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Method for recharging raw material polycrystalline silicon 

The present invention relates to a method for recharg­

ing raw material polycrystalline silicon, particularly to £ 

method for recharging raw material polycrystalline silicon 

intended for re-supplying chunks of raw material polycrys­

talline silicon into a crucible in a method for producing a 

silicon single crystal ingot (hereinafter referred, to as 

ingot") using the Czochralski method (hereinafter referred 

to as VCZ method"). 

A semiconductor substrate used for producing a semi­

conductor device is made of a single crystal silicon wafer, 

and the CZ method is widely used for growing silicon single 

crystal ingots. In the CZ method, a crucible is filled with 

polycrystalline silicon, and this polycrystalline silicon 

is melted to obtain a silicon melt. Next, a seed crystal, is 

brought into contact, with this silicon melt and an ingot is 

grown, by pulling up the seed crystal. 

It is difficult to reuse a crucible that has already 

been used. Therefore, in order to reduce the costs of pro­

ducing an ingot, a multi-pulling technique is convention­

ally used wherein the polycrystalline silicon which is the 

raw material, is re-supplied into the crucible to compen­

sate for the silicon melt which has decreased because of 

the puliing-up of the ingot, and the ingot is repeatedly 

pulled up without exchanging the crucible. 

For example, a method for recharging polycrystalline 

silicon by means of a cylindrical recharge tube is dis­

closed in WO 02/068732. This recharge tube comprises a cy­

lindrical tube and a detachable conical valve at the lower 

end of this tube. In the recharge method, using this re­

charge tube, in the condition in which the tube is blocked 



by the conical valve, solid-state polycrystalline silicon 

Is filled inside the tube, the recharge tube is disposed 

above the crucible after the ingot has been removed, the 

conical valve is aetached to open the lower end of the 

tube, and the polycrystalline silicon is supplied into the 

crucible from the lower end of the tube. 

According to this conventional recharge method, the' 

Dolvcrystalline silicon is dropped from the recharge tube 

into the silicon melt in the crucible, and therefore the 

silicon melt in the crucible is splashed. If the silicon 

melt is splashed out of the crucible, it causes damage to 

the ingot production apparatus, the growth process of the 

ingot must be stopped, and serious damage is caused to the 

growth process of the ingot. Further, impurities of a pre­

determined percentage are mixed in the silicon melt, and 

the splash of the silicon melt changes the impurity concen­

tration of the silicon melt in the crucible. As a result, 

an ingot without the desired quality is grown, causing a 

degradation of the quality. 

Therefore, methods for preventing the silicon melt in 

the crucible from being splashed at the time of recharging 

have been conventionally disclosed. 

For example, the following method is disclosed in WC 

02/068732. Before the polycrystalline silicon is dropped, 

the output of a heater is lowered to solidify the surface 

of the silicon melt in the crucible. Thereafter, the output 

of the heater is increased and the raw material solid-state 

polycrystalline silicon is dropped from the recharge tube. 

However, in the conventional recharge method, when 

large chunks of. polycrystalline silicon are dropped, the 

impact of the dropped polycrystalline silicon cannot be 

cushioned. Then, the dropped polycrystalline silicon breaks 
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through the surface of the solidified silicon melt, and the 

silicon melt in the crucible may be splashed, possibly 

stopping the production of the ingot. For this reason, in 

the conventional recharge method, large chunks of polycrys­

talline silicon cannot be dropped. Large chunks of raw ma­

terial polycrystalline silicon have the advantage that they 

can be produced at low cost and that therefore the produc­

tion costs can be reduced. Further, in the case when large 

chunks of raw material polycrystalline silicon are used, 

the total surface area of the raw material polycrystalline 

silicon is smaller at the same weight than in the case when 

small chunks of polycrystalline silicon are used. As a re­

sult, Si02 on the surface of the polycrystalline silicon, 

impurities such as metals, and the mixing-in of atmospheric 

gases, etc. can be reduced. Thus, in the case of using the 

large chunks of the raw material polycrystalline silicon, 

in the grown ingot, the decline of the dislocation free 

rate and the quality because of contamination by impuri­

ties, formation of pinholes, etc. can be restricted. 

Moreover, in the conventional recharge method, the 

surface of the silicon melt in the crucible is solidified. 

