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(57) ABSTRACT

The present invention provides a clean and high-purity poly-
crystalline silicon mass having a small content of chromium,
iron, nickel, copper, and cobalt in total, which are heavy metal
impurities that reduce the quality of single-crystal silicon. In
the vicinity of an electrode side end of a polycrystalline
silicon rod obtained by the Siemens method, the total of the
chromium, iron, nickel, copper, and cobalt concentrations is
high. Accordingly, before a crushing step of a polycrystalline
silicon rod 100, a removing step of removing at least 70 mm
of a polycrystalline silicon portion from the electrode side
end of the polycrystalline silicon rod 100 extracted to the
outside of a reactor is provided. Thereby, the polycrystalline
silicon portion in which the total of the chromium, iron,
nickel, copper, and cobalt concentrations in a bulk is not less
than 150 ppta can be removed.
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POLYCRYSTALLINE SILICON MASS AND
PROCESS FOR PRODUCING
POLYCRYSTALLINE SILICON MASS

TECHNICAL FIELD

[0001] The present invention relates to a technique for pro-
ducing a polycrystalline silicon mass, and more specifically,
relates to a technique for producing a high purity polycrys-
talline silicon mass suitable for a raw material for growth of
single-crystal silicon by a multi pulling method in particular.

BACKGROUND ART

[0002] A Siemens method is known as a method for pro-
ducing polycrystalline silicon used as a raw material for sili-
con single-crystal substrates. The Siemens method is a
method in which a raw material gas containing chlorosilane is
contacted with a heated silicon core wire, and polycrystalline
silicon is vapor deposited on the surface of the silicon core
wire by a CVD (Chemical Vapor Deposition) method.
[0003] Usually, production of polycrystalline silicon by the
Siemens method is performed according to the following
steps, for example. First, two silicon core wires in the vertical
direction and one silicon core wire in the horizontal direction
are assembled into a II-shape (approximately inverted
U-shaped) within a reactor of a vapor deposition apparatus,
and the ends of the two core wires in the vertical direction are
each fixed to metal electrodes through conductive holders (a
core installation step).

[0004] Next, while a current is conducted from the metal
electrodes to heat the IT-shaped silicon core wire in a hydro-
gen atmosphere, a raw material gas such as trichlorosilane is
fed into the reactor, and polycrystalline silicon is vapor
deposited on the core wire in an inverted U-shape. Thereby, a
polycrystalline silicon rod having a desired diameter is
obtained (a vapor deposition step).

[0005] After the inside of the reactor is cooled, the poly-
crystalline silicon rod is extracted from the reactor using a
crane or the like (an extraction step).

[0006] The entire polycrystalline silicon rod extracted to
the outside of the reactor is crushed using a crusher or a
hammer to prepare polycrystalline silicon masses having a
size suitable for feeding to a quartz crucible used for growth
of a single-crystal silicon ingot by the CZ (Czochralski)
method (a crushing step).

[0007] Finally, the polycrystalline silicon masses are
washed, and foreign substances and impurities adhering to
the surfaces of the polycrystalline silicon masses are removed
to obtain clean polycrystalline silicon (a washing step).
[0008] Recently, as integration density of semiconductor
devices as final products is increased, high purity of CZ
single-crystal silicon that is a material of a substrate for highly
integrated semiconductor devices has been severely
demanded. Inevitably, higher purity of the polycrystalline
silicon mass used as the raw material for the CZ single-crystal
silicon has been more severely demanded.

[0009] If the polycrystalline silicon mass has insufficient
purity and contains heavy metals such as iron and copper,
these impurities are molten into a silicon melt, and taken into
the CZ single-crystal silicon to be grown, inhibiting higher
purity. Such impurities taken from the polycrystalline silicon
mass into the silicon melt are particularly serious in the case
where the CZ single-crystal silicon is grown by a multi pull-
ing method.
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[0010] The multi pulling method is a method for crystal
growth in which in a single batch, after a single-crystal silicon
ingot is pulled up, the polycrystalline silicon masses are
newly added into the remaining silicon melt without turning
off the power supply of the heater that heats a quartz crucible,
thereby to pull up another single-crystal silicon ingot; the
procedure is repeated to obtain a plurality of single-crystal
silicon ingots. The method is devised for the purpose of
improvement in productivity of the CZ single-crystal silicon
and reduction in production cost.

[0011] Usually, heavy metal elements such as iron and cop-
per have a segregation coefficient k greatly less than 1 as an
index indicating how easily the element is taken from the
silicon melt (liquid phase) into the silicon crystal (solid
phase) at a solid-liquid interface. Accordingly, these heavy
metal elements are likely to remain in the silicon melt.
[0012] Accordingly, in the case where the CZ single-crystal
silicon ingot is grown by the multi pulling method, as the
number of the single-crystal silicon ingot to be pulled up in
one batch is increased and as the single-crystal silicon ingot is
pulled up later in the one batch, the impurities having a
segregation coefficient k less than 1 are grown from the sili-
con melt having a high concentration of “condensed” impu-
rities. For this, the concentration of the impurities taken into
the single-crystal silicon is gradually increased.

