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Description 

Tit le of  Invention 

 ROD-SHAPED BODY, JIG, DETACHMENT METHOD 

AND METHOD FOR MANUFACTURING SILICON ROD 

 5 

Technical Field  

[0001] 

 The present invention relates to a rod -shaped body, a 

j ig, a method for detaching a cover of  a reactor,  the rod-

shaped body, the j ig,  and the method each being used during 10 

the manufacture of  a si l icon rod , and to a method for 

manufacturing a si l icon rod.  

 

Background Art  

[0002] 15 

 High-purity polysi l icon is useful as a raw material for  

manufacturing single-crystal sil icon for semiconductors  by 

the Czochralski method (CZ method) or the f loating zone 

method (FZ method).  High-purity polysi l icon is also useful 

as a raw material  for manufacturing polycrystal l ine sil icon 20 

for solar cells by a casting method to which a unidirectional 

sol idi f ication method is applied. 

[0003] 

 Polysi l icon is typical ly manufactured by a Siemens 

process. In the Siemens process, a si l icon-containing gas 25 
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and hydrogen are put into a reactor,  and the si l icon -

containing gas and the hydrogen that have been put into the 

reactor react with each other on a si l icon core wire which is 

heated by the passage of electric current therethrough in the 

reactor,  so that polysi l icon is deposited on the si l icon core 5 

wire.  As the si l icon-containing gas, monosilane (SiH4 )  or 

tr ichlorosi lane (SiHCl3 )  is used.  

[0004] 

 The most common reactor is composed of  a bel l-shaped 

shell  and a bottom plate which are made of metal and are 10 

capable of being cooled. The bottom plate is provided with 

many electrodes on which sil icon core wires are set upright,  

an inlet through which a source material  gas is to be 

introduced, and an outlet through which a gas inside the 

reactor is to be discharged. 15 

[0005] 

 The si l icon core wires are each typical ly formed in a U-

shape by two vertical rods and one horizontal bridge rod and 

are set upright  in an inverted U-shape so as to be 

perpendicular to the electrodes provided on the bottom plate 20 

of the reactor.  Polysi l icon that is deposited on the si l icon 

core wire grows with t ime in a direction in which the 

diameter of the si l icon core wire  extends. The reaction is 

ended when the diameter of  the deposited polysi l icon reaches 

a predetermined diameter.  Si l icon rods (polysi l icon) which 25 
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have stopped growing are cooled down typically to room 

temperature. Inverted U-shaped si l icon rods thus obtained 

have a height of  several meters and each have a weight of  

several tens of ki lograms.  

[0006] 5 

 The si l icon rods are taken out of  the reactor after being 

cooled to room temperature. Since the Siemens process is 

not a continuous process but a batch process, i t  is necessary 

to temporarily shut down the reactor upon the end of the 

deposition, open the reactor,  and take the obtained sil icon 10 

rod out of the reactor. The reactor is opened typical ly by 

slowly l i f t ing upward a cover of  the reactor that is bel l-

shaped. The sil icon rods are taken out of  the reactor such 

that the inverted U-shaped sil icon rods are l i f ted one by one 

and moved to the outside of  the reactor .  The si l icon rods are  15 

loaded on, for example, a carrier and transferred. 

[0007] 

 For example, Patent Literatures 1 through 3 disclose 

techniques for taking a sil icon rod out of  a reactor.  Patent 

Literatures 1 and 2 disclose techniques for slowly l i f t ing a 20 

cover of a reactor upward and taking, out of a bottom plate 

of  the reactor one by one or in groups of two or more, inverted 

U-shaped sil icon rods that are standing upright on the 

bottom plate of the reactor.  Patent Literature 3 discloses a 

technique in which, by providing a protective wall  around a 25 
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reactor,  i t is possible to prevent si l icon rods from being 

scattered outside the protective wall in a case where the 

si l icon rods fal l  over in response to opening of the reactor.  

 

Citation List  5 

[Patent Literatures]  

[0008] 

[Patent Literature 1]  

 US2012/0237678 (Publication date: September 20, 

2012) 10 

[Patent Literature 2]  

 US2010/0043972 (Publication date: February 25, 

2010) 

[Patent Literature 3]  

 WO2015/039841 (Publication date: March 26, 2015) 15 

 

Summary of Invention 

 Technical Problem 

[0009] 

 During a process for growing polysi l icon on the surface 20 

of a sil icon core wire so that the resultant si l icon rod has a 

diameter of  approximately 100 mm to 200 mm, polysi l icon 

may asymmetrical ly grow with respect to the center of  the 

si l icon core wire ,  depending on how to locate the si l icon core 

wire on a bottom plate of  a reactor.  This causes the sil icon 25 
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  rod to have a center of  gravity that is deviated 

from the vert ical  direction extending from the center between 

electrodes that support  the si l icon rod. During deposit ion of  

polysi l icon, the si l icon rod, which has a temperature of  

1000°C or more and which is ductile and softenable,  can 5 

keep standing on its own even in a case where  the center of  

gravity of the si l icon rod is deviated from the vert ical 

direction extending from the center of  the electrodes. 

[0010] 

 However,  the si l icon rod whose temperature is 10 

decreased to 800°C or less while being cooled after the end 

of the reaction becomes neither ducti le nor softenable. Thus, 

warpage occurs in the sil icon rod which has the center of  

gravity that is deviated from the vert ical direction extending 

from the center  of  the electrodes. The si l icon rod in which 15 

warpage occurs fal ls over from its base in the reactor due to 

sl ight vibrations during and after the cooling , and in some 

cases may fall  against an inner wall  of  a cover of  the reactor.  

[0011] 

 In responding to such a phenomenon,  the conventional 20 

techniques described earlier have the fol lowing problems. 

Patent Literatures 1 and 2 disclose the techniques for taking ,  

out of  a reactor,  si l icon rods that are standing upright in the 

reactor.  It is therefore impossible to apply the techniques 

disclosed in Patent Literatures 1 and 2 to an operation to 25 
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open the reactor by l i ft ing the cover of  the reactor in which 

the sil icon rods have fal len against the inner wall of the cover 

of  the reactor.  

[0012] 

 Further,  in a case where the cover of  the reactor is 5 

l i f ted in which the sil icon rods have fallen against the inner 

wall  of  the cover of  the reactor,  the  cover may lateral ly swing, 

while being li f ted, due to the weight of  the si l icon rods that 

have fallen against the inner wall of the  cover of  the reactor.  

In this case, according to the technique disclosed in Patent 10 

Literature 3, the cover that is swinging laterally  snags on the 

protective wall  provided around the reactor ,  so that the cover 

can no longer be l i f ted. Thus, in order to l i ft  the cover of  the 

reactor while the sil icon rods have fal len against the inner 

wall of the cover of  the reactor, i t is necessary to remove the 15 

protective wall .  I t  is therefore also impossible to apply  the 

technique disclosed in Patent Literature 3 to the operation 

to open the reactor by li f t ing the cover of the reactor in which 

the sil icon rods have fal len against the inner wall of the  

cover.  20 

[0013] 

 The present invention has been made in l ight of  the 

above-described conventional problems. An object of the 

present invention is to ,  even in a case where a si l icon rod is 

in contact with an inner wall of  a cover of a reactor,  l i f t  the 25 
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cover so as to open the reactor.  

 Solution to Problem 

[0014] 

 In order to solve the above problems, a rod -shaped 

body in accordance with an aspect of  the present invention 5 

is a rod-shaped body to be used to l i f t  a cover so as to detach 

the cover from a bottom plate, together with which the cover 

forms a reactor in which a si l icon rod is contained upright , 

the rod-shaped body including: a f irst part to be inserted 

into a bottom plate-side hole provided in a surrounding area 10 

of the bottom plate ; and a second part to be inserted into a 

cover-side hole  provided in a surrounding area of the cover 

so as to face the bottom plate-side hole.  

