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(54) CARBON ELECTRODE AND APPARATUS FOR MANUFACTURING POLYCRYSTALLINE 
SILICON ROD

(57) A carbon electrode used for manufacturing a
polycrystalline silicon rod, comprising a lower electrode
secured on a metal electrode that is an external electrode
for electrifying a silicon core; and an upper electrode
placed on the lower electrode, and including a securing
portion of a core holder that holds for the silicon core on
an upper surface side, wherein the upper electrode is
slidable in all direction in a placement surface that is a
contact surface with an upper surface of the lower elec-
trode, and wherein the upper electrode is placed on the
lower electrode so that a protrusion provided in an upper
part of the lower electrode is inserted into a recess pro-
vided in a lower part of the upper electrode, an inner size
of the recess is larger than an outer size of the protrusion,
and a gap is provided between the recess and the pro-
trusion.
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Description

Technical Field

[0001] The present invention relates to a carbon elec-
trode used for manufacturing polycrystalline silicon, and
an apparatus for manufacturing a polycrystalline silicon
rod using the carbon electrode.

Background Art

[0002] A Siemens method is known as a method for
manufacturing polycrystalline silicon that is a raw mate-
rial of monocrystalline silicon for manufacturing semicon-
ductors or silicon for manufacturing solar cells. The Sie-
mens method is a method of bringing a material gas con-
taining chlorosilane into contact with a heated silicon core
to grow polycrystalline silicon from vapor phase on a sur-
face of the silicon core using a CVD (Chemical Vapor
Deposition) method.
[0003] In growing polycrystalline silicon from vapor
phase by the Siemens method, two vertical silicon cores
and one horizontal silicon core are assembled into an
inverted U-shape in a reactor of a vapor phase growth
device, and opposite ends of the vertical silicon cores
are secured to a pair of metal electrodes placed on a
base plate via a pair of core holders.
[0004] Next, a current is applied from the metal elec-
trodes to heat the silicon cores to a temperature range
of 900°C to 1200°C in a hydrogen atmosphere, and a
material gas, for example, a mixed gas of trichlorosilane
and hydrogen is supplied from a gas nozzle into the re-
actor. Then, silicon is grown from vapor phase on the
silicon core, and a polycrystalline silicon rod having a
desired diameter is formed into an inverted U-shape. Af-
ter the reactor is cooled, the polycrystalline silicon rod is
taken out of the reactor.
[0005] In recent years, with increasing diameter of a
polycrystalline silicon rod, a crack or a break easily occurs
in the polycrystalline silicon rod during vapor phase
growth or cooling of the polycrystalline silicon rod.
[0006] This may be because, in growing a polycrystal-
line silicon rod by a Siemens method, a temperature dif-
ference occurs between a center and a surface in a grow-
ing direction (radial direction) of the silicon rod during or
after vapor phase growth, and this causes stress by ther-
mal expansion or contraction of the polycrystalline silicon
rod.
[0007] If the polycrystalline silicon rod breaks and falls
in the reactor, heavy metal contamination occurs due to
contact with an inner wall of the reactor and metal that
constitutes a base plate or a metal electrode, and also it
takes time to collect the collapsed polycrystalline silicon
rod and clean the base plate to significantly increase an
operation cycle time, thereby significantly reducing pro-
ductivity.
[0008] Various proposals have been made to prevent
occurrence of such a crack or a break of a polycrystalline

