are fed from the bottom
into the reactor in which electric current is passed
across the electrodes 3 via the filament holders 10A and
thereby the silicon filament 4A is red-hot at a
temperature of 900°C to 1100°C. It follows that a
polycrystalline silicon 5 is deposited on the silicon
filament 4A and, eventually, the polycrystalline silicon 5
grows to a diameter of 100 mm to 150 mm.

[0015]

The following description will discuss the details
of configurations of the filament holders 10A and the
electrodes 3 with reference to (a), (b), and (c) of Fig. 1.
(a) of Fig. 1 1is a cross-sectional view showing a
configuration of one of the filament holders 10A and one
of the electrodes 3 in accordance with Embodiment 1.
(b) of Fig. 1 is a «cross-sectional view of the
configuration of the filament holder 10A, taken along
line A-A’ in (a) of Fig. 1. (c) of Fig. 1 is an enlarged
elevational view showing a configuration of a top surface
12a of the filament holding portion 12A of the filament
holder 10A.

[0016]

As illustrated in (a) of Fig. 1, each electrode 3 of

Embodiment 1 is constituted by a metal electrode and

has a cooling mechanism 6 which uses water cooling or
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the like. The electrode 3 is configured such that the
electrode 3 is cooled while the polycrystalline silicon 5
is deposited on the silicon filament 4A. This protects
the electrode 3 from high-temperature atmosphere, and
also prevents the polycrystalline silicon 5 from being
deposited on the electrode 3.

[0017]

The filament holder 10A is joined to the top of the
electrode 3, holds the silicon filament 4A, and applies
electric potential from the electrode 3 to the silicon
filament 4A. A method of joining the filament holder 10A
and the electrode 3 is not particularly limited, provided
that the application of electric potential is carried out
smoothly. The filament holder 10A and the electrode 3
are joined preferably by means of, for example, screw
shapes (threaded shapes), shapes fitting each other,
bowl shapes, or the like.

[0018]

The filament holder 10A is made of, for example,
carbon, in order to apply electric potential from the
electrode 3 to the silicon filament 4A. Note, however,
that the filament holder 10A does not necessarily have
to be made of carbon. However, the filament holder 10A
made of carbon is preferred in that such a filament

holder 10A has an electrical conducting property that is
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necessary to pass electric current through the silicon
filament 4A and that such a filament holder 10A has a
low thermal conductivity to prevent the coolness of the
electrode 3 including the cooling mechanism 6 from
reaching the silicon filament 4A. The filament holder
10A made of carbon is preferred also in terms of small
thermal expansion rate, because this makes it possible
to prevent the deformation of the filament holder 10A at
high temperature.

[0019]

As illustrated in (a) and (c) of Fig. 1, the filament
holder 10A includes: a base portion 11 in a lower part
thereof; and the filament holding portion 12A in the
shape of a truncated cone in an upper part thereof.
[0020]

The base portion 11 is a portion where the
filament holder 10A and the electrode 3 are joined
together. In Embodiment 1, the filament holder 10A and
the electrode 3 are configured such that they are joined
together into one assembly by a projection 3a on the
electrode 3 being fitted into a recess 1la in the
electrode 3-side face of the filament holder 10A. The
outside shape of the base portion 11 is, for example, a
truncated cone. Note, however, that the shape of the

base portion 11 is not limited to the truncated cone,



10

15

20

25

- 11 -
and may be, for example, a cylinder as illustrated in (a)
and (b) of Fig. 6 for Embodiment 2 (described later) or
an inverted truncated cone as illustrated in (b) of Fig. 3
and (b) of Fig. 4.

[0021]

The filament holding portion 12A of the filament
holder 10A is in the shape of a tapered truncated cone
as illustrated in (a) of Fig. 1 in Embodiment 1. The top
surface 12a of the truncated cone has the filament
insert hole 13A, in which the silicon filament 4A is
inserted and by which the silicon filament 4A is held.
[0022]

The filament insert hole 13A is configured to have
inserted therein the silicon filament 4A which has, for
example, a S mm X 5 mm to 12 mm x 12 mm square
cross section. The silicon filament 4A is arranged such
that, as illustrated in Fig. 2, the silicon filament 4A is
electrically connected between the electrodes 3.

[0023]

The following description will discuss the details
of the truncated cone shape of the filament holding
portion 12A of Embodiment 1.

[0024]
In a case where the angle between the axis and the

generatrix of a substantially truncated cone shape of a
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filament holder is large like conventional techniques,
the flow of source gas to a base portion of a silicon
filament is reduced, resulting in a slowing down of
deposition of silicon on the base portion of the silicon
filament and also in a slowing down of deposition of
silicon on the entire silicon filament.

[0025]

In view of this, Embodiment 1 is configured such
that the angle between the axis and the generatrix of a
substantially truncated cone shape of a filament holder
is different from those of conventional techniques, and
thereby improves the deposition of silicon on a base
portion of the silicon filament.

[0026]

Specifically, as illustrated in (a) of Fig. 1, the
filament holder 10A of Embodiment 1 is configured such
that the filament holding portion 12A has a truncated
cone shape in which the angle 6 between the axis and
the generatrix is not less than 10 degrees and not more
than 30 degrees. The results of experiments
demonstrate that the angle 6 between the axis and the
generatrix is preferably not less than 11 degrees and
not more than 25 degrees, more preferably not less than
11 degrees and not more than 16 degrees, particularly

preferably not less than 11 degrees and less than 15
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degrees. For example, a filament holder 10A illustrated
in (a), (b), and (c) of Fig. 3 is one in which the angle 0 is
25 degrees, and a filament holder 10A illustrated in (a)
and (b) of Fig. 4 is one in which the angle 06 is 11
degrees.