Therefore, the volume is expanded at the surface of the 

silicon melt and a force compressing the inner wall of the 

crucible is generated. This force is likely to rupture the 

crucible. 

Embodiments of the present invention seek to provide a 

method for recharging raw material polycrystalline silicon, 

which enables large chunks of polycrystalline silicon to be 

recharged while preventing the crucible from being damaged 

and ruptured as well as restricting the decline of the dis­

location free rate and the quality of the grown ingot. 
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According to an aspect of the present invention, there 

is provided a method for recharging raw material polycrys­

talline silicon in a method for producing a silicon single 

crystal ingot comprising a filling step of filling raw ma­

terial polycrystalline silicon into a crucible, a melting 

step of melting the filled polycrystalline silicon in the 

crucible into silicon melt, and a pulling-up step of bring­

ing a seed crystal into contact with the silicon melt and 

pulling up the seed crystal to thereby grow a silicon sin­

gle crystal ingot; in which the raw material polycrystal­

line silicon is supplied into the crucible after the melt­

ing step and the pulling-up step; wherein a cushioning re­

gion is formed on a surface of the silicon melt in the cru­

cible, and the raw material polycrystalline silicon is sup­

plied onto the formed cushioning region, and the cushioning 

region is formed by introducing polycrystalline silicon 

chunks having sizes of 5 mm to 50 mm to the surface of the 

silicon melt in the crucible, and the raw material poly­

crystalline silicon supplied onto the cushioning region 

consist of polycrystalline silicon chunks having sizes of 

more than 5 0 mm. 

According to an embodiment of the invention, a method 

for recharging raw material polycrystalline silicon in a 

method for producing a silicon single crystal ingot com­

prising a filling step of filling raw material polycrystal­

line silicon into a crucible, a melting step of melting the 

filled polycrystalline silicon in the crucible to form a 

silicon melt, and a pulling-up step of bringing a seed 

crystal into contact with the silicon melt and pulling up 

the seed crystal to thereby grow a silicon single crystal 

ingot; in which further raw material polycrystalline sili­

con is supplied into the crucible after the melting step 
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and the pulling-up step; wherein a cushioning region is 

formed by introducing small polycrystalline silicon chunks 

having small sizes to the surface of the silicon melt in 

the crucible, and large polycrystalline silicon chunks be­

ing larger in size than the small polycrystalline silicon 

chunks are supplied onto the cushioning region. 

The small polycrystalline silicon chunks may have siz­

es from 5 mm to less than 20 mm. 

The small polycrystalline silicon chunks may have sizes of 

20 mm to 5 0 mm. 

A recharge device comprising a main body having a pas­

sageway running through it and a lid body enabling one end 

of the main body to be opened and closed, is used to supply 

the raw material 
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polycrystalline silicon to the silicon melt in the cruci­

ble . 

The large polycrystalline silicon chunks have sizes 

which allow the large polycrystalline silicon chunks to 

pass through the passageway of the main body, and which are 

larger than 5 0 mm. 

The one end of the main body of the recharge device is 

closed by the lid body, the small polycrystalline silicon 

chunks are filled into the main body, the large polycrys­

talline silicon chunks are filled onto the small polycrys­

talline silicon chunks filled into the main body, and the 

lid body is opened to supply the raw material polycrystal­

line silicon to the silicon melt in the crucible. 

Effect of the Invention 

According to the method for raw material recharging 

polycrystalline silicon according to the present invention, 

even when the large chunks of raw material polycrystalline 

silicon are recharged, the cushioning region formed on the 

surface of the silicon melt in the crucible functions as an 

impact cushioning member, whereby it is capable of prevent­

ing the silicon melt in the crucible from being splashed 

and of preventing the crucible from being damaged or rup­

tured, Further, the large chunks of polycrystalline silicon 

can be recharged without splashing the silicon melt, and 

this makes it possible to prevent the dislocation free rate 

and the quality of the grown ingot from declining. Moreo­

ver, since the large chunks of raw material polycrystalline 

silicon can be produced at low cost, the advantage can 



be obtained that the production costs for the ingot can be 

reduced. 

Fig. 1 is a sectional view showing a recharge device 

for implementing a method for recharging raw material poly­

crystalline silicon according to an embodiment of the pre­

sent invention. 

