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Description
Title of Invention

DEWAR FLASK, PHOTOLUMINESCENCE MEASUREMENT
DEVICE, CONCENTRATION MEASUREMENT METHOD, AND

SILICON MANUFACTURING METHOD

Technical Field
[0001]

The present invention relates to a dewar flask, a
photoluminescence measurement device, a concentration

measurement method, and a silicon manufacturing method.

Background Art
[0002]

Conventionally, various methods have been studied for
measuring the concentration of impurities (such as
phosphorus and boron) contained in polycrystalline silicon.
As one example, Non-patent Literature 1 discloses a method
as follows. That is, first, a polycrystalline silicon rod is single-
crystallized (into a monocrystalline rod) through the Float-
Zone (FZ) method. Subsequently, from a straight barrel
portion of the monocrystalline rod, a sample is cut out, and

the concentration of impurities in the sample is measured
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through the photoluminescence method. The measurement
value thus obtained is converted to an amount of the
impurities in the polycrystalline silicon rod by theoretical
calculation.

[0003]

A common method for measuring the concentration of
impurities in a sample through the photoluminescence
method is to allow liquid helium to be held in a dewar flask
which is made of glass and which is placed in a cryostat of a
photoluminescence measurement device, and the entire
sample is immersed into the liquid helium. As the dewar flask
which is made of glass and which is used in the concentration
measurement method, a dewar flask made of first grade of
hard glass is typically used. Hereinafter, the dewar flask made
of the first grade of hard glass is referred to as "conventional
measurement-use dewer flask."

[0004]

Here, helium gas has the property of permeating through
glass. Thus, in a case where the liquid helium is held in the
conventional measurement-use dewer flask to carry out the
concentration measurement, helium gas from the Iliquid
helium rapidly permeates through a glass wall of the dewar

flask, and a degree of vacuum of a vacuum layer inside the
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glass wall is rapidly decreased. Thus, a heat-insulating effect
of a heat-insulating layer which is constituted by the vacuum
layer is decreased, and the liquid helium is actively vaporized.
This makes it impossible to maintain the sample at a
measurement temperature (approximately 4K). As a result, it
becomes impossible to carry out the measurement of the
concentration of the impurities in the sample with use of
photoluminescence. Here, the "degree of vacuum" refers to a
degree of vacuum under a condition of an extremely low
pressure, and is indicated by a pressure of the remaining gas.
Specifically, the pressure of the remaining gas means a
pressure of the remaining gas in the vacuum layer. In a case
where the degree of vacuum of the vacuum layer inside the
glass wall is decreased, evacuation needs to be carried out
such that the degree of vacuum is recovered to the degree
before the concentration measurement. Therefore, when the
degree of vacuum is decreased rapidly, the number of the
evacuation is increased accordingly.
[0005]

For example, Non-patent Literature 2 discloses a
knowledge for avoiding such inconvenient decrease of the
degree of vacuum. Non-patent Literature 2 suggests that an

SiO2 content of glass correlates with a permeation rate at



10

15

20

TKY21279/PCT

-4 -
which helium gas permeates through the glass.
Citation List
[Non-patent Literature]
[0006]
[Non-patent Literature 1]

"Electronics and Information Technology Industries
Information Standard JEITA EM-3601A High Purity
Polycrystalline Silicon Standard" Japan Electronics and
Information Technology Industries Association (September,
2004)

[Non-patent Literature 2]
F.J. Norton, "Helium Diffusion Through Glass" (Journal

of the American Ceramic Society, 36, 1953, 90-96)

Summary of Invention

Technical Problem
[0007]

However, Non-patent Literature 2 merely suggests the
correlation between the SiO2 content of the glass and the
permeation rate as an empirical rule, and does not disclose
generation of a distortion due to cooling from an ambient
temperature (approximately 23°C = approximately 296.15K) to

an extremely low temperature (approximately 4K). Further,
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Non-patent Literature 2 does not mention processability of a
glass base material into a dewar flask. For the dewar flask
made of glass, such processability is one factor to select a
glass base material for the dewar flask. In consideration of
such background, the correlation between the SiO> content of
glass and the permeation rate has not been applied to the
conventional measurement-use dewer flask. Therefore, in a
case where the measurement of the concentration of
impurities in a sample is carried out by the
photoluminescence method with use of the conventional
measurement-use dewer flask, evacuation needs to be carried
out many times. This increases a burden on the operator for
the evacuation and a cost for the evacuation.

[0008]

An aspect of the present invention has been achieved in
light of the above problem, and it is an object of the present
invention to reduce a burden on the operator for the
evacuation and the cost for the evacuation in a case where a
concentration of impurities contained in silicon in liquid
helium is measured through the photoluminescence method.

Solution to Problem
[0009]

In order to solve the above problem, a dewar flask in
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accordance with an aspect of the present invention is a dewar
flask which is made of glass and which is used in a case where
a concentration of impurities contained in silicon is measured
in liquid helium by a photoluminescence method wherein the
glass has an SiO: content of not less than 65% by weight and
not more than 75% by weight and has an average thermal
expansion rate of not less than 25 x 10-7/°C and not more
than 55 x 10-7/°C when a temperature of the glass is not less
than 20°C and not more than 300°C. Note that "average
thermal expansion rate" is expressed as such because, at the
measurement of the thermal expansion rate of the glass when
the temperature is not less than 20°C and not more than
300°C, in fact, an average value of the thermal expansion rate
is measured.

[0010]

In order to solve the above problem, a concentration
measurement method in accordance with an aspect of the
present invention is a concentration measurement method for
measuring a concentration of impurities contained in silicon.
In the method, liquid helium and the silicon are held in a
dewar flask made of a glass which has an SiO; content of not
less than 65% by weight and not more than 75% by weight

and which has an average thermal expansion rate of not less
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than 25 x 10-7/°C and not more than 55 x 10-7/°C when a
temperature of the glass is not less than 20°C and not more
than 300°C, and the concentration of the impurities is
measured by a photoluminescence method.

[0011]

In order to solve the above problem, a silicon
manufacturing method in accordance with an aspect of the
present invention includes a concentration measurement step
of allowing liquid helium and silicon to be held in a dewar
flask, and measuring a concentration of impurities contained
in the silicon, the dewar flask being made of a glass which has
an SiO3 content of not less than 65% by weight and not more
than 75% by weight and which has an average thermal
expansion rate of not less than 25 x 10-7/°C and not more
than 55 x 10-7/°C when a temperature of the glass is not less
than 20°C and not more than 300°C.

Advantageous Effects of Invention
[0012]

According to an aspect of the present invention, it is
possible to greatly reduce a burden on an operator for
evacuation and a cost for evacuation in a case where a
concentration of impurities contained in silicon in liquid

helium is measured through the photoluminescence method.
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Brief Description of Drawings
[0013]

Fig. 1 is a view schematically illustrating a configuration
of a photoluminescence measurement device in accordance
with an embodiment of the present invention.

Reference number 201 in Fig. 2 is a view schematically
illustrating a state in which a sample is immersed into liquid
helium in a measurement-use dewer flask in accordance with
an embodiment of the present invention. Reference number
202 in Fig. 2 1is a cross-sectional view illustrating a
configuration of a glass wall of the measurement-use dewer
flask.

Fig. 3 is a flowchart showing an example of a
polycrystalline silicon production method in accordance with
an embodiment of the present invention.

