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Description 

Tit le of  Invention 

 ETCHING DEVICE FOR SILICON CORE WIRE AND 

ETCHING METHOD FOR SILICON CORE WIRE 

 5 

Technical Field  

[0001] 

 The present invention relates to an etching device for a 

si l icon core wire and an etching method for a sil icon core 

wire.  10 

 

Background Art  

[0002] 

 Polycrystal l ine si l icon to be used as a semiconductor 

material  or the l ike needs to be of  extremely high purity. 15 

Patent Literature 1 discloses a cleaning method for cleaning 

rod-shaped polycrystal l ine sil icon while the polycrystal l ine 

si l icon is directly hung on a hanger.  

 

Citation List  20 

[Patent Literature]  

[0003] 

[Patent Literature 1]  

 Japanese Patent Application Publication Tokukai No. 

2005-288333 25 
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Summary of Invention 

 Technical Problem 

[0004] 

 When the above-described conventional technique is 5 

applied to a si l icon core wire to be used for the deposit ion of 

polycrystal l ine si l icon, i t  may be dif f icult  to evenly etch the 

entire surface of  the si l icon core wire .  Further,  a si l icon core 

wire,  which is l ighter than a rod -shaped polycrystall ine 

si l icon, could fal l off  the hanger.  10 

[0005] 

 In particular, a hanger disclosed by way of example in 

Patent Literature 1 is an L-shaped hanger. While  a sil icon 

core wire to be etched is supported by such a hanger, the 

space above the si l icon core wire is widely open. This makes 15 

the si l icon core wire l ikely to fall .  One possible solution to 

this problem of fal l  is an increase in the number of hangers. 

However,  the increase in the number of  hangers leads to an 

increase in the number of  points of  contact between the 

hangers and a si l icon core wire  to be etched. This makes even 20 

etching dif f icult .  

[0006] 

 The object of an aspect  of  the present invention is to 

provide a device capable of evenly etching the entire surface 

of  a sil icon core wire.  25 
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 Solution to Problem 

[0007] 

 In order to solve the above-described problems, a 

si l icon core wire etching device  in accordance with an aspect 

of  the present invention includes: an etching bath for holding 5 

an etching solution in which a sil icon core wire is to be 

immersed;  a plural ity of  core wire support members  for 

supporting the si l icon core wire,  the plural ity of core wire 

support members each having at least one hole ,  the at least 

one hole including a hole  through which the si l icon core wire  10 

is to pass; and a posit ion change mechanism for changing , 

while the si l icon core wire is  passed through the plural ity of  

core wire support members and immersed in the etching 

solution,  a relative posit ion where the si l icon core wire 

passes through in relation to the hole .  15 

[0008] 

 A sil icon core wire etching method in accordance with 

an aspect of  the present invention includes: a pass -through 

step of passing a si l icon core wire through a hole formed in 

each of a plurality of core wire support members  for 20 

supporting the si l icon core wire;  a f irst immersing step of 

immersing the si l icon core wire supported by the plurality of  

core wire support members  in an etching solution; and a f irst  

posit ion change step of changing  a relative posit ion where the 

si l icon core wire passes through in relation to the hole.  25 
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 Advantageous Effects of Invention  

[0009] 

 An aspect of the present invention makes it  possible to 

provide a device capable of evenly etching the entire surface 

of  a sil icon core wire.  5 

 

Brief  Description of Drawings  

[0010] 

 Fig. 1 is a view schematically i l lustrating an initial 

state of  a sil icon core  wire etching device in accordance with 10 

Embodiment 1 of  the present invention.  

 Fig. 2 is an exploded view schematical ly i l lustrating a 

mounting cassette and a core wire holder of the etching 

device of  Fig.  1.  

 Fig. 3 is a view il lustrating a state in which core wire 15 

support boards support  si l icon core wires  in the etching 

device of  Fig.  1.  

 Fig. 4 is a view il lustrating a state in which the core 

wire holder has not yet been attached to a crane in the 

etching device of  Fig.  1 .  20 

 Fig. 5 is a view il lustrating a state in which the core 

wire holder has been attached to the crane of Fig.  4.  

 Fig. 6 is a f lowchart of  a si l icon core wire etching 

method performed by the etching device in accordance with 

Embodiment 1 of  the present invention.  25 
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 Fig.  7 is a view i l lustrating a state in which the sil icon 

core wires are immersed in a first etching solution in the 

etching device of  Fig.  1.  

 Fig.  8 is a view i l lustrating a state in which the sil icon 

core wires have been etched and cleaned in the etching device 5 

of  Fig. 1.  

 Fig. 9 is an exploded view schematical ly i l lustrating a 

mounting cassette and a core wire holder of an etching device 

in accordance with Embodiment 2 of  the present invention.  

 Fig. 10 is a view il lustrating a state in which a 10 

mounting cassette has not yet been attached to a crane in an 

etching device in accordance with Embodiment 3 of the 

present invention.  

 

Description of Embodiments  15 

[0011] 

 Embodiment 1 

 The following description will  discuss in detai l an 

embodiment of the present invention with reference to the 

drawings.  20 

[0012] 

 <Silicon core wire etching device>  

 As il lustrated in Fig. 1, an etching device 1 for si l icon 

core wires C1 includes: a f irst etching bath 11;  a second 

etching bath 12; a cleaning bath 13; a mounting cassette 20 ; 25 
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a core wire holder 30; and a crane (posit ion change 

mechanism) 40. 

[0013] 

 In this specification, a front side, a rear side, an upper 

side, and a lower side are defined as  follows on the basis of  5 

the initial state of the etching device 1 i l lustrated in Fig.  1: a 

posit ion of the first etching bath 11 relative to the core wire 

holder 30 is  referred to as the front side; a position  of the 

core wire holder 30 relative to the f irst etching bath 11 is  

referred to as  the rear side; a posit ion of a l i ft ing and 10 

lowering mechanism 43 of the crane 40 relative to the core 

wire holder 30 is referred to as the upper side; and a posit ion 

of the core wire holder 30 relative to the l i f t ing and lowering 

mechanism 43 is referred to as the lower side.  

[0014] 15 

 As i l lustrated in Figs. 2 and 3, the sil icon core wires C1 

pass through through holes 31A of core wire support boards 

(core wire support members )  31 of the core wire holder 30, 

and are supported by the core wire support boards 31 . In this 

specif ication, as i l lustrated in Fig. 2 and other f igures, a 20 

posit ion on the right-hand side and a position on the 

left-hand side as seen from the rear side are referred to as a 

right side and a left  side, respectively.  Since the si l icon core 

wires C1 supported by the core wire support boards 31 

extend in a r ight-and-left  direction, the si l icon core wires C1 25 
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extend perpendicularly to the drawing sheet  of Fig. 1.  

[0015] 

 The si l icon core wires C1 are used to deposit  

polycrystal l ine si l icon on the surfaces of the si l icon core 

wires C1 when polycrystall ine si l icon is produced by, for 5 

example, the Siemens process. The si l icon core wire s C1 are 

produced by, for example,  but not l imited to,  cutt ing out  from 

rod-shaped polycrystal l ine si l icon or monocrystall ine sil icon.  

[0016] 

 The si l icon core wires C1 thus produced have the shape 10 

of,  for example, a cyl inder,  an ell iptic cyl inder ,  a prism whose 

two ends are substantial ly rectangular , or a prism whose two 

ends are polygonal .  The sil icon core wires C1 having the 

shape of a prism can be easi ly produced by l inearly cutting 

large, rod-shaped polycrystall ine si l icon into pieces. For 15 

example, the si l icon core wires C1 have a cross-sectional 

area of  not less than 0.1 cm2  and not more than 6 cm2  and a 

length of not less than 200 mm. The upper l imit of  the length 

of the si l icon core wires C1 is not l imited to any particular 

length but is typically approximately 2000 mm, and 20 

preferably approximately 1500 mm. 

[0017] 

 The f irst etching bath 11 and the second etching bath 

12 hold a f irst etching solution L1 and a second etching 

solution L2, respectively.  The first etching solutions L1 and 25 
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the second etching solution L2 are used to etch the surfaces 

of  the si l icon core wires C1. The second etching bath 12 and 

the cleaning bath 13 are arranged in sequence on the front 

side of  the f irst etching bath 11. In the present embodiment, 

the sil icon core wires C1 are immersed and etched in the first 5 

etching solution L1 in the f irst etching bath 11, and then 

immersed and etched in the second etching solution L2 in the 

second etching bath 12, as  discussed later .  