[0027]

With this configuration, the filament holding
portion 12A has a shape sharply pointed upward. This
allows source gas to flow smoothly to the base portion of
the silicon filament 4A, increases the amount of the
source gas supplied to the base portion, accelerates
deposition on the base portion of the silicon filament 4A,
and allows the deposition of the polycrystalline silicon 5
to become stable in the early stage.

[0028]

Note that an angle 6 of less than 10 degrees is not
preferred, because the wall thickness of the filament
holding portion 12A (i.e., the distance between an outer
peripheral surface 12c of the filament holding portion
12A and an inner wall surface 13a of the filament insert
hole 13A) becomes too thin and it is not possible to
maintain the strength to support the silicon filament 4A.
An angle 6 of more than 30 degrees is not preferred,
because the growth of the polycrystalline silicon 5

deposited on the base portion of the silicon filament 4A
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is suppressed.
[0029]

Furthermore, with regard to the filament holder
10A of Embodiment 1, as illustrated in (b) of Fig. 3 and
(b) of Fig. 4, the maximum thickness D1 of the filament
holding portion 12A between the outer peripheral
surface 12c of the filament holding portion 12A and the
inner wall surface 13a of the filament insert hole 13A,
in a region from the top surface 12a to a bottom 13b of
the filament insert hole 13A, is not more than 30 mm.
The maximum thickness D1 is preferably not more than
25 mm, more preferably not more than 20 mm. By
employing a configuration satisfying the condition "the
angle 0 of the filament holder 10A is not less than 10
degrees and not more than 30 degrees" and also
employing a configuration in which the wall thickness of
the outer peripheral surface 12c in a region from the top
surface 12a to the bottom of the filament insert hole
13A located lower than the top surface 12a is not more
than 30 mm, it is possible to prevent the electrode 3
including the cooling mechanism 6 from cooling the
filament holder 10A and the filament holding portion
12A which is the upper part of the filament holder 10A.
[0030]

Note here that, in Embodiment 1, the filament
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holder 10A illustrated in (a), (b), and (c) of Fig. 3 is
configured such that the angle 6 of the filament holder
10A, which should be not less than 10 degrees and not
more than 30 degrees, is 25 degrees, and this angle 0 of
25 degrees continues along the axis over a truncated
cone height hl of 37.5 mm. It follows that the truncated
cone height hl extends over a region of at least 10 mm.
Furthermore, in the filament holder 10A illustrated in
(a), (b), and (c) of Fig. 3, the maximum thickness D1 of
the filament holding portion 12A, between the inner wall
surface 13a and the outer peripheral surface 12c at the
bottom 13b of the filament insert hole 13A, is 20.5 mm,
which satisfies the condition "the maximum thickness
D1 is not more than 30 mm". Note that, in the filament
holder 10A illustrated in (a), (b), and (c) of Fig. 3, the
insert hole height h2 is 40 mm, and the total height h of
the filament holder 10A is 130 mm. The diameter D of
the filament holder 10A is 50 mm.

[0031]

Furthermore, the filament holder 10A illustrated
in (a), (b), and (c) of Fig. 4 is configured such that an
angle 6 of 11 degrees continues along the axis over a
truncated cone height hl of 90 mm, and the truncated
cone height hl extends over a region of at least 10 mm.

Furthermore, the maximum thickness D1 of the filament
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holding portion 12A between the inner wall surface 13a
and the outer peripheral surface 12c at the bottom 13b
of the filament insert hole 13A is 11.1 mm, which
satisfies the condition "the maximum thickness D1 is
not more than 30 mm". Note that, in the filament holder
10A illustrated in (a), (b), and (c) of Fig. 4, the insert
hole height h2 is 40 mm, and the total height h of the
filament holder 10A is 130 mm. The diameter D of the
filament holder 10A is 50 mm.

[0032]

It was found that, even if the filament holding
portion 12A is shaped such that the angle 6 between
the axis and the generatrix of a substantially
truncated cone shape is not less than 10 degrees and
not more than 30 degrees as described above, such a
shape may not be appropriate for the growth of
polycrystalline silicon if a margin width L, i.e., the
thickness of the filament holding portion 12A having a
substantially truncated cone shape at the top surface
12a, is large. Specifically, as shown by solid line in (a)
of Fig. 7 (illustrating a filament holder 10X of a
Comparative Example), in a case where the margin
width L (i.e., the thickness of a filament holding
portion 12X having a substantially truncated cone

shape at the top surface 12a) is large, the
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polycrystalline silicon 5 on the base portion of the
silicon filament 4A may not grow sufficiently in the
initial stage of the deposition on the silicon filament
4A as illustrated in (b) of Fig. 7, and the silicon
filament 4A may collapse. This is because, according to
the bell-jar reactor 1 of the Embodiment, source gas is
difficult to reach the base portion of the silicon
filament 4A and therefore the polycrystalline silicon 5
is deposited on the base portion of the silicon filament
4A slowly. Furthermore, during cooling after the
deposition of the polycrystalline silicon 5 on the
silicon filament 4A, as illustrated in (c) of Fig. 7, the
following phenomenon is likely to occur: cracks
resulting from the occurrence of stress due to thermal
shrinkage spread from the vicinity of the top surface
12a; and the silicon filament 4A having the
polycrystalline silicon 5 deposited thereon collapses.
[0033]