Fig. 4 is a view illustrating an example of a concentration
measurement method in accordance with an embodiment of
the present invention. Reference number 401 in Fig. 4 is a
view illustrating an insertion step. Reference number 402 in
Fig. 4 is a view illustrating a liquid nitrogen holding step.
Reference number 403 in Fig. 4 is a view illustrating a liquid

helium holding step.
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Description of Embodiments
[0014]

The following will describe an embodiment of the present
invention in detail with reference to Figs. 1 to 4. Note that any
numerical range expressed as "A to B", in the present
specification, means "not less than A and not more than B",
unless otherwise specified.

[0015]

[Photoluminescence measurement device 100]

First, the following will describe a photoluminescence
measurement device 100 in accordance with an embodiment
of the present invention with reference to Fig. 1. The
photoluminescence measurement device 100 is a
measurement device which is used in a case where a
concentration of impurities (not illustrated) contained in
polycrystalline silicon (not illustrated) is measured through
the photoluminescence method. The polycrystalline silicon is
an example of the silicon in accordance with the present
invention.

[0016]
The photoluminescence method is a method by which a

sample 4 (described in detail later) obtained by single-
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crystallizing polycrystalline silicon is irradiated with laser
light to cause the sample 4 to emit photoluminescence, and
the emitted photoluminescence is then analyzed to measure
the concentration of the impurities in the sample 4. The
photoluminescence is light which is emitted from the sample
4 while excess electrons and holes are formed in the sample 4
by irradiation of the sample 4 with laser light and are
recombined.
[0017]

In the present embodiment, four atoms of P, B, Al, and
As are impurities targeted for the concentration measurement
with use of the photoluminescence measurement device 100.
Note that it is unnecessary that all of the four atoms are
targeted for the concentration measurement, but it is
sufficient that at least one selected from the group consisting
of the four atoms is targeted for the concentration
measurement. Alternatively, an atom other than the four
atoms may be targeted for the concentration measurement.
Examples of the atom which is not any of the four atoms and
which is targeted for the concentration measurement with use
of the photoluminescence measurement device 100 include C.
[0018]

As illustrated in Fig. 1, the photoluminescence
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measurement device 100 includes a cryostat 101, a laser light
source 102, a first filter 103, a flat mirror 104, a light
collecting lens 106, a second filter 107, a spectrometer 108, a
light detector 109, an information processing device 110, and
a sample holder 111.
[0019]

The cryostat 101 is a device for maintaining the sample
4 at a temperature as low as approximately 4K. The cryostat
101 has a measurement-use dewar flask 1 placed inside, and
the sample 4 and a liquid helium S5 are held in an inner
cylindrical dewar flask 2 (see reference number 201 in Fig. 2;
described in detail later) which constitutes the measurement-
use dewer flask 1. The liquid helium 5 is used for cooling the
sample 4 to approximately 4K. In addition, the cryostat 101
is provided with a window 105 so that the entire sample 4 can
be viewed from outside the window 105 in a state in which the
sample 4 is held in the cryostat 101 (specifically, held in the
inner cylindrical dewar flask 2).
[0020]

The laser light source 102 emits laser light in a direction
toward the sample 4 held in the cryostat 101. The first filter
103 and the flat mirror 104 are disposed between the cryostat

101 and the laser light source 102. The first filter 103 is
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disposed between the laser light source 102 and the flat
mirror 104, and cuts off infrared light contained in the laser
light emitted from the laser light source 102.

[0021]

The flat mirror 104 is disposed between the first filter
103 and the cryostat 101, and adjusts an optical path of the
laser light which has transmitted through the first filter 103.
Specifically, the flat mirror 104 adjusts the optical path of the
laser light which has transmitted through the first filter 103
such that the sample 4 in the cryostat 101 is irradiated with
the laser light. When being irradiated with the laser light, the
sample 4 in the cryostat 101 emits photoluminescence.
[0022]

The light collecting lens 106 collects the
photoluminescence which has been emitted from the sample 4
in the cryostat 101 and guides the collected
photoluminescence to the spectrometer 108. The second filter
107 is disposed between the light collecting lens 106 and the
spectrometer 108 and cuts off laser light and diffracted high-
order light.

[0023]
The spectrometer 108 divides the photoluminescence

which has been guided by the light collecting lens 106. The
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light detector 109 detects the light which has been divided by
the spectrometer 108 and outputs, as a detection signal, a
result of the detection to the information processing device
110. The information processing device 110 processes the
detection signal which has been output from the light detector
109 and obtains photoluminescence spectra. Further, the
information processing device 110 analyzes the
photoluminescence spectra thus obtained to measure a
concentration of impurities contained in the sample 4.
Examples of the information processing device 110 include a
stationary personal computer (PC), a tablet terminal, and a
smartphone.

[0024]

The sample holder 111 is an instrument for immersing
the sample 4 as a whole into the liquid helium 5 while holding
the sample 4. In addition, the sample holder 111 has a helium
gas inlet and outlet (not illustrated) and a liquid helium inlet
(not illustrated) formed therein. The helium gas inlet/outlet
is a ventilation opening for supplying helium gas into the
inner cylindrical dewar flask 2 and for discharging helium gas
remaining in the inner cylindrical dewar flask 2 out of the
inner cylindrical dewar flask 2. The liquid helium inlet is an

inlet for supplying the liquid helium 5 into the inner
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cylindrical dewar flask 2 so that the liquid helium 5 is held in
the inner cylindrical dewar flask 2.

[0025]

Note that the above-described configuration of the
photoluminescence measurement device 100 is merely one
example. The photoluminescence measurement device 100
may have any configuration, provided that the measurement-
use dewer flask 1 can hold the sample 4 and the liquid helium
S5, and a concentration of impurities in the sample 4 can be
measured through the photoluminescence method.

[0026]

[Measurement-use dewer flask 1]

Now, with reference to Fig. 2, the following will describe
the measurement-use dewer flask 1 in accordance with an
embodiment of the present invention. The measurement-use
dewer flask 1 is used in a case where a concentration of
impurities contained in the sample 4 is measured through the
photoluminescence method. The measurement-use dewer
flask 1 is a dewar flask which has a double-structure such
that an outer cylindrical dewar flask 3 accommodates the
inner cylindrical dewar flask 2 therein as illustrated in 201 of
Fig. 2.

[0027]
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Here, the dewar flask in accordance with an aspect of the
present invention refers to a dewar flask which holds liquid
helium therein. In the measurement-use dewer flask 1, the
inner cylindrical dewar flask 2 corresponds to the dewar flask
in accordance with an embodiment of the present invention
because the inner cylindrical dewar flask 2 holds the liquid
helium S5 therein. In addition, the measurement-use dewer
flask 1 can be regarded as a dewar flask in which the inner
cylindrical dewar flask 2 in accordance with an embodiment
of the present invention is used.
[0028]

The following description is based on the configuration
in which the outer cylindrical dewar flask 3 is disposed
outside the inner cylindrical dewar flask 2, and the liquid
nitrogen 6 intervenes therebetween. This configuration makes
it possible to efficiently cool the measurement-use dewer flask
1. According to this configuration, the outer cylindrical dewar
flask 3 does not correspond to the dewar flask in accordance
with an aspect of the present invention because the outer
cylindrical dewar flask 3 holds the liquid nitrogen 6 therein
instead of the liquid helium 5. However, if the outer
cylindrical dewar flask 3 is configured to hold the liquid

helium S instead of the liquid nitrogen 6, the outer cylindrical
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dewar flask 3 corresponds to the dewar flask in accordance
with an aspect of the present invention.