[0018] 

 Examples of  the first etching solution L1 and the 10 

second etching solution L2 can include, but not l imited to, an 

aqueous solution of hydrogen f luoride (HF) (also referred to 

as hydrofluoric acid),  an aqueous solution of nitric acid 

(HNO3 ) ,  and a mixture thereof.  From the viewpoint of  

improving the surface flatness of  the si l icon core wires C1 15 

having been etched, a mass ratio of HF to HNO3  is preferably 

higher in the second etching solution L2 than in the first 

etching solution L1. For example, the HF:HNO3  mass ratio of  

the f irst etching solution L1 is preferably 1:50 to 1:30, and 

the HF:HNO3  mass ratio of the second etching solution L2 is 20 

preferably 1:30 to 1:5.  

[0019] 

 The f irst etching solution L1 and the second etching 

solution L2 may contain HNO3  at a concentration 

appropriately determined according to the contamination 25 
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condit ion of the si l icon core wires C1 to be etched and the 

target degree of cleanliness of  the sil icon core wires C1 

having been etched.  For example, the f irst etching solution 

L1 preferably contains HNO3  at a concentration of more than 

64 mass% and not more than 69 mass%. The second etching 5 

solution L2 preferably contains HNO3  at a concentration of 

not less than 60 mass% and not more than 67 mass%. The 

concentration of HNO3  is preferably,  but not l imited to,  a 

concentration higher in the f irst etching solution L1 than in 

the second etching solution L2. 10 

[0020] 

 In the present embodiment, two baths that are the f irst 

etching bath 11 and the second etching bath 12 are provided 

as etching baths.  However,  the number of etching baths is 

not l imited to this,  and a single etching bath may be 15 

provided, or not less than three etching baths may be 

provided. Even in a case where the number of etching baths is 

one, the present invention , of course, produces its ef fect  

sufficiently .  

[0021] 20 

 In a case where not less than three etching baths are 

provided, an etching solution held in an etching bath at a 

more downstream step preferably has a higher mass ratio  of  

HF to HNO3 ,  from a viewpoint of  improving the surface 

flatness of  the si l icon core wires C1 having been etched.  This 25 
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enables the control  of  an unnecessary temperature increase 

of  the etching solutions. Such a temperature increase  is due 

to rapid progress of  etching caused  when the sil icon core 

wires C1 are etched by using an etching solution containing 

HF in a high mass ratio  from the very beginning. Note that,  in 5 

this case, the third etching solution preferably contains 

HNO3  at a concentration of not less than 55 mass% and not 

more than 64 mass%. In addit ion, the concentration of HNO3  

is preferably higher in the second etching solution L2 than in 

the third etching solution.  10 

[0022] 

 At least respective surfaces of the first etching bath 11 

and the second etching bath 12 are preferably made of a 

material  resistant to corrosion by the f irst etching solution 

L1 and the second etching solution L2. Further, the surfaces 15 

of the f irst etching bath 11 and the second etching bath 12 

are preferably made of a material  that does not generate a 

substance which causes contamination of the sil icon core 

wires C1. 

[0023] 20 

 The cleaning bath 13 holds cleaning water L3 in which 

the sil icon core wires C1 is to be immersed. Examples of  the 

cleaning water L3 preferably include high purity water. From 

the viewpoint of preventing contamination of the sil icon core 

wires C1 with an impurity, the cleaning water  L3 is preferably 25 
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pure water having an electrical resistivity of not less than 1 

MΩcm  (megaohm-centimeter ) . A plural ity of  cleaning baths 

13 may be provided, and the si l icon core wires C 1 supported 

by the core wire holder 30 may be immersed, in sequence, in 

cleaning water  held in the respect ive cleaning baths. In this 5 

case, the cleaning water held in the cleaning bath disposed 

last in the sequence preferably has the highest purity.  

[0024] 

 As i l lustrated in Fig. 2, the mounting cassette 20 

includes: a frame 21; and eight insertion sections 22. The 10 

number of the insertion sections 22 is not l imited to eight but 

can be appropriately changed according to, for example, 

etching eff iciency and the size of  the etching device 1. The 

frame 21 includes rod-shaped sections that are formed so as 

to correspond to the respective edges of  a shape which 15 

substantial ly is a rectangular paral lelepiped . Each of the 

edges extends in up-and-down, front-and-rear, or 

right-and-left  directions.  

[0025] 

 The rod-shaped sections included in the frame 21 that 20 

extend in the right-and-left  direction are provided with eight 

insertion sections 22. Each of the eight insertion sections 22 

has the shape of a pair of protrusions facing each other in the 

right-and-left  direction. The mounting cassette 20 is 

designed such that the core wire holder 30 is mounted in the 25 
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mounting cassette 20 by inserting the core wire support 

boards 31 (described later)  of  the core wire holder 30 between 

the pairs of  protrusions of the insertion sections 22. The 

mounting cassette 20 further includes a f ixing member (not 

i l lustrated) for f ixing the core wire holders 30 to the 5 

mounting cassette 20.  

[0026] 

 The core wire holder 30 includes: two core wire support 

boards 31; hooks 32; and connecting sections 33. The core 

wire support boards 31 are disposed so as to extend in the 10 

up-and-down and front-and-rear directions. The core wire 

support boards 31 have a plural ity of through holes (holes)  

31A through which the si l icon core wires C1 pass.  

[0027] 

 It  should be noted that  the mounting cassette 20 is not 15 

essential to the etching device in accordance with the present 

invention provided that it is possible to change , while the 

si l icon core wires C1 are passed through the plural ity of  core 

wire support boards 31,  respective relative posit ions where 

the si l icon core wires C1 pass through in relation to the 20 

through holes 31A. In the present embodiment, the core wire 

holder 30 includes the hooks 32. This makes it possible to 

achieve the present invention by attaching  the hooks 32 to 

the crane 40 so that the crane 40 reciprocates the core wire 

holder 30 in the up-and-down direction. 25 
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[0028] 

 As i l lustrated in Fig.  3,  the core wire support boards 31 

are designed so as to support the si l icon core wires C1 while 

the si l icon core wires C1 are passed through the through 

holes 31A. Since the si l icon core wires C1 can pass through 5 

the respective  through holes 31A formed in the core wire 

support boards 31, the core wire support boards 31 are 

designed so as to be capable of  supporting the plural ity of  

si l icon core wires C1. 

[0029] 10 

 Each of the through holes 31A in the core wire support 

boards 31 is formed by a periphery shaped into a continuous, 

curved l ine. Further, the peripheries of  the through holes 

31A in the core wire support boards 31preferably  have a 

rounded, smooth shape.  For example, the peripheries of  the 15 

through holes 31A in the core wire support boards 31 may 

have a circular shape and an oval shape. Alternatively,  the 

peripheries of the through holes  31A may have the shape of a 

polygon including, for example,  a square, a rectangle , and 

other quadrangles, and a hexagon.  20 

[0030] 

 In a case where the si l icon core wires C1 to be etched 

are prismatic,  shaping the peripheries of  the through holes 

31A in the core wire support boards  31 into a circ le or an oval 

enables a reduction in the area of contact between the si l icon 25 



- 14 - 

TKY20249/PCT

（  

core wires C1 and the core wire support boards 31 . In this 

case, when the core wire holder 30 is reciprocated in the 

up-and-down direction, the si l icon core wires C1 are easi ly 

separated from the core wire support boards 31.  This makes 

it  easy to change the relative positions through which the 5 

si l icon core wires pass and perform even etching.  

[0031] 

 The peripheries of  the through holes 31A in the core 

wire support boards  31 may be continuous and have a shape 

with projections and depressions  so that the area of contact 10 

with the si l icon core wires C1 is reduced. In this case, the 

si l icon core wires C1 abut on t ips of the projections of the 

peripheries.  This makes the sil icon core wir es C1 less l ikely 

to abut on the depressions of the peripheries and therefore 

makes it  easy to reduce the area of contact between the 15 

peripheries and the si l icon core wires C1. 

[0032] 

 In a case where the through holes 31A have a circular 

shape, the through holes 31A have a diameter which is 

preferably not less than 1.1 times and more preferably not 20 

less than 1.2 t imes the diameter of a minimum enclosing 

circle for the cross section of the si l icon core wires C 1. 

