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Description
Title of Invention
PRODUCTION METHOD FOR POLYCRYSTALLINE

SILICON

Technical Field
[0001]
The present invention relates to a method for

producing polycrystalline silicon.

Background Art
[0002]

A Siemens method is known as a method of
industrially producing polycrystalline silicon that is used
as a raw material of semiconductors or of wafers for solar
power generation. In the Siemens method, raw material gas
containing hydrogen and trichlorosilane is supplied into a
bell-shaped (a bell jar-type) reactor. Core wires for
deposition of polycrystalline silicon (silicon core wires) are
provided inside the reactor so as to stand. Polycrystalline
silicon is deposited and grown on a surface of each of the
silicon core wires by heating the silicon core wires, so that
polycrystalline silicon rods are obtained.

[0003]

The reactor has recently been made larger so that
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productivity is enhanced, and more polycrystalline silicon
rods are formed in the reactor. An increase in number of
silicon core wires in the reactor makes it difficult for a
single power source circuit to control production of all the
polycrystalline silicon rods in the reactor. A method has
therefore been proposed in which the silicon core wires are
divided into groups and the groups are provided with
respective power source circuits, which are used to control
temperatures of, electric currents of, and voltages of the
silicon core wires in the reactor.

[0004]

For example, Patent Literature 1 discloses a control
method carried out in a reactor in which 4 pairs, 8 pairs,
and 12 pairs of silicon core wires are arranged on
concentric circles sequentially from the inner side.
According to the invention disclosed in Patent Literature 1,
the 4 pairs on the innermost circle are controlled by a first
voltage control device. The 8 pairs on the intermediate
circle are controlled by a second voltage control device.
Out of the 12 pairs on the outermost circle, 4 pairs are
controlled by a third voltage control device, and the
remaining 8 pairs are controlled by a fourth voltage control
device.

[0005]

Furthermore, Patent Literature 2 discloses a control
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method carried out in a reactor in which 6 pairs, 12 pairs,
and 18 pairs of silicon core wires are arranged on
concentric circles sequentially from the inner side.
According to the invention disclosed in Patent Literature 2,
the silicon core wires arranged on each of the concentric
circles are divided first into groups each including 3 pairs
of silicon core wires. Then, 12 groups obtained by thus
dividing the silicon core wires are divided into a group of 4
pairs-4 pairs-4 pairs or 2 pairs-2 pairs-4 pairs-4 pairs so
as to be subjected to voltage control.
Citation List
[Patent Literatures]
[0006]

[Patent Literature 1]

Chinese Utility Model Publication No. 202358923
Publication (Registration Date: August 1, 2012)

[Patent Literature 2]

Chinese Utility Model Publication No. 202358926

Publication (Registration Date: August 1, 2012)

Summary of Invention
Technical Problem
[0007]
In such a conventional technique as described earlier,

voltage control is carried out such that electric currents
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having an identical amount are passed through all the
silicon core wires. However, the inventor of the present
invention found that production of the polycrystalline
silicon rods in accordance with the Siemens method has
such a problem as below. Specifically, in the Siemens
method, heat loss caused by heat radiation from the
polycrystalline silicon rods to a reactor wall occurs during
growth of the silicon core wires and formation of the
polycrystalline silicon rods. In rods arranged on a plurality
of concentric circles, greater heat loss occurs in a rod
arranged on a circumference that is closer to the reactor
wall. In other words, the rod arranged on the
circumference that is closer to the reactor wall has a lower
surface temperature during the deposition of
polycrystalline silicon. Therefore, in a case where control
is carried out such that the same electric current is
applied to all the silicon core wires, the rod arranged on
the circumference that is closer to the reactor wall is
grown at a lower rate than a rod arranged inside that
circumference. Such a difference in growth rate causes a
variation in thickness of the polycrystalline silicon rods to
be formed in the reactor.
[0008]

An object of an aspect of the present invention is to

reduce a variation in thickness of polycrystalline silicon
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rods to be formed in a reactor.

Solution to Problem
[0009]

In order to attain the above object, a method for
producing a polycrystalline silicon rod in accordance with
an aspect of the present invention, the method involving
growing polycrystalline silicon by passing electric currents
through silicon core wires in a bell jar in which the silicon
core wires are arranged on a plurality of concentric circles,
is configured such that values of the electric currents to be
passed through the silicon core wires are controlled so that
an electric current to be passed through a silicon core wire
arranged on a first concentric circle of the plurality of
concentric circles has a greater value than an electric
current to be passed through a silicon core wire arranged
on a second concentric circle of the plurality of concentric
circles, the second concentric circle being located inward
of the first concentric circle.

Advantageous Effects of Invention
[0010]

An aspect of the present invention makes it possible
to reduce a variation in thickness of polycrystalline silicon

rods to be formed in a reactor.

Brief Description of Drawings
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[0011]

Fig. 1 is a view schematically illustrating a structure
of a reactor for production of a polycrystalline silicon rod
in accordance with Embodiment 1 of the present invention.