In view of above, the filament holder 10A of
Embodiment 1 is configured such that the margin width
L, i.e., the thickness of the filament holding portion 12A
having a substantially truncated cone shape at the top
surface 12a, is not more than 3 mm at at least one
location. The "margin width L at least one location" is

discussed below. Specifically, as illustrated in (a) and
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(b) of Fig. 3, the filament holding portion 12A of
Embodiment 1 is configured such that the silicon
filament 4A having a 8.0 mm x 8.0 mm square Ccross
section is inserted into the filament insert hole 13A
having an about 8.4 mm x 8.4 mm square cross section
and that, as illustrated in (a), (b), and (c) of Fig. 3, a
wedge 7 is inserted between the filament insert hole 13A
and the silicon filament 4A to thereby fix the silicon
filament 4A. Note that a method of fixing the silicon
filament 4A is not limited as such, and may be a method
involving: making a screw hole (not illustrated) in the
side surface of the filament holding portion 12A; and
holding the silicon filament 4A with a screw.

[0034]

As a result, in Embodiment 1, as illustrated in (a)
of Fig. 3, the silicon filament 4A having a square cross
section makes contact with two adjacent wall surfaces of
the filament insert hole 13A having a square cross
section. Therefore, in Embodiment 1, "the margin width
L at least one location" at the top surface 12a of the
filament holding portion 12A is, as illustrated in (a) of
Fig. 3, the distance between (i) a point where the silicon
filament 4A 1is in close contact with the inner wall
surface 13a of the filament insert hole 13A having a

square cross section and (ii) the position on the outer
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periphery which is closest to that point, at at least one
location on the top surface 12a of the filament holding
portion 12A. In Embodiment 1, this margin width L is
not more than 3 mm. The margin width L is preferably
not more than 3 mm, more preferably not more than 2
mm, particularly preferably not more than 1 mm.

[0035]

With this, the polycrystalline silicon S5 deposited
on this portion connects to the base portion of the
silicon filament 4A in the early stage. That is, according
to conventional techniques, the polycrystalline silicon 5
is deposited and grows first around the lengthwise
middle portion of the silicon filament 4A and then is
slowly deposited onto the base portion of the silicon
filament 4A and adheres to the filament holding portion
12A; however, in Embodiment 1, the deposition onto the
base portion of the silicon filament 4A and the adhesion
to the filament holding portion 12A are achieved more
quickly than the conventional techniques.

[0036]

It follows that the polycrystalline silicon 5
deposited on the base portion of the silicon filament 4A
supports the silicon filament 4A, making it possible to
prevent the breakage of the silicon filament 4A.

Furthermore, because the polycrystalline silicon 5 is
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deposited on the base portion of the silicon filament 4A
in the early stage, it is possible to mitigate the
concentration of electric current on the thin silicon
filament 4A. This means that the melting of the silicon
filament 4A which would otherwise be caused by the
local concentration of electric current on the silicon
filament 4A is prevented, and that the electric current
to the silicon filament 4A can be increased early. This
makes it possible to accelerate the deposition of the
polycrystalline silicon 5 by increasing the electric
current to the silicon filament 4A in the early stage.
[0037]

Thus, it is possible to provide a filament holder
10A which is capable of improving deposition of the
polycrystalline silicon S on a base portion of the silicon
filament 4A and which in turn makes it possible to
improve deposition of the polycrystalline silicon 5 on
the entire silicon filament 4A.

[0038]

Note that, in the filament holder 10A illustrated in
(a), (b), and (c) of Fig. 3, the margin width L is 0.75 mm
at at least one location, and, in the filament holder 10A
illustrated in (a), (b), and (c) of Fig. 4, the margin width
L is 0.47 mm at at least one location. Thus, both satisfy

the condition "the margin width L at at least one
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location is not more than 3 mm".
[0039]

Furthermore, it has been confirmed that, for
example, with regard to the filament holder 10A
illustrated in (a), (b), and (c) of Fig. 3, the deposition of
the polycrystalline silicon 5 on the base portion of the
silicon filament 4A starts on the side where the margin
width L at at least one location is 0.75 mm.

[0040]

As described earlier, the filament holder 10A of
Embodiment 1 is configured such that the margin width
L (i.e., the thickness of the filament holding portion 12A
between the outer periphery of the top surface 12a of
the filament holding portion 12A and the inner wall
surface 13a, which is contacted by the silicon filament
4A, of the filament insert hole 13A) is not more than 3
mm at at least one location. In contrast, in a case where
the margin width L at at least one location is more than
3 mm, as described with reference to (b) and (c) of Fig. 7,
the following issues may arise, for example: the
polycrystalline silicon 5 does not sufficiently grow on
the base portion of the silicon filament 4A and therefore
the silicon filament 4A having the polycrystalline silicon
S deposited thereon collapses; and the grown

polycrystalline silicon S5 cracks due to thermal
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shrinkage.
[0041]

Furthermore, the filament holder 10A in
accordance with Embodiment 1 is configured such that
the angle 6 between the axis and the generatrix is not
less than 10 degrees and not more than 30 degrees over
a region of at least 10 mm along the axis from the top
surface 12a of the filament holding portion 12A.