Further,  the diameter of  the through holes 31A is not l imited 

to any particular length but is preferably not more than 2.0 

times the diameter of  the minimum enclosing circle for the 25 
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cross section of the si l icon core wires C1. In this case, the 

si l icon core wires C1 are less l ikely to drop off  the core wire 

support boards 31 during a change  of the respective relative 

posit ions where the si l icon core wires C1 pass through in 

relation to the through holes 31A . 5 

[0033] 

 In a case where the through holes 31A have a shape 

other than a circular shape, the through holes 31 A have a 

shorter diameter that is preferably not less than 1.1 times 

and more preferably not less than 1.2 t imes the diameter of  10 

the minimum enclosing circle for the cross section of the 

si l icon core wires C1. In this case, also from the viewpoint of  

preventing the si l icon core wires C1 from dropping off  the 

core wire support boards 31 , the shorter diameter of  the 

through holes 31A is preferably not more than 2.0 times the 15 

diameter of  the minimum enclosing circle for the cross 

section of the si l icon core wires C1. 

[0034] 

 The peripheries of  the through holes 31A in the core 

wire support boards  31 may have an open part that is shorter 20 

in length than the diameter of the minimum enclosing circle 

for the cross section of the si l icon core wires . However,  the 

peripheries of the through holes 31A in the core wire support 

boards 31 preferably have a continuous shape, in order to 

prevent the si l icon core wires C1 from dropping off  the core 25 
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wire support boards 31 during etching and/or during 

cleaning. In a case where the peripheries of the through holes 

31A in the core wire support boards  31 have a continuous 

shape, i t  is possible to easi ly provide the core wire support 

boards 31 with many through holes , and therefore possible to 5 

easily etch many si l icon core wires C1 at a t ime.  

[0035] 

 As i l lustrated in Figs. 4 and 5,  the hooks 32 extend 

outward from the upper surfaces of  the core wire support 

boards 31 in the right-and-left  direction, and are attached to 10 

arms 41 of the crane 40. Note that the si l icon core wires C 1 to 

be supported by the core wire holder 30 are omitted from 

Figs. 4 and 5. Attaching the hooks 32 to the arms 41 causes 

the crane 40 to support the core wire holder 30. This makes it  

possible to move the core wire holder 30 in the up -and-down 15 

direction or  the front-and-rear direction. Mounting the core 

wire holder 30 in the mounting cassette 20 by usi ng a f ixing 

member makes it  possible to move the mounting cassette 20 

and the core wire holder 30  as a unit in the up-and-down 

direction or  the front-and-rear direction. The connecting 20 

sections 33 il lustrated in Fig.  2 extend in the right-and-left 

direction so as to connect two core wire support boards 31 

together.  

[0036] 

 When the core wire holder 30 is moved in the 25 
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up-and-down or front-and-rear direction in the f irst etching 

solution L1 or the second etching solution L2 or in the 

cleaning water  L3, it  is possible to change  the respective 

relative posit ions where the sil icon core wires C1 pass 

through in relation to the through holes 31A . It  should be 5 

noted that,  in this specif ication,  "changing the respective 

relative posit ions where the sil icon core wi res C1 pass 

through in relation to the through holes 31A " includes 

changing the posit ions of contact of  the sil icon core wires C1 

with the peripheries of the through holes 31A in the core wire 10 

support boards 31. 

[0037] 

 In changing the respective relative posit ions where the 

si l icon core wires C1 pass through in relation to the through 

holes 31A, it is preferable that the peripheries of the through 15 

holes 31A in the core wire support boards  31 be temporarily 

separated from the si l icon core wires C1 so that the entire 

surface of the si l icon core wires C1 is evenly etched. In this 

regard, since reciprocating the core wire holder 30 in the 

up-and-down direction causes the core wire support boards 20 

31 to reciprocate  in the up-and-down direction, the sil icon 

core wires C1 are l ikely to be separated from the core wire 

support boards 31 when the core wire support boards 31 

start  to move downward after moving upward, as described 

later.  It is therefore preferable to reciprocate the core wire 25 
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holder 30, which supports the sil icon core wires C 1, in the 

up-and-down direction when etching or cleaning the si l icon 

core wires C1. 

[0038] 

 The hooks 32 are disposed on the two core wire support 5 

boards 31, in the present embodiment. However,  the present 

invention is not l imited to this. For example, a hook may be 

disposed at one place that substantial ly corresponds to the 

center of  the mounting cassette 20 , or may be disposed at  not 

less than three places. However, i t is preferable to attach the 10 

hooks 32 in a manner which enables the connecting sections 

33 to be kept in a substantial ly horizontal position while the 

crane 40 moves the mounting cassette 20 and the core wire 

holder 30 having been united together .  It  is therefore 

preferable to dispose the hooks 32 on the two respective core 15 

wire support boards 31, as i l lustrated in Fig.  2.  

[0039] 

 As i l lustrated in Fig. 1,  the crane 40 includes: arms 41; 

a wire rope 42; a l i ft ing and lowering mechanism 43; a 

carriage 44; and a rai l 45. The arms 41 are designed so as to 20 

be extendable in the right -and-left direction. The hooks 32 

are attached to the arms 41 as fol lows:  First,  the arms 41 are 

extended in the right-and-left direction while located above 

the mounting cassette 20 , as i l lustrated in Fig. 4.  The arms 

41 are then lowered by the li f t ing and lowering mechanism 43 25 
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( i l lustrated in Fig.  1)  and contracted in the right -and-left 

direction, as i l lustrated in Fig. 5.  In this manner, the hooks 

32 can be attached to the arms 41. 

[0040] 

 As i l lustrated in Fig. 1, the wire rope 42 connects the 5 

arms 41 and the li f t ing and lowering mechanism 43 to each 

other. The li ft ing and lowering mechanism 43 l i f ts and lowers 

the arms 41 by, for example,  winding and unwinding the wire 

rope. The carriage 44 is connected to  the l i f t ing and lowering 

mechanism 43 in a manner that allows the l i f t ing and 10 

lowering mechanism 43 to move with respect to the rai l 45. 

The rai l 45 guides the carriage 44 in the front-and-rear. The 

rai l 45 extends in the front-and-rear direction and above the 

first etching bath 11, the second etching bath 12 and the 

cleaning bath 13. The arms 41, the li f t ing and lowering 15 

mechanism 43, and the carriage 44 are connected to a control  

section (not i l lustrated) that controls extension and 

contraction of the arms 41 and l if t ing and lowering of the 

arms 41, as well  as movements of  the carriage 44. 

[0041] 20 

 <Etching method for sil icon core wire>  

 The following description will  discuss an etching 

method for the si l icon core wires C1 by using Fig.  1 and Figs. 

6 to 8.  

[0042] 25 
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 As i l lustrated in Fig. 6,  f irst,  the si l icon core wires C1 

are passed through the through holes 31A of the two core 

wire support boards 31 so that the sil icon core wires C1 are 

supported by the two core wire support boards 31 (S1: 

pass-through step). In S1, one and the other ends of each of 5 

the si l icon core wires C1 are preferably disposed so as to be 

beyond the two core wire support boards 31 in the right 

direction and in the left  direction , respectively, in order to 

prevent the si l icon core wires C1 from dropping off  the core 

wire support boards 31 during etching. The si l icon core wires 10 

C1 protrude beyond the two core wire support boards 31 in 

the right direction and in the left direction by a leng th that is 

not l imited to any particular length  provided that the length 

enables prevention of the dropping -off  of  the si l icon core 

wires C1. For example, the length by which the si l icon core 15 

wires C1 protrude beyond the two core wire support boards 

31 in the right direction and in the left  direction is preferably 

not less than 1% and not more than 15% and more preferably 

not less than 3% and not more than 10% of the length of the 

si l icon core wires C1.  20 

[0043] 

 The core wire holder 30 is then mounted in the  

mounting cassette 20 by inserting the core wire support 

boards 31 into the insertion sections 22 (S2). In this state, 

the core wire holder 30 is f ixed to the mounting cassette 20 25 
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by using a f ixing member (not i l lustrated) of  the mounting 

cassette 20.  

[0044] 

 Subsequently, the hooks 32 are attached to the arms 

41, and the core wire holder 30 mounted in the mounting 5 

cassette 20 is l i fted by the l i ft ing and lowering mechanism 43  

from the initial  state of  the etching device 1 i l lustrated  in Fig.  