[0013] Theheavy metal impurities in the single-crystal sili-
con cause OSFs (Oxidation induced Stacking Faults) and a
reduced lifetime of minority carriers to reduce the quality of
the CZ single-crystal silicon. For this reason, it is important to
reduce the amount of the heavy metal impurities to be taken
from the polycrystalline silicon mass as the raw material for
the CZ single-crystal silicon into the crucible (the silicon
melt) as much as possible, and the polycrystalline silicon
mass having sufficiently high purity is needed.

[0014] In order to provide higher purity of the polycrystal-
line silicon mass as the raw material used for growth of
single-crystal silicon, a variety of washing methods has been
proposed. For example, Japanese Patent Laid-Open No.
4-357106 (Patent Literature 1) discloses a technique in which
the surface of silicon is irradiated with a microwave or dried
at a high temperature, and Si—H bonds on the surface of
silicon subjected to etching are reduced to form a coating of
SiO,. Unfortunately, even if such a treatment is performed,
the remaining Si—H bonds may adsorb metal grains floating
in a work atmosphere (environment).

[0015] Japanese Patent Laid-Open No. 8-67511 (Patent
Literature 2) discloses a washing method in which polycrys-
talline silicon is sequentially washed by an oxidizing chemi-
cal solution, water, and a chemical solution that can decom-
pose an oxide film, thereby to obtain high purity
polycrystalline silicon whose surface is not contaminated by
iron atoms. Unfortunately, in the washing method, because
polycrystalline silicon is finally washed by the chemical solu-
tion that can decompose the oxide film (for example, hydrof-
luoric acid), the surfaces of the silicon masses are chemically
activated, and likely to be susceptible to contamination from
an environment.

[0016] Japanese Patent Laid-Open No. 11-168076 (Patent
Literature 3) discloses a washing method for providing poly-
crystalline silicon containing an extremely small amount of
iron/chromium, the method comprising: prewashing a semi-
conductor material using an oxidizing washing liquid as at
least one step, washing the material using a washing liquid
containing nitric acid and hydrofluoric acid as a main washing
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step, and washing the material as another step in a hydro-
philization process using an oxidizing washing liquid. Unfor-
tunately, it is unclear whether the washing method is effective
for reduction in the amount of heavy metal impurities to be
contained other than iron and chromium.

[0017] Japanese Patent Laid-Open No. 2000-128692
(Patent Literature 4) discloses a washing method comprising
the steps of: washing massive or granular polysilicon by a
dissolved ozone aqueous solution, and washing the polysili-
con washed by the dissolved ozone aqueous solution by
hydrofluoric acid, wherein the two steps are performed in this
order once or repeated more than once. Unfortunately, in the
washing method, as in the washing method disclosed in
Patent Literature 2 above, because polycrystalline silicon is
finally washed by hydrofluoric acid, the surfaces of the poly-
crystalline silicon masses are chemically activated, and likely
to be susceptible to contamination from an environment.
[0018] Japanese Patent [Laid-Open No. 5-4811 (Patent Lit-
erature 5) discloses amethod in which as a pre-step for the CZ
single-crystal pulling method, polycrystalline silicon is
washed by a mixed solution of hydrofluoric acid, hydrogen
peroxide, and water, thereby to reduce the concentration of
heavy metals of Fe, Cu, Ni, and Cr on the surface of poly-
crystalline silicon.

[0019] Unfortunately, the method is a washing method as
part of a method for growing single-crystal silicon, and needs
to be performed immediately before polycrystalline silicon
masses are charged into a quartz crucible for pulling up CZ
single-crystal.
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[0020] Patent Literature 1: Japanese Patent Laid-Open No.
4-357106

[0021] Patent Literature 2: Japanese Patent Laid-Open No.
8-67511

[0022] Patent Literature 3: Japanese Patent Laid-Open No.
11-168076

[0023] Patent Literature 4: Japanese Patent Laid-Open No.
2000-128692

[0024] Patent Literature 5: Japanese Patent Laid-Open No.
5-4811
Non Patent Literature
[0025] Non Patent Literature 1: “Shirikon no Kagaku (Sci-

ence of Silicon),” p. 100, Table 5 (Realize Science & Engi-
neering Center Co., Ltd., 1996)

SUMMARY OF INVENTION
Technical Problem

[0026] These related arts relate to the washing method for
cleaning the surface of the polycrystalline silicon mass. The
heavy metal impurities taken from the polycrystalline silicon
mass into the crucible (silicon melt), however, are contained
not only in the surface of the polycrystalline silicon mass but
also in the entire bulk of the polycrystalline silicon mass.