[0015] 

 A detachment method in accordance with an aspect of  15 

the present invention is a method for detaching a  cover from 

a bottom plate,  together with which the cover forms a reactor 

in which a si l icon rod is contained upright , the method 

including: a inserting step of inserting a rod-shaped body 

into a bottom plate-side hole provided in a surrounding area 20 

of the bottom plate and into a cover-side hole provided in a 

surrounding area of  the cover so as to face the bottom plate-

side hole;  and a l i f t ing step of l i f t ing the cover while the rod-

shaped body is inserted in the bottom plate-side hole and in 

the cover-side hole .  25 
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[0016] 

 A method for manufacturing a si l icon rod, in 

accordance with an aspect of  the present invention , is a 

method for manufacturing a si l icon rod, the method 

including a detaching step of detaching a cover from a 5 

bottom plate ,  together with which the cover forms a reactor 

in which a sil icon rod is contained upright ,  the detaching 

step including: a inserting step of :  inserting a rod-shaped 

body into a bottom plate-side hole  provided in a surrounding 

area of a bottom plate that forms the reactor in which the 10 

si l icon rod is contained and into a cover-side hole provided 

in a surrounding area of  the cover so as to face the bottom 

plate-side hole ; and a l i f t ing step of l i f t ing the cover while 

the rod-shaped body is inserted in the bottom plate-side hole 

and in the cover-side hole.  15 

 Advantageous Effects of Invention  

[0017] 

 An aspect of the present invention  makes it  possible 

to,  even in a case where a sil icon rod is in contact with an 

inner wall of  a reactor, l i f t a cover of  the reactor  so as to 20 

open the reactor.  

 

Brief  Description of Drawings  

[0018] 

 Fig.  1 is a side view i l lustrating how a cover of  a reactor 25 
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is detached from a bottom plate of  the reactor while a rod -

shaped body in accordance with an embodiment of  the 

present invention is inserted in a bottom plate-side hole and 

in a cover-side hole .  

 Fig. 2 is a cross-sectional view il lustrating a state in 5 

which the rod-shaped body is inserted in the bottom plate-

side hole and in the cover-side hole .  

 Fig. 3 is a side view il lustrating the reactor having a 

projection.  

 Fig.  4 is a cross-sectional view describing Variation 1 10 

of the embodiment of  the present invention and 

schematical ly i l lustrating configurations of j igs of  the rod -

shaped body.  

 Fig.  5 is a partial  top view of the reactor i l lustrating a 

state in which the j ig has been f itted to the cover of the 15 

reactor.  

 Fig.  6 is a cross-sectional view describing Variation 2 

of  an embodiment of the present invention  and i l lustrating  a 

variation of the rod-shaped body.  

 Fig. 7 is a side view il lustrating how the  cover of  the 20 

reactor is detached from the bottom plate  of  the reactor while 

a protective structure in accordance with an embodiment of  

the present invention is provided around the reactor.  

 Fig. 8 is a top view of the protective structure.  

 25 
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Description of Embodiments  

[0019] 

 The fol lowing description wil l  specifical ly discuss an 

embodiment of  the present invention. For convenience of  

description, members having functions identical to those of  5 

the respective members described in variations of the 

embodiment are given respective reference signs, and a 

description of those members is omitted as appropriate . For 

convenience, the embodiment refers to a vert ical  direction 

assuming that a cover 103 side of  a reactor 100 is an upper 10 

side and a bottom plate 101 side of  the reactor 100 is a lower 

side.  Note that the fol lowing description wil l  refer to the 

vertical  direction merely for convenience of  description, and 

the present invention can be carried out in a direction that 

is not l imited to the vert ical  direction . 15 

[0020] 

 (Configuration of reactor)  

 The fol lowing description wil l  schematical ly discuss a 

configuration of the reactor 100 with reference to Fig.  1. Fig. 

1 is a side view il lustrating how a cover 103 of the reactor 20 

100 is detached from a bottom plate 101 of the reactor 100 

while a rod-shaped body 10 in accordance with Embodiment 

1 of  the present invention is inserted in a bottom plate-side 

hole 102a and in a cover-side hole 104a. The cover 103 of 

the reactor 100 i l lustrated in Fig.  1 has been sl ightly l i fted 25 
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above the bottom plate 101.  

[0021] 

 The reactor 100 is a device for forming si l icon rods 110 

by using a Siemens process to deposit  polysi l icon on sil icon 

core wires placed inside the device. The reactor 100 includes 5 

the bottom plate 101 and the cover 103. 

[0022] 

 The bottom plate 101 is made of metal and is 

substantial ly circular.  The bottom plate 101 has a bottom 

plate flange 102 which is provided so as to surround the 10 

bottom plate 101. The bottom plate f lange 102 has a plurality 

of  bottom plate-side holes 102a provided in a circumferential 

direction of the bottom plate 101 at substantial ly regular 

intervals. The bottom plate-side holes 102a are provided so 

as to vert ically pass through the bottom plate f lange 102. 15 

Further,  many electrodes 105 on which sil icon core wires are 

set upright  are provided on the bottom plate 101 . The sil icon 

core wires are each typical ly formed  in a U-shape by two 

vertical  rods and one horizontal bridge rod, and are set 

upright on the electrodes 105 in an inverted U -shape so as 20 

to be perpendicular to the bottom plate 101. As described  

earlier,  the si l icon rods 110 are formed by depositing 

polysi l icon on the si l icon core wires. Fig.  1 i l lustrates only 

one set of a si l icon rod 110 and an electrode 105 for 

simpli f ication of the drawing . 25 
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[0023] 

 The cover 103 is made of metal and has a bell  shape. 

The cover 103 has a cover f lange 104 which is provided in a 

lower part of  the cover 103 so as to surround the cover 103. 

The cover f lange 104 has a plural ity of cover-side holes 104a 5 

provided in a circumferential direction of the cover 103 at 

substantial ly regular intervals .  The cover-side holes 104a 

are provided so as to vert ically pass through the cover f lange 

104 and located so as to face the respective bottom plate-

side holes 102a.  10 

[0024] 

 Note that bolt  holes originally provided in the bottom 

plate f lange 102 and the cover f lange 104 can be used as the 

bottom plate-side holes 102a and the cover-side holes 104a. 

This makes it  unnecessary to carry out any step of 15 

addit ionally providing the bottom plate-side holes 102a in 

the bottom plate 101 or addit ionally providing the cover-side 

holes 104a in the cover 103. The reactor 100 can be sealed 

by ( i )  bringing the bottom plate 101 into contact with a lower 

end of the cover 103 so that the bolt  holes provided in the 20 

bottom plate f lange 102 face the respective bolt  holes 

provided in the cover f lange 104 and ( i i )  passing bolts 

through the bolt holes  and t ightening the bolts.  

[0025] 

 (Rod-shaped body)  25 
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 The fol lowing description wil l  discuss the rod-shaped 

body 10 with reference to Figs.  1 and 2. Fig.  2 is a cross-

sectional view that describes a part i l lustrated in Fig. 1 and 

enclosed by a chain double -dashed line and that i l lustrates 

a state in which the rod-shaped body 10 is  inserted in a 5 

corresponding bottom plate-side hole 102a and in a 

corresponding cover-side hole 104a. In Fig.  2,  a diagram 

enclosed by a dotted line L1 i l lustrates a state in which the 

cover 103 has not been li f ted, and a diagram enclosed by a 

dotted l ine L2 i l lustrates a state in which the cover 103 has 10 

been li f ted sl ightly above the bottom plate 101. The rod -

shaped body 10 (al l fall  guide ) is used to l i ft  the cover 103 

so as to detach the cover 103 from the bottom plate 101, 

together with which the cover 103 forms the reactor 100 in 

which the si l icon rod 110 is contained upright.  15 

[0026] 

 As i l lustrated in L1 of Fig.  2,  the rod-shaped body 10 

includes: a f irst part 11 to be inserted into the bottom plate-

side hole 102a provided in a surrounding area of  the bottom 

plate 101; and a second part 12 to be inserted into the cover-20 

side hole 104a provided in a surrounding area of  the cover 

103 so as to face the bottom plate-side hole 102a. The rod-

shaped body 10 includes a nonslip part 13 that is removably 

provided so as to be closer to a lower end of the rod-shaped 

body 10 than is the f irst part 11 and that extends in an axial 25 
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direction of the rod-shaped body 10 so as to surround the 

rod-shaped body 10. As il lustrated  in L2 of Fig.  2,  the 

nonslip part  13 has a length w2 that is measured in a radial 

direction of the rod-shaped body 10 and is greater than a 

diameter w1 of the bottom plate-side hole 102a. 5 

[0027] 

 In addit ion, as i l lustrated in Fig.  1, a height h2 from 

the bottom plate 101 to an upper end of the rod-shaped body 

10 as measured in a state in which the rod-shaped body 10 

is inserted in the bottom plate-side hole 102a and in the 10 

cover-side hole  104a is preferably greater than a height h1 

from the bottom plate 101 to an upper end of the sil icon rod 

110 that stands upright. In particular,  the height h2 is 

preferably 200 mm to 500 mm greater than the height h1. 

[0028] 15 

 (Method for detaching cover)  

 The fol lowing description wil l  discuss an example of  a 

method for detaching the cover 103 from the bottom plate 

101, together with which the cover 103 forms the reactor 100 

in which the sil icon rod 110 is contained upright.  20 

[0029] 

 First, the rod-shaped body 10 is inserted in to the 

bottom plate-side hole 102a provided in the surrounding 

area of the bottom plate 101 and in to the cover-side hole 

104a provided in the surrounding area of  the cover 103 so 25 
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as to face the bottom plate-side hole  102a (an inserting step). 