1.  The carriage 44 is then moved forward along the rail  45, 

and the core wire holder 30 mounted in the mounting 

cassette 20 is located above the f irst etching bath 11. From 10 

this state,  the core wire holder 30 mounted in the mounting 

cassette 20 is lowered by the li f t ing and lowering mechanism 

43, so that the si l icon core wires C1 supported by the core 

wire support boards 31 are immersed in the  f irst etching 

solution L1, as i l lustrated in Fig. 7 (S3: f irst immersing step).  15 

[0045] 

 While the si l icon core wires C1 are immersed in the 

first etching solution L1 in this manner, the core wire holder 

30 is reciprocated in the up-and-down direction, so that the 

respective relative positions where the si l icon core wires C1 20 

pass through in relation to the through holes 31A are 

changed (S4: f irst position change step).  The core wire holder 

30 is reciprocated at a rate that may be appropriately 

determined according to  the shapes, sizes, and the l ike  of  the 

etching device 1 and the sil icon core wires C1 . The rate is 25 
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preferably such that the sil icon core wires C1 are not 

damaged by the contact with the core wire support boards 31 . 

It  is preferable that a rate at which the respective relative 

posit ions where the si l icon core wires C1 pass through in 

relation to the through holes 31A are changed  be, for 5 

example, not less than 30 t imes per minute and not more 

than 90 t imes per minute. In particular , a rate at which the 

core wire holder 30 is reciprocated in the up -and-down 

direction is preferably not less than 30 t imes per minute and 

not more than 90 t imes per minute.  10 

[0046] 

 In S4, locations, on the surfaces of the si l icon core 

wires C1, of contact  with the core wire support boards 31  

change as the core wire holder 30 reciprocate s. This enables 

contact between the entire surfaces of  the si l icon core wires 15 

C1 and the f irst etching solution L1. It  is therefore possible 

to evenly etch the entire surfaces of the si l icon core wires C1.  

Since the si l icon core wires C1 are supported by the core wire 

support boards 31 with the sil icon core wires C1 being 

passed through the through holes 31A formed in the core wire 20 

support boards 31, it  is further possible to prevent the 

si l icon core wires C1 from fal l ing of f the core wire support 

boards 31.  

[0047] 

 Reciprocating the core wire holder 30 in the 25 
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31 to reciprocate in the up-and-down direction, so that the

si l icon core wires C1 are l ikely to separate from the core wire

support boards 31 when the core wire support boards 31

start to move downward after moving upward. This makes the5

entire surfaces of the sil icon core wires C1 likely to have

contact with the first etching solution L1 during etching. It is

therefore possible to evenly etch the entire surfaces of the

si l icon core wires C1. Since the core wire holder 30 does not

need to move in a horizontal direction, it is further possible10

to reduce the size of the etching device 1 in the horizontal

direction and therefore make the etching device 1 more

compact.

[0048]

It is preferable to shape the peripheries of the through holes15

31A in the core wire support boards 31 into a continuous,

curved line. In this case, the area of contact between the

sil icon core wires C1 and the core wire support boards 31 is

l ikely to decrease, and the sil icon core wires C1 is therefore

l ikely to separate from the core wire support boards 31.20

Further, since the peripheries of the through holes 31A in the

core wire support boards 31 are each continuous, it is

possible to prevent the sil icon core wires C1 from dropping

off the core wire support boards 31. As a result, it is possible

to evenly etch the entire surfaces of the si l icon core25
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wires C1 with the sil icon core wires C1 being stably 

supported by the core wire support boards 31.  

[0049] 

 Providing the core wire support boards 31  with the 

plural ity of through holes 31A enables the core wire support 5 

boards 31 to support the plural ity of sil icon core wires C1. 

This makes it possible to eff iciently etch the plurality of 

si l icon core wires C1.  

[0050] 

 Next,  after the si l icon core wires C1 are etched in the 10 

first etching solution L1, the sil icon core wires C1 are pulled 

out of  the f irst etching solution L1 by l i f t ing the core wire 

holder 30 mounted in the mounting cassette 20  by using the 

li f t ing and lowering mechanism 43 (S5). Subsequently,  the 

carriage 44 is moved forward a long the rail  45 so that the 15 

core wire holder 30 mounted in the mounting cassette 20 is 

located above the second etching bath 12.  

[0051] 

 The si l icon core wires C1 are then immersed in the 

second etching solution L2 in the same manner as in S3 to S5 20 

(S6: f irst immersing step), the core wire holder 30 is 

reciprocated in the up-and-down direction (S7: f irst position 

change step) ,  and the si l icon core wires C1 are pulled out of  

the second etching solution L2 (S8).  

[0052] 25 
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 The carriage 44 is then moved along the rai l  45 so that 

the core wire holder 30 mounted in the mounting cassette 20 

is located above the cleaning bath 13. Subsequently, the 

si l icon core wires C1 are immersed in the cleaning water L3 

in the same manner as in S3 to S5 (S9: second immersing 5 

step),  the core wire holder 30 is reciprocated in the 

up-and-down direction (S10: second posit ion change step),  

and the sil icon core wires C1 are pulled out of the cleaning 

water L3 (S11).  

[0053] 10 

 In S10, the locations, on the surfaces of the si l icon core 

wires C1, of contact  with the core wire support boards 31  

change as the core wire holder 30 reciprocates. This enables 

the entire surfaces of  the si l icon core wires C1 to have 

contact with the cleaning water L3. It is therefore possible to 15 

evenly clean the entire surfaces of the sil icon core wires C1.  

[0054] 

 Next,  the carriage 44 is moved along the rail  45 so as to 

be located forward of  the cleaning bath 13, and the core wire 

holder 30 mounted in the mounting cassette 20 is then 20 

lowered by the li ft ing and lowering mechanism 43, as 

i l lustrated in Fig. 8. The hooks 32 are detached from the 

arms 41, the core wire holder 30 is demounted from the 

mounting cassette 20, and the si l icon core wires C1 are  then 

removed from the two core wire support boards 31, so that 25 
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the si l icon core wires C1 having been etched can be obtained.  

[0055] 

 <Variation> 

 In the present embodiment, the mounting cassette 20 

includes the insertion sections 22 each having the shape of a 5 

pair of  protrusions , and the core wire support boards 31 are 

inserted between the protrusions, paired together,  of  the 

insertion sections 22. However,  the present invention is not 

l imited to this.  The mounting cassette 20 may have grooves in 

which the core wire support boards 31 are to be inserted, 10 

instead of the insertion sections 22 each shaped into 

protrusions.  

[0056] 

 In the present embodiment, the si l icon core wires C1 

are passed through the through holes 31A in the core wire 15 

support boards 31, and the core wire holder 30 is then 

mounted in the mounting cassette 20. However,  the present 

invention is not l imited to this. The sil icon core wires C1 may 

be passed through the through holes 31A in the core wire 

support boards 31 after the  core wire holder 30 is mounted in 20 

the mounting cassette 20.  

[0057] 

 In the present embodiment, the respective relative 

posit ions where the si l icon core wires C1 pass through in 

relation to the through holes 31A are changed  by 25 
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reciprocating, in the up-and-down direction,  the mounting 

cassette 20 and the core wire holder 30 having been united. 

However,  the present invention is not l imited to this.  For 

example, the respective relative positions where the sil icon 

core wires C1 pass  through in relation to the through holes 5 

31A may be changed by reciprocating , in the up-and-down 

direction, the f irst etching bath 11, the second etching bath 

12, and the cleaning bath 13. 

[0058] 

 Alternatively,  the respective relative posit ions where 10 

the si l icon core wires C1 pass  through in relation to the 

through holes 31A may be changed by forming a forced 

circulating flow in the first etching solution L 1, the second 

etching solution L2, or the cleaning water  L3 and directing 

the forced circulating flow toward the sil icon core wires C1. 15 

The forced circulating flow may be formed by providing a jet 

nozzle in the first etching bath 11, the second etching bath 

12  or  the cleaning bath 13 and ejecting a circulating liquid 

through the jet nozzle.  

[0059] 20 

 Embodiment 2 

 The following description will  discuss another 

embodiment of the present invention. For convenience of 

description, a member having the same functi on as a member 

described in the above-described embodiment described 25 
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above is assigned with the same reference sign that the 

member described in the above-described embodiment is 

assigned with, and the description of the member  is omitted. 