Fig. 2 is a view schematically illustrating an
arrangement of silicon core wires disposed inside the
reactor in accordance with Embodiment 1 of the present

invention.

Description of Embodiments
[0012]

Embodiment 1

(Apparatus for producing polycrystalline silicon)

An embodiment of the present invention will be
described below in detail. A production apparatus used in
a method for producing a polycrystalline silicon rod in
accordance with an embodiment of the present invention
will be described first with reference to Figs. 1 and 2.
[0013]

Fig. 1 is a view schematically illustrating a structure
of a reactor 1 that is used to produce a polycrystalline
silicon rod. The reactor 1 includes a bottom plate 3, a bell
jar 5, electrodes 6, a silicon core wire 7, a raw material gas
supply port 8, a waste gas pipe 9, a power source 20, a

control device 21, and an input part 22. The bell jar 5 is
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mounted on the bottom plate 3 by bolting or the like so as
to be openable and closable. Furthermore, the bell jar 5 is
a structure that forms a reaction chamber 2 as its internal
space, and includes an inner wall 51 that is an inner side
wall surface of the bell jar 5. The silicon core wire 7
includes two columnar parts 71 and 72.

[0014]

In the reaction chamber 2 inside the bell jar 5, the
silicon core wire 7 is provided so as to stand via the
electrodes 6 that are disposed on the bottom plate 3. The
electrodes 6 can be made of carbon, stainless steel (SUS),
Cu, or the like.

[0015]

The temperature inside the reaction chamber 2
becomes high. The bell jar 5 is therefore preferably made of
a material that is excellent in heat resistance and in
lightweight property, that does not adversely affect a
reaction, and that allows the bell jar 5 to be easily cooled.
From this viewpoint, the bell jar 5 is preferably made of
SUS. The bell jar 5 can have an outer surface that is
covered by a cooling jacket.

[0016]

Furthermore, the bottom plate 3 is provided with the

raw material gas supply port 8 through which raw material

gas 1is to be supplied into the reaction chamber 2.
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Furthermore, the bottom plate 3 is provided with the waste
gas pipe 9 through which waste gas is to be discharged.
[0017]

Fig. 2 is a view illustrating an arrangement of silicon
core wires 7 (silicon core wires 7A to 7C) disposed inside
the reactor 1. In Embodiment 1, the silicon core wires 7
are arranged on a plurality of concentric circles that share
a center of the bottom plate 3 and that have different radii
(see Fig. 2). Fig. 2 illustrates a case where the number of
concentric circles is 3. A circle A that is the innermost
concentric circle is provided with 3 pairs of electrodes 6A,
and each silicon core wire 7A is provided so as to stand
while being connected to a corresponding pair of electrodes
6A. The 3 pairs of electrodes are connected in series, and
both ends of a wire by which those pairs of electrodes are
connected in series are connected to a power source 20A.
This makes it possible to pass an electric current from the
power source 20A to the silicon core wire 7A. A circle B
that is located outward of the circle A is provided with 6
pairs of electrodes, and a circle C that is located outermost
is provided with 9 pairs of electrodes. The silicon core wire
7B and the silicon core wire 7C are provided so as to stand
on the circles B and C, respectively, as in the case of the
circle A. The 6 pairs of electrodes of the circle B are

connected to a power source 20B, and the 9 pairs of
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electrodes of the circle C are connected to a power source
20C.
[0018]

Fig. 2 1illustrates a case where the number of
concentric circles on which the silicon core wires 7 are
arranged is 3. Note, however, that the number of the
concentric circles is not limited to 3. The number of the
concentric circles is normally 2 to 10, preferably 3 to 8,
and more preferably 3 to 5. Furthermore, the number of
electrodes arranged on each of the circles is not limited to
the number illustrated in Fig. 2. However, in view of a
take-out of a rod after the end of the deposition, a number
Mx of electrodes arranged on a circle k is preferably an
integer that satisfies Inequality (1) below where Rmax
represents a diameter of a polycrystalline silicon rod 13 at
the end of the deposition and rx represents a radius of the

circle k.

M S1. 5XaXr,/R,., (1)

(Method for producing polycrystalline silicon)

In Embodiment 1, a Siemens method is wused to
produce polycrystalline silicon. A polycrystalline silicon
deposition process carried out in the Siemens method will
schematically be described below with reference to Fig. 1.

Electric currents that are supplied from respective power
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sources 20 (power sources 20A to 20C) are passed through
the silicon core wires 7 via the electrodes 6 so that the
silicon core wires 7 are heated to a temperature equal to or
higher than the deposition temperature of polycrystalline
silicon. In this case, the deposition temperature of
polycrystalline silicon is not particularly limited. Note,
however, that the deposition temperature is preferably
maintained at a temperature of 1000°C to 1100°C so that
polycrystalline silicon is quickly deposited on the silicon
core wires 7.