In this inserting step, the rod-shaped body 10 is passed 

through the bottom plate-side hole  102a and the cover-side 

hole 104a while no nonslip part 13 is f i tted to the rod-shaped 

body 10 at a posit ion that is closer to the lower end of the 5 

rod-shaped body 10 than is the first part 11. The nonslip 

part 13 is f i tted to the rod-shaped body 10 after the rod-

shaped body 10 is passed through the bottom plate-side 

holes 102a and the cover-side holes 104a. Further, the rod-

shaped body 10 that has been inserted into the surrounding 10 

area of the bottom plate 101 and in to the surrounding area 

of the cover 103 in the inserting step includes two or more 

rod-shaped bodies 10 that are inserted at respective places 

at substantial ly regular intervals  in the circumferential 

direction of  the bottom plate 101 and of the cover 103. 15 

Typically six, preferably three, and particularly  preferably 

two rod-shaped bodies 10 are to be inserted. For example, in 

a case where two rod-shaped bodies 10 are inserted, the rod -

shaped bodies 10 are inserted in the bottom plate-side holes 

102a located at respective both ends of the diameter  of  the 20 

reactor 100 and in the cover-side holes 104a located at 

respective both ends of the diameter  of  the reactor 100.  

[0030] 

 Next,  the cover 103 is l i f ted upward ( in the direction 

indicated by the arrow in Fig. 1) while the rod-shaped bodies 25 
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10 are inserted in the bottom plate-side holes 102a and in 

the cover-side holes 104a ( l i ft ing step).  

[0031] 

 The cover 103 that is being li f ted unfortunately may 

laterally swing due to the weight of  the sil icon rods having 5 

fal len against an inner wall of  the cover 103. Specif ical ly, 

such a lateral  swing of the cover 103 causes, for example, 

(1) a problem such that the cover 103 hits the si l icon rod 

110 that stands upright in the reactor 100, and the si l icon 

rod 110 falls over accordingly,  or (2)  a problem such that the 10 

cover 103 hits a protective wall provided around the reactor 

100, so that the cover 103 can no longer be l i f ted. 

[0032] 

 However, the cover 103 is l i f ted along the rod-shaped 

bodies 10 by being l i fted while the rod-shaped bodies 10 are 15 

inserted in the bottom plate-side holes 102a and in the 

cover-side holes 104a. This makes it  possible to  

substantial ly vert ical ly l i f t the cover 103. Consequently,  

even in a case where the si l icon rod 110 is in contact with 

an inner wall  of  the reactor 100, the cover 103 can be 20 

prevented from lateral ly swinging while being l i f ted, and can 

be l i f ted to a position higher than  an upper end of the sil icon 

rod 110 that stands upright on the bottom plate 101.  

[0033] 

 In a case where a method for manufacturing the si l icon 25 
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rod 110 includes the inserting step and the l i f t ing step as 

the step of  detaching the cover 103 which forms the reactor 

100 together with the bottom plate 101, i t  is possible to 

achieve a method for manufacturing the sil icon rod 110, the 

method bringing about the following ef fect. Specif ical ly,  i t  is 5 

possible to achieve a method for manufacturing the sil icon 

rod 110, the method making it possible to ,  even in a case 

where the sil icon rod 110 is in contact with the inner wall  of 

the reactor 100,  open the reactor 100 by l i f t ing the cover 

103. 10 

[0034] 

 (Design of rod-shaped body)  

 The inventor has conducted various analyses of a rod-

shaped body 10 and found that the lateral swing of the cover 

103 which is being li f ted can be optimally prevented by 15 

designing the rod-shaped body 10 on the basis of  the 

fol lowing description. 

[0035] 

 Specif ically, the rod-shaped body 10 desirably has a 

diameter that is 85% to 98%, preferably 90% to 95%, and 20 

particularly preferably 92% to 94% of the diameter of a 

bottom plate-side hole 102a and a cover-side hole 104a. 

When a ratio of the diameter of the rod-shaped body 10 to 

the diameter of  the bottom plate-side hole 102a and the 

cover-side hole 104a is too large, the rod-shaped body 10 25 
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gets stuck in the bottom plate-side hole 102a and in the 

cover-side hole  104a. This makes it  impossible  to smoothly 

pass the rod-shaped body 10 through the bottom plate-side 

hole 102a and the cover-side hole 104a, and further makes 

it  impossible to smoothly l i ft  the cover 103. When the ratio 5 

of  the diameter of the rod-shaped body 10 to the diameter of  

the bottom plate-side hole 102a and the cover-side hole 104a 

is too small , the cover 103 swings lateral ly in a range equal 

to or greater than an al lowable range  and, moreover,  the rod-

shaped body 10 decreases in streng th. 10 

[0036] 

 The rod-shaped body 10 can have a diameter that is 

not l imited to the above diameter and is not l imited to any 

particular dimeter,  provided that a lower surface of  the cover 

f lange 104 lateral ly swings in a range of -100 mm to +100 15 

mm, preferably -70 mm to +70 mm, and particularly 

preferably -40 mm to +40 mm, relative to an upper surface 

of  the bottom plate f lange 102. In the reactor 100 in which 

several tens of si l icon core wires are set upright on the 

bottom plate 101 so that several tens of si l icon rods 110 are 20 

grown, many si l icon core wires are set upright on many 

concentric circles so as to be grown. A si l icon rod 110 into 

which a sil icon core wire standing on a circumference of one 

of the concentric circles which one is the closest to the cover 

103 has grown so as to have a diameter of  100 mm to 200 25 
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mm is at a distance of typical ly approximately several 

hundred mil l imeters from the inner wall of  the cover 103. In 

view of this,  the cover 103 is required to lateral ly swing in 

the range of -100 mm to +100 mm so that the cover 103 will  

not come into contact with the si l icon rod 110.  5 

[0037] 

 Further,  in considering bending of the rod-shaped body 

10, the rod-shaped body 10 desirably has a diameter of 10 

mm to 50 mm, preferably 15 mm to 45 mm, and particularly 

preferably 20 mm to 40 mm. The rod-shaped body 10 that 10 

has a diameter of  less than 10 mm greatly bends, so that the 

cover 103 lateral ly swings more widely while being  l i f ted. The 

rod-shaped body 10 that has a diameter of  more than 50 mm 

becomes heavier .  This results in lower workabil i ty.  The rod-

shaped body 10 can have a length that is not l imited to any 15 

particular length, provided that the length makes it  possible 

to l i f t  the cover 103 to a position higher than the upper end 

of the sil icon rod 110 that has grown in the reactor 100. As 

described earl ier , the height h2 from the bottom plate 101 to 

the upper end of the rod-shaped body 10 is preferably  200 20 

mm to 500 mm greater than the height h1 from the bottom 

plate 101 to the upper end of the si l icon rod 110 that stands 

upright from the bottom plate 101. The rod-shaped body 10 

typically has a length of 500 mm to 3000 mm. 

[0038] 25 
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 (Variation 1) 

 The fol lowing description wil l  discuss Variation 1 of 

the present invention with reference to Fig s.  3 and 4. Fig.  3 

is a side view i l lustrating the reactor 100 having a projection 

106. Fig.  4 is a cross-sectional view describing Variation 1 5 

of the present invention and schematical ly i l lustrating 

configurations of j igs 50 and 60 of the rod-shaped body 10. 

[0039] 

 The cover 103 of the reactor 100 can have various 

shapes. For example, the cover 103 may have the projection 10 

106 provided on a side-wall  surface 103a (an outer wall )  of  

the cover 103 (see Fig.  3) .  The projection 106 serves as, for 

example, a projecting structure such as a nozzle and  an 

inspection manhole.  

[0040] 15 

 Even in a case where the projection 106  is provided on 

the cover 103, there is no problem provided that a distance 

w3 is longer than a d istance w4 as il lustrated in Fig. 3. The 

distance w3 is a distance from an outer edge of  the bottom 

plate 101 to the bottom plate-side hole 102a, and is also a 20 

distance from the outer wall of  the cover 103 to the cover-

side hole 104a. The distance w4 is a distance from the outer 

wall of  the cover 103 to an end of the projection 106 provided 

on the outer wall  of  the cover 103, the end facing away from 

the outer wall  of  the cover 103.  25 
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[0041] 

 However, in a case where the distance w3 is shorter 

than the distance w4 and the rod-shaped body 10 is to be 

passed through the bottom plate-side hole 102a provided in 

the bottom plate flange 102 and through the cover-side hole 5 

104a provided in the cover f lange 104 , the rod-shaped body 

10 bumps against the projection 106 depending on where the 

projection 106 is provided . In that case, i t  is impossible t o 

insert the rod-shaped body 10 into the bottom plate-side hole 

102a and into the cover-side hole 104a. This makes it  10 

impossible to vert ical ly l i f t the cover 103. For this reason, 

the j igs 50 and 60 are used in a case where the projection 

106 is provided on the cover 103 and the distance w3 is 

shorter than the distance w4. 