[0027] In the step of producing the polycrystalline silicon
mass, many sources to produce the heavy metal impurities
that may be taken into the bulk or adhering to the surface of
the polycrystalline silicon mass exist. For example, a heat
resistant stainless steel plate is used for the wall and baseplate
of the reactor in the vapor deposition apparatus, and if the
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stainless steel plate is corroded, metal grains containing
nickel and chromium are spread in the growth atmosphere.
Moreover, copper or stainless steel is used for the metal
electrode. For this reason, nickel, chromium, and copper are
likely to be taken into the bulk of polycrystalline silicon.
[0028] After vapor deposition is completed, by use of a
crane to extract the polycrystalline silicon rod, iron powder is
produced from the crane.

[0029] In the case where the polycrystalline silicon rod is
crushed using a jaw crusher, a roll crusher, or a hammer,
cemented carbide used for these crushing means contacts
with polycrystalline silicon. As the cemented carbide, a mate-
rial prepared by sintering tungsten carbide with a cobalt alloy
is used, and iron and cobalt are likely to adhere to the surface
of the polycrystalline silicon mass.

[0030] Further, after the deposition reaction of polycrystal-
line silicon is completed, when the reactor is opened to the
work atmosphere, metal grains containing nickel, chromium,
and copper are spread from the inside of the reactor to the
work atmosphere, and these metal grains are likely to adhere
to the surface of the polycrystalline silicon mass.

[0031] The present invention has been made in consider-
ation of the problems above, and an object of the present
invention is to provide a clean and high-purity polycrystalline
silicon mass having a small content of chromium, iron,
nickel, copper, and cobalt in total, which are heavy metal
impurities that reduce the quality of single-crystal silicon.

Solution to Problem

[0032] Inorder to solve the problems above, in a polycrys-
talline silicon mass according to the present invention, a total
of concentrations of impurities of chromium, iron, nickel,
copper, and cobalt detected from a bulk is not more than 150
ppta. Preferably, the total of the concentrations of the impu-
rities is not more than 100 ppta. More preferably, the total of
the concentrations of the impurities is not more than 75 ppta.

[0033] The concentrations of the impurities can be deter-
mined by an inductively coupled plasma mass spectrometry
(ICP-MS) method. Preferably, the surface of the polycrystal-
line silicon mass according to the present invention is coated
with a silicon oxide film.

[0034] Moreover, the polycrystalline silicon mass accord-
ing to the present invention is a polycrystalline silicon mass
for multi pulling in which up to 10 single-crystal silicon
ingots are pulled up by a CZ method in one batch, wherein a
total of concentrations of impurities of chromium, iron,
nickel, copper, and cobalt detected from a bulk is not more
than 75 ppta, and a surface of the polycrystalline silicon mass
is coated with a silicon oxide film.

[0035] A process for producing a polycrystalline silicon
mass according to the present invention comprises: a vapor
deposition step of depositing silicon on a core wire to grow a
polycrystalline silicon rod, one end of the core wire being
connected to a first electrode and the other end thereof being
connected to a second electrode; an extraction step of extract-
ing the polycrystalline silicon rod to an outside of a reactor;
and a crushing step of forming the polycrystalline silicon rod
into polycrystalline silicon masses, the process further com-
prising a removing step of removing at least 70 mm of a
polycrystalline silicon portion from an electrode side end of
the polycrystalline silicon rod extracted to the outside of the
reactor before the crushing step.
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[0036] Preferably, at least 155 mm of the polycrystalline
silicon portion from the electrode side end is removed in the
removing step.

[0037] Moreover, preferably, a surface of the polycrystal-
line silicon rod is covered with a bag-like member and
extracted to the outside of the reactor in the extraction step.
More preferably, after the polycrystalline silicon rod is
extracted to the outside of the reactor, an opening of the
bag-like member that covers the surface of the polycrystalline
silicon rod is sealed. The bag-like member is a polyethylene
bag, for example.

[0038] The process for producing a polycrystalline silicon
mass according to the present invention may comprise a
washing step as a post step of the crushing step, wherein the
surface of the polycrystalline silicon mass is subjected to
oxidation treatment using ozone water to coat the surface of
the polycrystalline silicon mass with a silicon oxide film, and
the washing step is completed in the state where the surface of
the polycrystalline silicon mass is coated with the silicon
oxide film.

[0039] The present invention comprises a removing step of
removing at least 70 mm of a polycrystalline silicon portion
from an electrode side end of a polycrystalline silicon rod
obtained by the Siemens method. Thereby, the polycrystal-
line silicon portion in which the total of the chromium, iron,
nickel, copper, and cobalt concentrations in a bulk is not less
than 150 ppta is removed, and a clean and high-purity poly-
crystalline silicon mass having a small content of chromium,
iron, nickel, copper, and cobalt in total, which are heavy metal
impurities that reduce the quality of single-crystal silicon can
be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0040] FIG. 1 is a graph showing the result of theoretical
calculation performed to determine the total of the concen-
trations of the heavy metal impurities in a polycrystalline
silicon mass grown by the multi pulling method, which is
tolerable for keeping the respective concentrations of chro-
mium, iron, nickel, copper, and cobalt in CZ single-crystal
silicon not more than 0.05 ppta.