[0029]

The inner cylindrical dewar flask 2 is made of glass and
is constituted by a glass wall 21 having a cylindrical shape
and having a bottom. In addition, the inner cylindrical dewar
flask 2 has a space 22 formed inside the glass wall 21
throughout all parts of the glass wall 21. With respect to the
space 22, evacuation is carried out, so that a vacuum layer is
formed in the space 22. In carrying out the evacuation, an
evacuation port (not illustrated) is formed at the bottom of the
inner cylindrical dewar flask 2, and the evacuation is carried
out through the evacuation port. The evacuation port is an
outlet at which an opening is formed and through which air
inside the space 22 is exhausted. After the evacuation ends,
the evacuation port is sealed. Adjustment of the degree of
vacuum of the vacuum layer formed in the space 22 is also
made through the evacuation port which has been formed at
the bottom of the inner cylindrical dewar flask 2. The inner
cylindrical dewar flask 2 is one example of the dewar flask in
accordance with the present invention, and holds the sample
4 and the liquid helium 5 directly therein.

[0030]
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In the present embodiment, the inner cylindrical dewar
flask 2 measures approximately 800 mm in height and
approximately 90 mm in outer diameter, the glass wall 21 has
a thickness of approximately S mm, and a glass plate 211 (see
reference number 202 in Fig. 2) surrounding the space 22 in
the glass wall 21 has a thickness of approximately 2 mm.
Further, in the present embodiment, a second grade of hard
glass among borosilicate glasses can be used as a glass which
serves as a material for forming the inner cylindrical dewar
flask 2.
[0031]

The outer cylindrical dewar flask 3 is also made of glass
and is constituted by a glass wall 31 having a cylindrical
shape and having a bottom. In addition, the outer cylindrical
dewar flask 3 also has a space 32 formed inside the glass wall
31 throughout all parts of the glass wall 31. However, note
that a vacuum layer has originally been formed in the space
32, and the degree of vacuum of the vacuum layer formed in
the space 32 is not adjusted. The degree of vacuum of the
vacuum layer formed in the space 32 is not adjusted because
the liquid nitrogen 6 is held inside the outer cylindrical dewar
flask 3 as described below. As a matter of course, it is possible

to configure the outer cylindrical dewar flask 3 such that the
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degree of vacuum is adjustable.
[0032]

The outer cylindrical dewar flask 3 holds the liquid
nitrogen 6 for preventing heat from being given off from the
glass wall 21 of the inner cylindrical dewar flask 2. In addition,
the inner cylindrical dewar flask 2 is soaked in the liquid
nitrogen 6 inside the outer cylindrical dewar flask 3, so that
the measurement-use dewer flask 1 having the double
structure is formed.

[0033]

In the present embodiment, the outer cylindrical dewar
flask 3 measures approximately 700 mm in height and
approximately 140 mm in outer diameter, the glass wall 31
has a thickness of approximately 10 mm, and a glass plate
311 (see reference number 202 in Fig. 2) surrounding the
space 32 in the glass wall 31 has a thickness of approximately
S5 mm. Further, in the present embodiment, Pyrex
(manufactured by Corning; registered trademark) is used as a
glass which serves as a material for forming the outer
cylindrical dewar flask 3. Pyrex belongs to the first grade of
hard glass among borosilicate glasses.

[0034]

The use of the measurement-use dewer flask 1 having
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the above-described feature greatly reduces the speed at
which the degree of vacuum of the vacuum layer is decreased
as compared to the conventional measurement-use dewer
flask, and makes it possible to provide the following merits.
That is, if the measurement of the concentration of impurities
in polycrystalline silicon by the photoluminescence method is
used at a quality step during polycrystalline silicon
production, the measurement is typically performed at least
once a day throughout the year. Accordingly, the
concentration measurement with use of the conventional
measurement-use dewer flask requires the evacuation at least
once a day.

[0035]

In contrast, with use of the measurement-use dewer
flask 1 including the inner cylindrical dewar flask 2 in
accordance with the present embodiment, it is sufficient that
the evacuation is performed at most once every three months.
This can greatly reduce a burden on an operator for the
evacuation and a cost for the evacuation. In addition, the
measurement-use dewer flask 1 including the inner
cylindrical dewar flask 2 in accordance with the present
embodiment has as strong a durability after a continuous

long-term use as the conventional measurement-use dewer
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flask has and makes it possible to reduce deformation of the
glass wall and damage thereto due to a continuous long-term
use so as to fall within an allowable range.

[0036]

Note that the inner cylindrical dewar flask 2 and the
outer cylindrical dewar flask 3 may have any dimension, and
can be changed in design as appropriate in accordance with,
for example, a size and shape of the sample 4 and a structure
of the inside of the cryostat 101. In addition, the glass which
serves as the material for forming the inner cylindrical dewar
flask 2 does not have to be the second-class hard glass,
provided that the glass has an SiO2 content of 65% by weight
to 75% by weight and has an average thermal expansion rate
of 25 x 10-7/°C to 55 x 10-7/°C when the temperature of the
glass is 20°C to 300°C. Here, the temperatures of the glass
which determine the average thermal expansion rate have a
lower limit of 20°C, and the lower limit corresponds to the
lower limit of possible room temperatures of an inside of the
room in which the photoluminescence measurement device
100 is placed. The possible room temperatures of the inside
of the room have an upper limit of 25°C. Further, the glass
which serves as a material for forming the outer cylindrical

dewar flask 3 only needs to be a first grade of hard glass and
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does not necessarily have to be Pyrex.
[0037]

Further, in the present embodiment, the description
exemplifies the measurement-use dewer flask 1 having a
double-structure. However, the measurement-use dewer flask
1 does not necessarily have to have a double-structure such
that the outer cylindrical dewar flask 3 accommodates the
inner cylindrical dewar flask 2 therein. For example, the
measurement-use dewer flask 1 can be constituted by a dewar
flask having a single-structure such that a flask is constituted
by single glass wall. Note, however, that the glass which
serves as a material for forming the dewar flask having a
single-structure needs to at least have an SiO2 content of 65%
by weight to 75% by weight and have an average thermal
expansion rate of 25 x 10-7/°C to 55 x 10-7/°C when the
temperature of the glass is 20°C to 300°C.

[0038]

[Method for producing polycrystalline silicon]

Next, with reference to Fig. 3, the following will describe
a polycrystalline silicon production method in accordance
with an embodiment of the present invention. The production
method includes a silicon deposition step S1, a processing

and inspection step S22, a separation step S3, and a
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distillation step S4.
[0039]

<1. Silicon deposition step S1>

First, a chlorosilane compound (not illustrated) is
reacted with H> to deposit polycrystalline silicon (silicon
deposition step: S1). In a silicon deposition step S1, a
structure of a reactor and a reaction condition thereof are not
limited to particular ones, and a known reactor and reaction
condition can be employed. Specifically, the silicon deposition
step S1 can be carried out through, for example, the Siemens
method (a bell jar method) or a vapor-to-liquid deposition
(VLD) method. The Siemens method and the vapor-to-liquid
deposition method are publicly known, and thus the
descriptions thereof are omitted. Note that, in order to deposit
polycrystalline silicon efficiently, the silicon deposition step
S1 is preferably carried out through the Siemens method.
[0040]

In the present specification, the chlorosilane compound
refers to a compound containing Cl and Si. Examples of the
chlorosilane compound contained in a raw material gas
include trichlorosilane and dichlorosilane in both the Siemens
method and the vapor-to-liquid deposition method.