[0019]

The raw material gas is supplied through the raw
material gas supply port 8 into the reactor 1. This allows
the raw material gas to be supplied to the silicon core
wires 7 through which the electric currents are passed and
that are heated. Examples of the raw material gas include
a mixed gas that contains gas of a silane compound and
hydrogen. The polycrystalline silicon rod 13 is formed by a
reaction of this raw material gas, that is, a reduction
reaction of the silane compound.

[0020]

Examples of the gas of the silane compound include
gases of a silane compound(s) such as monosilane,
trichlorosilane, silicon tetrachloride, monochlorosilane,

and/or dichlorosilane. In general, a trichlorosilane gas is
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suitably wused. Trichlorosilane that 1is wused in the
polycrystalline silicon deposition process preferably has a
purity of not less than 99.9% in order to obtain highly pure
polycrystalline silicon.

[0021]

In the polycrystalline silicon deposition process, a
large part of hydrogen contained in the raw material gas
can be supplemented by hydrogen gas that is refined from
waste gas and circulated, whereas a hydrogen shortage can
be compensated for with hydrogen obtained by a known
production method. For example, such hydrogen can be
produced by electrolysis of water. Hydrogen that is used in
the polycrystalline silicon deposition process preferably
has a purity of not less than 99.99% by volume in order to
obtain highly pure polycrystalline silicon. Use of such
highly pure trichlorosilane and such highly pure hydrogen
makes it possible to obtain highly pure polycrystalline
silicon having a purity of not less than 11 N.

[0022]

(Control of electric current)

As illustrated in Fig. 1, the power source 20 is
connected to the control device 21 and the input part 22.
In Embodiment 1, the control device 21 which has received
via the input part 22 an input by a user of a value of an

electric current to be passed through a silicon core wire
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controls a value of an electric current of the power source
20 that is provided for each of the concentric circles.
Specifically, as illustrated in Fig. 2, an electric current for
the circle A is supplied from the power source 20A, an
electric current for the circle B is supplied from the power
source 20B, and an electric current for the circle C is
supplied from the power source 20C. The power sources
20A to 20C are each individually controlled by the control
device 21.

[0023]

In Embodiment 1, the control device 21 controls the
power sources 20A to 20C so that an electric current to be
passed through a silicon core wire arranged on a first
concentric circle of the plurality of concentric circles has a
greater value than an electric current to be passed through
a silicon core wire arranged on a second concentric circle
of the plurality of concentric circles, the second concentric
circle being located inward of the first concentric circle.
[0024]

In order to determine at what ratio to apply the
electric currents to the respective concentric circles, the
inventor found a method of determining, in accordance
with a radiation heat quantity ratio for each of the circles,
an electric current ratio at which to pass an electric

current through polycrystalline silicon rods 13 of each of
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the circles. The radiation heat quantity ratio is obtained by
deriving, for each of the circles by a simple method, an
amount of heat radiation of the polycrystalline silicon rods
13 arranged on the plurality of concentric circles.

[0025]

Specifically, first, determined are (i) a number n of
the concentric circles, (ii) a total number M of columnar
parts that extend vertically and that form the silicon core
wires arranged on each of the concentric circles, and (iii) a
diameter R of the polycrystalline silicon rods 13 at a time
point during a process in which polycrystalline silicon is
grown (hereinafter simply referred to as a "growth process").
The inventor found that it is possible to derive respective
radiation heat quantities of the circles by determining the
above (i) to (iii) and that it is possible to determine, in
accordance with the obtained radiation heat quantity ratio
for each of the circles, an electric current value ratio at
which to pass an electric current through the
polycrystalline silicon rods 13 of each of the circles. How
to find the electric current value ratio will be described
below in detail.

[0026]
(How to find electric current value ratio)
The following description will discuss the reactor 1 in

which the number of the concentric circles is n. First, the
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following description will discuss the silicon core wires 7
(or the polycrystalline silicon rods 13 formed by deposition
on the silicon core wires 7) (parts extending vertically and
serving as the columnar parts) arranged on a k-th
concentric circle from the innermost circle. A heat blocking
ratio Sk that is a ratio at which radiation heat of the
silicon core wires 7 arranged on the k-th concentric circle
is blocked by the silicon core wires 7 arranged on the other
concentric circles and the k-th concentric circle is

expressed by the following Equation (2):

Sk:RXng/ (2)( rkX?E) (2)

where R is the diameter of the polycrystalline silicon
rods 13 at a time point during the growth process.
Assuming that Rmax represents the diameter of the
polycrystalline silicon rods 13 at the end of the deposition,
R is preferably set to approximately 50% to 65% of Rmax.
For example, in a case where the diameter of the
polycrystalline silicon rods 13 at the end of the deposition
is 150 mm, R is set to 80 mm to 130, preferably 90 mm to
110 mm, and more preferably 95 mm to 105 mm. Mg is the
total number of columnar parts 71 and 72 extending in the
vertical direction of the silicon core wires 7 arranged on
the k-th (k being an integer that satisfies 1 < k <n)

concentric circle. For example, in a case where 3 pairs of
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electrodes 6 are arranged on a concentric circle, the total
number of columnar parts 71 and 72 of the silicon core
wires 7 arranged on the concentric circle is 6. rx is a
radius of the k-th concentric circle, and rx preferably
satisfies rx + (4/3)%XRmax < rk+1. This is because, in a case
where rx+1 1is smaller than rx+(4/3)%XRmax, a distance
between adjacent polycrystalline silicon rods 13 is less
than one third of Rmax at the end of the deposition and it is
difficult to take out the rods after the end of the deposition.
[0027]