[0042]

Specifically, it is preferable that the portion
sharply pointed upward, in which the angle 06 between
the axis and the generatrix of the substantially
truncated cone shape of the filament holding portion
12A is not less than 10 degrees and not more than 30
degrees, occupies as long as possible of a region close
to the area where the silicon filament 4A is exposed
from the filament holding portion 12A. In view of this,
in Embodiment 1, in the filament holding portion 12A,
the region where the angle 6 between the axis and the
generatrix of is not less than 10 degrees and not more
than 30 degrees extends over a region of at least 10 mm
along the axis from the top surface 12a of the filament
holding portion 12A. This ensures allowing source gas
to flow smoothly to the base portion of the silicon

filament 4A in the filament holding portion 12A,
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increasing the amount of the source gas supplied to the
base portion, accelerating deposition on the base
portion of the silicon filament 4A, and allowing the
deposition of the polycrystalline silicon 5 to become
stable in the early stage. Note that the effect of this
configuration is especially notable in the following case:
when the silicon filament 4A is set in the filament insert
hole 13A in the filament holding portion 12A, the
margin width L of the filament holder 10A (i.e., the
thickness of the filament holding portion 12A between
the outer periphery of the top surface 12a of the
filament holding portion 12A and the inner wall surface
13a, which is contacted by the silicon filament 4A, of
the filament insert hole 13A) is not more than 3 mm at
at least one location. In a case where the region where
the angle 6 between the axis and the generatrix is not
less than 10 degrees and not more than 30 degrees,
along the axis from the top surface 12a of the filament
holding portion 12A, is less than 10 mm in the filament
holding portion 12A, the flow of source gas cannot be
sufficiently guided, and therefore the above-stated effect
would be insufficient.
[0043]

The silicon filament 4A in accordance with

Embodiment 1 is configured such that the maximum
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thickness D1 of the filament holding portion 12A
between the outer peripheral surface 12c of the filament
holding portion 12A and the inner wall surface 13a of
the filament insert hole 13A, in a region from the top
surface 12a to the bottom 13b of the filament insert
hole 13A, is not more than 30 mm.

[0044]

By employing a configuration satisfying the
condition "the angle ©6 between the axis and the
generatrix of the substantially truncated cone shape of
the top end portion of the filament holder 10A is not
less than 10 degrees and not more than 30 degrees" and
also employing a configuration in which the wall
thickness of the outer peripheral surface 12c in a region
from the top surface 12a to the bottom of the filament
insert hole 13A located lower than the top surface 12a
is not more than 30 mm, it is possible to allow the
density of electric current passing through the filament
holder 10A to increase, allow the filament holder 10A
itself to generate heat and keep the top end portion of
the filament holder 10A at high temperature, and
prevent the top end portion of the filament holder 10A
from being cooled by the cooling mechanism 6 of the
electrode 3.

[0045]
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As such, the filament holder 10A in accordance
with Embodiment 1 is provided on one of the electrodes
3 at the base plate 2 of the bell-jar reactor 1A of a bell-
jar silicon production apparatus. This filament holder
10A includes the filament holding portion 12A which is
made of carbon and which has a substantially truncated
cone shape, and the filament holding portion 12A has,
in the top surface 12a thereof, the filament insert hole
13A configured to hold the silicon filament 4A inserted
therein. Furthermore, the angle 6 between the axis and
the generatrix of the substantially truncated cone shape
of the filament holding portion 12A is not less than 10
degrees and not more than 30 degrees, and the margin
width L of the filament holding portion 12A, between the
outer periphery of the top surface 12a of the filament
holding portion 12A and the inner wall surface 13a,
which is contacted by the silicon filament 4A, of the
filament insert hole 13A, is not more than 3 mm at at
least one location.
[0046]

Since the angle between the axis and the
generatrix of the substantially truncated cone shape of
the filament holding portion 12A is not less than 10
degrees and not more than 30 degrees, the filament

holding portion 12A has a shape that is sharply pointed
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upward. This allows source gas to flow smoothly to the
base portion of the filament holding portion 12A,
increases the amount of the source gas supplied to the
base portion, accelerates deposition on the base portion
of the silicon filament 4A, and allows the deposition of
the polycrystalline silicon 5 to become stable in the
early stage.

[0047]

In addition, the filament holding portion 12A
having a substantially truncated cone shape is
configured such that the margin width L, i.e., the
thickness at the top surface 12a, is not more than 3 mm
at at least one location. This allows source gas to be
easily supplied to the silicon filament 4A in a gap
between the top surface 12a of the filament holding
portion 12A and the deposited polycrystalline silicon 5.
Therefore, the deposition of the polycrystalline silicon 5
is accelerated in this gap. With this, the polycrystalline
silicon 5 connects to the base portion of the silicon
filament 4A in the early stage and supports the silicon
filament 4A, and therefore the silicon filament 4A can
be prevented from breakage. Furthermore, since the
polycrystalline silicon S5 is deposited on the base portion
of the silicon filament 4A in the early stage, it is

possible to increase the electric current in the early
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stage and accelerate the deposition of the
polycrystalline silicon 5.

[0048]

Thus, it is possible to provide a silicon filament
4A which is capable of improving deposition of the
polycrystalline silicon 5 on a base portion of the silicon
filament 4A and which in turn makes it possible to
improve deposition of the polycrystalline silicon S on
the entire silicon filament 4A.

[0049]

Furthermore, a silicon production apparatus in
accordance with Embodiment 1 includes one or more
filament holders 10A and one or more electrodes 3 in
accordance with Embodiment 1. With this, according to
the silicon production apparatus, electric current is
applied from the electrode(s) 3 at the base plate 2 of the
bell-jar reactor 1A to the filament holder(s) 10A
disposed upright in the filament insert hole(s) 13A in
the filament holding portion(s) 12A through the carbon
filament holding portion(s) 12A of the filament holder(s)
10A. This raises the temperature of the silicon filament
4A, and the polycrystalline silicon 5 is deposited and
grows on the silicon filament 4A. Each filament holder
10A includes the foregoing features.