[0042] 15 

 As il lustrated in Fig.  4,  in order to provide, in the 

surrounding area of the bottom plate 101, the bottom plate-

side hole 102a into which the rod-shaped body 10 is to be 

inserted, the j ig 50 includes an attachment part 51 to be 

attached in the surrounding area  of  the bottom plate 101, 20 

and has a hole 50a formed therein that serves as the bottom 

plate-side hole 102a. The j ig 50 also includes a supporting 

part 52, provided in a lower part of the j ig 50,  for supporting 

a lower end part of  the rod-shaped body 10. In using the j ig  

50, the j ig 50 is f itted to the bottom plate flange 102 by 25 
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inserting, from below, the attachment part 51 into the 

bottom plate-side hole 102a formed in the bottom plate 

flange 102, and the f irst part  11 of the rod-shaped body 10 

is inserted in the hole 50a serving as the bottom plate-side 

hole 102a. 5 

[0043] 

 In order to provide, in the surrounding area  of the 

cover 103, the cover-side hole  104a into which the rod-

shaped body 10 is to be inserted, the j ig 60 includes an 

attachment part 61 to be attached in the surrounding area  10 

of the cover 103, and has a hole 60a formed therein that 

serves as the cover-side hole 104a. In using the jig 60, the 

j ig 60 is f i tted to the cover f lange 104 by inserting, from 

above, the attachment part 61 into the cover-side hole  104a 

formed in the cover f lange 104, and the second part  12 of the 15 

rod-shaped body 10 is inserted into the hole 60a serving as 

the cover-side hole  104a. Fig.  5 i l lustrates an example of how 

the jig 60 has been f itted. Fig.  5 is a partial  top view of the 

reactor 100 and il lustrates a state in which the jig 60 has 

been f itted to the cover f lange 104 of the reactor 100.  20 

[0044] 

 When the jigs 50 and 60 are used, a distance from the 

outer edge of  the bottom plate 101 to the hole 50a serving as 

the bottom plate-side hole 102a and a distance from the 

outer wall  of  the cover 103 to the hole 60a serving as the 25 
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cover-side hole 104a are each longer than a distance from 

the outer wall of  the cover 103 to an end of the projection 

106 provided on the outer wall of  the cover 103, the end 

facing away from the outer wall  of  the cover 103. Thus, in a 

case where the jigs 50 and 60 are used, the rod-shaped body 5 

10 can be disposed so as not to  bump against the projection 

106 and so as to be substantial ly paral lel  to the side -wall  

surface 103a of the cover 103 and substantial ly vert ical ly 

extend. This makes it  possib le to l i f t  the cover 103 above the 

upper end of the si l icon rod 110.  10 

[0045] 

 Note that a ratio of  the diameter of  the rod-shaped 

body 10 to the diameter of  the hole 50a serving as the bottom 

plate-side hole  102a and the hole 60a serving as the cover-

side hole 104a is designed so as to be similar to a ratio of 15 

the diameter of the rod-shaped body 10 to the diameter of  

the bottom plate-side hole 102a and the cover-side hole 

104a. 

[0046] 

 (Variation 2) 20 

 The fol lowing description wil l  discuss Variation 2 of 

the present invention with reference to Fig.  6. Fig.  6 is a 

cross-sectional view describing Variation 2 of  an embodiment 

of  the present invention and il lustrating a state in which a 

rod-shaped body 10A, which is a variation of the rod-shaped 25 
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body 10, is inserted in the bottom plate-side hole  102a and 

in the cover-side hole 104a. 

[0047] 

 In the step of l i f t ing the cover 103, i t is possible to use 

the rod-shaped body 10 whose length and thickness are 5 

changed depending on a l i f ted state of  the cover 103.  

Specif ically,  i t  is possible to prepare a shorter rod-shaped 

body ( the rod-shaped body 10A) having a shorter length than 

a longer rod-shaped body (the rod-shaped body 10) that has 

been described with reference to Fig. 1  and designed such 10 

that the height h2 from the bottom plate 101 to the upper 

end of the rod-shaped body 10 is greater than the height h1 

from the bottom plate 101 to the upper end of the si l icon rod 

110 standing upright.  One of the shorter and longer rod-

shaped bodies can be selectively used, or both the shorter 15 

and longer rod-shaped bodies can be simultaneously used. 

[0048] 

 More specifical ly,  while  the bolts that f ix  the bottom 

plate f lange 102 and the cover f lange 104 are being removed 

so that the cover 103 is detached from the bottom plate 101, 20 

the bottom plate 101 and the cover 103  are more likely to be 

posit ionally displaced  from each other  in the reactor 100. 

Further,  the bottom plate flange 102 and the cover f lange 

104 may partial ly strongly adhere to each other during the 

detachment of  the cover 103 from the bottom plate 101 . In 25 
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such a case, it  may be necessary to apply a heavy load in 

order to separate the cover f lange 104 from the bottom plate 

flange 102. In addit ion, at the beginning of the l i f t ing of  the 

cover 103, a load caused by the swing is particularly high. 

For these reasons, i t  is  necessary to particularly increase 5 

posit ional stabil i ty  of  the cover 103 during a period from the 

detachment of  the bolts to the beginning of the  l i f t ing of  the 

cover 103. This leads to a desirable aspect in which such a 

shorter rod-shaped body 10A and the longer rod-shaped body 

are selectively used, or  simultaneously used. 10 

[0049] 

 The rod-shaped body 10A is desirably thick and short.  

Specif ically, the rod-shaped body 10A has a length of, for 

example, 300 mm to 400 mm. The rod-shaped body 10A 

desirably has a diameter in a range of 92% to 97%, which is 15 

the particularly preferable range among the above-described 

ranges of  the diameter relative to the diameter of the bottom 

plate-side hole 102a and the cover-side hole 104a. The 

diameter of  the rod-shaped body 10A is desirably  20 mm to 

30 mm in actual size.  The rod-shaped body 10A is provided 20 

with a handle 10A1 which is closer to an upper end of the 

rod-shaped body 10A than is the second part 12 and which 

extends in an axial direction of the rod-shaped body 10A so 

as to surround the rod-shaped body 10A (see Fig. 6).  The 

rod-shaped body 10A is used to increase the posit ional 25 
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stabil ity during the period from the detachment of  the bolts 

to the beginning of the l i ft ing of  the cover 103. This 

el iminates the need to necessari ly provide the nonslip part  

13, which is provided so as to be closer to the lower end of 

the rod-shaped body 10 than is the first part 11. Further, in 5 

order to carry out an operation while the cover 103 is being 

li f ted approximately one meter,  it  is possible to use a longer 

rod-shaped body (not i l lustrated) than the rod-shaped body 

10A. 

[0050] 10 

 (Protective structure)  

 The fol lowing description will  discuss a protective 

structure 200 with reference to Figs.  7 and 8. Fig. 7 is a side 

view i l lustrating how the cover 103 of the reactor 100 is 

detached from the bottom plate 101 of the reactor 100  while 15 

the protective structure 200 in accordance with an 

embodiment of the present invention is provided around the 

reactor 100. Fig.  8 is a top view of the protective structure 

200. 

[0051] 20 

 The protective structure 200 is a structure for 

preventing, during the detachment of  the cover 103 from the 

bottom plate 101,  si l icon rods 110 standing upright on the 

bottom plate 101 from fall ing over outside the bottom plate 

101 and being scattered over a floor.  The protective structure 25 
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200 is provided around the reactor 100. It is possible to 

provide the protective structure 200 around the reactor 100  

in order to only l i f t the cover 103 against which the sil icon 

rods 110 have fallen. The protective structure 200 includes 

a first frame body 201 ( frame body),  a second frame body 5 

202, a plural ity of  third frame bodies 203, and a protective 

wall surface 204 (see Figs. 7 and 8).  

[0052] 

 The f irst frame body 201 is shaped so as to surround 

the bottom plate 101 of the reactor 100 in which the sil icon 10 

rods 110 are contained. The f irst frame body 201 is 

connected to the plural ity of  third frame bodies 203 

extending vert ical ly.  The f irst frame body 201 is supported 

by the plural ity of  third frame bodies 203 at a position at 

which the f irst frame body 201 surrounds the bottom plate 15 

101. 

