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Descript ion 

Tit le  of Invent ion 

 METHOD FOR CUTTING POLYCRYSTALLINE SILICON  

ROD,  METHOD FOR MANUFACTURING CUT ROD OF  

POLYCRYSTALLINE SILICON  ROD,  METHOD FOR 5 

MANUFACTURING NUGGET OF POLYCRYSTALLINE SILICON  

ROD,  AND POLYCRYSTALLINE SILICON  ROD CU TTING 

DEVICE 

 

Technical Fie ld 10 

[0001] 

 The present invent ion  re lates to a method for  cutt ing a  

polycry stall ine  sil i con rod, a method for manufa cturing a cut 

rod o f a  polycry stall ine  sil i con  r od,  a method for  

manufacturing a nugget  of a  poly crystall ine  sil icon r od, and a  15 

polycrystall ine  sil icon rod cut t ing device . 

 

Background Art  

[0002] 

 A poly crystall ine  sil icon r od , w hen manufa ctured by  20 

the  Siemens process , i s typi cally substant ia lly cylindrical  

and e longated.  In  order to manufa cture , by  a pulling process  

or the  like ,  a  monocry stall ine  sil i con  ingot  by  using such a  

polycry stall ine  sil i con rod as a raw materia l , the 

polycry stall ine  sil i con  rod  needs to be  cut to  an  appropriate  25 
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length in some cases. 

[0003] 

 When a polycry stall ine  sil i con rod is  cut  by  using a  

typical  rotat ing blade ,  a medium serving  as  a cooler and a  

lubricant,  such  a s  water and oil ,  i s  bl own to  a port ion  o f  the  5 

polycry stall ine  si l icon rod while  the  port ion i s be ing cut .  Th is  

is intended to  prevent ,  for example ,  detachment of  abrasi ve  

part icles due to fr ict i onal heat  generated between the  blade  

and a materia l  or  attr it ion o f the  abrasi ve  part icles ,  and 

distort ion  of  t he  blade .  Thi s process  i s  known as  a  wet  10 

cutt ing process. 

[0004] 

 Problems connected with cutt ing of  a  polycrystall i ne  

sil icon  rod by u sing  a blade  in  the  wet  cutt ing process  or  

other cutt ing  pr ocesses  include  contaminat ion  o f  the  15 

polycry stall ine  sil i con rod not  only due to pow dery cutt ing 

chips  o f  sil i con but al so  due to  dust  generated from  a metal 

component of  the  blade .  The cause o f  this  i s explained  as  

follow s. The abras ive  part icles  firmly fixed to the  bla de  wear 

during cutt ing o f the  po lycrystall i ne  sil i con r od. As a result ,  20 

the  metal com ponent  used as  a  binder for  the  abrasi ve  

part icles comes into  direct  contact  with the  po lycrystall i ne  

sil icon rod and generates dust . 

[0005] 

 As an example  o f a  solut ion  to thi s pr oblem,  Patent 25 
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Literature  1 pr oposes  cutt ing a  po lycrystall i ne  sil icon r od by  

using a n inner diameter blade  which  has  abrasi ve  part icles  

firmly fixed to its inner circum ferent ia l part  by  

e lectrodeposit ion,  not  by u sing an  outer diameter blade  

which  has the  abrasi ve  part icles  f irmly fixed to its  outer 5 

circumferent ia l part  with u se  o f a  metal bond.  Patent 

Literature  2 proposes removing  contaminants  by  subje ct ing,  

to a special e tching pr ocess,  the  surface  of  the  

polycry stall ine  sil icon rod which has undergone machining  

such as crushing. 10 

 

Citat ion List  

[Patent Literature ]  

[0006] 

[Patent Literature  1]  15 

 Japanese  Patent Applicat ion Publi cat ion Tokukai No.  

2005-288891 

[Patent Literature  2]  

 Japanese  Patent A ppli cat ion  Publi cat ion  Tokukaihei  

No. 08-067510 20 

 

Summary of Invent ion 

Technical Problem 

[0007] 

 However, the  cutt ing by using the  inner diameter blade  25 
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proposed in  Patent Literature  1 may  damage the  b lade  under 

high loa d because a typi cal inner diameter  blade  has a thin  

edge . Further, even i f  the  special e tch ing process  pr oposed in  

Patent Literature  2 is carried out, it  may be  imposs ible  to  

complete ly remove contaminants from  the  surface  of  the  5 

polycry stall ine  s il icon r od and thus im possible  to suf fic ient ly 

reduce impurity contaminat ion of  a  monocry stall ine  sil icon  

ingot . I n addit ion , the  e tching process  leads t o an increased 

number of  steps  and increased costs  in  manufacture  o f a  

polycrystall ine  sil icon rod. 10 

[0008] 

 An object  of  an aspect  o f the  present invent ion  i s to  

provide  a  method for  e f fect ive ly  prevent ing  im purity 

contaminat ion ,  in  part icular,  metal contaminat ion ,  during  

cutt ing of a  polycrystall ine  sil icon rod.  15 

 

Solut ion to Problem 

[0009] 

 In order t o  sol ve  the  above  pr oblem,  a  method ,  in  

accordance  with an  aspect  of  the  present  invent ion , for  20 

cutt ing a polycry stall ine  sil i con  rod inclu des the  step of  

cutt ing the  po lycrystall i ne  sil i con rod by u sing a  cutt ing too l,  

the  step of cutt ing including: de livering a l iquid to a cutt ing 

pos it ion  o f  the  poly crystall ine  sil icon  rod thr ough a first  

nozzle ; and de livering a l iquid to a surface  of  the  25 
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polycrystall ine  sil icon rod through a second nozzle . 