silicon rod.
[0009] For example, Japanese Patent Laid-Open No.
8-45847 (Patent Literature 1) proposes a mounting tool
of a carrier member (core) including at least one spring
element provided between a current lead portion (metal
electrode) and an electrode holder (holding tool of core
holder), wherein the spring element allows movement of
the electrode holder with respect to the current lead por-
tion and also absorbs the movement.
[0010] Japanese Patent Laid-Open No. 2006-16243
(Patent Literature 2) proposes that a seed holding elec-
trode including a carbon seed holder and a metal elec-
trode, in which the seed holder and the metal electrode
are joined by fitting in a tapered shape, and a noble metal
sheet is joined therebetween in a rubbing manner, is used
to prevent a break of polycrystalline silicon or a carbon
component used in the seed holding electrode due to
thermal strain generated in a cooling step after produc-
tion of polycrystalline silicon.
[0011] Japanese Patent Laid-Open No. 2006-240934
(Patent Literature 3) proposes that a carbon holder, in
which ends of a silicon core are electrically connected to
electrodes via conductive holders holding the silicon
cores and at least one holder is slidable on an electrode
surface both to left and right in a direction of a line con-
necting opposite ends of an inverted U-shaped silicon
core, is used to reduce occurrence of cracks in a poly-
crystalline silicon rod.

Citation List

Patent Literature

[0012]

Patent Literature 1: Japanese Patent Laid-Open No.
8-45847
Patent Literature 2: Japanese Patent Laid-Open No.
2006-16243
Patent Literature 3: Japanese Patent Laid-Open No.
2006-240934

Summary of Invention

Technical Problem

[0013] As described above, during a vapor phase
growth process of polycrystalline silicon by a convention-
al general Siemens method, opposite ends of an inverted
U-shaped silicon core are secured via a pair of core hold-
ers to a pair of metal electrodes placed on a base plate.
However, if opposite ends of an inverted U-shaped poly-
crystalline silicon rod (hereinafter simply referred to as
"U rod" in some cases) are secured to the metal elec-
trodes, expansion and contraction of the U rod in a hor-
izontal surface direction are inhibited. The expansion and
contraction in the horizontal surface direction refer to ex-
pansion and contraction, for example, in a direction of a
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line connecting the opposite ends of the U rod.
[0014] The expansion and contraction of the U rod in
the horizontal surface direction are not limited to those
in the direction of the line connecting the opposite ends
of the U rod. For example, if there is a different U rod
near an inside of the U rod, radiant heat from the different
U rod easily expands the inside. Also, if an outside of the
U rod is cooled by a wall of a reactor, the outside is easily
contracted. Thus, the U rod can be expanded and con-
tracted in all directions in the horizontal surface direction
depending on environments.
[0015] However, the mounting tool disclosed in Patent
Literature 1 has a complex structure, and does not allow
movement of the electrode holder other than in the ex-
pansion and contraction directions of the spring element.
The seed holding electrode disclosed in Patent Literature
2 is expensive because a noble metal sheet is used in a
rubbing manner, and the noble metal is easily incorpo-
rated into polycrystalline silicon. Also, the fitting in the
tapered shape may cause the seed holder to slide upward
along a taper in expansion and be released from the elec-
trode. Further, in the carbon holder disclosed in Patent
Literature 3, the polycrystalline silicon rod is slidable only
in the direction of the line connecting the opposite ends
of the silicon core. Thus, these proposals are insufficient
for preventing occurrence of a crack or a break in a poly-
crystalline silicon rod.
[0016] The present invention is achieved in view of
such problems, and has an object to provide a technique
having a high effect of preventing occurrence of a crack
or a break in a U rod that can be expanded and contracted
in all directions during a vapor phase growth process of
a polycrystalline silicon rod.

Solution to Problem

[0017] To achieve the object, the present invention pro-
vides a carbon electrode used for manufacturing a poly-
crystalline silicon rod, including: a lower electrode se-
cured on a metal electrode that is an external electrode
for electrifying a silicon core; and an upper electrode
placed on the lower electrode, and including a securing
portion of a core holder that holds the silicon core on an
upper surface side, wherein the upper electrode is slid-
able in all directions in a placement surface that is a con-
tact surface with an upper surface of the lower electrode.
[0018] In the carbon electrode, the upper electrode in-
cludes a hole extending from an upper surface to a lower
surface, a lower end of a rod-shaped fastening member
inserted into the hole is secured to the lower electrode,
a diameter of the hole is larger than a diameter of a
straight body portion of the rod-shaped fastening mem-
ber, and a gap is provided between an inside of the hole
and the straight body portion.
[0019] For example, the diameter of the hole is 1 mm
or larger than the diameter of the straight body portion.
[0020] The carbon electrode may have a configuration
in which the upper electrode is placed on the lower elec-