[0053] 

 The second frame body 202 extends horizontal ly and is 

connected to upper ends of the plural ity of third frame bodies 

203. The second frame body 202 is supported by the plural ity 20 

of third frame bodies 203 so as to extend horizontal ly. Each 

of the plural ity of  third frame bodies 203 is connected to the 

first frame body 201 and the second frame body 202, and 

supports the first frame body 201 and the second frame body 

202. 25 
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[0054] 

 The protective wall  surface 204 extends vert ical ly 

upward from the first frame body 201 and forms a storage 

space 210 for the si l icon rods 110. The protective wall  

surface 204 has a mesh structure.  5 

[0055] 

 The protective structure 200 includes a protective 

plate 205 having a ring shape and provided between the f irst 

frame body 201 and the bottom plate 101 of the reactor 100. 

The protective plate 205 has a f lat surface that extends so 10 

as to surround the bottom plate 101 and that spreads 

horizontally.  The protective plate 205 is provided, for 

example,  so as to be level  with a lower surface of  the bottom 

plate f lange 102 of the reactor 100. Since the protective plate 

205 is thus provided between the bottom plate 101 and the 15 

first frame body 201, the sil icon rods 110 that have fallen 

over are scattered over the protective plate 205. This allows 

the protective structure 200 for the si l icon rods 110 to 

prevent the si l icon rods 110 from being scattered over the 

floor.  20 

[0056] 

 The protective wall surface 204 includes a takeout 

window 207 formed therein for taking out the sil icon rods 

110 that are contained in the reactor 100. The takeout 

window 207 is formed by being surrounded by two fourth 25 
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frame bodies 208 and two f i fth frame bodies 209. The fourth 

frame bodies 208 extend vert ically and are provided between 

the first frame body 201 and the second frame body 202. The 

fi f th frame bodies 209 extend horizontally and are provided 

between the two fourth frame bodies 208. By thus forming 5 

the takeout window 207 in the protective wall surface 204, 

it  is possible to take out the si l icon rods 110 through the 

takeout window 207 while the protective structure 200 for  

the si l icon rods 110 is provided without being disassembled. 

[0057] 10 

 The protective structure 200 can be divided along 

dividing l ines 206 each extending vertical ly upward from a 

corresponding one of a plural ity of points P1 on the first 

frame body 201. That is ,  the protective structure 200 as 

i l lustrated in Fig. 8 can be divided into six parts. This makes 15 

it  possible to ef f ic iently assemble the protective structure 

200 by, for example, dividing the protective structure 200 

for the si l icon rods 110 into parts having sizes suitable for 

transportation and storage of the si l icon rods 110. 

[0058] 20 

 The above configuration al lows the protective wall  

surface 204 to have a mesh structure in the protective 

structure 200 for the si l icon rods 110, the protective wall 

surface 204 extending  vert ical ly upward from the first frame 

body 201 and forming the storage space for the si l icon rods 25 
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110. Thus, according to the protective structure 200 for the 

si l icon rods 110, it is possible to achieve visibi l i ty from 

outside to inside the protective structure 200 while 

preventing the si l icon rods 110 from being scattered outside 

the protective structure 200  for the si l icon rods 110. As a 5 

result , the protective structure 200 for the si l icon rods 110 

makes it possible to , for example,  while checking how the 

si l icon rods 110 have fallen over,  carry out an operation to 

l i f t the cover 103 of the reactor 100.  

[0059] 10 

 (Design of protective structure)  

 The si l icon rods 110, each of which is several meters 

high and weighs several tens of ki lograms, are easi ly broken 

even by a small  impact. Due to an impact caused when the 

si l icon rods 110 begin to fal l  toward the outside of the 15 

reactor 100 during the l i f t ing of the cover 103 or an impact 

caused when the si l icon rods fal l  over,  the sil icon rod 110 

are broken into pieces of si l icon in massive or powdery form 

that are widely distributed in terms of size . Almost all  of  

these pieces of  si l icon need to be captured. 20 

[0060] 

 The inventor has conducted various analyses and 

found that by l i f t ing the cover 103 while the protective 

structure 200 that meets design requi rements described 

below is provided around the reactor 100, i t is possible to 25 
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cause the protective structure 200 to receive ( i )  the sil icon 

rods 110 having fal len over and ( i i )  pieces into which the 

si l icon rods 110 have been broken. 

[0061] 

 (Design of protective wall surface)  5 

 The si l icon rods 110 that have grown typically have a 

U-shape and have a length of four meters to six meters in 

terms of a l inear length and have a thickness of 100 mm to 

200 mm. Assuming that the specific gravity of si l icon is 2.4 

g/cm3 ,  a single sil icon rod 110 has a weight of  75 kg to 460 10 

kg, and the si l icon rods 110 have a total  weight of  1300 kg 

to 8200 kg in the reactor 100 for 18 U-shaped rods.  Thus, 

the protective structure 200 that does not have a suff icient 

strength may cause the si l icon rods 110 and fragments 

produced when the sil icon rods 110 are broken to crash 15 

through the protective structure 200  and may harm a worker 

who carries out an operation to open the reactor.  

[0062] 

 Note here that as a result of  observation of a manner 

in which the sil icon rods 110 start to fal l  over,  the inventor 20 

has found that the si l icon rods 110 are scattered inside the 

protective structure 200 in the fol lowing manner. 

Specif ically, each of the si l icon rods 110 (1) slowly fal ls 

toward the outside of  the reactor 100  from joints between a 

si l icon rod 110 and corresponding electrodes 105, (2)  slowly 25 



- 32 - 

TKY20157/PCT 

leans against the protective structure 200 and remains in a 

rod form or is broken up due to an impact caused by its 

fal l ing against  the protective structure 200 , and (3)  is 

divided into si l icon blocks and/or si l icon pieces and is 

scattered inside the protective structure 200.  5 

[0063] 

 The above manner shows that a static pressure applied 

on a point A (not i l lustrated) in an inner surface of the 

protective pressure 200 when al l the si l icon rods 110 on the 

reactor 100 lean against the protective structure 200 10 

depends on a distance L between the bottom plate flange 102 

and the protective structure 200  and a weight W of al l  of  the 

si l icon rods 110 inside the reactor 100. That is , the 

magnitude of the static pressure  can be estimated by sett ing 

respective values of the distance L and the weight W. For 15 

example, in a case where the protective wall  surface 204 of 

the protective structure 200 is placed within 1 m from an 

outer diameter of the bottom plate flange 102 of the reactor 

100, the static pressure that is applied to the protective wall  

surface 204 of the protective structure 200 is lower than or 20 

equal to half the total  weight of the sil icon rods 110.  

[0064] 

 (Mesh of protective wall surface )  

 In terms of  achievement of  higher work eff iciency, the 

protective wall  surface 204 is preferably made of metal and 25 
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preferably has a mesh structure . This is because the 

protective wall surface 204 that is l ighter further facil i tates 

an operation to place the protective wall  surface 204. In 

order to make the protective structure 200 lighter, i t is 

desirable to set a mesh size of  the protective wall  surface 5 

204 as below. Specifical ly, a test of breaking up the sil icon 

rods 110 that have grown is carried out,  a size distribution 

of sil icon pieces produced due to the breakup of the si l icon 

rods 110 is found, and a mesh size that enables not less than 

99% of the si l icon pieces to be captured is set as the mesh 10 

size of  the protective wall surface 204. The protective wall  

surface 204 that has a too small mesh size causes the inside 

of  the protective structure 200 to be less visible from the 

outside of  the protective structure 200. Specifical ly , the 

protective wall surface 204 desirably has an optimal mesh 15 

size of  2 mesh to 10 mesh, preferably 3 mesh to 7 mesh, and 

particularly preferably 3 mesh to 5 mesh. 

[0065] 

 Further,  i t  is desirable to determine the gauge of  a wire 

mesh gauze of  the protective structure 200  on the basis of 20 

the static pressure described above . Specifical ly,  the wire 

gauze of  the protective wall surface 204 desirably has 16 

gauge to 20 gauge, preferably 17 gauge to 19 gauge, and 

particularly preferably 18 gauge. This configuration makes 

it  possible to accept  the static pressure caused by the fall  of  25 
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the si l icon rods 110. 