[0041]
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<2. Processing and inspection step S2>

Subsequently, a rod of the polycrystalline silicon
deposited in the process of the silicon deposition step S1 is
cut and crushed so as to have a shape and a dimension which
are required by a client (processing step: S2). Further, a
sample 4 is prepared from the rod of the polycrystalline silicon,
and a concentration of impurities in the sample 4 is measured
with use of the photoluminescence measurement device 100,
so that a quality of the polycrystalline silicon is inspected
(inspection step: S2). When the result of the inspection is
"passed", a surface of the product which has been processed
is cleaned, and the product is packed. Thereafter, the product
is shipped to the client. Note that the inspection step of the
processing and inspection step S2 is one example of the
concentration measurement step in accordance with the
present invention.
[0042]

<3. Separation step S3>

Subsequently, an exhaust gas exhausted in the process
of the silicon deposition step S1 is separated into a
chlorosilane condensate and a gas component (separation
step: S3). The exhaust gas contains a chlorosilane compound,

H., HCI, and a fine silicon powder and may further contain a
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silane oligomer.
[0043]

The chlorosilane condensate may contain the fine silicon
powder. For example, a fine silicon powder content of the
chlorosilane condensate may be 0.01% by mass to 0.3% by
mass, in particular, 0.05% by mass to 0.2% by mass. The
chlorosilane condensate may be used for applications other
than the present production method. The gas component
contains, as a main component, a hydrogen gas and HCIl. The
gas component further contains, in an amount of about
several percent by volume, a chlorosilane compound which
remains in a form of the chlorosilane condensate, without
being condensed and separated. The gas component may also
contain, in trace amounts, B and P which are derived from
metallic silicon.

[0044]

In the separation step S3, a cooling temperature for
cooling the gas component is not limited to a particular one,
provided that the cooling temperature is not higher than a
temperature at which the chlorosilane compound is condensed.
The cooling temperature can be determined as appropriate in
consideration of a cooling capacity of a cooling device to be

employed. Note that a lower cooling temperature tends to be
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more effective in condensation of the chlorosilane compound.
[0045]

A separation method used in the separation step S3 is
not limited to a particular one, provided that the exhaust gas
can be separated into the chlorosilane condensate and the gas
component, but is preferably a condensation removal method.
The condensation removal method is a method for separating
the exhaust gas into the chlorosilane condensate and the gas
component by cooling the exhaust gas so as to condense the
chlorosilane compound.

[0046]

An exhaust gas cooling method used in the separation
step S3 is not limited to a particular one, provided that the
exhaust gas can be cooled so as to be not higher than the
temperature at which the chlorosilane compound is condensed,
and a publicly known method can be employed. Specific
examples of the cooling methods include: a method by which
the exhaust gas is cooled by causing the exhaust gas to pass
through a heat exchanger which has been cooled; and a
method by which the exhaust gas is cooled by a condensate
which has been condensed and cooled. Each of these methods
can be employed singly. Alternatively, these methods can be

employed in combination.
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[0047]

<4. Distillation step S4>

Subsequently, the chlorosilane compound obtained by
distilling the chlorosilane condensate obtained in the
separation step S3 is circulated to the reactor used in the
silicon deposition step S1 (distillation step: S4). This process
makes it possible to reuse the chlorosilane compound
obtained by distillation as a raw material for generating the
polycrystalline silicon in the silicon deposition step S1.
[0048]

Through the above-described steps of S1 to S4, the
polycrystalline silicon is produced. Note that the above-
described production method is merely one example, and
various production methods can be employed, provided that a
concentration measurement is carried out in the processing
and inspection step S2 with use of the photoluminescence
measurement device 100. For example, a hydrogen chloride
removal step may be included in which the gas component
obtained in the separation step S3 is brought into contact
with a chlorosilane solution, so that HCIl is removed. In
addition, a hydrogen refining step may be included in which
the chlorosilane compound is removed by bringing an

activated carbon into contact with the gas component
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obtained in the above-described hydrogen chloride removal
step, so that hydrogen gas is obtained. Furthermore, the
"inspection step" of the processing and inspection step S2 can
be employed also as one step of a method for producing a
monocrystalline silicon.
[0049]

[Method for measuring concentration of impurities in
polycrystalline silicon]

Now, with reference to Fig. 4, the following will describe
a method for measuring the concentration of impurities in
polycrystalline silicon in accordance with an embodiment of
the present invention. Specifically, the following will describe
a preliminary preparation for the concentration measurement
of impurities in polycrystalline silicon through the
photoluminescence method, an actual measurement, and a
series of operations after the measurement ends. Note that the
following description is merely one example, and the method
is not necessarily limited to the following procedures. The
following description assumes that an evacuation port has
been formed at a bottom of an inner cylindrical dewar flask 2,
and that an inner cylindrical dewar flask 2 has been
accommodated in an outer cylindrical dewar flask 3.

[0050]
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First, a sample 4 is prepared from a polycrystalline
silicon rod (preparation step). Specifically, from a straight
barrel portion of the polycrystalline silicon rod, a round bar
is cut out in a diametral direction, and then the round bar is
single-crystallized through the FZ method, so that a
monocrystalline rod is obtained. After that, the sample 4 is
cut out from a straight barrel portion of the monocrystalline
rod, so that the sample 4 is prepared. Note that the method
for preparing the sample 4 is merely one example, and the
method for preparing the sample 4 can be changed in
accordance with, for example, a diameter of the
polycrystalline silicon rod.
[0051]

Subsequently, a vacuum (heat-insulating) layer is
formed in a space 22 of a glass wall 21 of an inner cylindrical
dewar flask 2. For the evacuation to form the vacuum (heat-
insulating) layer, for example, a rotary pump (not illustrated)
and a turbo pump (not illustrated) are used in combination,
and the evacuation is carried out so that a degree of vacuum
of the vacuum (heat-insulating) layer reaches 1 x 10-4 Pa as a
guide (evacuation step).

[0052]

Subsequently, it is confirmed that the degree of vacuum
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of the vacuum (heat-insulating) layer formed in the space 22
in the glass wall 21 is 1 x 10-4 Pa (confirmation step). Such
confirmation of the degree of vacuum is carried out with use
of a manometer (not illustrated) connected to the vacuum
(heat-insulating) layer. In a case where the degree of vacuum
is lower than 1 x 10-3 Pa, the evacuation step is carried out
so that the degree of vacuum reaches 1 x 10-4 Pa.

[0053]

Meanwhile, in a case where it is confirmed that the
degree of vacuum is 1 x 10-4 Pa, the sample 4 is set to a sample
holder 111 (sample setting step). The inner cylindrical dewar
flask 2 is then placed in the outer cylindrical dewar flask 3
such that the inner cylindrical dewar flask 2 does not move in
the outer cylindrical dewar flask 3 (flask placement step).
Specifically, for example, a felt (not illustrated) or the like is
adhered to an inner surface of the bottom of the outer
cylindrical dewar flask 3, and a bottom surface of the inner
cylindrical dewar flask 2 is adhered to the felt, so that the
inner cylindrical dewar flask 2 is fixed in the outer cylindrical
dewar flask 3 so as not to be vibrated. Such fixation of the
inner cylindrical dewar flask 2 allows the bottom surface of
the inner cylindrical dewar flask 2 to be disposed at a given

height with respect to the inner surface of the bottom of the
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outer cylindrical dewar flask 3.
[0054]

Subsequently, a measurement-use dewer flask 1 having
a double-structure, which has been constituted by the inner
cylindrical dewar flask 2 and the outer cylindrical dewar flask
3 in the flask placement step, is installed into a cryostat 101
(installation step). As illustrated as reference number 401 in
Fig. 4, the sample holder 111 to which the sample 4 has been
set is then inserted into the inner cylindrical dewar flask 2,
and the sample holder 111 is fixed to the cryostat 101
(insertion step).