Fig. 2 is a view showing a method for recharging raw 

material polycrystalline silicon according to a first em­

bodiment of the present invention. 

Fig. 3 is a view showing one example of an arrangement 

of a main body of the recharge device. 

Fig. 4 is a view showing types of polycrystalline 

silicon chunks as raw material. 

The present invention will be explained below with 

reference to the drawings showing preferred embodiments 

thereof. 

Fig. 1 is a sectional view showing a recharge device 

for carrying out the method for recharging raw material 

polycrystalline silicon according to an embodiment of the 

present invention. 

As shown in Fig. 1, a recharge device 10 is disposed 

above a crucible 2 0 arranged inside an ingot production ap­

paratus which is not shown in the drawings. In the ingot 

production apparatus, the CZ method is performed. In the CZ 

method, polycrystalline silicon which is the raw material, 

is filled into the crucible, and the polycrystalline sili­

con filled into the crucible is melted, to form a silicon 

melt in an atmosphere of an inert gas, e.g. Ar gas. A seed 

crystal is brought into contact with the silicon melt and 

an ingot is grown by pulling up the seed crystal. As shown 

in Fig. 1, the crucible 2 0 is surrounded, on its outer pe­

riphery by a heater 30. The heater 3C is used for heating 

the inside of the crucible 20 and melting the chunks of the 
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polycrystalline silicon (hereinafter also referred to as 

"polycrystalline silicon chunks"}- The crucible 20 is e.g. 

a quartz crucible made of quartz, and the heater 30 is e.g. 

a graphite heater. 

The recharge device 10 has a hollow cylindrical main 

body 1 having a through passageway with both ends la, lb 

opening externally, and a lid body 2 enabling one end of 

the main body to be opened, and closed. The main body 1 is 

made of e.g. quartz. The lid body 2 has a conical shape 

with a conical surface 2a, which can come into close con­

tact with the periphery of the end la. £ wire 3 is attached 

to the lid body 2, and the wire 3 runs through the inside 

of the main body 1 from the end la to the end lb to be con­

nected to a non-illustrated open/close device of the re­

charge device 1C. It should be noted that the shape of the' 

main body 1 is not limited to the cylindrical shape and 

that other' shapes such as a column shape can be adopted. 

Similarly, for the shape of the lid body 2, other shapes 

such as a pyramid shape can be adopted. 

In the recharge device 10, the opening and closing of 

the end la of the main body 1 is performed by the non-

illustrated open/close device letting out and reeling in 

the wire 3, thus vertically moving the lid body 2. 

The method for recharging raw material polycrystalline 

silicon according to the first embodiment of the present 

invention using the above recharge device 10, will be ex­

plained below. Figs. 2(a) to (f) show the method for re­

charging raw material polycrystalline silicon according to 

the first embodiment of the present invention. 

During the growth of an 

formed after the step of mel 

con chunks or the step of pu 

ingot, the recharging is per-

ting the polycrystalline sin­

gling up the ingot. First, the 
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end Is of the main body 1 of the recharge device 10 is 

closed by the lid body 2. Next, the raw material polycrys­

talline silicon is filled into the main body 1. While the 

raw material polycrystalline silicon is filled, the re­

charge device 10 takes a posture in such a manner that, for 

example, the axial direction of the mam body 1 is oriented 
in a vertical direction. Further, as shown in Fig. 3, the 

recharge device 10 can take a posture in such a manner 

that, by means of e.g. a support body 4, the main body 1 

can be inclined so that the axial direction of the main 

body 1 assumes a predetermined angle, e.g. 4b degrees, with 
respect to the vertical direction. 

Here, depending on their sizes, the polycrystalline 

silicon chunks as the raw material polycrystalline silicon 

is divided into three classes: small-sized polycrystalline 

silicon chunks SI, middle-sized polycrystalline silicon 

chunks S2, and large-sized polycrystalline silicon chunks 

S3. As shown in Fie. 4, the small-sized polycrystalline 

silicon chunks SI are polycrystalline silicon chunks having 

a small chunk size, the middle-sized polycrystalline sili­

con chunks S2 are polycrystalline silicon chunks having a 

middle chunk size, and the large-sized polycrystalline 

silicon chunks S3 are polycrystalline silicon chunks having 

a large chunk size. The size of the chunks is defined, by 

the maximum, width b of the chunks. Polycrystalline silicon 

chunks with a maximum! width h of less than 20 mm. are small-

sized polycrystalline silicon chunks SI. Polycrystalline 

silicon, chunks with the maximum width h of 20 mm to 50 mm 

are middle-sized polycrystalline silicon chunks S2. Poly­

crystalline silicon chunks with the maximum width h of more 

than 50 mm are large-sized polycrystalline silicon chunks 
C; 