Next, regarding the silicon core wires 7 arranged on
the k-th concentric circle, the following description will
discuss a radiation heat ratio Hko of heat radiated to
outside the concentric circle. The silicon core wires 7
arranged on the k-th concentric circle are heat-blocked at
a heat blocking ratio Skx+1 by the polycrystalline silicon
rods 13 of a (k+1)-th concentric circle. Subsequently, the
silicon core wires 7 arranged on the k-th concentric circle
are heat-blocked at a heat blocking ratio Skx+2 by the
polycrystalline silicon rods 13 of a (k+2)-th concentric
circle. Thereafter, the silicon core wires 7 arranged on the
k-th concentric circle are heat-blocked similarly and then
are finally heat-blocked at a heat blocking ratio S, by the
polycrystalline silicon rods 13 arranged on an n-th

concentric circle that is the outermost circle. Thus, in a



10

15

20

TKY20151/PCT
-16 -

case where 1 < k < n-1, the radiation heat ratio Hko 1is
expressed by Equation (3) below in heat radiation to
outside the k-th concentric circle from the silicon core
wires 7 arranged on the k-th concentric circle. The
radiation heat ratio Hyxo is a ratio of (a) a quantity of
radiation heat arriving at the inner wall 51 without being
blocked by the silicon core wires 7 arranged on the other
concentric circles to (b) a quantity of all the radiation heat
arriving at the inner wall 51 without presence of any heat-

blocking object.

Hio= (1=S,27) X (1=8,42) X+ X (1=S,) (3)

Similarly, regarding the silicon core wires 7 arranged
on the k-th concentric circle, the following description will
discuss a radiation heat ratio Hxki of heat radiated to the
inner wall 51 through a center of the k-th concentric circle.
The silicon core wires 7 arranged on the k-th concentric
circle are heat-blocked at a heat blocking ratio Sk-1 by the
polycrystalline silicon rods 13 of a (k-1)-th concentric
circle. Subsequently, the silicon core wires 7 arranged on
the k-th concentric circle are heat-blocked by the
polycrystalline silicon rods 13 of (k-2)-th, (k-3)-th, ... ,
second, first, the first, the second, ... , the k-th, ... , and
the n-th concentric circles. Thus, the radiation heat ratio

Hyxi is expressed by Equation (4) below in heat radiation



10

15

20

TKY20151/PCT
- 17 -

from the silicon core wires 7 arranged on the k-th
concentric circle to the inner wall 51 through the center of
the k-th concentric circle. The radiation heat ratio Hyj is a
ratio of (a) the quantity of radiation heat arriving at the
inner wall 51 without being blocked by the silicon core
wires 7 arranged on the other concentric circles and the k-
th concentric circle to (b) the quantity of all the radiation
heat arriving at the inner wall 51 without presence of any

heat-blocking object.

Ho = {(1-8,) X+ - X (1=-85,_7) } 2X (1-8,) X (1—-8
k+1) XX (1_Sn) (4-)

Note here that, as publicly known, a quantity Q of
heat that an object having an absolute temperature Ts, a
surface area A>, and an emissivity &2 releases, by heat
emission, to a surrounding wall surface (having a surface
area A1, an emissivity €1, and a temperature Ta) is

expressed by Equation (5) below.

Q=0e, A, X (Ts'- Ta*) (5)

From Equation (5) above, a total radiation heat
quantity Qx of the silicon core wires 7 arranged on the k-th
concentric circle can be said to be proportional to a
surface area Ax of the polycrystalline silicon rods 13 and a

total radiation heat ratio Hkx, and the total radiation heat
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quantity Qkx can be expressed by Equation (6) below.

Q. =B XH,.XA, (6)

where the total radiation heat ratio Hyx is a ratio of
(ii) below to (i) below measured in heat radiation to the
inner wall 51 from the silicon core wires 7 arranged on the
k-th concentric circle.

[0028]

(i) the quantity of all the radiation heat arriving at
the inner wall 51 without presence of any heat-blocking
object

(ii) the quantity of radiation heat arriving at the
inner wall 51 without being blocked by the silicon core
wires 7 arranged on the other concentric circles and the k-
th concentric circle

Furthermore, the total radiation heat quantity Qxk,
which is a sum of a quantity Qko of heat radiated to outside
a concentric circle and a quantity Qx; of heat radiated to a
center of the concentric circle, can therefore be expressed

by Equation (7) below.

Q=Qy,+Qy = (BXHKOXAk0)+(BXHkiXAki) (7)

In a case where Ax is divided into Axo in the outward

direction of the concentric circle and Axi in the central
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direction of the concentric circle, Ax = Akxo *+ Axi, and,
assuming that Axo = Axi = (1/2) x Ak, Qk is expressed by

Equation (8) below.