trode so that a protrusion provided in an upper part of
the lower electrode is inserted into a recess provided in
a lower part of the upper electrode, an inner size of the
recess is larger than an outer size of the protrusion, and
a gap is provided between the recess and the protrusion.
[0021] The carbon electrode may have a configuration
in which the upper electrode is placed on the lower elec-
trode so that a protrusion provided in the lower part of
the upper electrode is inserted into a recess provided in
the upper part of the lower electrode, an inner size of the
recess is larger than an outer size of the protrusion, and
a gap is provided between the recess and the protrusion.
[0022] For example, the gap between the recess and
the protrusion is 1 mm or more.
[0023] Preferably, the upper electrode and the lower
electrode are made of graphite.
[0024] Preferably, a coefficient of static friction of a
contact surface between the upper electrode and the low-
er electrode is 0.3 or less.
[0025] The present invention provides an apparatus
for manufacturing a polycrystalline silicon rod in which
electric power is supplied from a pair of metal electrodes
to opposite ends of silicon cores assembled into an in-
verted U-shape to grow polycrystalline silicon from vapor
phase on the silicon core, wherein the both opposite ends
of the silicon core assembled into the inverted U-shape
are respectively held by securing portions provided in
carbon electrodes, and at least one of the carbon elec-
trodes is a type of carbon electrode according to the
present invention described above.

Advantageous Effects of Invention

[0026] In the carbon electrode of the present invention,
for example, the upper electrode is secured to the lower
electrode by providing a hole in the upper electrode and
inserting the rod-shaped fastening member into the hole,
and the gap is provided between the hole and the straight
body portion of the fastening member to allow the upper
electrode to slide in all directions in a placement surface
that is a contact surface with the upper surface of the
lower electrode.
[0027] This can provide a technique having a high ef-
fect of preventing occurrence of a crack or a break in a
U rod that can be expanded and contracted in all direc-
tions during a vapor phase growth process of a polycrys-
talline silicon rod.

Brief Description of Drawings

[0028]

[Figure 1] Figure 1 is a schematic view showing an
exemplary configuration of an apparatus for manu-
facturing a polycrystalline silicon rod of the present
invention.
[Figure 2] Figure 2 is a schematic view showing an
exemplary configuration of a carbon electrode of the
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present invention.
[Figure 3] Figure 3 is a schematic view showing an-
other exemplary configuration of a carbon electrode
of the present invention.
[Figure 4] Figure 4 is a schematic view showing a
variant of the carbon electrode shown in Figure 3.