As shown in Fig. 2(b), the filling of the raw material 

polycrystalline silicon into the main body 1 initially 
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starts with cushioning layer formation polycrystalline 

silicon chunks Sb for forming a cushioning layer described 

later. As the cushioning layer formation polycrystalline 

silicon chunks Sb, the small-sized polycrystalline silicon 

chunks SI or the middle-sized polycrystalline silicon 

chunks S2 are used. Namely, the small-sized polycrystalline 

silicon chunks SI or the middle-sized polycrystalline sili­

con chunks S2 are filled into the main body I which has not 

yet been filled with raw material polycrystalline silicon. 

The amount of the cushioning layer formation polycrystal­

line silicon chunks Sb to be filled is based on the diame­

ter of the crucible 2G or the like, and the surface 41 of 

the silicon melt 40 in the crucible 20 is entirely covered 

with the cushioning layer formation polycrystalline silicon 

chunks Sb. In the present embodiment, the middle-sized 

polycrystalline silicon chunks S2 are used as the cushion­

ing layer formation polycrystalline silicon chunks Sb. 

Next, as shown in Fig. 2(c), polycrystalline silicon 

chunks being larger in size than the middle-sized polycrys­

talline silicon chunks S2, namely, the large-sized poly­

crystalline silicon chunks S3, are filled into the main 

body 1. Thus, the middle-sized polycrystalline silicon 

chunks S2 are deposited inside the main body 1 from the 

lower end. la, and subsequently, the large-sized polycrys­

talline silicon chunks S3 are deposited on the middle-sized 

polycrystalline silicon chunks S2, said chunks S3 being 

larger in size than the chunks 32. 

While the polycrystalline silicon chunks are filled 

into the main body 1, as described above, the main body 1 

may be inclined at a predetermined angle with respect to 

the vertical direction, as shown in Fig. 3. In this manner, 

it is possible to cushion the impact of the polycrystalline 

silicon chunks on the main body 1 when the polycrystalline 

silicon chunks are filled into the main oody 1. Particu­
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larly when the large-sized polycrystalline silicon chunks 

S3 are filled, the middle-sized polycrystalline silicon 

chunks S2 which were deposited on the bottom of the main 

body 1 beforehand, cushion, as the cushioning member, the 

impact due to the dropping of the large-sized polycrystal­

line silicon chunks S3. 

After the filling of the polycrystalline silicon 

chunks S into the main body 1 is finished, the recharge de­

vice 10 is disposed at a predetermined position above the 

crucible 20. As shown in Fig. 2(a), the position at which 

the recharge device 10 is to be disposed, is a position 

above the crucible 2 0 where the axial direction of the main 

1 coincides with the vertical direction. 

Next, as shown in Fig. 2(d), the wire 3 is'let out and 

extended by the non-illustrated open/close device so that 

the lid body 2 is moved downward to open the end la -of the 

main body 1. In this manner, first, the middle-sized poly­

crystalline silicon chunks S2 deposited in the lower part 

of the ma^n body 1 are supplied onto the silicon melt 40 in 

the crucible 20. Since the middle-sized polycrystalline 

silicon chunks S2 have the small size, they float on the 

surface 41 of the silicon melt 40. For this reason, the 

middle-sized polycrystalline silicon chunks 52 are depos­

ited on the surface 41 of the silicon melt 40 and cover the 

surface 41. Next, as shown in Fig. 2(e), the large-sized 

polycrystalline silicon chunks S3, which are larger than 

the middle-sized polycrystalline silicon chunks S2, are 

supplied onto the polycrystalline silicon melt 40 in the 

crucible 20. At this time, the lid body 2 may be further 

lowered in order to make the opening width of the end la of 

the main body 1 wider. Since at this time, the surface 41 

of the silicon melt 4 0 is covered with the middle-sized 

polycrystalline silicon chunks S2 and the large-sized poly­

crystalline silicon chunks S3 drop onto the laver of the 
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middle-sized polycrystalline silicon chunks S2 floating on 