[0055]

Subsequently, a hose of the rotary pump is attached,
through a cock, to an evacuation port (not illustrated) for
pressure reduction which is formed in an upper portion of the
sample holder 111, and the evacuation port for pressure
reduction is coupled to the rotary pump (coupling step). The
evacuation port for pressure reduction is an opening for
producing a vacuum (pressure reduction) in the inner
cylindrical dewar flask 2 that holds liquid helium 5.

[0056]
Subsequently, to a gas supply port (not illustrated)

formed likewise in the upper portion of the sample holder 111,
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a gas supply tube is attached (attachment step) through a
gasbag (not illustrated). The gasbag is used mainly to
facilitate allowing the liquid helium 5 to be held in the inner
cylindrical dewar flask 2. In addition, a gas pack is used also
for facilitating reduction of a pressure in the inner cylindrical
dewar flask 2. Further, the gas pack is used also for allowing
a nitrogen gas and the like to be supplied in order to facilitate
removal of water vapor, moisture and the like in the inner
cylindrical dewar flask 2. Note that the gas pack does not
necessarily have to be used.

[0057]

Subsequently, the rotary pump is operated, and a cock
on a rotary pump side is opened, so that a pressure in the
inner cylindrical dewar flask 2 is reduced (first pressure
reduction step). Specifically, the pressure in the inner
cylindrical dewar flask 2 is reduced with use of the rotary
pump until the manometer indicates 0.1 x 100 Pa.
Subsequently, the cock on the rotary pump side is closed, and
a cock on a gas supply side is opened, so that a nitrogen gas
and the like are then supplied into the inner cylindrical dewar
flask 2 (gas supply step).

[0058]

Subsequently, after the supply of the nitrogen gas and
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the like into the inner cylindrical dewar flask 2 has been
finished, the cock on the gas supply side is closed, and the
cock on the rotary pump side is opened again, so that the
pressure in the inner cylindrical dewar flask 2 is reduced
again (second pressure reduction step). Similarly as the first
pressure reduction step, the pressure in the inner cylindrical
dewar flask 2 is reduced with use of the rotary pump until the
manometer indicates 0.1 x 109 Pa. Note that, in Examples and
Comparative Examples which are described later, a pressure
reduction time in the first pressure reduction step was
identical with that in the second pressure reduction step.
[0059]

In the present embodiment, the gas supply step and the
second pressure reduction step are repeated required times.
Note that, also in Examples and Comparative Examples which
are described later, the gas supply step and the second
pressure reduction step are repeated for a required number of
iterations.

[0060]

After the gas supply step and the second pressure
reduction step are repeated for a required number of
iterations so that the pressure in the inner cylindrical dewar

flask 2 is reduced to such a degree that the liquid helium 5
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can be held, the cock on the rotary pump side is closed to stop
the operation of the rotary pump. After the operation of the
rotary pump is stopped, the hose and the supply tube which
are attached to the upper portion of the sample holder 111
are detached (detachment step).
[0061]

Subsequently, as illustrated as reference number 402 in
Fig. 4, a liquid nitrogen 6 is held in a gap formed between an
outer surface of the glass wall 21 of the inner cylindrical
dewar flask 2 and the inner surface of the glass wall 31 of the
outer cylindrical dewar flask 3 (liquid nitrogen holding step).
Specifically, the liquid nitrogen 6 is supplied into the gap
through a liquid nitrogen supply port (not illustrated) formed
in the upper portion of the sample holder 111, so that the
liquid nitrogen 6 is held in the gap. After the liquid nitrogen
6 has been finished being held, the liquid nitrogen supply port
is closed to prevent the liquid nitrogen 6 from being volatilized.
[0062]

Subsequently, as illustrated as reference number 403 in
Fig. 4, the liquid helium 5 is held in the inner cylindrical
dewar flask 2 under a reduced pressure, in other words, a
space in which the sample 4 is present (liquid helium holding

step). Specifically, the liquid helium 5 is supplied into the
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space through the liquid helium supply port (not illustrated)
formed in the upper portion of the sample holder 111, so that
the liquid helium 5 is held in the space.

[0063]

The following will describe one example of a method for
allowing the liquid helium 5 to be held in the liquid helium
holding step. First, a vessel in which the liquid helium 5 has
been held in advance and the liquid helium supply port of the
sample holder 111 are connected through a dedicated liquid
helium transferrer (not illustrated). The connection allows the
liquid helium 5 to be supplied from the vessel into the inner
cylindrical dewar flask 2 through the liquid helium supply
port because the pressure in the inner cylindrical dewar flask
2 is reduced. Here, as necessary, the liquid helium 5 may be
supplied into the inner cylindrical dewar flask 2 by the
application of a pressure into the vessel in which the liquid
helium 5 has been held in advance with use of a nitrogen gas
and the like. Finally, as illustrated in 403 of Fig. 4, the liquid
helium 5 is held in the inner cylindrical dewar flask 2 in such
an amount that allows the whole of the sample 4 to be
immersed.

[0064]

After the liquid helium 5 has been finished being held in
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the inner cylindrical dewar flask 2, the liquid helium
transferrer is detached from the vessel which has held the
liquid helium 5. An outlet of the vessel and the liquid helium
supply port of the sample holder 111 are then closed (final
step of preliminary preparation for measurement).
[0065]

Subsequently, in a state illustrated as reference number
403 in Fig. 4, a measurement of concentration of impurities
in the sample 4 is carried out by the photoluminescence
method (concentration measurement step). First, a laser light
source 102 of a photoluminescence measurement device 100
is activated, and laser light is emitted from the laser light
source 102. Note that a shutter and a slit width should be
checked in advance before the laser light is emitted. The
sample 4 which has been set to the sample holder 111 and
has been immersed in the liquid helium 5 in the inner
cylindrical dewar flask 2 is irradiated with laser light, so that
the measurement of the concentration of impurities in the
sample 4 is started.
[0066]

A concentration measurement itself in the concentration
measurement step can conform to, for example, the method of

the standard "JEITA EM-3601A" disclosed in Non-patent
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Literature 1, or the method specified in Japanese Industrial
Standard under "JIS H 0615-1996: Test method for
determination of impurity concentrations in silicon crystal by
photoluminescence spectroscopy" which is cited in the
standard "JEITA EM-3601A". In the present embodiment, it is
assumed that the concentration measurement is carried out
through a method in conformity with the above-described
Japanese Industrial Standard, and the description thereof is
omitted.