[0066] 

 (Design of division) 

 It  is determined only through an inspection window 

(not i l lustrated) provided in the side -wall surface 103a of the 5 

cover 103 or through a space created by slightly l i f t ing the 

cover 103 whether the sil icon rods 110 obtained through 

deposition have fal len against the inner wall  of the cover 

103. Thus, in a case where it is determined that the si l icon 

rods 110 have fal len against the inner wall of the cover 103, 10 

it  is necessary to stop l i f t ing the cover 103 and to quickly 

assemble the protective structure 200 . This requires an 

operation to assemble the protective structure 200  to be 

quickly carried out .  

[0067] 15 

 The protective structure 200 that is structured to be 

divided makes even l ighter individual parts into which the 

protective structure 200 is divided and faci l itates an 

operation to place the protective structure 200. In a case 

where the protective structure 200 is structured to be 20 

divided so as to be more mobile,  the number of  parts into 

which the protective structure 200 is divided  is desirably 

selected on the basis of  weights that al low manual 

transportation. Specif ically, the number of  the parts into 

which the protective structure 200 is divided is desirably 25 
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determined such that each of the parts into which the 

protective structure 200 is divided has a weight of 80 kg to 

180 kg, preferably 100 kg to 160 kg, and particularly 

preferably 120 kg to 150 kg. 

[0068] 5 

 The fol lowing description wil l  discuss an example of  

assembly of  the protective structure 200 that is structured 

to be divided. The parts into which the protective structure 

200 is divided are placed in close contact with each other  so 

as to surround the reactor 100 in the form of a r ing . Then, 10 

joints of  adjacent ones of  the parts into which the protective 

structure 200 is divided are fixed by quick coupling  so that 

the protective structure 200 into which the parts are 

integrated is assembled.  

[0069] 15 

 (Design of f irst frame body)  

 The first frame body 201 of the protective structure 

200 forms a circle which can have any diameter provided that 

the diameter is larger than the outer diameter of  the bottom 

plate f lange 102 and the cover f lange 104 of the reactor 100. 20 

Specif ically, the c ircle formed by the f irst frame body 201 

desirably has a diameter that is 0 mm to 1000 mm, preferably 

by 200 mm to 700 mm, and particularly preferably by 300 

mm to 600 mm larger than the outer diameter of  the bottom 

plate f lange 102 and the cover f lange 104. This makes it  25 
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possible to smoothly l i ft  the cover 103 inside the protective 

structure 200 and to allow a lower static pressure to be 

applied to the protective wall  surface 204 by the si l icon rods 

110 having fal len against the protective wall surface 204. 

[0070] 5 

 The sil icon rods 110 that have been broken up due to 

an impact of  their  fal l ing against the protective structure 

200 are divided into si l icon blocks and/or si l icon pieces, and 

are scattered inside the protective structure 200. The 

inventor has found that some si l icon blocks and/or sil icon 10 

pieces jump over the protective structure 200 depending on 

the particle diameter of  the si l icon pieces produced or the 

height of  the protective structure 200. 

[0071] 

 Under the circumstances, the inventor measured a size 15 

distribution of si l icon blocks and/or si l icon pieces each 

produced due to an impact of  col lapse of  the si l icon rods 

110. Results of  the measurement have turned out that sil icon 

pieces which are produced in a case where the si l icon rods 

110 having a length of several meters and having a diameter 20 

of 100 mm to 200 mm are collapsed and broken have a 

minimum size of  not less than approximately 10 mm. In order 

to receive all  the si l icon rods 110 that are thus scattered, it  

is desirable to design the f irst frame body 201 such that a 

distance from the inner surface of  the protective structure 25 



- 37 - 

TKY20157/PCT 

200 to the outer surface of the reactor 100 is 500 mm, 

preferably 300 mm, and particularly preferably 250 mm. 

[0072] 

 (Height of protective structure)  

 The protective structure 200 can have any height 5 

provided that the height is greater than a height H (not 

i l lustrated) from a f loor of  a reactor chamber in which the 

reactor 100 is placed to upper ends of the si l icon rods 110 

that stand upright on the bottom plate 101 without  being 

col lapsed. The protective structure 200 that has a height 10 

much greater  than the height H is not preferable.  This is 

because the protective structure 200 thus configured  makes 

it  necessary to l i ft  the si l icon rods 110 too high in order to 

take out the sil icon rods 110 inside the protective structure 

200 by moving the si l icon rods 110 above the protective 15 

structure 200. This makes workabil ity worse.  

[0073] 

 In contrast,  the protective structure 200 that has a 

height much smaller than the height H makes it  impossible 

to,  when the si l icon rods 110 fal l over toward the outside the 20 

reactor 100, prevent sil icon pieces that are produced due to 

col lapse of  the si l icon rods 110 from jumping over the 

protective structure 200. The protective structure 200 

therefore desirably has a height that is -200 mm to 800 mm, 

preferably 0 mm to 500 mm, and particularly preferably 0 25 
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mm to 200 mm greater than the height H. 

[0074] 

 (Method for evaluating distribution of si l icon pieces)  

 The distribution of  sil icon pieces produced due to the 

breakup of the si l icon rods 110 was evaluated as below. The 5 

si l icon rods 110 that were not collapsed in the reactor and 

then successful ly taken out of  the reactor 100 were set 

upright on a flat f loor .  These si l icon rods 110 were caused 

to fal l  from lower ends of the si l icon rods 110. Si l icon pieces 

produced due to such col lapse of the si l icon rods 110 as 10 

described above were subjected to a measurement of  the 

weight distribution of sizes thereof . In order that the sil icon 

rods 110 having fal len over would not directly contact a 

surface of  the f loor ,  other si l icon rods 110 dif ferent from the 

si l icon rods 110 to be caused to fal l  on the flat f loor  were 15 

caused to l ie sideway and densely placed so as to surround  

the si l icon rods 110 to be caused to fall .  

[0075] 

 (Method for manufacturing si l icon rod with use of  

protective structure)  20 

 The fol lowing description wil l  discuss an example of  a 

method for manufacturing a si l icon rod with use of the 

protective structure 200.  First,  the bottom plate flange 102 

and the cover f lange 104 of the reactor 100 are unbolted after 

deposition o f  the si l icon rods 110 is ended. Subsequently,  25 
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the rod-shaped body 10 is inserted in to the bottom plate-

side hole 102a provided in the surrounding area of the 

bottom plate 101 and into the cover-side hole 104a provided 

in the surrounding area of the cover 103 so as to face the 

bottom plate-side hole 102a. 5 

[0076] 

 Next,  i t is checked whether the sil icon rods 110 have 

fal len against the inner wall  of  the cover 103. In a case where 

the sil icon rods 110 have fallen against the inner wall of  the 

cover 103, the protective structure 200 is provided around 10 

the reactor 100 so that the storage space 210 for the sil icon 

rods 110 is formed. The protective structure 200 includes  

the first frame body 201 that is shaped so as to surround the 

bottom plate 101 and the protective wall surface 204 that 

extends vertical ly upward from the first frame body 201 and 15 

that has a mesh structure. Subsequently,  the cover 103 is 

l i f ted upward while the rod-shaped body 10 is inserted in the 

bottom plate-side hole 102a and in the cover-side hole 104a.  

[0077] 

 With the configuration, in order to l i f t  the cover 103 20 

having an inner wall against which the si l icon rods 110 have 

fal len, it  is possible to l i f t  the cover 103 substantial ly 

without causing the cover 103 to lateral ly swing. It is 

therefore possible to prevent snagging of the cover 103 on 

the protective structure 200 due to the lateral swing . Thus, 25 
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even in a case where the sil icon rods 110 have fal len against 

the inner wall of the cover 103,  an operation to l i ft  the cover 

103 can be carried out while the protective structure 200 is 

provided around the reactor 100. As a result,  the operation 

to l i f t  the cover 103 can be carried out while the sil icon rods 5 

110 are prevented from being scattered outside the 

protective structure 200. 

[0078] 

 Since it  is possible to l i f t  the cover 103 substantial ly 

without causing the cover 103 to lateral ly swing, i t  is 10 

possible to prevent the si l icon rods 110 inside the bottom 

plate 101 from fal l ing l ike dominos. Furthermore, without a 

reduction in yield of  the sil icon rods 110, i t is possible to 

prevent si l icon pieces produced due to the breakup of the 

si l icon rods 110 from being scattered on the floor of the 15 

reaction chamber . This avoids a risk to a worker who carries 

out an operation to open the cover 103. Furthermore, the 

operation to open the cover 103 can be finished in a short 

time, and a subsequent deposit ion reaction can be 

immediately carried out .  This enhances productivity .  20 

[0079] 

 Aspects of  the present invention can also be expressed 

as fol lows:  

 A rod-shaped body in accordance  with an aspect of  the 

present invention is a rod-shaped body to be used to l i ft  a 25 
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cover so as to detach the cover from a bottom plate,  together 

with which the cover forms a reactor in which a sil icon rod 

is contained upright,  the rod-shaped body including: a f irst 

part to be inserted into a bottom plate-side hole  provided in 

a surrounding area of the bottom plate;  and a second part to 5 

be inserted into a cover-side hole  provided in a surrounding 

area of the cover so as to face the bottom plate-side hole.  