the surface 41 of the silicon melt 4 Q, the impact due to 

the dropping of the large-sized polycrystalline silicon 

chunks S3 is cushioned fov the layer of the floating middle-

sized polycrystalline silicon chunks S2. Namely, the mid-

die-sized polycrystalline silicon chunks S2, "which are sup­

plied into the crucible 20 first, are deposited on the sur­

face 41 of the polycrystalline silicon melt 40 and form a 

cushioning layer 50 which is a cushioning region. Then, as 

shown in Fig. 2(f), all the polycrystalline silicon chunks 

filled inside the main body 1 of the recharge device 10 are 

supplied into the crucible 20, and the recharging is fin­

ished. 

The recharged polycrystalline silicon chunks are 

melted due to being heated 'by the heater 30, and become 

silicon melt. In this manner, the desired amount of silicon 

melt is supplied into the crucible 20. 

Next, a method for recharging raw material polycrys­

talline silicon according to a second embodiment of the 

present invention will be explained. 

The method for recharging raw material polycrystalline 

silicon according to the second embodiment of the present 

invention is different from the method for recharging raw 

material polycrystalline silicon according to the above 

first embodiment only in that, as the cushioning layer for­

mation polycrystalline silicon chunks 3b, not the middle-

sized polycrystalline silicon chunks S2 but the small-sized 

polycrystalline silicon chunks SI are used. Namely, in the 

method for recharging according to the second embodiment of 

the present invention, the small-sized polycrystalline 

silicon chunks SI form the cushioning layer 50 on the sur­

face 41 of the silicon melt 40 in the crucible 20, and the 

large-sized polycrystalline silicon chunks S3 are supplied 
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onto this cushioning layer 50. The method for recharging 

according to the second embodiment of the present invention 

is different from the method for recharging according to 

the first embodiment only in that the small-sized polycrys­

talline silicon chunks SI are used as the cushioning layer 

formation polycrystalline silicon chunks Sb. Since the re­

maining processes are the same between both methods, their 

detailed explanation will be omitted. 

Next, the method for supplying raw material polycrys­

talline silicon from the main body 1 to the crucible 20 in 

the first and second embodiments of the present invention 

will be explained. It is preferable that, by adjusting the 

length of the wire 3, the cushioning layer formation poly­

crystalline silicon chunks Sb, which are the small-sized 

polycrystalline silicon chunks SI or the middle-sized poly­

crystalline silicon chunks S2, are first supplied into the 

crucible 20; that then, all the cushioning layer formation 

polycrystalline silicon chunks 3b are supplied into the 

crucible 20 so that the cushioning layer 50 consisting of 

the cushioning layer formation polycrystalline silicon 

chunks Sb is formed on the surface 41 of the silicon melt 

40; and that thereafter, the large-sized polycrystalline 

silicon chunks S3 are introduced onto the cushioning layer 

50. For example, when the polycrystalline silicon chunks 

are supplied from the main body 1 to the crucible 20, 

first, the lid body 2 is lowered to open the end la of the 

main body 1 by a width which allows the cushioning layer 

formation polycrystalline silicon chunks Sb to pass and 

prevents the large-sized polycrystalline silicon chunks S3 

from passing, and then, after all the cushioning layer for­

mation polycrystalline silicon chunks Sb filled are sup­

plied into the crucible 20, the lid body 2 is further low­

ered to allow the large-sized polycrystalline silicon 

chunks S3 to pass. 



13 

As to the amount of the polycrystalline silicon chunks 

filled into the main body 1 of the recharge device 10, it 

is preferable that the total amount of the cushioning layer 

formation polycrystalline silicon chunks Sb and the large-

size polycrystalline silicon chunks S3 corresponds to the 

desired amount of the polycrystalline silicon to be re­

charged. 

