Method for recharging raw material polycrystalline silicon

The present invention relates t¢ a method for recharg-
¥ g

ing raw material polycrystalline silicon, particularly to a

method for recharging raw material polycrystalline silicon
intended for re-supplyving chunks of raw material polycrys-
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crucible in a method for producing a
silicon single crystal ingot (hereinafter referred to as

ingot”) using the Czochralski method {(hereinafrer referred

A semiconductor substrate used for producing a semi-

conductor device 1s made of a single crystal silicon waf

o i e
and the CZ method is widely used for growing silicon sing

e

rystal ingots. In the CZ method, a crucible is filled with
polycrystalline silicon, and this polycrystalline silicon
is melted to obtain a silicon me Next, a seed crys
brought into contact with thi

s
grown by pulling up the sesed crystal

icult to reuse a crucible that has already

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

ducing an ingot, a multi-pulling technique is convention-

ally used wherein the polycrystalline silicon which is the

raw material, 1s re-supplied into the crucible to compen-~

te for the silicon melt which has decreas
ok

a s
the pulling-up of the ingot, and the ingot is repeatedly

silicon by means of a cylindrical recharge tube is dis-
closed in WO 02/06873Z. This recharge tube comprises cy-
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by the conical valve, solid-state polycrystalline silicon
is fiiled inside the tube, the recharge tube ls disposed
abpove the crucible after the ingor has been removed, the

conical valve 1s aetached to open the lower end of the
tube, and the polycrystalline silicon is supplied into the

cruclible from the lower end of the tube.

Accerding to this conventional recharge method, the
polycrystalline silicon is dropped from the recharge tube
into the silicon melt in the crucibl nd 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 pr

ingot must be stopped, and serious damage 1s caused to the

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

determined percentage are mixed in the silicon melt, and

tration ©f the silicon melt in the crucible. As a resulz,

without the desired quality is grown, causing a

The

Tnerefore, methods for preventing the silicon melt in
the crucible from being splashed at the time of recharging

have been conventionally disclosed.

For example, the Icllowing method is disclosed in WC
02/068732. Before tThe polycrystalline silicon is

of & hnheater 1s lowered to solidify the surface

t

of the silicon melt in the crucible. Tnereafter, the outpu
T o

However, in the conventional recharge method, when
iarge chunks of polycrystalline silicon are dropped, the
impact ©0f the dropped polycrystalline silicon cannot be

cushioned. Then, the dropped polycrystalline silicon breaks



through the surface of the solidified silicon wmelt, 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, Si0, on the surface of the polycrystalline silicon,
impurities such as wmetals, and the mixing-in of atmospheric
gases, etc. can be reduced. Thus, in the case of uging 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-

tiesg, 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 wvolume is expanded at the surface of the
silicon melt and a force compressing the inner wall of the
crucible 1s 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.



According to an aspect of the pregent invention, there
is provided a method for recharging raw material polycrys-
talline silicon in a method for producing a silicon single
crystal ingot comprisging a filling step of f£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 50 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 sgilicon melt and pulling up
the seed crystal to thereby grow a silicon single crystal
ingot; in which further raw material polycrystalline sili-

con 1is 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 sgilicon 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 gizes of

20 mm to 50 mm.

A recharge device comprising a main body having a pas-
sageway running through it and a 1id 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 cruci-
ble.

The large polycrystalline silicon chunks have sizes
which allow the large polycrystalline silicon chunks to
pags through the passageway of the main body, and which are

largey than 50 mm.

The one end of the main body of the recharge device is
closed by the 1lid 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
1lid beody is opened to supply the raw material polycrystal-

line gilicon 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
thig makes it possible to prevent the dislocation free rate
and the guality 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.

crystalline s
sent invention.

Fig. 2 1s a view showing 2z methed for recharging raw
material polycrystalline silicon according to a firs:t em-
bodiment of the present invention.
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of 2 main body of the recharge device.
silicon chunks as raw material.