Description of Embodiments

[0029] Now, an embodiment of the present invention
will be described with reference to the drawings.
[0030] Figure 1 is a schematic view showing an exem-
plary configuration of an apparatus 100 for manufacturing
a polycrystalline silicon rod of the present invention. The
manufacturing apparatus 100 is an apparatus for manu-
facturing a polycrystalline silicon rod by growing poly-
crystalline silicon from vapor phase on a surface of a
silicon core by a Siemens method, and mainly includes
a base plate 1 and a reaction container 10. An obtained
polycrystalline silicon rod includes straight body portions
6 that grow from vapor phase on vertical portions 5a of
a silicon core 5 assembled into an inverted U-shape, and
a bridge portion 8 that grows from vapor phase on a hor-
izontal portion (bridge portion 5b).
[0031] On the base plate 1, a metal electrode 2 that
supplies a current to the silicon core 5, a gas nozzle 3
that supplies a process gas such as a nitrogen gas, a
hydrogen gas, or a trichlorosilane gas, and an exhaust
port 4 that exhausts an exhaust gas are placed.
[0032] The metal electrode 2 is connected to a different
metal electrode (not shown) or a power supply placed
outside a reactor, and receives electric power supplied
from outside. An insulator 7 is provided on side surfaces
of the metal electrode 2, and the metal electrode 2 is held
between the insulators 7 and extends through the base
plate 1.
[0033] As shown in Figure 1, to grow polycrystalline
silicon from vapor phase, two vertical cores (5a) and one
horizontal core (5b) are assembled into an inverted U-
shape to form the silicon core 5 in the reactor 10, opposite
ends of the vertical portions 5a of the silicon core 5 are
secured by core holders 20 held by carbon electrodes
30, and external electric power supplied to the metal elec-
trode 2 is applied to the silicon core via the carbon elec-
trodes 30.
[0034] The metal electrode 2, the base plate 1, and the
reactor 10 are cooled with a refrigerant. The core holder
20 and the carbon electrode 30 are both made of graph-
ite.
[0035] At least one of the carbon electrodes 30 is a
carbon electrode according to the present invention de-
scribed later, and is slidable in all directions in a horizontal
surface in the drawing.
[0036] Figure 2 is a schematic view showing an exem-
plary configuration of the carbon electrode 30 of the
present invention. The carbon electrode 30 includes a
lower electrode 32 secured on the metal electrode 2 that
is an external electrode for electrifying the silicon core 5,