[0067]

After the concentration measurement step has been
finished, the sample holder 111 is detached from the cryostat
101. The inner cylindrical dewar flask 2 is then detached from
the outer cylindrical dewar flask 3, and the liquid helium 5
that remains in the inner cylindrical dewar flask 2 is
discarded. After that, the outer cylindrical dewar flask 3 is
detached from the cryostat 101, and the liquid nitrogen 6 that
remains in the outer cylindrical dewar flask 3 is discarded.
After the above-described detachment operations, all of
instruments including the inner cylindrical dewar flask 2, the
outer cylindrical dewar flask 3, the sample holder 111 and the
like are sufficiently dried. In a case where the concentration

measurement is carried out with respect to another sample 4,
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the preparation step and subsequent steps are carried out
again.
[0068]

[Evacuation step]

In the present embodiment, specifically, the following
operations are carried out as an evacuation step. Note that,
also in Examples and Comparative Example which are
described later, operations similar to the operations described
below were carried out. First, a vacuum line is formed by
attaching, through a vacuum hose, to a first pipe (not
illustrated) equipped with a valve which is connected with the
space 22 of the glass wall 21 of the inner cylindrical dewar
flask 2, a second pipe (not illustrated) equipped with a valve
which is connected with a rotary pump and a turbo pump.
[0069]

Subsequently, the rotary pump is operated to open and
close the valves included in the vacuum line, so that the
evacuation is carried out with respect to the space 22 with
use of the rotary pump. When pressure reduction is nearly
finished (so that the degree of vacuum reaches 0.1 x 109 Pa
as a guide), the turbo pump is operated to open and close the
valves, so that the evacuation is further carried out. During

the evacuation, a degree of vacuum of the vacuum (heat-
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insulating) layer formed in the space 22 is checked by visually
checking a manometer connected with the space 22. The
evacuation is then carried out so that the degree of vacuum
of the vacuum (heat-insulating) layer is 1 x 10-4 Pa. When it
is confirmed that the degree of vacuum of the vacuum (heat-
insulating) layer has reached 1 x 10-%4 Pa, the valves included
in the vacuum line is closed, and the operations of the rotary
pump and the turbo pump are stopped. The vacuum line and
the like are then detached from the inner cylindrical dewar
flask 2 such that the degree of vacuum of the vacuum (heat-
insulating) layer is maintained.

[0070]

Note that the above-described contents of the steps and
the above-described order in which the steps are carried out
are merely examples. The above-described contents of the
steps and the above-described order in which the steps are
carried out may be changed as appropriate, provided that the
measurement-use dewer flask 1 holds the sample 4 and the
liquid helium 5 therein, and the concentration of impurities
in the sample 4 is measured through the photoluminescence
method.

[0071]

[Variation]
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A photoluminescence measurement device 100, a
measurement-use dewer flask 1, and a concentration
measurement method which are in accordance with the
present embodiment can be applied to a monocrystalline
silicon (not illustrated). Further, the application of the
concentration measurement method in accordance with the
present embodiment to a monocrystalline silicon also makes
it possible to produce the monocrystalline silicon. That is, the
monocrystalline silicon is also one example of silicon in
accordance with the present invention.
[0072]

For example, the photoluminescence measurement
device 100 and the measurement-use dewer flask 1 can also
be used for a quality control of a silicon wafer which is made
of monocrystalline silicon, specifically, for measurement of a
concentration of trace impurities contained in the silicon
wafer through the photoluminescence method. In this case,
an effect of a thermal noise needs to be eliminated for the
measurement of the concentration of trace impurities.
Therefore, as in the case of the present embodiment, the liquid
helium 5 is held in the inner cylindrical dewar flask 2, and
concentration measurement is carried out under low

temperature conditions.
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[0073]

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

In order to solve the above problem, a dewar flask in
accordance with an aspect of the present invention is a dewar
flask which is made of glass and which is used in a case where
a concentration of impurities contained in silicon is measured
in liquid helium by a photoluminescence method wherein the
glass has an SiO2 content of not less than 65% by weight and
not more than 75% by weight and has an average thermal
expansion rate of not less than 25 x 10-7/°C and not more
than 55 x 10-7/°C when a temperature of the glass is not less
than 20°C and not more than 300°C. Note that "average
thermal expansion rate" is expressed as such because, at the
measurement of the thermal expansion rate of the glass when
the temperature of the glass is not less than 20°C and not
more than 300°C, in fact, an average value of the thermal
expansion rate is measured.

[0074]

According to the above configuration, the glass which
serves as a material for forming the dewar flask in accordance
with an aspect of the present invention has an SiO2 content of

not less than 65% by weight and not more than 75% by weight.
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Thus, as compared to the conventional measurement-use
dewer flask, the helium gas generated in the dewar flask is
less likely to permeate through a glass wall of the dewar flask
during the measurement carried out by the
photoluminescence method. Therefore, as compared to the
conventional measurement-use dewer flask, a degree of
vacuum of a vacuum layer formed inside the glass wall is less
likely to decrease. This can greatly decrease the number of
times of the evacuation after the measurement. As a result, it
is possible to greatly reduce a burden on an operator for the
evacuation and a cost for the evacuation.

[0075]

Further, for example, in a case where the SiO2 content
exceeds 75% by weight, helium gas generated in a dewar flask
more easily permeates through the glass wall of the dewar
flask. This makes it difficult to maintain a low temperature
for a long period of time. In contrast, in a case where the SiO2
content is less than 65% by weight, components other than
SiO2 are increased instead, and the components have greater
effects. For example, a glass which contains PbO in an amount
of not less than 20% by weight and not more than 60% by
weight has a great average thermal expansion coefficient. This

increases a distortion caused by cooling from an ambient
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temperature to an extremely low temperature. Therefore, the
glass is unsuitable as a material for forming a dewar flask to
be used at a low temperature. In addition, for example, a glass
which contains Al203 in an amount of not less than 5% by
weight and not more than 20% by weight has a high glass
transition temperature. This makes it difficult to process the
glass into a dewar flask. Therefore, the glass is also
unsuitable as the material for forming a dewar flask.

[0076]

In contrast, in the present invention, the SiO2 content in
the glass is not less than 65% by weight and not more than
75% by weight. This not only prevents the degree of vacuum
of the vacuum layer from being decreased, but also reduces a
distortion caused by cooling from an ambient temperature to
an extremely low temperature and facilitates processing the
glass into a dewar flask. Further, this can greatly decrease
the number of time of evacuation after the measurement and
can reduce a producing cost of the dewar flask without
deterioration of the dewar flask due to repeated temperature
rise and temperature drop between an ambient temperature
and an extremely low temperature.

[0077]

In addition, according to the above configuration, a glass
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which serves as a material for forming a dewar flask has an
average thermal expansion rate of not less than 25 x 10-7/°C
and not more than 55 x 10-7/°C when the temperature of the
glass is not less than 20°C and not more than 300°C.
Therefore, even in a case where the temperature of the glass
wall of the dewar flask is decreased from an ambient
temperature to an extremely low temperature during the
process of the measurement <carried out by the
photoluminescence method, the glass wall is less likely to
thermally shrink as compared to the conventional
measurement-use dewer flask. In addition, after the end of the
measurement through the photoluminescence method, in a
case where a temperature of the glass wall of the dewar flask
is increased from an extremely low temperature to an ambient
temperature (20°C to 25°C), a thermal expansion of the glass
wall falls within a range which allows the measurement to
continue. Therefore, even if the measurement carried out by
the photoluminescence method is repeated, deformation and
breakage of the glass wall can be reduced so as to fall within
an allowable range, and it is possible to achieve a dewar flask
whose durability is ensured.