[0050]
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Thus, it is possible to provide a silicon production
apparatus including one or more filament holders 10A
each of which is capable of improving deposition of the
polycrystalline silicon 5 on a base portion of the silicon
filament 4A and which in turn makes it possible to
improve deposition of the polycrystalline silicon S5 on
the entire silicon filament 4A.
[0051]

In the silicon production apparatus in accordance
with Embodiment 1, each of the one or more electrodes
3 includes a water-cooling mechanism as the cooling
mechanism 6 therein.

[0052]

This makes it possible to prevent the electrode(s) 3
from being hot and thus prevent the polycrystalline
silicon 5 from being deposited also on the electrode(s) 3.
It is also possible to prevent the electrode(s) 3 from
being damaged due to high temperature.

[0053]

A silicon production method in accordance with
Embodiment 1 produces the polycrystalline silicon 5
with use of the silicon production apparatus in
accordance with Embodiment 1.

[0054]

This makes it possible to provide a silicon
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production method that produces the polycrystalline
silicon 5 with use of the silicon production apparatus
including one or more filament holders 10A each of
which is capable of improving deposition of the
polycrystalline silicon S on a base portion of the silicon
filament 4A and which in turn makes it possible to
improve deposition of the polycrystalline silicon S5 on
the entire silicon filament 4A.

[0055]

Embodiment 2

The following description will discuss another
embodiment of the present invention with reference to
Figs. 5 and 6. Note that the configurations other than
those described in Embodiment 2 are the same as those
of Embodiment 1. For convenience of description,
members having functions identical to those shown in
the drawings of Embodiment 1 are assigned identical
referential numerals, and their descriptions are omitted.
[0056]

With regard to the ©bell-jar reactor 1A of
Embodiment 1, the silicon filament 4A has a square
cross section, and the filament insert hole 13A in the
filament holding portion 12A of each filament holder
10A also has a square cross section corresponding to

the silicon filament 4A having a square cross section.
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Embodiment 2 is different from Embodiment 1 in that,
in a bell-jar reactor 1B of Embodiment 2, a silicon
filament 4B has a circular cross section and that a
filament insert hole 13B in a filament holding portion
12B of each filament holder 10B also has a circular
cross section corresponding to the silicon filament 4B
having a circular cross section.

[0057]

The following description will discuss a
configuration of each filament holder 10B of the bell-jar
reactor 1B of Embodiment 2 with reference to (a), (b),
and (c) of Fig. 5. (a) of Fig. 5 is a cross-sectional view
showing a configuration of the filament holder 10B and
an electrode 3 in accordance with Embodiment 2. (b) of
Fig. 5 is a cross-sectional view of the configuration of
the filament holder 10B, taken along line A-A’ in (a) of
Fig. 5. (c¢) of Fig. 5 is an enlarged elevational view
showing a configuration of a top surface 12a of the
filament holding portion 12B of the filament holder 10B.
[0058]

As illustrated in (a) and (c) of Fig. 5, the filament
holder 10B of Embodiment 2 includes, similarly to the
filament holder 10A of Embodiment 1: a base portion 11
in a lower part thereof; and the filament holding portion

12B in the shape of a truncated cone in an upper part
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thereof.
[0059]

The filament holding portion 12B of the filament
holder 10B is in the shape of a tapered truncated cone
as illustrated in (a) of Fig. 5. The top surface 12a of the
truncated cone has a filament insert hole 13B, in which
the silicon filament 4B is inserted and by which the
silicon filament 4B is held.

[0060]

As illustrated in (a) and (b) of Fig. 5, in the bell-
jar reactor 1B of Embodiment 2, the silicon filament 4B
has a circular cross section. Therefore, the filament
insert hole 13B in the filament holding portion 12B of
the filament holder 10B of Embodiment 2 also has a
circular cross section corresponding to the silicon
filament 4B having a circular cross section.

[0061]

The filament insert hole 13B is configured to have
inserted therein the silicon filament 4B having a
circular cross section with a diameter of, for example, 5
mm to 12 mm.

[0062]

The truncated cone shape of the filament holding

portion 12B of Embodiment 2 is such that, similarly to

the filament holding portion 12A of Embodiment 1, the
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angle 0 between the axis and the generatrix is not less
than 10 degrees and not more than 30 degrees, as
illustrated in (a) of Fig. 5. The results of experiments
demonstrate that the angle 6 between the axis and the
generatrix is preferably not less than 11 degrees and
not more than 25 degrees, more preferably not less than
11 degrees and not more than 16 degrees, particularly
preferably not less than 11 degrees and less than 15
degrees. For example, a filament holder 10B illustrated
in (a) and (b) of Fig. 6 is one in which the angle 6 is 16
degrees. With this configuration, the filament holding
portion 12B has a shape sharply pointed upward. This
allows source gas to flow smoothly to the base portion of
the silicon filament 4B, increases the amount of the
source gas supplied to the base portion, accelerates
deposition on the base portion of the silicon filament 4B,
and allows the deposition of the polycrystalline silicon 5
to become stable in the early stage.