and an upper electrode 31 placed on the lower electrode
32. A securing portion of the core holder 20 that holds
the silicon core 5a is provided on an upper surface of the
upper electrode 31.
[0037] The upper electrode 31 has a hole (through
hole) 35 extending from an upper surface 33 to a lower
surface 34, a bolt 36 that is a rod-shaped fastening mem-
ber is inserted from the upper surface 33 of the upper
electrode 31 through the washer 37 into the hole 35, and
secured in the lower electrode 32 by a screw.
[0038] As shown in Figure 2, a diameter of the hole 35
is larger than a diameter of a straight body portion of the
bolt 36 so that a gap 51 is created between an inside of
the hole 35 and the straight body portion of the bolt 36.
The washer 37 has an outer diameter about twice larger
than the diameter of the hole 35 to prevent the bolt 36
from entering the hole 35.
[0039] The gap 51 between the inside of the hole 35
and the straight body portion of the bolt 36 allows the
upper electrode 31 to slide in all directions in a placement
surface (upper surface of the lower electrode 32 in con-
tact with the lower surface 34 of the upper electrode 31
in Figure 2) that is a contact surface with the upper sur-
face of the lower electrode 32, thereby providing an effect
of preventing occurrence of a crack or a break in a U rod
that can be expanded and contracted in all directions
during a vapor phase growth process.
[0040] In order to ensure sliding in all directions in the
placement surface, the diameter of the hole 35 is prefer-
ably 1 mm or larger than the diameter of the straight body
portion of the bolt 36. The number of bolts 36 is preferably
two or more.
[0041] Figure 3 is a schematic view of another exem-
plary configuration of a carbon electrode 30 of the present
invention. In the carbon electrode 30, the upper electrode
31 is placed on the lower electrode 32 so that a protrusion
provided in an upper part of the lower electrode 32 is
inserted into a recess provided in a lower part of the upper
electrode 31.
[0042] As shown in Figure 3, an inner size of a recess
38 of the upper electrode 31 is larger than an outer size
of a protrusion 39 of the lower electrode 32, and thus a
gap 52 is provided between the recess 38 and the pro-
trusion 39.
[0043] The gap 52 between the recess 38 and the pro-
trusion 39 allows the upper electrode 31 to slide in all
directions in a placement surface that is a contact surface
with an upper surface of the lower electrode 32, thereby
providing an effect of preventing occurrence of a crack
or a break in a U rod that can be expanded and contracted
in all directions during a vapor phase growth process.
[0044] In order to ensure sliding in all directions in the
placement surface, the gap 52 between the recess 38
and the protrusion 39 is 1 mm or more.
[0045] Figure 4 is a schematic view showing a variant
of the carbon electrode 30 shown in Figure 3. Specifically,
in Figure 3, the upper electrode 31 is placed on the lower
electrode 32 so that the protrusion provided in the upper
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part of the lower electrode 32 is inserted into the recess
provided in the lower part of the upper electrode 31.
Meanwhile, an upper electrode 31 is placed on a lower
electrode 32 so that a protrusion 41 provided in a lower
part of the upper electrode 31 is inserted into a recess
42 provided in an upper part of the lower electrode 32.
[0046] Also in this configuration, as shown in Figure 4,
an inner size of the recess 42 of the lower electrode 32
is larger than an outer size of the protrusion 41 of the
upper electrode 31, and thus a gap 53 is provided be-
tween the recess 42 and the protrusion 41. The gap 53
allows the upper electrode 31 to slide in all directions in
a placement surface that is a contact surface with an
upper surface of the lower electrode 32. In order to ensure
sliding in all directions in the placement surface, the gap
53 between the recess 42 and the protrusion 41 is pref-
erably 1 mm or more.
[0047] In Figures 3 and 4, the configuration including
one set of the protrusion and the recess is described, but
multiple sets thereof may be provided. Also in this case,
a gap formed between a recess and a protrusion in each
set allows an upper electrode to slide in all directions
within a range of the gap.
[0048] Now, a vapor phase growth process using an
apparatus for manufacturing a polycrystalline silicon rod
of the present invention will be described.
[0049] First, the silicon core 5 is connected to the metal
electrode 2, the reaction container 10 is tightly placed on
the base plate 1, and a nitrogen gas is supplied from the
gas nozzle 3 to replace air in the reaction container 10
with nitrogen. At this time, the air and the nitrogen in the
reaction container 10 are exhausted from the exhaust
port 4. After the inside of the reaction container 10 is
replaced with a nitrogen atmosphere, a hydrogen gas is
supplied from the gas nozzle 3 instead of the nitrogen
gas to bring the inside of the reaction container 10 into
a hydrogen atmosphere.
[0050] Then, a heater (not shown) is used to preheat
the silicon core 5 to a temperature of 250°C or more to
be conductive so that a current efficiently flows through
the silicon core 5. Then, a current is supplied from the
metal electrode 2 to the silicon core 5 to heat the silicon
core 5 to 900°C or more. Further, a hydrogen gas and
also a trichlorosilane gas are supplied as a material gas
to grow polycrystalline silicon from vapor phase on the
silicon core 5 within a temperature range of 900°C to
1200°C. An unreacted gas and a by-product gas are ex-
hausted from the exhaust port 4.
[0051] If the temperature is increased to grow polycrys-
talline silicon from vapor phase on the silicon core 5, the
bridge portion 5b of the silicon core 5 stretches due to
expansion, and the vapor phase growth of polycrystalline
silicon advances in that state. With increasing diameters
of the straight body portions 6 and the bridge portion 8
of the polycrystalline silicon rod, temperature distribution
is formed in a diametrical direction of the portions.
[0052] For the straight body portions 6 of the polycrys-
talline silicon rod, for example, facing surfaces of the pair