Q.= {BXH, X (1./2) XA} + {BXH,. X (1/2) XA,} =

BX (1/2) XAX (HiotHy)) (8)
S This makes it possible to say that Hx = (1/2)xHyki +
(1/2)xHko.
[0029]

The total radiation heat ratio Hx of heat radiated to
the inner wall 51 from the silicon core wires 7 arranged on
10 the k-th concentric circle 1is therefore expressed by

Equation (9) below.

Hy= (1,/2) XH;+ (1/2) Heo,=(1,/2) X [ (1=S,4;) X
X (1=8,) +{(1=-8,) X+ X (1=S,.y)}2x (1-
Sy) X (1=S,4,) X+ X (1=S,) ] (9)

Next, regarding the silicon core wires 7 arranged on

the outermost concentric circle (the n-th concentric circle),

15 the heat blocking ratio S, is expressed by Equation (10)
below as in the case of Equation (2) above. The heat
blocking ratio S, is a ratio at which radiation heat of the

silicon core wires 7 arranged on the n-th concentric circle

is blocked by the silicon core wires 7 arranged on the other

20 concentric circles and the n-th concentric circle.
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S,=RXM,/ (2Xr ,Xm) (10)

The following description will discuss a radiation
heat ratio Hno measured in heat radiation to outside the
concentric circle from the silicon core wires 7 arranged on
the n-th concentric circle. The radiation heat ratio Hno is a
ratio of (a) the quantity of radiation heat arriving at the
inner wall 51 without being blocked by the silicon core
wires 7 arranged on the other concentric circles to (b) the
quantity of all the radiation heat arriving at the inner wall
51 without presence of any heat-blocking object. Since the
n-th concentric circle is the outermost circle, radiation
heat is not blocked by the polycrystalline silicon rods 13 of
the other circles, and Hno = 1.0.

[0030]

A radiation heat ratio Hni measured in heat radiation
to the inner wall 51 through a center of the n-th concentric
circle from the silicon core wires 7 arranged on the n-th
concentric circle is expressed by Equation (11) below as in
the case of Equation (4) above. The radiation heat ratio Hn;
is a ratio of (a) a quantity of radiation heat arriving at the
inner wall 51 without being blocked by the silicon core
wires 7 arranged on the other concentric circles and the n-
th concentric circle to (b) the quantity of all the radiation

heat arriving at the inner wall 51 without presence of any
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heat-blocking object.

Hoi= {(1-8) X+ - =X (1-8,.) } 2x (1-8,) (1
1)

Thus, a total radiation heat ratio H, measured in
heat radiation to the inner wall 51 from the silicon core
wires 7 arranged on the n-th concentric circle is expressed
by Equation (12) below as in the case of Equation (9) above.
The total radiation heat ratio Hn, is a ratio of (a) the
quantity of radiation heat arriving at the inner wall 351
without being blocked by the silicon core wires 7 arranged
on the other concentric circles and the n-th concentric
circle to (b) the quantity of all the radiation heat arriving
at the inner wall 51 without presence of any heat-blocking

object.

H,o= (1./2) XH,i+ (1/2) XH,,= (1/2) X {1+ {(1-8
) XX (1=8,.9) 12X (1=8,) (12)

Assuming that Qx represents a total radiation heat
quantity of heat radiated to the inner wall 51 from the
silicon core wires 7 arranged on the k-th concentric circle,
the total radiation heat ratio Hx of the silicon core wires 7
arranged on the k-th concentric circle is proportional to

the total radiation heat quantity Qx. In a case where
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compensation for heat loss caused by the total radiation
heat quantity Qx is regulated by a value Ix of an electric
current to be supplied to the silicon core wires 7 arranged
on the k-th concentric circle, Ix depends on Hx and Qk.
[0031]

However, a heat supply by an electric current supply
is used also to heat raw material gas. Furthermore, though
the rods are substantially identical in quantity of heat
used to heat gas, heat supplied by the electric current
supply is used, at a complicated ratio, to compensate for
heat loss caused by heat radiation. In view of this, the
inventor empirically found a supplement to the total
radiation heat quantity Qx by heat radiation by actually
carrying out a deposition reaction regulated by the value Ik
of the electric current. As a result, the inventor found that
application of an electric current under a condition
satisfying Equation (13) below allows the formed
polycrystalline silicon rods 13 to have substantially the

same diameter.

=1, X (Q,./Q,) « (0<a=0. 3) (13)

Specifically, Equation (13) above can be wused to
determine, as a linear function of a value of an electric
current to be passed through the polycrystalline silicon

rods 13 of the outermost concentric circle, a value of an
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electric current to be passed through the polycrystalline
silicon rods 13 of each of the concentric circles. Thus, Ik
that corresponds to a specific In can be found by finding a
ratio (Qx/Qn) between the total radiation heat quantity Qx
and a total radiation heat quantity Q.. The total radiation
heat ratio Hx of the silicon core wires 7 arranged on the k-
th concentric circle is proportional to the total radiation
heat quantity Qx, and the total radiation heat ratio Hn of
the silicon core wires 7 arranged on the n-th concentric
circle is proportional to the total radiation heat quantity
Qn. In view of this, the ratio between the total radiation
heat quantity Qx and the total radiation heat quantity Qn is

expressed by Equation (14) below.