As il lustrated in Fig. 9, Embodiment 2 dif fers from 

Embodiment 1 in that a short - length core wire holder 70 and 5 

a middle-length core wire holder 80 are mounted in a 

mounting cassette 60.  

[0060] 

 The short- length core wire holder 70 includes : two core 

wire support boards 31; hooks 32; and connecting sections 10 

73. The connecting sections 73 are shorter in the 

right-and-left  direction than the connecting sections 33 

il lustrated in Fig. 2. The short- length core wire holder 70 is 

therefore suitable to support short - length si l icon core wires 

C2 that are shorter  in the right-and-left direction than the 15 

si l icon core wires C1.  

[0061] 

 The middle-length core wire holder 80 i l lustrated in 

Fig. 9 includes: two core wire support boards 31; hooks 32; 

and connecting sections 83. The connecting sections 83 are 20 

longer in the right-and-left  direction than the connecting 

sections 73 and are shorter in the right -and-left direction 

than the connecting sections 33 i l lustrated in Fig.  2.  The 

middle-length core wire holder 80 is therefore suitable to 

support middle-length sil icon core wires C3 that are longer in 25 
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the right-and-left  direction than the short- length si l icon core 

wires C2 and are shorter in the right -and-left  direction than 

the sil icon core wires C1. Although the short- length core wire 

holder 70 and the middle -length core wire holder 80 support 

a single short- length sil icon core wire C2 and a single 5 

middle-length si l icon core wire C3, respectively in Fig. 9,  the 

short- length core wire holder 70 and the middle -length core 

wire holder 80 may each support a plural ity of  si l icon core 

wires.  

[0062] 10 

 As il lustrated in Fig. 9, the mounting cassette 60 

includes: a frame 21; eight insertion sections for short length 

62; and eight insertion sections for middle length 63. The 

eight insertion sections for short length 62 and the eight 

insertion sections for middle length 63 are provided to the 15 

rod-shaped sections included in the frame 21 and extending 

in the right-and-left direction. Each of the eight insertion 

sections for short length 62 and each of the eight insertion 

sections for middle length 63 have the shape of a pair of  

protrusions facing each other in the right -and-left  direction.  20 

[0063] 

 The posit ions of the eight insertion sections for short 

length 62 in the right-and-left  direction correspond to 

posit ions at which the two core wire support boards 31 of the 

short- length core wire holder 70 are disposed. Further, the 25 
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posit ions of the eight insertion sections for middle length 63 

in the right-and-left direction correspond to positions at 

which the two core wire support boards 31 of the 

middle-length core wire holder 80  are disposed. 

[0064] 5 

 In Fig. 9, the etching device 1 includes the short - length 

core wire holder 70 and the middle -length core wire holder 

80, which each have hooks 32. The total number of  the hooks 

32 is four. In a case where both the short - length core wire 

holder 70 and the middle -length core wire holder 80 are f ixed 10 

to the mounting cassette 60 , one of the hooks 32 of each of 

the short-length core wire holder 70 and the middle -length 

core wire holder 80 may be attached to the arms 41 

(i l lustrated in Fig.  4)  of  the crane 40, provided that it is 

possible to  keep the mounting cassette 60 in a horizontal 15 

posit ion. Alternatively,  a crane 40 that has four arms 41  may 

be prepared so that the arms 41 are attached to al l  of  the four 

hooks 32. 

[0065] 

 In some of the cases where polycrystal l ine sil icon  is 20 

produced by the Siemens process, the top portions of the two,  

long, long-length si l icon core wires that are set upright in a 

substantial ly vertical  direction are connected to each other 

by using a short- length si l icon core wire C2, and the two 

long-length si l icon core wires and the short - length sil icon 25 
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core wire C2 are energized and heated as a unit .  A 

long-length si l icon core wire can be produced by, for 

example, welding a short - length sil icon core wire C2 and a 

middle-length sil icon core wire C3. 

[0066] 5 

 The above-described configuration makes it possible to 

select the short- length core wire holder 70 or the 

middle-length core wire holder 80 according to the length of 

the short-length si l icon core wires C2 or middle -length 

si l icon core wires C3. This enabl es the core wire support 10 

boards 31 to securely support the sil icon core wires C2 and 

C3 regardless of the lengths of the si l icon core wires C2 and 

C3. 

[0067] 

 <Variation> 15 

 In the present embodiment, the mounting cassette 20 

includes eight insertion sections for short length 62 and 

eight insertion sections for middle length 63. However,  the 

present invention is not l imited to this. The mounting 

cassette 20 may include a total  of  more than 16 insertion 20 

sections that are provided different posit ions in the 

right-and-left  direction. In this case, the distance between 

two core wire support boards 31 is more f inely adjustable by 

changing the posit ions of the insertion sections in which the 

core wire support boards 31 are to be inserted. This makes it  25 
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possible to more finely adjust the distance between the two 

core wire support boards 31 according to the length of the 

si l icon core wires C1. Accordingly,  i t  is possible for the core 

wire support boards 31 to more securely support the si l icon 

core wires C2 and C3 regardless of  the length of the si l icon 5 

core wires C2 and C3. 

[0068] 

 Embodiment 3 

 As il lustrated in Fig. 10, Embodiment 3 differs from 

Embodiment 1 in that the mounting cassette 20, rather than 10 

the core wire holder 30, includes hooks 233 that are 

attachable and detachable. For convenience of  description, a 

member having the same function as a member described in 

the above-described embodiments is assigned with the same 

reference sign that the member described in the 15 

above-described embodiments  is assigned with, and the 

description of the member is omitted. Further, the si l icon 

core wires C1 to be supported by the core wire holder 30 are 

omitted in Fig. 10. 

[0069] 20 

 The mounting cassette 20 includes two f ixing members 

23 for f ixing the core wire holder 30 to the mounting cassette 

20. The two fixing members 23 are apart from each other in 

the right-and-left direction. Each of the two f ixing members 

23 includes: two attachment sections 231; a connecting 25 
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section 232; and a hook 233. The two attachment sections 

231, which are provided so as to face each other in the 

front-and-rear direction, are designed so as to be attached, 

in an attachable and detachable manner, to the upper side of  

the rod-shaped sections of the frame 21 that extend in the 5 

right-and-left  direction. It is possible to attach the f ixing 

members 23 to the frame 21 or detach the fixing members 23 

from the frame 21 by attaching the attachment sections 231 

to the frame 21 or detaching the attachment sections 231 

from the frame 21. In this case, the etching and cleaning of 10 

the si l icon core wires C1 are performed with the core wire 

holder 30 being f ixed to the mounting cassette 20.  

[0070] 

 The connecting sect ion 232 is a plate-shaped member 

for connecting the two attachment sections 231 which face 15 

each other in the front -and-rear direction. The hooks 233, 

which extend outside from the upper surface of  the 

connecting section 232 in the right-and-left  direction, are 

designed so as to be attached to the arms 41 of the crane 40.  

[0071] 20 

 The si l icon core wires C1 are etched as follows: First ,  

the two core wire support boards 31 supporting the sil icon 

core wires C1 are inserted into the insertion sections 22 

while the f ixing members 23 are detached from the frame 21. 

Next,  the fixing members 23 are attached to the frame 21, and 25 
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Subsequently, the hooks 233 of the mounting cassette 20 are

attached to the arms 41. After this, the same process flow as

in Embodiment 1 follows.

[0072]5

With the configuration in which the mounting cassette

20 includes the hooks 233 which are attachable and

detachable as described above, it is possible to easily adjust

the positions of the hooks 233 by, for example, changing the

positions of the fixing members 23. This makes it possible to10

easily keep, in a substantial ly horizontal posit ion, the

rod-shaped sections of the mounting cassette 20 that each

extend in the front-and-rear direction or in the right-and-left

direction even when the mounting cassette 20 is moved

upward or downward by the crane 40.15

[0073]

<Variation>

In Embodiment 3, as in Embodiment 2, the

short-length core wire holder 70 and the middle-length core

wire holder 80 may be designed so as to be mounted in the20

mounting cassette 60 and fixed, by using the fixing members

23, to the mounting cassette 60. Even in this case, it is

possible to easily adjust the positions of the hooks 233 by

changing the posit ions of the fixing members 23. This makes

it possible to easily keep, in a substantial ly horizontal25
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20 that each extend in the front-and-rear direction or in the

right-and-left direction even when the mounting cassette 20

is moved upward or downward by using the crane 40. Since a

single mounting cassette 20 includes two hooks 233, the5

crane 40 may include only two arms 41. This eliminates the

need to give a complex configuration to the etching device 1.