of straight body portions 6 that form a U rod radiationally
heat each other and expand, and the core holder 20 and
the upper electrode 31 are moved in a direction to in-
crease space therebetween. An outside of the U rod is
cooled by the reaction container 10 and is lower in tem-
perature than an inside of the U rod, and the core holder
20 and the upper electrode 31 are moved in a direction
to warp the U rod outward.
[0053] After the straight body portion 6 and the bridge
portion 8 of the polycrystalline silicon rod grow to desired
diameters, supply of a material gas and supply of a cur-
rent are stopped in this order, and then the temperature
in the reaction container 10 is reduced. At this time, for
the U rod with the space increased during growth, the
core holder 20 and the upper electrode 31 are moved in
a direction to reduce space of the bridge portion 8. For
the U rod with a lower temperature on the outside during
growth, the core holder 20 and the upper electrode 31
are moved toward a center of the reaction container 10.
[0054] In order to smoothly move the upper electrode
31 on the lower electrode 32, a carbon electrode having
low friction of a surface contact portion between the upper
electrode 31 and the lower electrode 32 needs to be used.
From the inventors’ diligent study, it has been found that
a carbon electrode having a coefficient of static friction
of 0.3 or less of a surface contact portion between the
upper electrode 31 and the lower electrode 32 allows the
upper electrode 31 to smoothly move on the lower elec-
trode 32.

[Example 1]

[0055] As shown in Figure 1, a silicon core 5 is assem-
bled into an inverted U-shape in a reactor 10, and oppo-
site ends of the inverted U-shaped silicon core 5 are se-
cured to a pair of metal electrodes 2 placed on a base
plate 1 via a pair of core holders 20 and a pair of carbon
electrodes 30 made of graphite. One of the carbon elec-
trodes 30 includes an upper electrode 31 and a lower
electrode 32 of types shown in Figure 2. An inner diam-
eter of a through hole 35 is 10 mm, and a diameter of a
bolt 36 is 6 mm.
[0056] Polycrystalline silicons 6 and 8 having diame-
ters of about 120 mm were grown from vapor phase on
the silicon core 5 within a temperature range of 900°C to
1100°C, and then the upper electrode 31 was moved 1.5
mm in a direction to increase space of a polycrystalline
silicon rod. Breaks were detected at two points after the
U rod was sheared.

[Example 2]

[0057] Polycrystalline silicon was grown from vapor
phase under the same condition as Example 1 except
that one of carbon electrodes 30 includes an upper elec-
trode 31 and a lower electrode 32 of types shown in Fig-
ure 3. An inner diameter of a recess 38 is 82 mm, and
an outer diameter of a protrusion 39 is 74 mm. After the
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vapor phase growth, the upper electrode 31 was moved
3.0 mm in a direction to reduce space of a polycrystalline
silicon rod and warp a U rod outward. Breaks were de-
tected at two points after the U rod was sheared.

[Comparative Example 1]

[0058] Polycrystalline silicon was grown from vapor
phase under the same condition as Example 1 except
that carbon electrodes 30 without movement of an elec-
trode were used. Breaks were detected at five points after
the U rod was sheared.

Industrial Applicability

[0059] According to the present invention, a technique
can be provided having a high effect of preventing oc-
currence of a crack or a break in a U rod that can be
expanded and contracted in all directions during a vapor
phase growth process of a polycrystalline silicon rod.

Reference Signs List

[0060]

1 base plate
2 metal electrode
3 gas nozzle
4 exhaust port
5 silicon core
5a vertical portion
5b bridge portion
6 straight body portion of polycrystalline sili-

con rod
8 bridge portion of polycrystalline silicon rod
10 reaction container
20 core holder
30 carbon electrode
31 upper electrode
32 lower electrode
33 upper surface of upper electrode 31
34 lower surface of upper electrode 31
35 through hole
36 bolt
37 washer
38, 42 recess
39, 41 protrusion
51,52,53 gap
100 apparatus for manufacturing polycrystalline

silicon rod

[0061] The present invention will now be described
with reference to the following clauses

[Clause 1] A carbon electrode used for manufactur-
ing a polycrystalline silicon rod, comprising:

a lower electrode secured on a metal electrode

that is an external electrode for electrifying a sil-
icon core; and
an upper electrode placed on the lower elec-
trode, and including a securing portion of a core
holder that holds the silicon core on an upper
surface side,
wherein the upper electrode is slidable in all di-
rections in a placement surface that is a contact
surface with an upper surface of the lower elec-
trode.