[0080] 

 According to this configuration, when the cover is 

detached from the bottom plate,  the cover is l i f ted from the 10 

bottom plate while the f irst part  of  the rod-shaped body is 

inserted in the bottom plate-side hole provided in the 

surrounding area of  the bottom plate and the second part  of 

the rod-shaped body is inserted in the cover-side hole 

provided in the surrounding area of the cover so as to face 15 

the bottom plate-side hole.  As such, the cover is l i f ted along 

the rod-shaped body and is therefore substantial ly vert ical ly 

l i f ted. As a result,  even in a case where  the si l icon rod is in 

contact with an inner wall of the reactor,  i t  is possible to 

prevent the cover from lateral ly swinging during the li f t ing 20 

of the cover  and to l i f t  the cover to open the reactor.  

[0081] 

 This makes it  possible to prevent the sil icon rods 

contained upright in the reactor from fal l ing l ike dominos 

due to the lateral swing of the cover and therefore increase 25 
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the yield rate of the sil icon rods. Furthermore, an operation 

to open the reactor can be finished in a short time, and a 

subsequent deposit ion reaction can be  immediately carried 

out. This enhances productivity.  

[0082] 5 

 A j ig in accordance with an aspect of  the present 

invention can include an attachment part  to be attached in 

a surrounding area of  the bottom plate  so that the bottom 

plate-side hole  into which the rod-shaped body is to be 

inserted is provided in the surrounding area of  the bottom 10 

plate;  the j ig having a hole formed therein that serves as the 

bottom plate-side hole.  

[0083] 

 This configuration make it  possible to provide, with 

use of  the j ig,  a hole serving as the bottom plate-side hole in 15 

the surrounding area of  the bottom plate,  by attaching the 

attachment part  in the surrounding area of  the bottom plate 

even in the absence of an appropriate bottom plate-side hole 

in the surrounding area of  the bottom plate.  

[0084] 20 

 The j ig can further include a supporting part , provided 

in a lower part of the j ig, for supporting a lower end part  of 

the rod-shaped body.  

[0085] 

 According to this configuration, when the rod-shaped 25 
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body is inserted into the j ig, the supporting part  supports 

the lower end part  of  the rod-shaped body. This makes it  

possible to prevent the rod-shaped body from dropping from 

the j ig and keep the rod-shaped body inserted.  

[0086] 5 

 The j ig can also include an attachment part  to be 

attached in a surrounding area of  the cover so that the cover-

side hole into which the rod-shaped body is to be inserted is 

provided in the surrounding area of  the cover,  the j ig having 

a hole formed therein that serves as the cover-side hole .  10 

[0087] 

 This configuration makes it  possible to provide, with 

use of  the j ig, a hole serving as the cover-side hole in the 

surrounding area of  the cover,  by attaching the attachment 

part in the surrounding area of  the cover even in the absence 15 

of an appropriate cover-side hole  in the surrounding area of  

the cover.  

[0088] 

 Further,  the f irst part of the rod-shaped body can be 

inserted into the bottom plate-side hole that is formed in a 20 

flange provided to the bottom plate and the second part  of  

the rod-shaped body can be inserted into the cover-side hole  

that is formed in a flange provided to the cover.  

[0089] 

 According to this configuration, the bottom plate-side 25 
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hole and the cover-side hole are formed in the respective 

flanges. This makes it  possible to insert the rod -shaped body 

in the bottom plate-side hole  and in the cover-side hole 

without adding a new configuration to the reactor.  

[0090] 5 

 According to  the rod-shaped body, a distance from an 

outer edge of  the bottom plate to the bottom plate-side hole 

and a distance from an outer wall  of  the cover to the cover-

side hole can each be greater than a distance from the outer 

wall of  the cover to an end of a projection provided on the 10 

outer wall  of the cover,  the end facing away from the outer 

wall of the cover.  

[0091] 

 According to this configuration, the bottom plate-side 

hole and the cover-side hole are formed to be further on the 15 

outer side of  the cover than is the projection provided on the 

outer wall  of  the cover.  Accordingly,  when the rod-shaped 

body is inserted in the bottom plate-side hole  and in the 

cover-side hole ,  the projection and the rod-shaped body do 

not come into contact with each other.  It is therefore possible 20 

to insert the rod-shaped body in the bottom plate-side hole 

and in the cover-side hole even in a case where the projection 

is provided on the outer wall of the cover.  

[0092] 

 According to  the rod-shaped body,  in a case where the 25 
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rod-shaped body is inserted in the bottom plate-side hole 

and in the cover-side hole,  a height from the bottom plate to 

an upper end of the rod-shaped body can be greater than a 

height from the bottom plate to an upper end of the si l icon 

rod standing upright on the bottom plate.  5 

[0093] 

 This configuration makes it  possible to ,  even in a case 

where the si l icon rod falls toward the inner  wall  of  the cover 

inside the reactor,  substantial ly vert ically l i ft  the cover unti l  

the upper end of the si l icon rod is exposed. Consequently, 10 

even in a case where  the si l icon rod fal ls over inside the 

reactor,  it  is possible to l i ft  the cover to a posit ion higher 

than an upper end of  the si l icon rod while the cover is kept 

prevented from lateral ly swinging. 

[0094] 15 

 The rod-shaped body can include a nonslip part which 

is removably provided so as to be closer to a lower end of the 

rod-shaped body than is the f irst part  and which extends in 

an axial  direction of the rod-shaped body so as to surround 

the rod-shaped body. Further, the nonslip part  can have a 20 

length that is measured in a radial  direction of the rod-

shaped body and that is greater than the diameter of the  

bottom plate-side hole.  

[0095] 

 According to this configuration, the rod -shaped body 25 
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includes a nonslip part which is provided so as to closer to 

a lower end of the rod-shaped body than is the f irst part  and 

which extends in the axial  direction of the rod-shaped body 

so as to surround the rod-shaped body. This makes it 

possible to ,  even in a case where  the rod-shaped body is 5 

l i f ted by the cover,  prevent the rod-shaped body from 

dropping from the bottom plate-side hole during the li f t ing 

of  the cover from the bottom plate while the rod-shaped body 

is inserted in the bottom plate-side hole and in the cover-

side hole. Furthermore, the removably prov ided nonslip part 10 

makes it  possible to pass the rod-shaped body through the 

bottom plate-side hole and the cover-side hole  while no 

nonslip part  is f i tted to the rod-shaped body. This makes it  

easier to pass the rod-shaped body through the bottom plate-

side hole and the cover-side hole.  15 

[0096] 

 Further,  the rod-shaped body can include a handle 

which is provided so as to be closer to an upper end of the 

rod-shaped body than is the second part  and which extends 

in an axial direction of the rod-shaped body so as to 20 

surround the rod-shaped body.  

[0097] 

 According to this configuration, the rod -shaped body 

includes a handle which is provided so as to  closer to an 

upper end of the rod-shaped body than is the second part  25 
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and which extends in the axial  direction of the rod -shaped 

body so as to surround the rod-shaped body. This makes it  

possible to easily use the rod-shaped body by grabbing the 

handle with one hand, and therefore improve workabili ty.  

[0098] 5 

 A detachment method in accordance with an aspect of  

the present invention is a method for detaching a cover from 

a bottom plate,  together with which the cover forms a reactor 

in which a si l icon rod is contained upright, the method 

including: an inserting step of inserting a rod-shaped body 10 

into a bottom plate-side hole provided in a surrounding area 

of  the bottom plate and into a cover-side hole provided in a 

surrounding area of  the cover so as to face the bottom plate-

side hole;  and a l i f t ing step of l i f t ing  the cover while the rod-

shaped body is  inserted in the bottom plate-side hole and in 15 

the cover-side hole .  

[0099] 

 According to this configuration, by carrying out the 

inserting step and the l i f t ing step, the cover is l i f ted from 

the bottom plate while the rod-shaped body is inserted in the 20 

bottom plate-side hole provided in the surrounding area of  

the bottom plate and in the cover-side hole provided in the 

surrounding area of  the cover so as to face the bottom plate-

side hole.  Accordingly, the cover is l i f ted along the rod-

shaped body, and the cover is therefore substantial ly 25 
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vertical ly l i f ted. The detachment method therefore makes it  

possible to prevent the cover from laterally swinging during 

the l i ft ing of the cover,  even in a case where  the sil icon rod 

is in contact with an inner wall  of the reactor.  