[0074]

[Main points]

A si l icon core wire etching device in accordance with an10

aspect of the present invention includes: an etching bath for

holding an etching solution in which a sil icon core wire is to

be immersed; a plurality of core wire support members for

supporting the si l icon core wire, the plurality of core wire

support members each having at least one hole, the at least15

one hole including a hole through which the sil icon core wire

is to pass; and a posit ion change mechanism for changing,

while the sil icon core wire is passed through the plurality of

core wire support members and immersed in the etching

solution, a relative posit ion where the si l icon core wire20

passes through in relation to the hole.

[0075]

It should be noted that, in this specif ication, "hole"

includes not only a hole formed by a periphery having a

continuous shape, i .e. , a closed shape but also a hole formed25
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by a periphery having an open part that is shorter in length 

than the diameter of the minimum enclosing circle for the 

cross section of the si l icon core wire. Therefore, the 

periphery of  the hole in each of the core wire support 

members may have an open part that is shorter in length than 5 

the diameter of  the minimum enclosing circle for the cross 

section of the si l icon core wire.  

[0076] 

 With this configuration, the locations, on the surface of 

the si l icon core wire,  of  contact with the core wire support 10 

members change by changing, by using the posit ion change 

mechanism and while the si l icon core wire is passed through 

the plurality of core wire support members and is immersed 

in the etching solution, the relative position where the si l icon 

core wire passes through in relation to the hole .  This enables 15 

the entire surface of  the si l icon core wire to have contact with 

the etching solution during etching and therefore makes it  

possible to evenly etch the entire surface of the si l icon core 

wire.  Since the si l icon core  wire is supported by the core wire 

support members with the si l icon core wire being passed 20 

through the holes formed in the core wire support members , 

it  is possible to prevent the si l icon core wire from fal l ing off  

the core wire support members . 

[0077] 

 According to the si l icon core wire  etching device in 25 
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accordance with an aspect of  the present invention, the 

posit ion change mechanism may reciprocate the plural ity of  

core wire support members  in an up-and-down direction. 

This configuration, in which the core wire support members  

reciprocate in the up-and-down direction, makes the si l icon 5 

core wire l ikely to separate from the core wire support 

members when the core wire support members start to move 

downward after  moving upward. This makes the enti re 

surface of  the sil icon core wire l ikely to have contact with the 

etching solution during etching. It is therefore possible to 10 

evenly etch the entire surface of the si l icon core wire. Since 

the core wire support members  do not need to move in the 

horizontal direction, i t is also possible to reduce the 

dimension of the etching device  in the horizontal direction . 

This makes it possible to make the etching device more 15 

compact.  

[0078] 

 According to the si l icon core wire  etching device in 

accordance with an aspect of  the present invention, the at 

least one hole may be formed by a periphery shaped into a 20 

continuous, curved line. This configuration makes the area of 

contact between the si l icon core wire and the core wire 

support members likely to decrease, and therefore makes the 

si l icon core wire l ikely to separate from the core wire support 

members. Since the periphery  of  the hole is continuous, i .e. ,  25 
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closed, i t is possible to prevent the si l icon core wire from 

dropping off  the core wire support members . This makes it  

possible to evenly etch the entire surface of the si l icon core 

wire with the si l icon core wire being stably supported by the 

core wire support members. 5 

[0079] 

 According to the si l icon core wire  etching device in 

accordance with an aspect of  the present invention, the 

si l icon core wire passes through the hole formed in each of at 

least two core wire support members  of  the plural ity of  core 10 

wire support members , and the at least two core wire support 

members are apart from each other by a distance that may be 

adjustable according to the length of the si l icon core wire.  

This configuration enables the plurality of core wire support 

members to securely support the si l icon core wire regardless 15 

of the length of the si l icon core wire.  

[0080] 

 According to the si l icon core wire  etching device in 

accordance with an aspect of  the present invention, the at 

least one hole includes a plural ity of  holes, and the plural ity 20 

of core wire support members  may each have the plurality of  

holes. This configuration enables the core wire support 

members to support a plural ity of  si l icon core wires, and 

therefore makes it possible to ef f ic iently etch the plurality of  

si l icon core wires.  25 
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[0081] 

 The si l icon core wire etching device in accordance with 

an aspect of  the present invention further includes a cleaning 

bath for holding cleaning water in which the sil icon core wire 

is to be immersed. The posit ion change mechanism may 5 

change, while the sil icon core wire having  been immersed in 

the etching solution is passed through the plural ity of core 

wire support members and immersed in the cleaning water,  a 

relative posit ion where the si l icon core wire  passes through 

in relation to the hole .  10 

[0082] 

 With this configuration,  locations, on the surface of  the 

si l icon core wire ,  of  contact  with the core wire support 

members are changed by changing, by the posit ion change 

mechanism and while the si l icon core wire is passed through 15 

the plurality of core wire support members and immersed in 

the cleaning water ,  the relative position where the si l icon 

core wire passes through in relation to the hole .  This enables 

the entire surface of  the si l icon core wire to have contact with 

the cleaning water  during cleaning and therefore makes it  20 

possible to evenly clean the entire surface of  the sil icon core 

wire.  

[0083] 

 A sil icon core wire  etching method in accordance with 

an aspect of  the present invention includes: a pass -through 25 
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step of passing a si l icon core wire through a hole formed in 

each of a plurality of core wire support members  for 

supporting the si l icon core wire;  a f irst immersing step of 

immersing the si l icon core wire supported by the plurality of  

core wire support members  in an etching solution; and a f irst  5 

posit ion change step of changing a relative posit ion where the 

si l icon core wire passes through in relation to the hole .  

[0084] 

 The si l icon core wire etching method in accordance 

with an aspect of  the present invention may further include, 10 

after the first posit ion change step: a second immersing step 

of immersing the si l icon core wire supported by the plural ity 

of  core wire support members  in cleaning water; and a second 

posit ion change step of changing , while the sil icon core wire 

is immersed in the cleaning water,  a relative position where 15 

the si l icon core wire  passes through in relation to the hole .  

[0085] 

 The present invention is not l imited to the 

embodiments, but can be altered by a ski l led person in the 

art within the scope of the claims. The present invention also 20 

encompasses, in its technical scope, any embodiment derived 

by combining technical means disclosed in differing 

embodiments.  

 

Examples 25 
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[0086] 

 The following description will  discuss Examples of  the 

present invention.  

[0087] 

 [Example 1]  5 

 <Preparation of sil icon core wires C1>  

 As the si l icon core wires C1 to be used in Example  1, 

nine sil icon core wires C1 were prepared. Each of the nine 

si l icon core wires C1 had a cross section that was orthogonal 

to an extending direction and that was a square having sides 10 

of 10 mm, and had the shape of a prism having a length in the 

extending direction of 1200 mm. 

[0088] 

 <Preparation of core wire holder 30> 

 The core wire holder 30 was prepared as fol lows: As the 15 

core wire support boards 31 il lustrated in Fig.  2,  two core 

wire support boards 31 each being 10 mm thick were 

prepared. Each of the two core wire support boards 31 had 

nine through holes 31A each of which was shaped into a 

circle having a diameter of  20 mm and which were formed in 20 

a regular arrangement. The core wire support boards 31 were 

disposed 1 m apart from each other in the right -and-left  

direction such that the nine through holes 31A of one of the 

core wire support boards 31 were  each al igned with the 

corresponding one of the nine through holes 31A of the other 25 
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one of the core wire support boards 31 in the up -and-down 

direction and in the front -and-rear direction. The connecting 

sections 33 and the hooks 32 were attached to the core wire 

support boards 31 as i l lustrated in Fig.  2.  

[0089] 5 

 <Disposing sil icon core wires C1 to core wire holder 30:  

pass-through step> 

 Two respective through holes 31A of the two core wire 

support boards 31 that are aligned with each other in the 

up-and-down direction and in the front -and-rear direction 10 

are collectively referred to as a set of  through holes 31A. In 

the next step, the sil icon core wires C1 were inserted i nto 

nine respective sets of  through holes 31A. In the inserting, 

each of the si l icon core wires C1 was disposed in the core 

wire holder 30 such that both ends of the si l icon core wire  15 

protruded beyond the core wire support boards 31 in the 

right direction and in the left  direction by approximately 100 

mm. 