[Clause 2] The carbon electrode according to
clause1, wherein the upper electrode includes a hole
extending from an upper surface to a lower surface,
a lower end of a rod-shaped fastening member in-
serted into the hole is secured to the lower electrode,
a diameter of the hole is larger than a diameter of a
straight body portion of the rod-shaped fastening
member, and a gap is provided between an inside
of the hole and the straight body portion.
[Clause 3] The carbon electrode according to
clause2, wherein the diameter of the hole is 1 mm
or larger than the diameter of the straight body por-
tion.
[Clause 4] The carbon electrode according to
clause1, wherein the upper electrode is placed on
the lower electrode so that a protrusion provided in
an upper part of the lower electrode is inserted into
a recess provided in a lower part of the upper elec-
trode, an inner size of the recess is larger than an
outer size of the protrusion, and a gap is provided
between the recess and the protrusion.
[Clause 5] The carbon electrode according to
clausa1, wherein the upper electrode is placed on
the lower electrode so that a protrusion provided in
the lower part of the upper electrode is inserted into
a recess provided in the upper part of the lower elec-
trode, an inner size of the recess is larger than an
outer size of the protrusion, and a gap is provided
between the recess and the protrusion.
[Clause 6] The carbon electrode according to
clause4 or 5, wherein the gap between the recess
and the protrusion is 1 mm or more.
[Clause 7] The carbon electrode according to any
one of clauses1 to 5, wherein the upper electrode
and the lower electrode are made of graphite.
[Clause 8] The carbon electrode according to any
one of clauses1 to 5, wherein a coefficient of static
friction of a contact surface between the upper elec-
trode and the lower electrode is 0.3 or less.
[Clause 9] An apparatus for manufacturing a poly-
crystalline silicon rod in which electric power is sup-
plied from a pair of metal electrodes to opposite ends
of silicon cores assembled into an inverted U-shape
to grow polycrystalline silicon from vapor phase on
the silicon core,
wherein the both opposite ends of the silicon core
assembled into the inverted U-shape are respective-
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ly held by securing portions provided in carbon elec-
trodes, and at least one of the carbon electrodes is
a type of carbon electrode according to any one of
clauses1 to 5.

Claims

1. A carbon electrode used for manufacturing a poly-
crystalline silicon rod, comprising:

a lower electrode secured on a metal electrode
that is an external electrode for electrifying a sil-
icon core; and
an upper electrode placed on the lower elec-
trode, and including a securing portion of a core
holder that holds the silicon core on an upper
surface side,
wherein the upper electrode is slidable in all di-
rections in a placement surface that is a contact
surface with an upper surface of the lower elec-
trode, and
wherein the upper electrode is placed on the
lower electrode so that a protrusion provided in
an upper part of the lower electrode is inserted
into a recess provided in a lower part of the upper
electrode, an inner size of the recess is larger
than an outer size of the protrusion, and a gap
is provided between the recess and the protru-
sion.

2. The carbon electrode according to claim 1, wherein
the gap between the recess and the protrusion is 1
mm or more.

3. The carbon electrode according to claim 1, wherein
the upper electrode and the lower electrode are
made of graphite.

4. The carbon electrode according to claim 1, wherein
a coefficient of static friction of a contact surface be-
tween the upper electrode and the lower electrode
is 0.3 or less.

5. An apparatus for manufacturing a polycrystalline sil-
icon rod in which electric power is supplied from a
pair of metal electrodes to opposite ends of silicon
cores assembled into an inverted U-shape to grow
polycrystalline silicon from vapor phase on the silicon
core,
wherein the both opposite ends of the silicon core
assembled into the inverted U-shape are respective-
ly held by securing portions provided in carbon elec-
trodes, and at least one of the carbon electrodes is
a type of carbon electrode according to claim 1.
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