[0041] FIG. 2 is a schematic view showing an example of
an embodiment of a polycrystalline silicon rod used as a
mother material for a polycrystalline silicon mass when the
polycrystalline silicon mass is produced by the Siemens
method.

[0042] FIG. 3 is a flowchart for describing an example of
steps of producing a polycrystalline silicon mass according to
the present invention.

[0043] FIG. 4 is an example of a graph showing a relation-
ship between the distance from the electrode side end of a
polycrystalline silicon rod to a portion of the polycrystalline
silicon rod and the concentrations of the heavy metal impu-
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rities of chromium, iron, nickel, copper, and cobalt contained
in the portion and the total of the concentrations.

[0044] FIG. 5 is a flowchart showing an example of a wash-
ing step.

DESCRIPTION OF EMBODIMENT
[0045] Hereinafter, with reference to the drawings, an

embodiment according to the present invention will be
described.

[0046] Itis known thatheavy metal impurities in CZ single-
crystal silicon cause oxidation induced stacking faults (OSFs)
and a reduced lifetime of minority carriers. Specifically, if the
concentrations of chromium, iron, nickel, and copper in the
CZ single-crystal silicon each are not more than 0.05 ppta,
occurrence of OSFs is suppressed (“Shirikon no Kagaku (Sci-
ence of Silicon),” p. 100, Table 5, 1996, published by Realize
Science & Engineering Center Co., Ltd.: Non Patent Litera-
ture 1). Moreover, if the concentrations of chromium, iron,
nickel, copper, and cobalt each are not more than 0.05 ppta, no
substantial reduction in the lifetime of minority carriers is
found. Accordingly, in order to obtain high quality CZ single-
crystal silicon in which the OSFs hardly occur and the life-
time of minority carriers is long, the concentrations of chro-
mium, iron, nickel, copper, and cobalt in CZ single-crystal
silicon each need to be not more than 0.05 ppta.

[0047] The segregation coefficients of the respective heavy
metal elements are already known, and the concentrations of
the heavy metal impurities in a bulk of a polycrystalline
silicon mass, which is tolerable for keeping the concentra-
tions of impurities in the CZ single-crystal silicon not more
than the value mentioned above, can be theoretically deter-
mined.

[0048] Table 1 shows the result of theoretical calculation
performed to determine the concentrations of the heavy metal
impurities in a bulk of a polycrystalline silicon mass tolerable
for keeping the respective concentrations of chromium, iron,
nickel, copper, and cobalt in CZ single-crystal silicon not
more than 0.05 ppta in the case where the CZ single-crystal
silicon is grown by the multi pulling method. FIG. 1 is a graph
showing the result shown in Table 1. In the calculation, the
solidified fraction in the final multi pulling was 0.9.

[0049] As shown in Table 1, in the case where the number
of times of multi pulling, n is 1 (actually, no multi pulling is
performed), the total of the concentrations of the heavy metal
impurities in a bulk of a polycrystalline silicon mass tolerable
for keeping the respective concentrations of chromium, iron,
nickel, copper, and cobalt in the CZ single-crystal silicon not
more than 0.05 ppta is 759 ppta. The total of the tolerable
concentrations of heavy metal impurities reduces as the num-
ber of times of the multi pulling is increased. At n=5, the
concentrations of the heavy metal impurities is approxi-
mately 150 ppta (152 ppta), and at n=10, the concentrations of
the heavy metal impurities is approximately 75 ppta (76

ppta).

TABLE 1

Segregation

Element

coefficient

The number of times of multi pulling and tolerable
concentrations of impurities in polycrystalline silicon

Cr 1.10E-05
Fe 8.00E-05

Solidified mass (ppta)

fraction 1 2 3 4 5 6 7 8 9 10
0.9 465 227 152 114 91 76 65 57 51 45
0.9 63 31 21 16 13 10 9 8 7 6
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TABLE 1-continued
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The number of times of multi pulling and tolerable
concentrations of impurities in polycrystalline silicon

Segregation  Solidified mass (ppta)
Element  coefficient fraction 1 2 3 4 5 6 7 8 9 10
Ni 3.00E-05 0.9 167 83 56 42 33 28 24 21 19 17
Cu 4.00E-04 0.9 13 6 4 3 3 2 2 2 1 1
Co 8.00E-05 0.9 63 31 21 16 13 10 9 8 7 6
Total — — 759 379 253 190 152 126 108 95 84 76
[0050] Namely, if the CZ single-crystal silicon is grown by a silicon core wire 33 for connection. Polycrystalline silicon

the multi pulling method using a raw material of a polycrys-
talline silicon mass in which the total of the concentrations of
chromium, iron, nickel, copper, and cobalt detected from a
polycrystalline silicon mass (the total of the concentrations of
the heavy metal impurities detected from a bulk) is not more
than 150 ppta, the crystal having no OSF can be obtained at
the number of times of multi pulling of not more than 5.
Moreover, defects at a deep level are hardly produced in the
CZ single-crystal having such low concentrations of impuri-
ties, and the lifetime of the minority carriers are increased.
The CZ single-crystal is also suitable for production of a
silicon substrate for solar cells.