When, as described above, the polycrystalline silicon 

chunks are recharged in the methods for recharging accord-

ina to the embodiments of the present invention, the small-

sized polycrystalline silicon chunks Si or the middle-sized 

polycrystalline silicon chunks S2 are introduced first; 

then, the small-sized polycrystalline silicon chunks SI or 

the middle-sizec polycrystalline silicon chunks S2 are de­

posited on the surface 41 of the silicon melt 40 in the 

crucible 20 to thereby form the cushioning layer 50. 'Since 

next, the large-sized polycrystalline silicon chunks S3, 

which have large sizes, are introduced onto the cushioning 

layer 50, the cushioning layer 50 cushions the impact due 

to the dropping of the large-sized polycrystalline silicon 

chunks S3. This can prevent the silicon melt 40 in the cru­

cible 20 from being splashed due to the impact of the drop­

ping of the large polycrystalline silicon chunks. 

By forming the cushioning layer 50, it is possible to 

recharge the large-sized polycrystalline silicon chunks S3, 

which have sizes so large that they could not have been re­

charged conventionally, "without splashing the silicon melt 

40 . 

Further, the cushioning layer 50 is formed of the 

small-sized polycrystalline silicon chunks SI or the mid­

dle-sized polycrystalline silicon chunks S2 floating on the 

silicon melt 40. Forming the cushioning layer 50 prevents 
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forces from being applied to the crucible 20, and therefore 

the crucible 20 is neither damaged nor ruptured. 

As described above, according to the methods for re­

charging of the embodiments of the present invention, in 

the case of recharging the large polycrystalline silicon 

chunks, there is the advantage that the raw material of the 

large polycrystalline silicon chunks can be produced at low 

cost. Therefore, the costs for producing the ingot can be 

reduced and the total surface area of the raw material 

polycrystalline silicon becomes smallert whereby SiOj on 

the surface of the polycrystalline silicon, impurities such 

as metals, and the mixing-in of atmospheric gases, etc. can 

be reduced. Thus, in the grown ingot, the decline of the 

dislocation free rate and the quality because of contami­

nation by impurities, formation of pinholes, etc. can be 

restricted. Therefore, the polycrystalline silicon chunks 

to be recharged are preferably the large-sized polycrystal­

line silicon chunks, which have sizes so large that they 

could not have been recharged into the crucible without 

splashing the silicon melt in the conventional recharge 

method.. 

It is preferable that the size of the small-sized 

polycrystalline silicon chunks 81 as the above cushioning 

layer formation polycrystalline silicon chunks Sb is set to 

at least 5 mm in order to prevent the occurrence of defects 

such as the formation of pinholes in the ingot. 

The maximum size of the large-sized polycrystalline 

silicon chunks S3 to be introduced, onto the cushioning 

layer 50 formed in the crucible 20 is set in such a manner 

that the chunks S3 can pass through the passageway in the 

main body 1 of the recharge device 10. For example, if the 

diameter of the passageway of the main body 1 is 200 mm, 

the maximum size of the large-sized polycrystalline silicon 
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chunks S3 is 200 mm. However, when the polycrystalline 

silicon chunks are introduced into the main body 1, it is 

preferable to consider preventing the main body 1 from be­

ing damaged due to the impact, and therefore, it is also 

preferable that the sice of the large-sized polycrystalline 

silicon chunks S3 is at most 200 mm. However, the maximum 

size of the large-sized polycrystalline silicon chunks S3 

with the prevention of damage to the main body 1 taken into 

consideration depends on the material and the size of the 

main body 1 and is not limited to the above. 

Examples 

Examples of the present invention will be explained 

below. 

The pclycrystailine silicon chunks were recharged by 

using the above method for recharging raw material poly­

crystalline silicon according to the first embodiment of 

the present invention (Examples 1 - 4) . 

In Example 1, polycrystalline silicon chunks with s 

maximum width h of 60 mm were used as the large-sized poly­

crystalline silicon chunks S3- In Example 2, polycrystal­

line silicon chunks with a maximum width h of 100 mm; were 

used as the large-sized polycrystalline silicon chunks S3. 

In Example 3, polycrystalline silicon chunks with s maximum 

width h of 150 mm were used as the large-sized pclycrystai­

line silicon chunks S3. In Example 4, polycrystalline sili­

con chunks with a maximum width h of 200 mm were used, as 

the large-sized polycrystalline silicon chunks S3. In any 

of Examples 1-4, polycrystalline silicon chunks with a 

maximum width h of 50 mm were used as the middle-sized 

polycrystalline silicon chunks S2 being the cushioning 

layer formation polycrystalline silicon chunks Sb. In the 

recharge device 10, the diameter of the passageway in the 

main body I was slightly larger than 200 mm. 
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As a comparative example, the polycrystalline silicon 

chunks were recharged by using the conventional method for 

recharging raw material polycrystalline silicon (Compara­

tive Examples 1 - 4). The conventional method for recharg­

ing differs from the methods for recharging according to 

the embodiments of the present invention in that herein, 

the polycrystalline silicon chunks are recharged without 

forming the cushioning layer. In other words, polycrystal­

line silicon chunks of the same size were introduced from 

the recharge device 10 to the crucible 20 in each example. 