Q./Q.,=H./H, (14)

Hx in Equation (14) above can be substituted by
Equation (9), and H, in Equation (14) above can be
substituted by Equation (12). The heat blocking ratio Sk in
the equations by which Hx and Hy are thus substituted can
be found by Equation (2), and the heat blocking ratio S, in
those equations by which Hx and Hn are thus substituted
can be found by Equation (10). In this manner, Qx/Qn can
be found. In other words, a value (Ix) of an electric current
to be applied to the silicon core wires 7 on the k-th

concentric circle, the value corresponding to a specific
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value (I.) of an electric current to be applied to the silicon
core wires 7 located outermost, can be derived from (i) the
diameter (R) of the polycrystalline silicon rods 13 at a time
point during the growth process, (ii) radii (rkx and ra) of
concentric circles, and (iii) total numbers (Mx and Mnu) of
the columnar parts of the silicon core wires 7 arranged on
the concentric circles.

[0032]

(Effects of invention)

According to an aspect of the present invention, a
variation in thickness of the polycrystalline silicon rods to
be formed in one batch in the reactor 1 can be reduced by
passing the electric currents at the electric current ratio
determined by the method (described earlier). This makes it
possible to obtain the polycrystalline silicon rods 13
having a uniform thickness. A variation in thickness of
resultant polycrystalline silicon rods 13 leads to a
reduction in production of the polycrystalline silicon rods
13 in one batch. Furthermore, non-uniformity in thickness
of the polycrystalline silicon rods 13 formed requires non-
routine work such as regulation of a lift-up force applied to
detach the polycrystalline silicon rods 13 from the bottom
plate and/or regulation of a force during a rough-crushing
step carried out before the formed rods are subjected to a

crushing step. This reduces work efficiency. By obtaining
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the polycrystalline silicon rods 13 having a more uniform
thickness, an aspect of the present invention makes it
possible to (i) solve such problems as described above and
(i) improve productivity.

[0033]

Results of tests that demonstrated the effects of the
present invention will be described below.
[0034]

(Demonstration test result 1)

The reactor 1 was used which included (i) 4 silicon
core wires 7 arranged on a circumference of a concentric
circle A having a radius ra of 300 mm, (ii) 8 silicon core
wires 7 arranged on a circumference of a concentric circle
B having a radius rg of 600 mm, and (iii) 16 silicon core
wires 7 arranged on a circumference of a concentric circle
C having a radius rc of 900 mm, and the total radiation
heat ratio Hkx of each of the circles measured when R = 100
(mm) was calculated based on the equation expressing the
heat blocking ratio Sx. Table 1 shows a result of the

calculation.
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[0035]

[Table 1]
Total heat radiation ratio of 0.505
rods of circle A
Total heat radiation ratio of 0.534
rods of circle B
Total heat radiation ratio of 0.638
rods of circle C

In accordance with the result shown in Table 1, the
value of the electric current to be passed through the
silicon core wires 7 of each of the circles was calculated
based on Equation (13) above. Table 2 shows a result of
the calculation. In Table 2, IA/IC represents the ratio of
the value of the electric current for the circle A to the

value of the electric current for the circle C.

[0036]
[Table 2]
(Qx/Qn)c
a=0.1 |a=0.15{a=0.18 | a=0.2 | a=0.22 [a=0.25| a=0.3
IA/IC 0.98 0.97 0.96 0.95 0.95 0.94 0.93
IB/IC 0.98 0.97 0.97 0.96 0.96 0.96 0.95
IC/IC 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Table 3 shows a variation in diameter of the
resultant polycrystalline silicon rods 13 in a case where
the electric currents were applied to the circle A, the circle
B, and the circle C at the electric current ratios obtained
from the calculation result shown in Table 2.

[0037]
For example, in a case where a was 0.3, control was

carried out so that (i) the value of the electric current to be
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applied to the silicon core wires 7 of the circle A was 93%
of the value of the electric current for the circle C and (ii)
the value of the electric current to be applied to the silicon
core wires 7 of the circle B was 95% of the value of the
electric current for the circle C, and deposition was
conducted until the polycrystalline silicon rods 13 of the
circle C each had a diameter of 150 mm. In this case,
among all the polycrystalline silicon rods 13 obtained in
the reactor 1, a value (variation) of 8% was observed, the
value being obtained by dividing a difference between a
maximum value and a minimum value of the rod diameter

by the maximum value.