[0051] Moreover, if the CZ single-crystal silicon is grown
by the multi pulling method using a raw material of a poly-
crystalline silicon mass in which the total of the concentra-
tions of chromium, iron, nickel, copper, and cobalt detected
from a polycrystalline silicon mass is not more than 100 ppta,
the crystal having no OSF can be obtained at the number of
times of multi pulling of not more than 7.

[0052] Further, in order to obtain the crystal having no OSF
at the number of times of multi pulling of not more than 10,
the raw material may be a polycrystalline silicon mass in
which the total of the concentrations of chromium, iron,
nickel, copper, and cobalt detected from polycrystalline sili-
con is not more than 75 ppta.

[0053] The concentrations of the heavy metal impurities in
a polycrystalline silicon mass can be detected by an ICP-MS
(Inductivity Coupled Plasma-Mass Spectrometry) method,
for example. In the ICP-MS method, a polycrystalline silicon
piece as a sample to be analyzed is dissolved in a small
amount of a mixed acid of a hydrogen fluoride solution and
nitric acid, and evaporated to dryness. The residue is dis-
solved in 5% nitric acid to prepare an aqueous solution, and
the concentrations of chromium, iron, nickel, copper, and
cobalt in the aqueous solution are analyzed.

Example

[0054] FIG. 2 is a schematic view showing an example of
an embodiment of a polycrystalline silicon rod 100 used as a
mother material for a polycrystalline silicon mass when the
polycrystalline silicon mass is produced by the Siemens
method. FIG. 3 is a flowchart for describing an example of
steps of producing a polycrystalline silicon mass according to
the present invention.

[0055] The polycrystalline silicon rod 100 has a first silicon
core wire 31 and a second silicon core wire 32 disposed
approximately in parallel to each other. The first silicon core
wire 31 and the second silicon core wire 32 are connected by

10 is deposited on these core wires by a gaseous phase reac-
tion, and formed.

[0056] One end of'the first silicon core wire 31 and one end
of'the second silicon core wire 32 are inserted into conductive
holders 51 and 52 made of carbon, for example, respectively.
The conductive holders 51 and 52 are fixed to metal elec-
trodes 61 and 62 made of copper or stainless steel and pro-
vided within a reactor of a vapor deposition apparatus (not
shown). At this time, the first silicon core wire 31 and the
second silicon core wire 32 are disposed approximately in
parallel to each other in the vertical direction. The silicon core
wire 33 for connection is disposed between the other end of
the first silicon core wire 31 and the other end of the second
silicon core wire 32 to connect the first and second silicon
core wires 31 and 32 (core installation step: S101). Anticor-
rosive stainless steel is used for the wall of the reactor in the
vapor deposition apparatus.

[0057] After the core installation step is completed, an
atmosphere within the reactor is sequentially replaced with
nitrogen and hydrogen, and heating of the first and second
silicon core wires 31 and 32 and the silicon core wire 33 for
connection is started in the hydrogen atmosphere. The first
and second silicon core wires 31 and 32 and the silicon core
wire 33 for connection are electrically conducted from the
metal electrodes 61 and 62 through the conductive holders 51
and 52 and heated. After the temperature reaches a desired
temperature (for example, 900° C. to 1100° C.), raw material
gas such as trichlorosilane is fed into the growth furnace, and
the polycrystalline silicon 10 is vapor deposited to form the
polycrystalline silicon rod 100 (vapor deposition step: S102).
[0058] Afterthe polycrystalline silicon 10 is grown to have
a desired diameter (for example, 120 mm), feeding of the raw
material gas is stopped, and the temperature within the reactor
is reduced. The atmosphere within the reactor is replaced
from hydrogen to nitrogen, and the reactor is opened to the
atmosphere.

[0059] Because the polycrystalline silicon rod 100 vapor
deposited in the hydrogen atmosphere has a hydrogen-termi-
nated (H,-terminated) surface, the surface is likely to adsorb
metal grains such as chromium, iron, nickel, copper, and
cobalt particularly in the post steps such as the extraction step
and the crushing step.

[0060] For this reason, before the polycrystalline silicon
rod 100 formed into an inverted U-shape is extracted, the
surface of the polycrystalline silicon rod 100 is covered with
a bag-like member for preventing contamination by metals
(S103), and the covered polycrystalline silicon rod 100 is
extracted from the reactor. Thereby, adhesion of iron powder
produced from a crane or the like used for extraction or
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particles of chromium and nickel spread from the wall of the
stainless steel reactor to the polycrystalline silicon rod 100
can be significantly suppressed.