The present invention will be explained below with

reference to the drawings showing preferred embodiments

1

@

paratus which is not shown in the drawings. In the ingot
production apparatus, the CZ method is performed. In the CZ
method, pelycrystalline silicon which is the raw material,

< : = B i} M |
is filled into the crucibl

melt In an atmosphere of an inert gas, e.g. Ar gas. B saed
crystal is brought into contact with the silicon melt and

an ingect is grown Dy pulling up the seesd crystal. As shown



lycrystalline silicon (hereinafter als

c C
“nelycrystalline silicon chunks”). The crucible 20 is e.g.
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guartz and the heater 30 is e.g.

body 1 having a through passageway with both ends la, 1b
opening externally, and a 1id body 2 enabling one end of
the main body to be opened and cleosed. The main body 1 is

nected to a non-illustrated open/close device of tThe re-
charge device 1(. It should be noted that the shape of the

main body 1 1sg not limited to the cylindrical shape and
that other shapes such as a column shape can be adopted.
Similarly, for the shape of the 1id body 2, other shapes

. f

such as a pyramid shape can be adopted.

in the recharge cevice 10, the opening and closing of
G

the end iz of the main body I is perf

illiustrated open/close device letting out and reeling in
the wire 2, tThus vertically moving the d body 2.

harging raw material pelycrystailine silicon accerding to

the first embodiment 0f the present invention.

During the growth of an ingoi, the recharging i1s pexr-

formed after the step of meitTing the p



end la of the main body 1 o©f the recharge device 10 is

closed by the lid body 2. Next, the raw material polycrys-
talline silicon 1is filled into the main body 1. Wnile the
raw material polycrystalline silicon is filled, +the re-
charge device 10 takes a posture in such & manner that, for

exampie, the axlal direction oI the main body 1 is oriented

in a wvertical direction. Further, as shown in Fig. 3, the

3

recharge device 10 can take & posture in such & manner

that, by means of e.g. a support body 4, the main body 1
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¢ that the axial direction of the main
body 1 assumes a predetermined angle, e.g. 45 degrees, with
c

t to the wvertical direction.
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silicon chunks as the raw materlal polycrystalline silic

is divided into thres classes: small-sized polycrystalline

silicon chunks 81, middle-sized polycrystalline silicon
chunks 82, and large-sized wpolycrystalline silicon chunks
$2. As showr 1in Fig. 4, the small-sized polycrystalling
zilicon unks S1 are polycrystalline silicorn chunks having

a large chunk size. The size of the chunks 1s definsd by
the maximum width h ¢f the chunks. Polycrystalline silicon

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

silicon chunks with The maximum widtn h of 20 mm te 50 mm

2= shown in Fig. 2(b), the filling of tThe raw material
polycrystalliine silicon intce the main body 1 initially
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with cushioning layer formation polycrystalline

silicon chunks Sb for forming a cushioning laver described
later. As the cushioning layer formation polvcrystalline

n
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Lcon chunks Sb, the small-sized polycrysts

a
churnks 81 or the middle-sized polycrystalline silicon
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After the £illing of the polycrystalline silicon
chunks S ints the main body 1 s finished, the recharge de-
vice 10 Is disposed at a predetsrmined position above the

G

crucible 20. As shown in Fig. 2{aj, the position at which

extendad by the non-illustrated open/close devic

e a
the 1lid bocy 2 is moved downward to open the end la of the

middle~sized polvcrystalline silic
e

¢ on *he surface £1 c¢i the silicon m

s 3 lline silicon melt 40 in the
crucible 20. At this time, the lid body 2 may be further

iowered in order tC make the opening width of the end la of
the main body 1 wider. Since at this time, the surface 4
of the silicon melt 40 1s coversd with the middle~sized
polyecrystalline silicon chunks S2 and the large-sized poly-

crystalline silicon chunks 53 drop onto the laver of *=he



face 41 of the polycrystallzne silicon melt 40 and form =a

shown in Fig. 2{f), all the poclvcrystalliine silicon chunks
filled inside the main pody 1 of the recharge device 10 ars

supplied into the cruciblie 20, and the recharging is f

The recharged polycrystalline silicon chunks are
melted due to bsing heated by the heazer 30, and become
o