[0063]

In the filament holder 10B of Embodiment 2, the
maximum thickness D1 of the filament holding portion
12B between an outer peripheral surface 12c¢ of the
filament holding portion 12B and an inner wall surface
13a of the filament insert hole 13B, in a region from the

top surface 12a to a bottom 13b of the filament insert
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hole 13B, is not more than 30 mm. The maximum
thickness D1 is preferably not more than 30 mm, more
preferably not more than 20 mm. By employing a
configuration satisfying the condition "the angle 6 of the
filament holder 10B is not less than 10 degrees and not
more than 30 degrees" and also employing a
configuration in which the wall thickness of the outer
peripheral surface 12c in a region from the top surface
12a to the bottom 13b of the filament insert hole 13B
located lower than the top surface 12a is not more than
30 mm, it is possible to allow the density of electric
current passing through the filament holder 10B to
increase, allow the filament holder 10B itself to
generate heat and keep the top end portion at high
temperature, and prevent the top end portion from being
cooled.

[0064]

For example, the filament Tholder 10B of
Embodiment 2 illustrated in (a) and (b) of Fig. 6 is
configured such that the angle 6 of the filament holder
10B, which should be not less than 10 degrees and not
more than 30 degrees, is 16 degrees, and this angle 6 of
16 degrees continues along the axis over a truncated
cone height hl of 64.5 mm. It follows that the truncated

cone height hl extends over a region of at least 10 mm.
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Furthermore, in the filament holder 10B illustrated in
(a) and (b) of Fig. 6, the maximum thickness D1 of the
filament holding portion 12B, between the inner wall
surface 13a and the outer peripheral surface 12c at the
bottom 13b of the filament insert hole 13B, is 15.8 mm,
which satisfies the condition "the maximum thickness
D1 is not more than 30 mm". Note that, in the filament
holder 10B illustrated in (a) and (b) of Fig. 6, the insert
hole height h2 is 40 mm, and the total height h of the
filament holder 10B is 130 mm. The diameter D of the
filament holder 10B is 50 mm.

[0065]

Note that even if the filament holding portion 12B
is shaped such that the angle 6 between the axis and
the generatrix of a substantially truncated cone shape
is not less than 10 degrees and not more than 30
degrees as described above, such a shape may not be
appropriate for the growth of polycrystalline silicon if a
margin width L, i.e., the thickness of the filament
holding portion 12B having a substantially truncated
cone shape at the top surface 12a, is large.

[0066]

In view of above, the filament holder 10B of

Embodiment 2 is configured such that the margin width

L (i.e., the thickness of the filament holding portion 12B
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having a substantially truncated cone shape at the top
surface 12a) is not more than 3 mm at at least one
location. Note that the bell-jar reactor 1B of
Embodiment 2 1is configured such that the silicon
filament 4B has a circular cross section and such that
the filament insert hole 13B also has a circular cross
section. Therefore, in Embodiment 2, as illustrated in
(b) of Fig. 5, the margin width L between the inner wall
surface 13a of the filament insert hole 13B and the
outer periphery at the top surface 12a is the same at
every location of the outer peripheral surface 12c.

[0067]

With this, the polycrystalline silicon 5 deposited
on this portion connects to the base portion of the
silicon filament 4B in the early stage. It follows that the
deposited polycrystalline silicon 5 supports the silicon
filament 4B, making it possible to prevent the breakage
of the silicon filament 4B. Furthermore, because the
polycrystalline silicon S5 is deposited on the base portion
of the silicon filament 4B in the early stage, it is
possible to mitigate the concentration of electric current
on the thin silicon filament 4B. This means that the
melting of the silicon filament 4B which would otherwise
be caused by the local concentration of electric current

on the silicon filament 4B is prevented, and that the
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electric current to the silicon filament 4B can be
increased. This makes it possible to accelerate the
deposition of the polycrystalline silicon 5 by increasing
the electric current to the silicon filament 4B in the
early stage.

[0068]

Thus, it is possible to provide a filament holder
10B which is capable of improving deposition of the
polycrystalline silicon 5 on a base portion of the silicon
filament 4B and which in turn makes it possible to
improve deposition of the polycrystalline silicon S5 on
the entire silicon filament 4B.

[0069]

Note that, in the filament holder 10B illustrated in
(a), (b), and (c) of Fig. 6, the margin width L is 2.25 mm.
Thus, the condition "the margin width L at at least one
location is not more than 3 mm" is satisfied.

[0070]

Aspects of the present invention can also be
expressed as follows:

In order to attain the foregoing object, a filament
holder in accordance with an aspect of the present
invention is a filament holder including a filament
holding portion which is made of carbon and which has

a substantially truncated cone shape, in which: the
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filament holding portion has, in a top surface thereof, a
filament insert hole configured to hold a silicon filament
inserted therein; an angle between an axis and a
generatrix of the substantially truncated cone shape is
not less than 10 degrees and not more than 30 degrees;
and a thickness of the filament holding portion between
an outer periphery of the top surface of the filament
holding portion and an inner wall surface, which is
contacted by the silicon filament, of the filament insert
hole is not more than 3 mm at at least one location.
[0071]

According to the configuration, the filament holder
includes a filament holding portion which is made of
carbon and which has a substantially truncated cone
shape, and the filament holding portion has, in the top
surface thereof, a filament insert hole configured to
hold a silicon filament inserted therein. With this,
electric current is applied from an electrode at a base
plate of a bell-jar silicon production apparatus to the
silicon filament disposed upright in the filament insert
hole of the filament holding portion through the carbon
filament holding portion. This raises the temperature of
the silicon filament, and silicon is deposited and grows
on the silicon filament.