[0061] Additionally, by covering the polycrystalline silicon
rod 100 with a bag having high impact resistance and being
difficult to break, even if the polycrystalline silicon rod 100 is
broken during the extraction step, the broken portion is held
within the bag. For this reason, the polycrystalline silicon 10
can be prevented from falling on the baseplate or the elec-
trodes and being contaminated by chromium, nickel, or cop-
per. Examples of the bag for preventing contamination by
metals that is difficult to break include polyethylene bags.
[0062] Moreover, after extraction, the polycrystalline sili-
con rod 100 is disposed approximately horizontally, and the
opening of the bag for preventing contamination by metals
that covers the polycrystalline silicon rod 100 is sealed.
Thereby, mixing of the metal grains from the opening into the
bag and adhesion of the metal grains to the polycrystalline
silicon rod 100 can be prevented.

[0063] In the case where a plurality of polycrystalline sili-
con rods 100 exist within the reactor, the total number of the
polycrystalline silicon rods 100 is covered with the bags for
preventing contamination by metals in advance, and the
extraction step is started. Thereby, adhesion of the metals to
the polycrystalline silicon rod 100 can be securely reduced.
[0064] The polycrystalline silicon rod 100 is covered with
the bag for preventing contamination by metals, and extracted
by a crane or the like from the reactor (extraction step: S104).
The bag for preventing contamination by metals covers the
polycrystalline silicon rod 100 until the polycrystalline sili-
con rod 100 is fed to the crushing step.

[0065] The polycrystalline silicon rod 100 extracted from
the reactor is evacuated from the room installed with the
vapor deposition apparatus as soon as possible, and stored in
a clean room at a low level of environmental contamination.
Thereby, the surface of the polycrystalline silicon rod 100 is
kept as clean as possible. As described above, by sealing the
opening of the bag for preventing contamination by metals,
the polycrystalline silicon rod 100 can be kept much cleaner.
[0066] A heat resistant stainless steel plate is used for the
baseplate of the vapor deposition apparatus. The stainless
steel plate is gradually corroded in a high temperature chlo-
rine-containing atmosphere. If the stainless steel plate is cor-
roded, the metal grains containing nickel and chromium are
spread in the growth atmosphere. Moreover, copper or stain-
less steel is used for the metal electrode. The polycrystalline
silicon rod 100 on the electrode side is closer to the baseplate
and the metal electrode, and the possibility of the contamina-
tion by metals is higher. Further, in contamination of the
surface, even if the polycrystalline silicon rod 100 is covered
with the bag for preventing contamination by metals during
the extraction step S104, the bag is opened on the electrode
side of the polycrystalline silicon rod 100. For this reason, the
total of the concentrations of chromium, iron, nickel, copper,
and cobalt detected from a bulk is likely to be higher toward
the electrode side of the polycrystalline silicon rod 100.
[0067] Accordingly, before the crushing step, removal of a
predetermined range of a polycrystalline silicon portion from
the electrode side end of the polycrystalline silicon rod 100
extracted to the outside of the reactor is effective to reduction
in the concentrations of the impurities.

[0068] FIG. 4 is an example of a graph showing a relation-
ship between the distance from the electrode side end of the
polycrystalline silicon rod 100 to a portion thereof and the
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concentrations of the respective heavy metal impurities of
chromium, iron, nickel, copper, and cobalt contained in the
portion and the total of the concentrations, which is deter-
mined by the test by the present inventors. The total of the
concentrations of chromium, iron, nickel, copper, and cobalt
is 198 pptain aportion located at a distance from the electrode
side end of 50 mm, 112 ppta in a portion located at a distance
from the electrode side end of 100 mm, and 54 ppta in a
portion located at a distance from the electrode side end of
220 mm. The measured value of the total of the concentra-
tions is determined by curve approximation: the total of the
concentrations in a portion located at a distance from the
electrode side end of 70 mm is 149 ppta, and the total of the
concentrations in a portion located at a distance from the
electrode side end of 155 mm is 74 ppta.

[0069] Accordingly, the present invention comprises a
removing step of removing at least 70 mm of a polycrystalline
silicon portion from the electrode side end of the polycrys-
talline silicon rod 100 extracted to the outside of the reactor
before the crushing step of the polycrystalline silicon rod 100
(S105). Thereby, the polycrystalline silicon portion in which
the total of the concentrations of chromium, iron, nickel,
copper, and cobalt in a bulk is not less than 150 ppta can be
removed. In order to obtain a polycrystalline silicon mass
having a lower concentration of the impurities, at least 155
mm of polycrystalline silicon portion from the electrode side
end of the polycrystalline silicon rod may be removed.
Thereby, the polycrystalline silicon portion having the total of
the concentrations of the impurities of not less than 75 ppta
can be removed.