[0090] 

 <Mounting core wire holder 30 in mounting cassette 20 

20> 

 The core wire holder 30 supporting the si l icon core 

wires C1 was mounted in the mounting cassette 20 

il lustrated in Fig. 2 by inserting the core wire support boards 

31 in the insertion sections 22 of the mounting cassette 20. 25 
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In this state,  the core wire holder 30 was f ixed to the 

mounting cassette 20 by using a f ixing member (not 

i l lustrated) of the mounting cassette 20 so that the core wire 

holder 30 and the mounting cassette 20 were united  with 

each other.  5 

[0091] 

 <Etching: f irst immersing step and first posit ion 

change step> 

 As i l lustrated in Figs. 4 and 5, the hooks 32 of the core 

wire holder 30 were attached to the arms 41 of the crane 40 10 

so that the mounting cassette 20 and the core wire holder 30 

having been united with each other were movable in the 

up-and-down direction and in the  front-and-rear direction by 

using the crane 40.  

[0092] 15 

 Next,  as i l lustrated in Fig. 7, the mounting cassette 20 

and the core wire holder 30 having been united with each 

other were moved by the crane 40, and the entirety of  the core 

wire holder 30 and the entirety of  the mounting cassette 20 

were immersed into the f irst etching solution L1 held in the 20 

first etching bath 11 ( f irst immersing step).  The f irst etching 

solution L1 was an aqueous solution containing HNO3  at a 

concentration of 67 mass% and containing HF at a 

concentration of 2 mass%. The mounting cassette 20 and the 

core wire holder 30 having been united with each other were 25 



- 44 - 

TKY20249/PCT

（  

reciprocated in the up-and-down direction for f ive minutes at  

a rate of  40 t imes per minute. During the reciprocation, 

changes of respective relative posit ions where the si l icon 

core wires C1 pass through in relation to the through holes 

31A were visually confirmed (f irst position change step).  5 

[0093] 

 Next,  the mounting cassette 20 and the core wire 

holder 30 having been united with each other were l i f ted by 

the crane 40, and pulled out of  the f irst etching solution L1. 

Subsequently, the mounting cassette 20 and the core wire 10 

holder 30 having been united with each other were moved by 

the crane 40 so that the entirety of  the core wire holder 30 

supporting the si l icon core wires C1 and  the entirety of  the 

mounting cassette 20 were immersed in the second etching 

solution L2 held in the second etching bath 12 ( f irst 15 

immersing step).  The second etching solution L 2 was an 

aqueous solution containing HNO3  at a concentration of 64 

mass% and containing HF at a concentration of 4 mass%. The 

mounting cassette 20 and the core wire holder 30 having 

been united with each other were reciprocated in the 20 

up-and-down direction for 10 minutes at a rate of  40 times 

per minute. During the reciprocation, changes of respective 

relative posit ions where the sil icon core wires C1 pass 

through in relation to the through holes 31A  were visually 

confirmed ( f irst posit ion change step).  25 
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[0094] 

 <Cleaning: second immersing step and second position 

change step> 

 Next,  the mounting cassette 20 and the core wire 

holder 30 having been united with each other were l i f ted by 5 

the crane 40, and pulled out of  the second etching solution 

L2. The mounting cassette 20 and the core wire holder 30 

having been united with each other were moved by the crane 

40 so that the entirety of the core wire holder 30 supporting 

the si l icon core wires C1 and the entirety of  the mounting 10 

cassette 20 were immersed in the cleaning water  L3 held in 

the cleaning bath 13 (second immersing step).  The cleaning 

water L3 was pure water having an electrical  resistivity of  2 

MΩcm .  The mounting cassette 20 and the core wire hold er 30 

having been united with each other were reciprocated in the 15 

up-and-down direction for two minutes at a rate of 40 t imes 

per minute. During the reciprocation, changes of respective 

relative posit ions where the sil icon core wires C1 pass 

through in relation to the through holes 31A were visually 

confirmed (second position change step).  20 

[0095] 

 <Drying> 

 Subsequently, the mounting cassette 20 and the core 

wire holder 30 having been united with each other were 

pulled out of the cleaning bath 13, and an excessive amount 25 
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of the cleaning water L3 adhering to  the core wire holder 30 

and the mounting cassette 20 was removed. The sil icon core 

wires C1 was then dried with the si l icon core wires C1 being 

disposed in the core wire holder 30 and the mounting 

cassette 20.  5 

[0096] 

 <Evaluation · observation> 

 After dried, the nine sil icon core wires C1 thus 

obtained were visually observed. It  was observed that the 

entire surface of  each of the nine si l icon core wires C1 was 10 

even and had a metall ic luster . This indicated the absence of 

unevenness of etching . None of the nine sil icon core wires C1 

dropped off  the core wire holder 30 throughout the etching 

step and the cleaning step.  

[0097] 15 

 [Comparative Example 1]  

 A process was performed which is similar to that for 

Example 1 except that , in <etching> and <cleaning> in 

Example 1,  the mounting cassette 20 and the core wire holder 

30 having been united with each other were immersed while 20 

not being reciprocated in the up-and-down direction but 

being at rest. The immersion was performed for 5 minutes in  

the f irst etching solution L1, for 10 minutes in the second 

etching solution L2, and for 2 minutes in the cleaning water  

L3. 25 
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[0098] 

 After dried, the nine sil icon core wires C1 thus 

obtained were visually observed. It  was observed that, as to 

al l  of  the nine sil icon core wires C1, locations , on the nine 

si l icon core wires C1,  of  contact with the peripheries of the 5 

through holes 31A in the core wire support boards 31 and the 

vicinities of  the locations of contact  had a luster dif ferent 

from that of  the other locations . This indicated that 

unevenness of etching  clearly occurred. Note that,  in this 

specif ication, locations , on the si l icon core wires C1, of  10 

contact with the peripheries of the through holes 31A in the 

core wire support boards  31 are referred to as locations , on 

the si l icon core wires C1,  of contact with the core wire 

support boards 31.  

[0099] 15 

 [Comparative Example 2]  

 A process was performed which is similar to that for 

Example 1 except that , in <etching> in Example 1, the 

mounting cassette 20 and the core wire holder 30 having 

been united with each other were immersed while not being 20 

reciprocated in the up-and-down direction but being at rest.  

Note that Comparative Example 2 differs from Comparative 

Example 1 in that the mounting cassette 20 and the core wire 

holder 30 having been united with each other were 

reciprocated in the up-and-down direction for two minutes at 25 
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a rate of  40 t imes per minute in <cleaning: second immersing 

step and second posit ion change step>.  

[0100] 

 After dried, the nine sil icon core wires C1 thus 

obtained were visually observed. It  was observed that, as to 5 

al l  of  the nine si l icon core wires C1, locations , on the sil icon 

core wires C1,  of  contact with the core wire support boards 

31 and the vicinities of  the locations of contact had a luster 

di f ferent from that of the other locations. This indicated that 

unevenness of etching  clearly occurred. It  has been therefore 10 

shown that,  in a case where the mounting cassette 20 and the 

core wire holder 30 are not reciprocated in the etching step, 

it  is not possible to avoid  unevenness of etching even when 

relative posit ions of the si l icon core wires C1 are changed in 

the cleaning step.  15 

[0101] 

 [Example 2]  

 A process was performed which is similar to that for 

Example 1 except that two core wire support boards 31 each 

of which has nine through holes 31A that are each shaped 20 

into a square having sides of  20 mm and that are formed in a 

regular arrangement and each of which is  10 mm thick were 

used in the core wire  holder 30.  

[0102] 

 After dried, nine si l icon core wires C1 thus obtained 25 
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were visually observed. It  was observed that f ive out of  the 

nine si l icon core wires C1 had a surface the entirety of  which 

was even and had a metal l ic luster .  This indicated the 

absence of unevenness of etching . It  was further observed 

that,  as to the remaining four si l icon core wires C1 , 5 

locations, on the four si l icon core wires C1,  of  contact with 

the core wire support boards 31 and the vicinit ies of  the 

locations of contact  had a luster somewhat dif ferent from 

that of  the other locations . This indicated that unevenness of 

etching slightly occurred. However,  the unevenness of 10 

etching observed in Example 2 was so slighter than the 

unevenness of etching in Comparative Examples 1 and 2 that 

the judgement of  the unevenness was diff icult ,  and was not 

problematic.  