[0072]
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Note that, according to conventional techniques,
the angle between the axis and the generatrix of the
substantially truncated cone shape of the filament
holder is, as described earlier, not less than 35 degrees
and not more than 65 degrees. However, it was found
that, if the angle is large like above, the flow of source
gas to the base portion of the silicon filament is reduced,
resulting in a slowing down of deposition of silicon on
the base portion of the silicon filament and also in a
slowing down of deposition of silicon on the entire
silicon filament.
[0073]

In view of above, an aspect of the present
invention is arranged such that, in the filament holding
portion, the angle between the axis and the generatrix
of the substantially truncated cone shape is not less
than 10 degrees and not more than 30 degrees. With
this, the filament holding portion has a shape that is
sharply pointed upward. This allows source gas to flow
smoothly to the base portion of the silicon filament,
increases the amount of the source gas supplied to the
base portion, accelerates deposition on the base portion
of the silicon filament, and allows the deposition of the
silicon to become stable in the early stage.

[0074]
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In addition, according to an aspect of the present
invention, the filament holding portion having a
substantially truncated cone shape is configured such
that the thickness at the top surface is not more than 3
mm at at least one location. This allows the source gas
to be easily supplied to the silicon filament in a gap
between the top surface of the filament holding portion
and the deposited silicon. Therefore, the deposition of
the silicon is accelerated in this gap. With this, the
silicon deposited in this portion connects to the base
portion of the silicon filament in the early stage. It
follows that the deposited silicon supports the silicon
filament, and that the silicon filament can be prevented
from breakage. Furthermore, since the silicon is
deposited on the base portion of the silicon filament in
the early stage, the concentration of electric current on
the thin silicon filament is mitigated. This makes it
possible to prevent or reduce excessive heat generation
that would result from the concentration of electric
current on the base portion of the thin silicon filament,
and possible to prevent the silicon filament from
collapsing due to melting of this portion. This makes it
possible to increase the electric current in the early
stage and accelerate the deposition of the silicon.

[0075]
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Accordingly, it is possible to provide a filament

holder which 1is capable of improving deposition of

silicon on a base portion of a silicon filament and which

in turn makes it possible to improve deposition of

silicon on the entire silicon filament.

[0076]

The filament holder in accordance with an aspect
of the present invention is preferably arranged such
that the angle between the axis and the generatrix is
not less than 10 degrees and not more than 30 degrees
over a region of at least 10 mm along the axis from the
top surface of the filament holding portion.

[0077]

That is, it is preferable that the portion sharply
pointed upward, in which the angle 6 between the axis
and the generatrix of the substantially truncated cone
shape of the filament holding portion is not less than 10
degrees and not more than 30 degrees, occupies as long
as possible of a region close to the area where the
silicon filament is exposed from the filament holding
portion. Specifically, it is preferable that, in the
filament holding portion, the region where the angle
between the axis and the generatrix is not less than 10
degrees and not more than 30 degrees extends over a

region of at least 10 mm along the axis from the top
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surface of the filament holding portion. This ensures
allowing source gas to flow smoothly to the base portion
of the silicon filament, increasing the amount of the
source gas supplied to the base portion, accelerating
deposition on the base portion of the silicon filament,
and allowing the deposition of the silicon to become
stable in the early stage.

[0078]

The filament holder in accordance with an aspect
of the present invention is preferably arranged such
that a maximum thickness of the filament holding
portion between an outer peripheral surface of the
filament holding portion and a wall surface of the
filament insert hole, in a region from the top surface to
a bottom of the filament insert hole, is not more than 30
mm.

[0079]

By employing a configuration satisfying the
condition "the angle between the axis and the generatrix
of the substantially truncated cone shape of the top end
portion of the filament holder is not less than 10
degrees and not more than 30 degrees" and also
employing a configuration in which the wall thickness of
the outer peripheral surface in a region from the top

surface to the bottom of the filament insert hole located
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lower than the top surface is not more than 30 mm, it is
possible to allow the density of electric current passing
through the filament holder to increase, allow the
filament holder itself to generate heat, and keep the top
end portion at high temperature.

[0080]

A silicon production apparatus in accordance with
an aspect of the present invention includes: the
foregoing filament holder; and an electrode.

[0081]

With this, in the silicon production apparatus,
electric current is applied from an electrode at a base
plate of a bell-jar silicon production apparatus to the
silicon filament disposed upright in the filament insert
hole in the filament holding portion through the carbon
filament holding portion of the filament holder. This
raises the temperature of the silicon filament, and
silicon is deposited and grows on the silicon filament.
[0082]

Furthermore, the filament holder is arranged such
that the filament holding portion has, in a top surface
thereof, a filament insert hole configured to hold a
silicon filament inserted therein, that the angle between
the axis and the generatrix of the substantially

truncated cone shape is not less than 10 degrees and
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not more than 30 degrees, and that the thickness of the
filament holding portion between the outer periphery of
the top surface of the filament holding portion and the
inner wall surface, which is contacted by the silicon
filament, of the filament insert hole is not more than 3
mm at at least one location.

[0083]

Accordingly, it is possible to provide a silicon
production apparatus including a filament holder which
is capable of improving deposition of silicon on a base
portion of a silicon filament and which in turn makes it
possible to improve deposition of silicon on the entire
silicon filament.

[0084]

The silicon production apparatus in accordance
with an aspect of the present invention is arranged such
that the electrode includes a cooling mechanism therein.
[0085]

This makes it possible to prevent the electrode
from being hot and thus prevent the silicon from being
deposited also on the electrode. It is also possible to
prevent the electrode from being damaged due to high
temperature.