[0070] Once the polycrystalline silicon rod 100 is crushed,
the polycrystalline silicon masses are mixed. For this reason,
it is difficult to discriminate a region H having the high con-
centrations of the heavy metal impurities from other regions.
Moreover, during crushing, the metal grains may be spread
from the region H having the high concentrations of the heavy
metal impurities to other regions. For this reason, desirably,
region H having the high concentrations of the heavy metal
impurities is removed before the crushing step. The region H
having the high concentrations of the heavy metal impurities
can be removed by cutting using a rotary blade, for example.
[0071] Subsequently, the polycrystalline silicon rod 100 is
crushed using a jaw crusher or a hammer to form polycrys-
talline silicon masses (crushing step: S106). Preferably, a
contact portion with polycrystalline silicon in the jaw crusher
or the hammer is made of cemented carbide (WC—Co alloy)
obtained by sintering tungsten carbide with a cobalt alloy.
[0072] In the crushing step, the metal particles containing
chromium, iron, nickel, or copper adhering to the surface of
the polycrystalline silicon rod 100 are moved to the surface of
the polycrystalline silicon mass, and the cobalt particles from
the WC—Co alloy also adhere to the surface of the polycrys-
talline silicon mass. Then, in the next washing step (S107),
the metal grains such as chromium, iron, nickel, copper, and
cobalt adhering to the surface of the polycrystalline silicon
mass are removed.

[0073] Tungsten (W) has a very small segregation coeffi-
cientof 1.7x107®, and substantially is not taken from the melt
into the CZ single-crystal silicon. Accordingly, management
of the amount of tungsten to be detected does not need to be
as severe as that of the five kinds of metals.

[0074] FIG. 5 is a flowchart showing an example of a wash-
ing step. First, the polycrystalline silicon mass is placed in a
basket for washing. The basket is swung in pure water to
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roughly remove polycrystalline silicon grains adhering to the
surface of the polycrystalline silicon mass (prewashing step:
S201).

[0075] Next, using a known washing liquid, a natural oxide
film formed on the surface of the polycrystalline silicon mass
is removed by etching (S202). As the washing liquid, for
example, a mixed solution of a hydrogen fluoride solution, a
hydrogen peroxide solution, and water (FPM solution) or a
mixed solution of a hydrogen fluoride solution and nitric acid
(fluoronitric acid) can be used. In the present Example, the
polycrystalline silicon masses are immersed in a bath con-
taining a first chemical solution prepared by mixing a hydro-
gen fluoride solution, a hydrogen peroxide solution and
water, and the natural oxide film formed on the surfaces of the
polycrystalline silicon masses is removed by etching while
the polycrystalline silicon masses are swung.

[0076] The FPM solution removes the natural oxide film
formed on the surface of the polycrystalline silicon mass by
etching, and removes the metal grains in the natural oxide film
or adhering onto the natural oxide film together with the
natural oxide film by etching, but hardly etches the polycrys-
talline silicon itself. Accordingly, reduction in yield can be
suppressed.

[0077] Moreover, fluoronitric acid can remove not only the
natural oxide film formed on the surface of the polycrystalline
silicon mass but also the polycrystalline silicon itself by etch-
ing, and it is effective to remove the metal grains adhering to
depressions of the polycrystalline silicon mass, for example.
An ability to remove the metal grains is higher as the amount
of etching is larger. By etching not less than 20 pm, the metal
grains adhering to the surface of the polycrystalline silicon
mass can be sufficiently removed.

[0078] After the etching step is completed, the polycrystal-
line silicon masses are immersed in a rinsing bath, and rinsed
with pure water. When necessary, a plurality of rinsing bathes
is used.

[0079] The polycrystalline silicon masses after the etching
step were analyzed by the IPC-MS method. As a result, in
each of the masses analyzed, the total of the concentrations of
chromium, iron, nickel, copper, and cobalt detected from a
bulk was not more than 75 ppta.

[0080] If the surface of the polycrystalline silicon mass is
once cleaned and the metal grains adhere to the surface of the
polycrystalline silicon mass again later, the effect of washing
is undesirably reduced. Accordingly, in the present invention,
in the final step of the washing step, the surface of the poly-
crystalline silicon mass is subjected to oxidation treatment by
ozone water to coat the polycrystalline silicon mass with a
silicon oxide film. At this time, ozone water also decomposes
and removes organic substances adhering to the surface of the
polycrystalline silicon mass.