In Comparative Example 1, the large-sized polycrystal­

line silicon chunks S3 with a maximum width h of 60 mm were 

recharged. In Comparative Example 2, the large-sized poly­

crystalline silicon chunks S3 with a maximum width h of 100 

mm were recharged. In Comparative Example 3, the large-

sized polycrystalline silicon chunks S3 with a maximum 

width h of 150 mm were recharged. In Comparative Example 4,. 

the large-sized polycrystalline silicon chunks S3 with a 

maximum width h of 200 ram were recharged. 

As reference examples, the above conventional method 

for recharging raw material polycrystalline silicon was 

used to recharge the middle-sized polycrystalline silicon 

chunks S2 with a maximum width h of 30 mm (Reference Exam­

ple 1) and the middle-sized polycrystalline silicon chunks 

S2 with a maximum width h of 50 mm (Reference Example 2) . 

In Examples 1-4, Comparative Examples 1-4 and Ref­
erence Examples I, 2, the state of splashing of the silicon 
melt at the time of introducing the polycrystalline silicon 

chunks was observed. The observation results will be shown 

below. 
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No. 

Example Comparative ] Reference Lxam- ; 

ample pie 

No. Chunk 

size 

(mm) 

State of 

splashing 

Chunk 

size 

(mm.) 

State of !Chunk 
! 

splashing j size 

1 (mm) 

State of 

splashing 

60 G 60 A 30 ' o 
o 100 o 1 100 j A, 50 o 

2 150 o 150 ! x 

4 ! 200 o : 2 00 x ; ! 

In Table 1, the symbol "o" represents that there was no 

splashing of the silicon melt outside the crucible,- the 

symbol "A" represents that splashing of the silicon melt 

outside the crucible occurred but the crucible was neither 

damaged nor ruptured, and the symbol "x" represents that 

splashing of the silicon melt outside the crucible occurred 

and the crucible was damaged or ruptured. 

As shown in Table 1, according to the methods for re­

charging of the embodiments of the present invention, the 

large-sized polycrystalline silicon chunks S3, which are 

large in size, can be recharged without splashing of the 

silicon melt. However, in the conventional method for re­

charging, if the large-sized polycrystalline silicon chunks 

S3 are recharged, the silicon melt is splashed. Further, as 

clarified by the Reference Examples, when the middle-sized 

polycrystalline silicon chunks S2 are recharged, no splash­

ing of the silicon melt takes place even in the case of the 

conventional method for recharging. 

As described above, according to the method for re­

charging of the present invention, even when the large-

sized polycrystalline silicon chunks S3, which are large in 

seize, are recharged, no splashing of the silicon melt 

takes place. Therefore, it is possible to recharge the 

large-sized polycrystalline silicon chunks S3 which have 
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sizes so large that they could not have been recharged con­

ventionally, without splashing the silicon melt. It is also 

possible to prevent the crucible from being damaged and 

ruptured by the recharging and to further prevent the dis­

location free rate and the quality of the grown ingot from 

declining. Moreover,, there is the advantage that the large 

chunks of- raw material polycrystalline silicon can be pro­

duced at low cost, and therefore, the production costs of 

the ingot can be reduced. 

It should be noted that in the methods for recharging 

raw material polycrystalline silicon according to the em­

bodiments of the present invention, the polycrystalline 

silicon chunks are introduced into the crucible 20 by using 

the recharge device 10. However the method for introducing 

the polycrystalline silicon chunks is not limited to this 

method. As the method for introducing the polycrystalline 

silicon chunks, any method may be used, as long as the 

cushioning layer is formed as mentioned above. For example, 

a recharge device of a different forra may be used and, fur­

ther, the polycrystalline silicon chunks may be introduced 

without using the recharge device. 