[0078]

Moreover, for example, a glass having an average thermal
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expansion rate of less than 25 x 10-7/°C when the temperature
of the glass is not less than 20°C and not more than 300°C
would not easily be softened even when the glass is exposed
to a high temperature of not less than 1000°C, and would be
processed with difficulty. Therefore, the glass is unsuitable as
a material for forming a dewar flask. In contrast, in a case
where a glass has an average thermal expansion rate of more
than 55 x 10-7/°C, the glass is easier to be distorted by cooling
from an ambient temperature to an extremely low temperature.
Therefore, the glass is also unsuitable as the material for
forming a dewar flask.

[0079]

In addition, in a dewar flask in accordance with an
aspect of the present invention, the glass may have a B20s3
content of not less than 10% by weight and not more than 30%
by weight. According to the above configuration, the glass
tends to have a lower average thermal conductivity than a
glass having a B2Og3 content of less than 10% by weight and a
glass having a BoO3z content of more than 30% by weight. Thus,
the dewar flask is less likely to be influenced by temperature
changes which occur inside and outside the dewar flask
during the process of the measurement carried out through

the photoluminescence method. Therefore, it is possible to
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improve durability of the dewar flask.
[0080]

As described above, a glass containing a certain amount
of B2O3 tends to be able to have a lower average thermal
conductivity, in other words, a lower average thermal
expansion coefficient. Further, the glass containing a certain
amount of BoO3 can obtain the effect of lowering a softening
temperature while maintaining a chemical durability. However,
a glass having a B203 content of less than 10% by weight has
a small effect of lowering a softening temperature, and in some
cases, processability (ease of processing) of such a glass is
not improved. In contrast, a glass having the B2O3 content of
greater than 30% by weight make SiO2 and B20O3 more likely
to be separated, and the glass itself tends to be more difficult
to use.

[0081]

In addition, a dewar flask in accordance with an aspect
of the present invention may be configured such that the
impurities are at least one atom selected from the group
consisting of P, B, Al, and As. According to the above
configuration, it is possible to determine whether silicon
contains at least one atom selected from the group consisting

of P, B, Al, and As with use of the dewar flask which enables
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a significant reduction in the burden on an evacuation
operator and a significant reduction in evacuation cost as
compared to the conventional measurement-use dewer flask.
[0082]

In order to solve the above problem, a photoluminescence
measurement device in accordance with an aspect of the
present invention includes the dewar flask in accordance with
any one of the above aspects. According to the above
configuration, the photoluminescence measurement device in
accordance with an aspect of the present invention includes a
dewar flask whose durability is improved and which enables a
significant reduction in the burden on the evacuation operator
and a significant reduction in evacuation cost as compared to
the conventional measurement-use dewer flask. Therefore, in
a case where a measurement of concentration of impurities
contained in silicon in liquid helium is carried out with use
of the photoluminescence measurement device in accordance
with an aspect of the present invention, it is possible to
significantly reduce the burden on a person involved in the
measurement and significantly reduce a cost for maintenance
of the dewar flask.

[0083]

In order to solve the above problem, a concentration
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measurement method in accordance with an aspect of the
present invention is a concentration measurement method for
measuring a concentration of impurities contained in silicon.
In the method, liquid helium and the silicon are held in a
dewar flask made of a glass which has an SiO2 content of not
less than 65% by weight and not more than 75% by weight
and which has an average thermal expansion rate of not less
than 25 x 10-7/°C and not more than 55 x 10-7/°C when a
temperature of the glass is not less than 20°C and not more
than 300°C, and the concentration of the impurities is
measured by a photoluminescence method. The above
configuration brings about an effect similar to that of a
photoluminescence measurement device in accordance with
an aspect of the present invention.

[0084]

In order to solve the above problem, a silicon
manufacturing method in accordance with an aspect of the
present invention includes a concentration measurement step
of allowing liquid helium and silicon to be held in a dewar
flask, and measuring a concentration of impurities contained
in the silicon, the dewar flask being made of a glass which has
an SiO> content of not less than 65% by weight and not more

than 75% by weight and which has an average thermal
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expansion rate of not less than 25 x 10-7/°C and not more
than 55 x 10-7/°C when a temperature of the glass is not less
than 20°C and not more than 300°C.

[0085]

According to the above configuration, the silicon
manufacturing method in accordance with an aspect of the
present invention includes a concentration measurement step.
In the concentration measurement step, a measurement of
concentration of impurities contained in silicon in liquid
helium is carried out with use of a dewar flask which enables
a significant reduction in the burden on the evacuation
operator and a significant reduction in evacuation cost as
compared to the conventional measurement-use dewer flask.
This makes it possible to produce silicon at a low cost while
reducing the burden on people involved in the production.
[0086]

[Additional remarks]

The present invention is not limited to the embodiments,
but can be altered 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. Further,

it is possible to form a new technical feature by combining the
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technical means disclosed in the respective embodiments.
[0087]

[Example]

The following will describe, based on a comparison with
a measurement-use dewer flask in accordance with each of
Comparative Examples of the present invention, a
measurement of concentration of impurities in a sample 4 by
the photoluminescence method with use of a measurement-
use dewer flask 1 in accordance with each of Examples of the
present invention. Note that the measurement-use dewer flask
in accordance with each of Comparative Examples of the
present invention also has a double-structure of an inner
cylindrical dewar flask (not illustrated) and an outer
cylindrical dewar flask (not illustrated). The inner cylindrical
dewar flasks and the outer cylindrical dewar flasks in
accordance with Comparative Examples of the present
invention have respectively similar configurations to inner
cylindrical dewar flasks 2 and outer cylindrical dewar flasks
3 in accordance with Examples of the present invention except
components of the glasses and average thermal expansion
rates.
[0088]

<Composition and average thermal expansion rate of
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With regard to the measurement-use dewer flasks 1 in
accordance with Examples 1 to 3 of the present invention and
measurement-use dewer flasks in accordance with
Comparative Examples 1 to 3 of the present invention, Table
1 below lists the components of glasses which serve as
materials for forming the flasks and the respective average
thermal expansion rates of the glasses. Note that a
compositional component (such as SiO2) of each glass was
determined through the calibration curb method with use of a
wavelength dispersive X-ray fluorescence analyzer (WDX). In
addition, an average thermal expansion rate of a glass was
determined by the average thermal expansion coefficient
which was measured when the temperature of the glass is

20°C to 300°C, with use of a thermomechanical analyzer (TMA).
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[0089]
[Table 1]
Type of Composition (% by weight) Average
glass thermal
5102 B203 Al>O3 Naz0 Other expansion
components rate
(+107/°C)
A 80.5 12.9 2.2 3.8 K20 30
LiO2
and others
B 70 28 1.1 - K20 50
PbO
and others

All of the measurement-use dewer flasks 1 in accordance
with Examples 1 to 3 of the present invention had an inner
cylindrical dewar flask 2 made of glass B in Table 1 above.
Meanwhile, all of the measurement-use dewer flasks in
accordance with Comparative Examples 1 to 3 of the present
invention had an inner cylindrical dewar flask made of glass
A in Table 1 above. Note that, in all of Examples 1 to 3 below,
in a first concentration measurement, the measurement-use
dewer flask 1 was used in which a degree of vacuum of a
vacuum (heat-insulating) layer of the inner cylindrical dewar
flask 2 was 1 x 10-4 Pa, and a degree of vacuum of a vacuum
(heat-insulating) layer of the outer cylindrical dewar flask 3

was also 1 x 10-4 Pa. The same applies to the measurement-
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use dewer flasks in Comparative Examples 1 to 3 below.
[0090]