[0100] 5 

 Further,  in the detachment method,  the rod-shaped 

body that has been inserted into the surrounding area of the 

bottom plate and into the surrounding area of the cover  can 

include two or more rod-shaped bodies that  are inserted at 

respective places at substantial ly regular intervals in a 10 

circumferential direction of the bottom plate and of the 

cover.  This configuration makes it possible to stably prevent 

the cover from lateral ly swinging during the li f t ing of  the 

cover.  

[0101] 15 

 A si l icon rod manufacturing method in accordance with 

an aspect of the present invention is a method for 

manufacturing a si l icon rod, the method including a 

detaching step of detaching a cover from a bottom plate , 

together with which the cover forms a reactor in which the 20 

si l icon rod is contained upright,  the detaching step of  

including: an inserting step of  inserting a rod-shaped body 

into a bottom plate-side hole provided in a surrounding area 

of  a bottom plate which forms the reactor in which a sil icon 

rod is contained and into a cover-side hole provided in a 25 
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surrounding area of  the cover so as to face the bottom plate-

side hole;  and a l i f t ing step of l i f t ing  the cover while the rod-

shaped body is inserted in to the bottom plate-side hole  and 

into the cover-side hole.  

[0102] 5 

 According to this configuration, by carrying out ,  in the 

si l icon rod manufacturing method,  the detaching step of  that 

includes the inserting and l i ft ing steps, the cover is l i f ted 

from the bottom plate while the rod-shaped body is insert in 

the bottom plate-side hole provided in the surrounding area 10 

of the bottom plate and in the cover-side hole provided in the 

surrounding area of  the cover so as to face the bottom plate-

side hole.  Accordingly, the cover is l i f ted along the rod-

shaped body, and the cover is therefore substantial ly 

vertical ly l i f ted. The si l icon rod manufacturing method 15 

therefore makes it possible to prevent the cover from 

laterally swinging during l i f t ing of the cover,  even in a case 

where the sil icon rod is in contact with an inner wall of  the 

reactor.  

[0103] 20 

 Further,  the rod-shaped body that has been inserted 

into the surrounding area of the bottom plate and into the 

surrounding area of the cover  in the inserting step of the 

si l icon rod manufacturing method includes two or more rod-

shaped bodies that are inserted at respective places at 25 
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substantial ly regular intervals in a circumferential  direction 

of the bottom plate and of the cover.  This configuration 

makes it  possible to stably prevent the cover from lateral ly 

swinging during li f t ing of the cover.  

[0104] 5 

 The present invention is not l imited to the 

embodiments above, but can be altered in various ways by a 

ski lled person within the scope of the claims. The present 

invention encompasses, in its technical scope, any 

embodiment derived by combining technical means disclosed 10 

in dif fering embodiments . 

 

Reference Signs List  

[0105] 

 10, 10A: Rod-shaped body 15 

 11: First part 

 12: Second part 

 50, 60: Jig 

 51, 61: Attachment part  

 100: Reactor 20 

 101: Bottom plate 

 102: Bottom plate f lange 

 102a: Bottom plate-side hole  

 103: Cover 

 103a: Side-wall  surface (outer wall)  25 
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 104: Cover f lange 

 104a: Cover-side hole 

 105: Electrode 

 106: Projection 

 110: Sil icon rod 5 

 200: Protective structure 

 201: First frame body ( frame body)  

 204: Protective wall  surface 

 205: Protective plate 

 206: Dividing line 10 

 207: Takeout window 

 210: Storage space
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Claims 

 Claim 1 

 A rod-shaped body to be used to l i ft  a cover so as to 

detach the cover from a bottom plate,  together with which 

the cover forms a reactor in which a si l icon rod is contained 5 

upright,  the rod-shaped body comprising:  

 a f irst part to be inserted into a bottom plate-side hole 

provided in a surrounding area of the bottom plate;  and 

 a second part to be inserted into a cover-side hole 

provided in a surrounding area of the cover so as to face the 10 

bottom plate-side hole.  

 

 Claim 2 

 A j ig comprising 

 an attachment part to be attached in the surrounding 15 

area of the bottom plate so that the bottom plate-side hole 

into which the rod-shaped body according to claim 1 is to be 

inserted is provided in the surrounding area of the bottom 

plate,  

 the j ig having a hole formed therein that serves as the 20 

bottom plate-side hole.  

 

 Claim 3 
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 The jig according to claim 2, further comprising a 

supporting part,  provided in a lower part of the j ig,  for 

supporting a lower end part of  the rod-shaped body.  

 

 Claim 4 5 

 A j ig comprising 

 an attachment part  to be attached in a surrounding 

area of the cover so that the cover-side hole into which the 

rod-shaped body according to claim 1 is to be inserted is 

provided in the surrounding area of  the cover,  10 

 the j ig having a hole formed therein that serves as the 

cover-side hole .  

 

 Claim 5 

 The rod-shaped body according to claim 1, wherein 15 

 the f irst part is inserted into the bottom plate-side hole 

that is formed in a flange provided to the bottom plate ,  and 

 the second part is inserted into the cover-side hole 

that is formed in a flange prov ided to the cover.  

 20 

 Claim 6 

 The rod-shaped body according to claim 1, wherein a 

distance from an outer edge of  the bottom plate to the bottom 

plate-side hole  and a distance from an outer wall  of  the cover 

to the cover-side hole are each greater than a distance from 25 
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the outer wall of the cover to an end of a projection provided 

on the outer wall  of the cover, the end facing away from the 

outer wall of the cover .  

 

 Claim 7 5 

 The rod-shaped body according to claim 1, wherein a 

height from the bottom plate to an upper end of the rod-

shaped body as measured in a state in which the rod -shaped 

body is inserted in the bottom plate-side hole  and in the 

cover-side hole is greater than a height from the bottom plate 10 

to an upper end of the si l icon rod that stands upright.  

 

 Claim 8 

 The rod-shaped body according to claim 7, wherein 

 the rod-shaped body includes a nonslip part  which is  15 

removably provided so as to be closer to a lower end of the 

rod-shaped body than is the f irst part and which extends in 

an axial  direction of the rod-shaped body so as to surround 

the rod-shaped body, and 

 the nonslip part  has a length that is measured in a 20 

radial direction of the rod-shaped body and is greater than 

a diameter of the bottom plate-side hole.  

 

 Claim 9 

 The rod-shaped body according to claim 1, wherein the 25 
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rod-shaped body includes a handle which is provided so as 

to be closer to an upper end of the rod-shaped body than is 

the second part and which extends in an axial direction of 

the rod-shaped body so as to surround the rod -shaped body. 

 5 

 Claim 10 

 A method for detaching a cover from a bottom plate,  

together with which the cover forms a reactor in which a 

si l icon rod is contained upright,  the method comprising:  

 an inserting step of inserting a rod-shaped body into a 10 

bottom plate-side hole provided in a surrounding area  of  the 

bottom plate and into a corresponding cover-side hole 

provided in a surrounding area of  the cover so as to face the 

bottom plate-side hole; and 

 a l i f t ing step of l i f t ing the cover while the rod-shaped 15 

body is inserted in the bottom plate-side hole  and in the 

cover-side hole .  

 

 Claim 11 

 The method according to claim 10, wherein the rod-20 

shaped body which has been inserted into the surrounding 

area of  the bottom plate and into the surrounding area of  the 

cover includes two or more rod-shaped bodies that are 

inserted at respective places at substantially regular 

intervals in a circumferential direction of the bottom plate 25 
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and of the cover.  

 

 Claim 12 

 A method for manufacturing a sil icon rod , comprising 

a detaching step of detaching a cover from a bottom plate,  5 

together with which the cover forms a reactor in which the 

si l icon rod is contained upright,  

 the detaching step including:  

  an inserting step of inserting a rod-shaped body 

into a bottom plate-side hole provided in a surrounding area 10 

of the bottom plate which forms the reactor in which the 

si l icon rod is contained and into a cover-side hole provided 

in a surrounding area  of the cover so as to face the bottom 

plate-side hole ; and 

  a l i ft ing step of l i f t ing the cover while the rod-15 

shaped body is inserted in to the bottom plate-side hole  and 

into the cover-side hole.  

 

 Claim 13 

 The method according to claim 12, wherein the rod-20 

shaped body which has been inserted into the surrounding 

area of the bottom plate and into the surrounding area  of  the 

cover in the inserting step includes two or more rod-shaped 

bodies that are inserted at respective places at substantial ly 

regular intervals in a circumferential direction of the bottom 25 



- 57 - 

TKY20157/PCT 

plate and of the cover.