In the methods for recharging raw material polycrys­

talline silicon according to the embodiments of the present 

invention, the small-sized polycrystalline silicon chunks 

SI or the middle-sized polycrystalline silicon chunks 82 

are used as the cushioning layer formation polycrystalline 

silicon chunks Sb. However, polycrystalline silicon chunks 

obtained by mixing the small-sized polycrystalline silicon 

chunks SI and the middle-sized polycrystalline silicon 

chunks S2 may also be used as the cushioning layer forma­

tion polycrystalline silicon chunks Sb. 

Further, the methods for recharging raw material poly­

crystalline silicon according to the embodiments of the 
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present invention can be applied to the CZ method. This C 

method is not limited to the above, so that the present in 

vention can be applied to e.g. the MCZ method using a mag 

netic field as well as to materials other than silicon. 
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Claims: 

1. A method for recharging raw material polycrystalline 

silicon in a method for producing a silicon single crystal ingot 

comprising a filling step of filling raw material 

polycrystalline silicon into a crucible, a melting step of 

melting the filled polycrystalline silicon in the crucible into 

silicon melt, and a pulling-up step of bringing a seed crystal 

into contact with, the silicon melt and pulling up the seed 

crystal to thereby grow a .silicon single crystal ingot; in which 

the raw material polycrystalline silicon is supplied into the 

crucible after the melting step and the pulling-up step; wherein 

a cushioning'region is formed on a surface of the silicon melt 

in the crucible, and the raw material polycrystalline silicon is 

supplied onto the formed cushioning region, 'and 

the cushioning region is formed by introducing polycrystalline 

silicon chunks having sizes of 5 mm to 50 ram to the surface of 

the silicon melt in the crucible, and the raw material 

polycrystalline silicon supplied onto the cushioning region 

consist of polycrystalline silicon chunks having sizes of more 

than 5 0 mm. 

2. A method for recharging raw material polycrystalline 

silicon according to Claim 1, wherein the polycrystalline 

silicon chunks forming the cushioning region have sizes from 5 

mm to less than 2 0 mm. 

3. A method for recharging raw material polycrystalline 

silicon according to Claim 1, wherein the polycrystalline 

silicon chunks forming the cushioning region have sizes of 20 mm 

to 50 mm. 
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4. A method for recharging raw material polycrystalline 

silicon according to one of Claims 1-3, wherein a recharge 

device comprising a main body having a passageway running 

through it and a lid body enabling one end. of the main body to 

be opened and closed, is used to supply the raw material 

polycrystalline silicon to the silicon melt in the crucible. 

5. A method for recharging raw material polycrystalline 

silicon according to Claim 4, wherein the polycrystalline 

silicon chunks having sizes of more than 50 mm can pass through 

the passageway of the main body. 

6. A method for recharging raw material polycrystalline 

silicon according to Claim 4 or Claim 5, wherein the one end of 

the main body of the recharge device is closed by the lid body, 

the polycrystalline silicon chunks having sizes of 5 mm to 50 mm 

are filled into the main body, the polycrystalline silicon 

chunks having sizes of more than 50 mm are filled onto the 

polycrystalline silicon chunks having sizes of 5 mm to 50 mm, 

and the lid body is opened to supply the raw material 

polycrystalline silicon to the silicon melt in the crucible. 
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Abstract 

Method for recharging raw material polycrystalline silicon 

To provide a method for recharging raw material polycrys­

talline silicon, which enables large chunks of polycrystal­

line silicon to be recharged while preventing a crucible 

from being damaged and ruptured as well as restricting the 

decline of the dislocation free rate and the quality of the 

grown ingot. 

When polycrystalline silicon chunks are recharged, cushion­

ing layer formation polycrystalline silicon chunks Sb, 

which are small-sized polycrystalline silicon chunks SI or 

middle-sized polycrystalline silicon chunks S2, are intro­

duced first. The cushioning layer formation polycrystalline 

silicon chunks Sb are deposited on a surface 41 of a sili­

con melt 40 in a crucible 20 and form a cushioning layer 

50. Since next, large-sized polycrystalline silicon chunks 

S3 are introduced onto the cushioning layer 50, the cush­

ioning layer 50 cushions the impact due to the dropping of 

the large-sized pc-iycrystallme silicon chunks S3. 

Fig. 2-3(e) 