[0103] 15 

 [Example 3]  

 A process was performed which is similar to that for 

Example 2 except that, in <etching>, the mounting cassette 

20 and the core wire holder 30 having been united with each 

other were reciprocated at a rate of  80 times per minute. 20 

Specif ically, the mounting cassette 20 and the co re wire 

holder 30 having been united with each other were 

reciprocated in the up-and-down direction for f ive minutes  at  

a rate of 80 t imes per minute while the sil icon core wires C1 

were immersed in the first etching solution L1. Further,  the 25 
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mounting cassette 20 and the core wire holder 30 having 

been united with each other were reciprocated in the 

up-and-down direction for ten minutes at a rate of 80 t imes 

per minute while the si l icon core wires C1 were immersed in 

the second etching solution L2. 5 

[0104] 

 After dried, nine si l icon core wires C1 thus obtained 

were visually observed. It  was observed that all  of  the nine 

si l icon core wires C1 had a surface the entirety of  which was 

even and had a metall ic luster. This indicated the absence of 10 

unevenness of etching. 

[0105] 

 [Example 4]  

 A process was performed which is similar to that for 

Example 1 except that two core wire support boards 31 each 15 

of which had nine through holes 31A that were each shaped 

into a regular hexagon inscribed in a circle having a diameter 

of  20 mm and that are formed in a regular arrangement  and 

each of which is 10 mm thick  were used in the core wire 

holder 30. 20 

[0106] 

 After dried, nine si l icon core wires C1 thus obtained 

were visually observed. It  was observed that seven out of  the 

nine si l icon core wires C1 had a surface the entirety of  which 

was even and had a metal l ic luster.  This indicated the 25 
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absence of unevenness of etching . It  was further observed 

that,  as to the remaining two si l icon core wires C1, locations , 

on the two si l icon core wires C1,  of  contact with the core wire 

support boards 31 and the vicinit ies of  the locations  of 

contact had a luster somewhat different from that of  the 5 

other locations. This indicated that unevenness of etching 

sl ightly occurred. However, the unevenness of etching 

observed in Example 4 was so slighter than the unevenness of 

etching in Comparative Examples 1 and 2 that the judgement 

of  the unevenness was dif f icult,  and was not problematic.  10 

[0107] 

 [Example 5]  

 A process was performed which is similar to that for 

Example 4 except that, in <etching>, the mounting cassette 

20 and the core wire holder 30 having been united with each 15 

other were reciprocated at a rate of  60 times per minute. 

Specif ically, the mounting cassette 20 and the core wire 

holder 30 having been united with each other were 

reciprocated in the up-and-down direction for f ive minutes at  

a rate of 60 t imes per minute while the sil icon core  wires C1 20 

were immersed in the first etching solution L1. Further,  the 

mounting cassette 20 and the core wire holder 30 having 

been united with each other were reciprocated in the 

up-and-down direction for ten minutes at a rate of 60 t imes 

per minute while  the si l icon core wires C1 were immersed in 25 
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the second etching solution L2. 

[0108] 

 After dried, nine si l icon core wires C1 thus obtained 

were visually observed. It  was observed that the entire 

surface of  each of the nine sil icon core wires C1 was even and 5 

had a metal l ic luster.  This indicated the absence of 

unevenness of etching.  

[0109] 

 It  has been shown by a comparison between Examples 

1, 2, and 4 that the peripheries of the through holes 31A in 10 

the core wire support boards  31 are preferably shaped into a 

rounded, smooth, curved line, such as a circle indicated in 

Example 1. It has been further shown by a comparison 

between Examples 2 and 4 that,  when the peripheries of  the 

through holes 31A in the core wire support boards  31 are 15 

closer to a circle in shape, i t is possible to more evenly etch 

the entire surfaces of  the si l icon core wires C1 even at a small 

moving speed in the up-and-down direction.  

[0110] 

 It  has been shown by a  comparison between Examples 2 20 

and 3 and a comparison between Examples 4 and 5 that,  even 

in a case where the peripheries of  the through holes 31A in 

the core wire support boards 31 are not shaped into a curved 

line in shape, it  is possible to improve the evenness of  

etching by increasing the reciprocation rate of the core wire 25 
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holder 30.  

 

Reference Signs List  

[0111] 

 1:  Etching device 5 

 11: First etching bath (etching bath)  

 12: Second etching bath (etching bath)  

 13: Cleaning bath 

 20, 60: Mounting cassette  

 22: Insertion section 10 

 30: Core wire holder 

 31: Core wire support board (core wire support 

member)  

 31A: Through holes (hole)  

 33, 73, 83: Connecting section 15 

 40: Crane (posit ion change mechanism)  

 41: Arm 

 43: Li fting and lowering mechanism 

 62: Insertion section for short length 

 63: Insertion section for middle length 20 

 70: Short- length core wire holder  

 80: Middle-length core wire holder  

 C1: Si l icon core wire 

 C2: Short- length si l icon core wire (si l icon core wire)  

 C3: Middle-length si l icon core wire (si l icon core wire)  25 
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 L1: First etching solution (etching solution)  

 L2: Second etching solution (etching solution)  

 L3: Cleaning water  

 S1: Pass-through step 

 S3, S6: First immersing step 5 

 S4, S7: First posit ion change step  

 S9: Second immersing step 

 S10: Second posit ion change step
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Claims 

 Claim 1 

 A sil icon core wire etching device comprising:  

 an etching bath for holding an etching solution in 

which a sil icon core wire is to be immersed;  5 

 a plural ity of core wire support members  for supporting 

the si l icon core wire,  the plural ity of core wire support 

members each having at least one hole ,  the at least one hole 

including a hole through which the sil icon core wire  is to 

pass; and 10 

 a position change mechanism for changing , while the 

si l icon core wire is passed through the plurality of  core wire 

support members and immersed in the etching sol ution,  a 

relative posit ion where the si l icon core wire passes through 

in relation to the hole .  15 

 

 Claim 2 

 The sil icon core wire etching device according to claim 

1, wherein the position change mechanism is configured to 

reciprocate the plural ity of  core wire support members  in an 20 

up-and-down direction.  

 

 Claim 3 

 The sil icon core wire etching device according to claim 

1 or 2, wherein the at least one hole is formed by a periphery 25 
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shaped into a continuous, curved l ine.  

 

 Claim 4 

 The si l icon core wire etching device according to any 

one of claims 1 to 3, wherein 5 

 the si l icon core wire passes through the hole  formed in 

each of at least two core wire support members of  the 

plural ity of  core wire support members, and 

 the at least two core wire support members  are apart 

from each other by a distance that is adjustable according to 10 

a length of the si l icon core wire.  

 

 Claim 5 

 The si l icon core wire etching device according to any 

one of claims 1 to 4, wherein the at least one hole includes a 15 

plural ity of  holes, and the plurality of core wire support 

members each have the plural ity of  holes.  

 

 Claim 6 

 The si l icon core wire etching device according to any 20 

one of claims 1 to 5, further comprising a cleaning bath for 

holding cleaning water in which the si l icon core wire is to be 

immersed, wherein  

 the posit ion change mechanism is configured to 

change, while the sil icon core wire having been immersed in 25 
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the etching solution is passed through the plural ity of core 

wire support members and immersed in the cleaning water,  a 

relative posit ion where the si l icon core wire passes through 

in relation to the hole .  

 5 

 Claim 7 

 A sil icon core wire etching method comprising:  

 a pass-through step of passing a si l icon core wire 

through a hole formed in each of a plural ity of  core wire 

support members for supporting the si l icon core wire;  10 

 a f irst immersing step of immersing the si l icon core 

wire supported by the plural ity of  core wire support members  

in an etching solution; and 

 a f irst position change step of changing  a relative 

posit ion where the si l icon core wire passes through in 15 

relation to the hole .  

 

 Claim 8 

 The si l icon core wire etching method according to claim 

7, further comprising:  20 

 a second immersing step of immersing , after the first 

posit ion change step,  the si l icon core wire supported by the 

plural ity of  core wire support members  in cleaning water ;  and  

 a second posit ion change step of changing , while the 

si l icon core wire is immersed in the cleaning water ,  a relative 25 
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posit ion where  the si l icon core wire passes  through in 

relation to the hole .