[0081] If the surface of the polycrystalline silicon mass is
coated with a silicon oxide film, the surface of the polycrys-
talline silicon mass becomes inactive. Accordingly, the metal
grains are difficult to adhere to the surface of the polycrystal-
line silicon mass again. Moreover, dirt referred to as a stain is
difficult to occur. Further, even if the metal grains adhere, the
metal grains adhere through the silicon oxide film to the
polycrystalline silicon mass. For this reason, bond between
the metal grains and the polycrystalline silicon is weak. The
polycrystalline silicon mass is kept clean, in which the total of
the concentrations of the five element metals is kept not more
than 75 ppta.
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[0082] In the present Example, the polycrystalline silicon
mass is immersed in ozone water, and the cleaned surface of
the polycrystalline silicon mass is coated with a silicon oxide
film (oxidation step: S203). Finally, the polycrystalline sili-
con mass is dried by clean warm air or in vacuum (drying step:
S204). Thereby, the surface of the polycrystalline silicon
mass is coated with a clean silicon oxide film, and the washing
step is completed.

[0083] The thus-obtained polycrystalline silicon mass hav-
ing the total of the concentrations of chromium, iron, nickel,
copper, and cobalt of not more than 75 ppta is used as the raw
material. Thereby, the CZ single-crystal silicon in which
occurrence of OSFs and reduction in the lifetime of minority
carriers are suppressed can be obtained even if at least 10
single-crystal silicon ingots are grown by the multi pulling
method and pulled up in a single batch.

INDUSTRIAL APPLICABILITY

[0084] According to the present invention, a clean and
high-purity polycrystalline silicon mass having a small con-
tent of chromium, iron, nickel, copper, and cobalt in total,
which are heavy metal impurities that reduce the quality of
single-crystal silicon, is provided.

REFERENCE SIGNS LIST

[0085] 10 Polycrystalline silicon

[0086] 31 First silicon core wire

[0087] 32 Second silicon core wire

[0088] 33 Silicon core wire for connection

[0089] 51, 52 Conductive holder

[0090] 61, 62 Metal electrode

[0091] 100 Polycrystalline silicon rod

[0092] H Region having high concentrations of heavy

metal impurities

1. A polycrystalline silicon mass, wherein a sum of con-
centrations of chromium, iron, nickel, copper, and cobalt
impurities detected from a bulk is not more than 150 ppta.

2. The polycrystalline silicon mass of claim 1, wherein the
sum of the concentrations of the impurities is not more than
100 ppta.

3. The polycrystalline silicon mass of claim 1, wherein the
sum of the concentrations of the impurities is not more than
75 ppta.

4. The polycrystalline silicon mass of claim 1, wherein the
concentrations of impurities are measured by an inductively
coupled plasma mass spectrometry (ICP-MS) method.

5. The polycrystalline silicon mass of claim 1, wherein a
surface of the polycrystalline silicon mass is coated with a
silicon oxide film.

6. The polycrystalline silicon mass of claim 1, wherein

the sum of the concentrations of the impurities is not more

than 75 ppta, and a surface of the polycrystalline silicon
mass is coated with a silicon oxide film.

7. A process for producing a polycrystalline silicon mass,
the process comprising:

vapor depositing silicon on a core wire to obtain a poly-

crystalline silicon rod, one end of the core wire being
connected to a first electrode and the other end thereof
being connected to a second electrode;

extracting the polycrystalline silicon rod to an outside of a

reactor;
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removing at least 70 mm of a polycrystalline silicon por-
tion from an electrode side end of the polycrystalline
silicon rod extracted to the outside of the reactor; and

crushing the polycrystalline silicon rod into polycrystal-
line silicon masses.

8. The process of claim 7, wherein at least 155 mm of the
polycrystalline silicon portion from the electrode side end is
removed.

9. The process of claim 7, wherein the extracting comprises
covering a surface of the polycrystalline silicon rod with a
bag-like member.

10. The process of claim 9, wherein an opening of the
bag-like member that covers the surface of the polycrystalline
silicon rod is sealed after the polycrystalline silicon rod is
extracted to the outside of the reactor.

11. The process of claim 9, wherein the bag-like member is
a polyethylene bag.

12. The process of claim 7 further comprising, after the
crushing, a washing comprising

oxidation treating with ozone water to coat a surface of the

polycrystalline silicon mass with a silicon oxide film.
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13. The polycrystalline silicon mass of claim 6, which is
suitable for multi pulling up to 10 single-crystal silicon ingots
by a CZ method in one batch.

14. The polycrystalline silicon mass of claim 2, wherein a
surface of the polycrystalline silicon mass is coated with a
silicon oxide film.

15. The process of claim 7, wherein the washing com-
prises:

prewashing, etching, oxidation treating, and drying.

16. The process of claim 15, wherein the prewashing is
performed in water.

17. The process of claim 15, wherein the etching is per-
formed in a mixed solution comprising hydrofluoric acid,
hydrogen peroxide, and water.

18. The process of claim 15, wherein the etching is per-
formed in a mixed solution comprising hydrofluoric acid and
nitric acid.

19. The process of claim 18, wherein the etching removes
at least 20 pm from a surface of the polycrystalline silicon
mass.

20. The process of claim 15, wherein the drying is per-
formed in clean warm air or in a vacuum.
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