<Examples 1 to 3>

The outer cylindrical dewar flask 3 in accordance with
Example 1 of the present invention was made of the glass A in
Table 1 above. The thirty-six samples 4 are set to a sample
holder 111, and a first concentration measurement was
carried out with use of the measurement-use dewer flask 1
including the outer cylindrical dewar flask 3 made of the glass
A. After the first concentration measurement had finished, the
degree of vacuum of a vacuum (heat-insulating) layer of an
inner cylindrical dewar flask 2 was measured. The result of
the measurement showed that the degree of vacuum of the
vacuum (heat-insulating) layer of the inner cylindrical dewar
flask 2 remained 1 x 104 Pa. As a result, a second
concentration measurement could be carried out without the
need to perform the evacuation described in the [Evacuation
step| above.
[0091]

As the measurement-use dewer flask 1 in accordance
with Example 2 of the present invention, used was the one
identical with the measurement-use dewer flask 1 in

accordance with Example 1 of the present invention. The
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thirty-six samples 4 were set to a sample holder 111, and a
first concentration measurement was carried out. After that,
the steps described in the [Method for measuring
concentration of impurities in polycrystalline silicon]| above
were carried out once a day, and such an operation was
repeated for three months (for approximately 75th iterations).
After the last concentration measurement had finished, the
degree of vacuum of the vacuum (heat-insulating) layer of the
inner cylindrical dewar flask 2 was measured. The result of
the measurement showed that the degree of vacuum of the
vacuum (heat-insulating) layer of the inner cylindrical dewar
flask 2 remained 1 x 10-4 Pa. Before and after all of the
concentration measurements, the degree of vacuum of the
vacuum (heat-insulating) layer of the inner cylindrical dewar
flask 2 remained unchanged at 1 x 10-4 Pa. Therefore, there
was no need for the evacuation from the end of the first
concentration measurement to the end of the last
concentration measurement.
[0092]

The outer cylindrical dewar flask 3 in accordance with
Example 3 of the present invention was made of glass B in
Table 1 above. Operations similar to those in Example 2 were

carried out. A measurement result of a degree of vacuum of a
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vacuum (heat-insulating) layer of an inner cylindrical dewar
flask 2 was similar to that of Example 2. Therefore, also in
Example 3, there was no need for the evacuation from the end
of the first concentration measurement to the end of the last
concentration measurement.

[0093]

<Comparative Examples 1 to 3>

(Comparative Example 1)

The outer cylindrical dewar flask in accordance with
Comparative Example 1 of the present invention was made of
the glass A in Table 1 above. The thirty-six samples 4 were set
to a sample holder 111, and a first concentration
measurement was carried out with use of the measurement-
use dewer flask including the outer cylindrical dewar flask
made of the glass A. After the first concentration measurement
had finished, a degree of vacuum of a vacuum (heat-
insulating) layer of the inner cylindrical dewar flask was
measured. The result of the measurement showed that the
degree of vacuum of the vacuum (heat-insulating) layer of the
inner cylindrical dewar flask was decreased to 6 x 10-2 Pa.
Thus, the evacuation described in the [Evacuation step] above
was carried out.

[0094]
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Subsequently, a second concentration measurement was
carried out with use of the measurement-use dewer flask in
which the degree of vacuum of the vacuum (heat-insulating)
layer of the inner cylindrical dewar flask had reached 1 x 10-
4 Pa again by the evacuation. The first concentration
measurement took approximately 5 hours and 30 minutes.
Further, the evacuation took approximately 2 hours and 50
minutes. Still further, the second concentration measurement
took approximately 5 hours and 40 minutes.
[0095]

(Comparative Example 2)

As the measurement-use dewer flask in accordance with
Comparative Example 2 of the present invention, used was the
one identical with the measurement-use dewer flask in
accordance with Comparative Example 1 of the present
invention. The thirty-six samples 4 were set to the sample
holder 111, and a first concentration measurement was
carried out. After the first concentration measurement had
finished, a degree of vacuum of a vacuum (heat-insulating)
layer of an inner cylindrical dewar flask was measured. The
result of the measurement showed that the degree of vacuum
of the vacuum (heat-insulating) layer of the inner cylindrical

dewar flask was decreased to 6 x 10-2 Pa.
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Here, a second concentration measurement was carried
out without the need to perform evacuation. After 15 minutes
had elapsed from the start of the measurement, the liquid
level of liquid helium 5 in the inner cylindrical dewar flask
was displaced downward so as to be lower than the level of
the samples 4. Therefore, after the displacement, it became
impossible to continue the second concentration
measurement. As a result, only four samples 4 could be
measured at the point in time when it became impossible to
continue the second concentration measurement. This is
presumably because the degree of vacuum of the vacuum
(heat-insulating) layer of the inner cylindrical dewar flask was
low at the start of the second concentration measurement, so
that the heat-insulating effect was reduced, and the speed at
which the liquid helium 5 was vaporized was fastened,
resulting in rapid downward displacement of the liquid level
of the liquid helium 5.

[0097]

(Comparative Example 3)

The outer cylindrical dewar flask in accordance with
Comparative Example 3 of the present invention was made of

the glass B in Table 1 above. Operations similar to those in
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Comparative Example 2 were carried out. After the end of the
first concentration measurement, a degree of vacuum of a
vacuum (heat-insulating) layer of an inner cylindrical dewar
flask was measured. The result of the measurement showed
that the degree of vacuum of the vacuum (heat-insulating)
layer of the inner cylindrical dewar flask was decreased to 7

x 10-2 Pa.

Reference Signs List
[0098]
2 Inner cylindrical dewar flask (dewar flask)
4 Sample (silicon)
S Liquid helium
100 Photoluminescence measurement device
S2 Processing and inspection step (concentration

measurement step)
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Claims

Claim 1

A dewar flask which is made of glass and which is used
in a case where a concentration of impurities contained in
silicon is measured in liquid helium by a photoluminescence
method, wherein

the glass has an SiO: content of not less than 65% by
weight and not more than 75% by weight and has an average
thermal expansion rate of not less than 25 x 10-7/°C and not
more than 55 x 10-7/°C when a temperature of the glass is not

less than 20°C and not more than 300°C.

Claim 2
The dewar flask according to claim 1, wherein the glass
has a B203 content of not less than 10% by weight and not

more than 30% by weight.

Claim 3
The dewar flask according to claim 1 or 2, wherein the
impurities are at least one atom selected from the group

consisting of P, B, Al, and As.

Claim 4
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A photoluminescence measurement device comprising

the dewar flask according to any one of claims 1 to 3.

Claim 5

A concentration measurement method for measuring a
concentration of impurities contained in silicon, wherein

liquid helium and the silicon are held in a dewar flask
made of a glass which has an SiO; content of not less than
65% by weight and not more than 75% by weight and which
has an average thermal expansion rate of not less than 25 x
10-7/°C and not more than 55 x 10-7/°C when a temperature
of the glass is not less than 20°C and not more than 300°C,
and the concentration of the impurities is measured by a

photoluminescence method.

Claim 6

A method for producing silicon, the method comprising
a concentration measurement step of allowing liquid helium
and silicon to be held in a dewar flask, and measuring a
concentration of impurities contained in the silicon, the dewar
flask being made of a glass which has an SiO2 content of not
less than 65% by weight and not more than 75% by weight

and which has an average thermal expansion rate of not less
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than 25 x 10-7/°C and not more than 55 x 10-7/°C when a
temperature of the glass is not less than 20°C and not more

than 300°C.