[0038]
[Table 3]
IA/IC 0.98 0.97 0.96 0.95 0.95 0.94 0.93
IB/IC 0.98 0.97 0.97 0.96 0.96 0.96 0.95
IC/IC 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Variation 8% 7% 3% 2% 3% 6% 8%

The above result shows that it was possible to obtain
28 polycrystalline silicon rods 13 having a variation of less
than 10% at any value in the range of O < a £0.3.
[0039]

(Demonstration test result 2)

The reactor 1 was used which included (i) 4 silicon
core wires 7 arranged on a circumference of a concentric
circle A having a radius ra of 400 mm, (ii) 8 silicon core

wires 7 arranged on a circumference of a concentric circle
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B having a radius rg of 800 mm, (iii) 16 silicon core wires 7
arranged on a circumference of a concentric circle C having
a radius rc of 1200 mm, (iv) 32 silicon core wires 7
arranged on a circumference of a concentric circle D
having a radius rp of 1600 mm, and (v) 48 silicon core
wires 7 arranged on a circumference of a concentric circle
E having a radius rg of 2000 mm, and the total radiation
heat ratio Hx of each of the circles measured when R = 100
(mm) was calculated based on the equation expressing the
heat blocking ratio Sx. Table 4 shows a result of the
calculation.

[0040]

[Table 4]

Total heat radiation ratio of 0.257
rods of circle A

Total heat radiation ratio of 0.265
rods of circle B

Total heat radiation ratio of 0.294
rods of circle C

Total heat radiation ratio of 0.374
rods of circle D

Total heat radiation ratio of 0.545
rods of circle E

In accordance with the result shown in Table 4, the
value of the electric current to be passed through the
silicon core wires 7 of each of the circles was calculated
based on Equation (13) above. Table 5 shows a result of
the calculation.

[0041]

[Table 5]
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(Qx/Qn)e
a=0.1 |a=0.15[a=0.18 | a=0.2 | a=0.22 [a=0.25| a=0.3
IA/IE 0.93 0.89 0.87 0.86 0.85 0.83 0.80
IB/IE 0.93 0.90 0.88 0.87 0.85 0.83 0.81
IC/IE 0.94 0.91 0.89 0.88 0.87 0.86 0.83
ID/IE 0.96 0.95 0.93 0.93 0.92 0,91 0.89
IE/IE 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Table 6 shows a variation in diameter of the
resultant polycrystalline silicon rods 13 in a case where
the electric currents were applied to the circle A, the circle
B, the circle C, the circle D, and the circle E at the electric
current ratios obtained from the calculation result shown
in Table 5.

[0042]

For example, in a case where a was 0.3, control was
carried out so that (i) the value of the electric current to be
applied to the silicon core wires 7 of the circle A was 80%
of the value of the electric current for the circle E, (ii) the
value of the electric current to be applied to the silicon
core wires 7 of the circle B was 81% of the value of the
electric current for the circle E, (iii) the value of the
electric current to be applied to the silicon core wires 7 of
the circle C was 83% of the value of the electric current for
o the circle E, and (iv) the value of the electric current to
be applied to the silicon core wires 7 of the circle D was
89% of the value of the electric current for the circle E,
and deposition was conducted until the polycrystalline

silicon rods 13 of the circle E each had a diameter of 150
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mm. In this case, among all the polycrystalline silicon rods
13 obtained in the reactor 1, a value (variation) of 8% was
observed, the value being obtained by dividing a difference
between a maximum value and a minimum value of the rod

diameter by the maximum value.

[0043]
[Table 6]
IA/IE 0.93 0.89 0.87 0.86 0.85 0.83 0.80
IB/IE 0.93 0.90 0.88 0.87 0.85 0.83 0.81
IC/IE 0.94 0.91 0.89 0.88 0.87 0.86 0.83
ID/IE 0.96 0.95 0.93 0.93 0.92 0.91 0.89
IE/IE 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Variation 9% 7% 3% 2% 3% 6% 8%

The above result shows that it was possible to obtain
108 polycrystalline silicon rods 13 having a variation of
less than 10% at any value in the range of O < a <0.3.
[0044]

(Comparative Example)

As a comparative example the reactor 1 was used
which included (i) 4 silicon core wires 7 arranged on a
circumference of a concentric circle A having a radius ra of
300 mm, (ii) 8 silicon core wires 7 arranged on a
circumference of a concentric circle B having a radius rs of
600 mm, and (iii) 16 silicon core wires 7 arranged on a
circumference of a concentric circle C having a radius rc of
900 mm, and the same electric current was applied to each
of the circles. Deposition was conducted wuntil the

polycrystalline silicon rods 13 of the circle C each had a




10

15

20

25

TKY20151/PCT
- 31 -

diameter of 150 mm. In this case, among all the
polycrystalline silicon rods 13 obtained in the reactor 1, a
value (variation) of 13% was observed, the value being
obtained by dividing a difference between a maximum value
and a minimum value of the rod diameter by the maximum
value.

[0045]

(Embodiment 2)

Regarding the value of R, Embodiment 1 uses a
predetermined constant as the diameter of the
polycrystalline silicon rods 13 at a time point during the
growth process to derive the electric current value ratio
between I, and Ix. The electric current value ratio that is
constant throughout the production process is used to
produce the polycrystalline silicon rods 13.