[0086]

A silicon production method in accordance with an
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aspect of the present invention includes producing
silicon with wuse of the foregoing silicon production
apparatus.

[0087]

Accordingly, it is possible to provide a silicon
production method involving producing silicon with use
of a silicon production apparatus including a filament
holder which 1is capable of improving deposition of
silicon on a base portion of a silicon filament and which
in turn makes it possible to improve deposition of
silicon on the entire silicon filament.

[0088]

The present invention 1is not limited to the
foregoing embodiments, but can be altered variously by
a skilled person in the art within the scope of the
claims. The present invention also encompasses, in its
technical scope, any embodiment derived by combining
technical means disclosed in differing embodiments.
Furthermore, a new technical feature can be formed by
combining technical means disclosed in differing
embodiments.

[0089]
Examples
With regard to the filament holders 10A and 10B

of embodiments of the present invention, experiments
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were carried out to verify what effects are obtained in a
case where the angle 0 between the axis and the
generatrix of the substantially truncated cone shape is
11 degrees and in a case where the angle 0 is 25 degrees.
In each experiment, a silicon filament 4A or 4B was
placed in the filament holder 10A or 10B and an
operation to gradually increase electric current was
carried out. The shortest possible time that ensures a
stable increase in electric current to 300 A was
measured. This "shortest possible time" means that if
the electric current is increased to 300 A before this
time is reached, the silicon filament 4A or 4B will melt
and collapse. That is, a shorter "shortest possible time"
indicates that the passage of an electric current of 300
A can be carried out earlier and the polycrystalline
silicon 5 is deposited more quickly thereafter.

[0090]

The results of the experiments and Comparative
Examples are shown in Table 1.

[0091]

As is apparent from Table 1, the shortest possible
time that ensures a stable increase in electric current to
300 A was 20 hours or less in Examples 1 to 4 in which
the angle 6 of the filament holder 10A or 10B of an

embodiment of the present invention is not less than 10
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degrees and not more than 30 degrees and in which the
margin width L (i.e., the thickness of the filament
holding portion 12A or 12B between the outer periphery
of the top surface 12a of the filament holding portion
12A or 12B and the inner wall surface 13a of the
filament insert hole 13A contacted by the silicon
filament 4A or 4B) is not more than 3 mm at at least one
location.

[0092]

On the contrary, in Comparative Examples 1 to 4
(in which one of the two conditions "the angle 06 is not
less than 10 degrees and not more than 30 degrees" and
"margin width L at at least one location is not more
than 3 mm" is not satisfied), the shortest possible time
that ensures a stable increase in electric current to 300
A was equal to or more than 25 hours.

[0093]

This confirmed that, in cases where the two
conditions "the angle 6 is not less than 10 degrees and
not more than 30 degrees" and "margin width L at at
least one location is not more than 3 mm" are satisfied,
the shortest possible time that ensures a stable increase
in electric current to 300 A is short and the
polycrystalline silicon 5 can be deposited stably and

quickly.
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[0094]
[Table 1]
Shortest
possible time
that ensures
Angle L stable increase
(eg) (mm) in electric Type of filament
current to 300
A, from start of
deposition
(hr)
Example
1 11 1.0 10 Square
Exa;nple 16 2.5 12 Cone
Exaglple 25 1.0 18 Square
Exazlnple 25 2.5 20 Cone
Compa-
rative 11 8.0 08 Cone
Example
1
Compa-
rative 16 4.0 05 Cone
Example
2
Compa-
rative 35 55 30 cone
Example
3
Compa-
rative 45 5 5 35 Cone
Example
4

Reference Signs List

[0095]
1A, 1B bell-jar reactor
2 base plate
3 electrode
3a projection
4A, 4B silicon filament
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13A,
13a
13b
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polycrystalline silicon (silicon)
cooling mechanism

wedge

10B filament holder

base portion

recess

12B filament holding portion
top surface

outer peripheral surface

13B filament insert hole
inner wall surface

bottom

maximum thickness

margin width (thickness)

angle



10

15

20

25

- 49 -
Claims

Claim 1

A filament holder comprising a filament holding
portion which is made of carbon and which has a
substantially truncated cone shape, wherein:

the filament holding portion has, in a top surface
thereof, a filament insert hole configured to hold a
silicon filament inserted therein;

an angle between an axis and a generatrix of the
substantially truncated cone shape is not less than 10
degrees and not more than 30 degrees; and

a thickness of the filament holding portion
between an outer periphery of the top surface of the
filament holding portion and an inner wall surface,
which is contacted by the silicon filament, of the
filament insert hole is not more than 3 mm at at least

one location.

Claim 2

The filament holder as set forth in claim 1,
wherein the angle between the axis and the generatrix is
not less than 10 degrees and not more than 30 degrees
over a region of at least 10 mm along the axis from the

top surface of the filament holding portion.
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Claim 3
The filament holder as set forth in claim 1 or 2,
wherein a maximum thickness of the filament holding
portion between an outer peripheral surface of the
filament holding portion and a wall surface of the
filament insert hole, in a region from the top surface to

a bottom of the filament insert hole, is not more than 30

mm.
Claim 4
A silicon production apparatus comprising:
a filament holder recited in any one of claims 1 to
3; and

an electrode.

Claim 5
The silicon production apparatus as set forth in
claim 4, wherein the electrode includes a cooling

mechanism therein.

Claim 6
A silicon production method comprising producing
silicon with wuse of a silicon production apparatus

recited in claim 4 or 5.