£. In this manner, the desired amount of silicon

5

1
melt is supplied into the crucible 2¢.

silicon according to the second embodiment of the present

et 3 Y

- T 4

material polycrystalline silicon accerding to the above

mation polycrystalline silicon chunks Sb, not the middle-



onte this cushioning layer 50. The method for recharging
according to the second embodiment © O
is different from the method Zfcr recharging according to
the first embodiment only in that the small-sized pol

talliine silicon chunks S1 are used as the cushioning layer
formation polycrystailine silicon chunks Sb. Since the re-

maining processes are the same between both methods, tTheir

Next, the method for supplying raw material poly
talline silicon from the main bodv 1 to the crucib
ne first and second embodiments of the present invention
wili be explained. It 1s preferable that, by adjusting the
length of the wire 3, the cushioning laver formation poly-

crystalilins silicon chunks S8k, which are the small-sized

1
crucible 20; that then, all the cushioning layer formation

are suppliied from the main bodv 1 to the gorucible 20
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body 2 is lowered to opern the end la of th
main pody 1 by & width which a&llows the cushioning layer
ormation polycrystalline silicen chunks Sb to pass and

vrevents the large-sized polycrystailiine silicon chunks §

from passing, and then, &after all the cushioning laver for-

&
chunks $3 to pass.



As to the amount of the polycrystalline silicon chunks
filled into the main body 1 o©f the recharge device 10

is preferaple that the tctal amount of the cushioning layer
rmation polyerystalline silicon chunks Sp and the large-
size polycrystalline silicon chunks $3 corresponds to the

desired amount oI the polycrystalline siliceon to be re-

When, as described above, the polycrystalline silicon

i v b

cnunks are recharged in the methods for recharging accord-

embodiments ©i the present invention, the small-
n

e
gized polyervstalline silicon chunks S1 or the middle-sized
Crys

- : — J 1 P R L% - [ Pl
recharge the large-sized polycrystalline silicon chunks 853,
whi

charged conventionally, without splashing the sili

40.

Further, the cushioning lavexr 50
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chunks 83 i1s 200 mm. However, when the polycrystalline
ilicon chunks are introduced intoc the main body 1, it is

preisrable to consider preventing the main body LI from be-

y . % - 3
U mm. However, the maximum

¢
size of the large~sized pelycrystalliine silicon chunks S3
ma o

main body L and is not limited to the above.

using the above method for recharging raw material poly-

-

ng to the firs:t embodiment of
e

maximum width h of 6C mm were used as the large-sized poly-

line silicon chunks with 2 mazimum width h of 100 mm were
used as the large-sized polycryvsitalline silicon chunks S$3.
In Ezxample 3, polycrystalline siliconrn chunks with z maximum
width h ¢f 150 mm were used as the large-si

line silicon chunks 8Z. In Esxample 4, polvery
con chunks with & mazimum width h of 200 mm were used asg
the large-sized polycrystalline silicon chunks S53. In any
of Examples 1 - 4, polycrystalline silicon cnunks with a

0 mm were u

[821

maximum widih k of g

polverystalline siliceon chunks 82 peing the cushionin

layer formation polycrystalliine silicon chunks Sbhb. In the

recharge device 10, the diameter of the passageway in
a

main body 1 was sligntly larger tha



As a comparative example, the polycrystailine silicon

ng the conventional method ZIfor
recharging raw material polvorystalline siliicen (Compara-
tive Zxamples 1 - 4). The conventional method for recharg-
ing differs Irom the methods for recharging according to

the embodiments of <tThe present invention in that here

olycrystal~

line silicon chunks ©of the szame size were introduced from

:

In Comparative Example 1, the large-sized polycrystal-

iine silicon chunks 83 with a maximum width n of 60 mm were

r
the larges-sized polycrystall

+

a
maximun width h of 200 mm were recharged

for recharging raw material polyvcryvstalline siliicon was
3 —~ 4 - N 3 o 1 T T2 -
used To recharge the middle~sized polycrystalliine silicon

hunks S22 with a meximum width h of 30 mr (Refere

c
ple 1) and the middle-sized polycrysta

S2 with & maximum wicdth h of 50 mm (Reference Exampie 2)
In Examples 1 - 4, Comparative Exampres > - 4 and Ref-
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d by the recharging and to further prevent the d
~at and the guality of tThe grown ingot from
oV

there is The adwvanxt
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chunks of raw material polycryvstaliine silicon can be pr
Q

cduced at low cest, and therefore, the pr

the ingot can be reduced.

Liicon according toe the em-
4 % Y
Tion, The poelycCrystaliline

is not Limited to this
method. As the metnod for introducing the polycrystalline
silicon chunks, any method may be used, as long as the
a recharge device of a different forn may be used and, fur-

ther, the polycrystalline silicon chunks may be introduced

facana

in the methods £or recharging raw material polycrys-

tailine silicon according to the embodiments of the p

invention, the small-sized polycrystalline silicon
851 or thne mwiddle-~sized polyvcrystailline silicorn chunks S2

obtained bv mixing the smali-sized polycrystalline silicon
s

chunks §1 and the middle-sized polycrystalli

Further, the methods for recharging raw material pol

L
-

crystalline silicon acceraing to the embodimenis
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Tty
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to the CZ method. This CZ
method is not limited fto the above, so that the present in-
venticn can be applied to e.g. the MCZ metnod using & 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 a2 method for producing a silicon single crystal ingot
comprising a filling step of filling raw material
polverystalline silicon into a crucible, a melting step of
melting the filled polycrystalline silicon in the crucible into
gilicon 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 sgilicon single crystal ingot; in which
the raw material polycrystalline gilicon ig supplied into the
crucible after the melting step and the pulling-up step; wherein
2 cushioning region is formed on a surface of the silicon melt
in the crucible, and the raw material polycrystalline siiicon is
supplied onto the formed cushioning region, and

the cushioning region is formed by introducing polycrystalline
silicon chunks having sizes of 3 mm to 50 wm to the surface of
the silicon melt in the crucible, and the raw material
polycrystalline silicon supplied onto the cushioning region
consist of polyerystalline silicon chunks having sizes of more

than 50 mm.

2. A method for recharging raw material polycrystalline
gilicon according to Claim 1, wherein the polycrystalline
gsilicon chunks forming the cushioning region have sizes from 5

mm Lo lessg than 20 mm.

3. A method for recharging raw material polycrystalline
gilicon according to Claim 1, wherein the polycrystalline
silicon chunks forming the cushioning region have sizes of 20 mm

Lo 50 mm.
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4. A method for recharging raw materizl polycrystalline
gilicon according to one of Claims 1 - 2, wherein a recharge
device comprising a main body having a passageway running
through it and a 1id body enabling one end of the main body to
be opened and closed, is used to supply the raw material

polyvcrystalline silicon to the silicon melt in the crucible.

5. A method for recharging raw material polyecrystalline
gilicon acecording to Claim 4, wherein the polyerystalline
gilicon 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 1id body,
the polycrystalline silicon chunks having sizes of 5 mm to 50 mm
are filled into the main body, the polycrystalline gilicon
chunks having sizes of more than 50 mm are f£illed onto the
polycrystalline silicon chunks having sgizes of 5 mm to 50 mum,
and the 1id body is opened to supply the raw materiazl

bo-

pelycrystaliline silicon to the silicon melt in the crucible.
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