[0046]

However, in an actual production process, the
diameter of the polycrystalline silicon rods 13 changes over
time in accordance with their growth. Thus, a process for
producing the polycrystalline silicon rods 13 can be
divided into a plurality of steps, and the electric current
value ratio to be used in each of the steps can also be
individually calculated. In this case, the control device 21
controls the electric current values of the power sources

20A to 20C so as to achieve the electric current value ratio
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that is determined in advance for each of the plurality of

steps. This configuration makes it possible to obtain the

polycrystalline silicon rods 13 having a smaller variation in

thickness.

Reference Signs List

[0047]

13

20

21

22

51

Reactor

Reaction chamber

Bottom plate

Bell jar

Electrode

Silicon core wire
Polycrystalline silicon rod
Power source

Control device

Input part

Inner wall
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Claim 1

A method for producing a polycrystalline silicon rod,
the method involving growing polycrystalline silicon by
passing electric currents through silicon core wires in a
bell jar in which the silicon core wires are arranged on a
plurality of concentric circles, wherein

values of the electric currents to be passed through
the silicon core wires are controlled so that an electric
current to be passed through a silicon core wire arranged
on a first concentric circle of the plurality of concentric
circles has a greater value than an electric current to be
passed through a silicon core wire arranged on a second
concentric circle of the plurality of concentric circles, the
second concentric circle being located inward of the first
concentric circle, and

an electric current to be passed through a silicon
core wire arranged on a k-th concentric circle from an
innermost concentric circle of the plurality of concentric
circles is controlled so as to satisfy the following equation:

Ik = In x (Qk/Qn)® (0 < a < 0.3)

where n is an integer that represents the number of
the concentric circles in the bell jar and that is greater

than 1,
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k is an integer that satisfies 1 < k <n,

I, is an electric current to be passed through a
silicon core wire arranged on an outermost concentric
circle of the plurality of concentric circles,

Qn is a total radiation heat quantity of heat radiated
to an inner wall of the bell jar from the silicon core wire
arranged on the outermost concentric circle, and

Qx is a total radiation heat quantity of heat radiated
to the inner wall from the silicon core wire arranged on the

k-th concentric circle.

Claim 2

The method according to claim 1, wherein:

assuming that

(i) a heat blocking ratio Sk that is a ratio at which
the silicon core wire arranged on the k-th concentric circle
blocks radiation heat of the silicon core wire arranged on
the k-th concentric circle and of a silicon core wire
arranged on another concentric circle different from the k-
th concentric circle is expressed by the following equation:

Sk =R x Mg / (2xrkxm),

(ii) a radiation heat ratio Hkxo of heat radiated from
the k-th concentric circle to outside the k-th concentric

circle is expressed by the following equation:
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Hiko = (1-Sk+1) x ... x (1-Sa), and

(iii) a radiation heat ratio Hxki of heat radiated from
the k-th concentric circle to the inner wall through a
center of the k-th concentric circle is expressed by the
following equation:

Hii = {(1-S1)%...x(1-Sk-1)}2 x (1-Sk) x (1-Sk+1) x ... x (1-
Sn),

a total radiation heat ratio Hx of heat radiated to the
inner wall from the silicon core wire arranged on the k-th
concentric circle is expressed by the following equation:

Hx = (1/2)xHki + (1/2)xHko = (1/2) X [(1-Sk+1)x...%(1-
Sn)+{(1-S1)*x...x(1-Sk-1)}2%(1-Sk)*(1-Sk+1)%...%(1-Sn)];

assuming that

(iv) a heat blocking ratio S, that is a ratio at which
the silicon core wire arranged on the outermost concentric
circle blocks radiation heat of the silicon core wire
arranged on the outermost concentric circle and of a
silicon core wire arranged on another concentric circle
different from the outermost concentric circle is expressed
by the following equation:

Sn = (RxMn) / (2%rnxm),

(v) a radiation heat ratio Hno of heat radiated from
the outermost concentric circle to outside the outermost

concentric circle is expressed by the following equation:
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Hno = 1, and

(vi) a radiation heat ratio Hai of heat radiated from
the outermost concentric circle to the inner wall through a
center of the outermost concentric circle is expressed by
the following equation:

Hni = {(1-S1)x...x(1-Sn-1)}2 x (1-Sn),

a total radiation heat ratio H, of the silicon core wire
arranged on the outermost concentric circle is expressed
by the following equation:

Hn = (1/2)xHni + (1/2)xHno = (1/2) x {1+{(1-S1)x...x(1-
Sn-1)}2 x (1-Sna); and

assuming that Qx / Qn = Hx / Hn,

R is a diameter of the polycrystalline silicon rod at a
time point during a process in which the polycrystalline
silicon is grown,

rx is a radius of an x-th (x being an integer that
satisfies 1 < x <n) concentric circle from the innermost
concentric circle, and

My is the total number of silicon core wires arranged
on a y-th (y being an integer that satisfies 1 < y <n)

concentric circle from the innermost concentric circle.