[0010] 

 A method, in accordance with an a spect  o f the  present 

invent ion , for manufacturing a cut rod o f a  po lycrystall i ne  

sil icon  rod , inc ludes t he  step of  cutt ing  the  po lycrystall i ne  5 

sil icon rod by u sing a cutt ing too l, the  step o f cutt ing 

including:  de li vering a l iquid  to a cutt ing posit i on of  the  

polycry stall ine  sil icon rod through a first  nozzle ; and 

de livering  a l iquid  to  a  surfa ce  o f  the  po lycrystall i ne  sil icon  

rod through a second nozzle .  10 

[0011] 

 A polycry stall ine  sil i con rod cutt ing dev ice  in  

accordance with  an aspect  of  the  present invent ion inclu des:  

a cutt ing tool  for cutt ing a  po lycrystall i ne  s il icon  rod;  a first  

nozzle  for de livering  a l iquid  to a cutt ing posit ion of  the  15 

polycry stall ine  sil i con  r od ; a nd a  second nozzle  for de livering  

a l iquid to a surface  of the  polycrystall ine  sil icon rod. 

 

Advantageous Effects of Invent ion  

[0012] 20 

 An aspect  of  the  present invent ion  ma kes it  possible  to  

e ffect ive ly prevent impurity contaminat ion,  in  part icular,  

metal contaminat ion,  during cutt ing o f a  po lycrystall i ne  

sil icon rod. 

 25 
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Brie f Descript ion of Drawings 

[0013] 

 Fig. 1  i s a schematic view o f a poly crystall ine  sil i con  

rod cutt ing device  in  accordance with Embodiment 1  of  the  

present invent ion. 5 

 Fig. 2  i s  a schematic view of  aspects  in  which  abrasi ve  

part icles are  firmly fixed in a diamond blade. 

 Fig. 3  i s a schematic view o f a  poly crystall ine  sil i con  

rod cutt ing device  in  accordance with Embodiment 2  of  the  

present invent ion. 10 

 

Descript ion of Embodiments 

[0014] 

 [Embodiment 1] 

 The fo llowing will  describe  an Embodiment of  the  15 

present invent ion in detail with re ference  to drawings.  

[0015] 

 <Polycrystall ine  sil icon rod cutt ing device> 

 As il lustrated in  Fig. 1,  a  cutt ing devi ce  10 for cutt ing 

a poly crystall ine  sil i con r od S  includes  a proximal  end- side  20 

support  11,  a di stal-side  su pport  12 , a cutt ing se ct ion 13, a  

first  nozzle  14, and a second nozzle  15. 

[0016] 

 The po lycrystall i ne  sil i con  rod  S to be  cut in  the  

present invent ion i s prepared by,  for  example , the  Siemens 25 
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process.  A ccording  to  the  Siemens pr ocess,  a  si l icon  core  

wire  is  set  substant ia lly  upright  in  a be l l  jar  reactor ,  and is  

heated by feeding e lectrical  current and kept  at  

approximate ly 1100°C . The sil i con  core  wire  has , for  

example , an  inverted-U shape  and has a diameter of  several 5 

mill imeters and a length of  1000 mm to 3000 mm. In  the  

above  condit i on ,  a sil i con -containing  compound,  su ch  as  

monosilane or  tr ichl oros ilane, i s  supplied  to  the  reactor  

together with hydrogen gas , and caused to react  together  on  

a surface  o f the  s il icon core  wire  so  that  sil i con is  deposited 10 

on the  surface  o f the  sil icon core  wire . The po lycrystall i ne  

sil icon r od S is  thus obtained.  This poly crystall ine  sil i con r od  

S i s  typi cally e longated and substant ia lly cylindrical  and has  

a diameter of 50  mm to  200 mm and a length  o f 1000 mm to  

3000 mm. 15 

[0017] 

 The proximal  end-side  su pport  11 is  a member for  

rotatably support ing one end port ion (here inafter, the  one 

end i s re ferred to a s a  pr oximal  end)  o f the  po lycrystall i ne  

sil icon  rod  S . The di stal-side  support  12 i s a member for  20 

rotatably support ing  another end port ion  (here inafter, the  

other end i s re ferred to a s a distal end) of  the  po lycrystall i ne  

sil icon rod S. 

[0018] 

 The proximal  end-side  support  11 inclu des:  a  cylinder 25 
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wall 111 having a  cylindri cal shape ; chucks 111a protruding  

radially inward from the  v icinity of  the  axially central  part  of  

the  cylinder wall  111;  a cylinder bottom wall  112 for  covering  

a proximal end-side  edge  face  of  the  cylinder wall  111;  and a  

shaft  member 113 extending  fr om t he  cylinder bottom wall  5 

112 in  a direct ion away from the  distal end  and di sposed 

coaxially with the  cylinder wall  111. The pr oximal end- side  

support  11  i s arranged to  coaxially  rece ive  and support ,  i n a  

cavity o f t he  cylinder wall  111,  a proximal  end- side  port ion of  

the  poly crystall ine  si l icon  rod S  to  be  cut .  The shaft  member 10 

113 i s  connected,  via a power transmiss ion  member 114 such  

as a chain , to a  rotat ion drive  source  115 whi ch drives  the  

shaft  member 113 so as to rotate  the  shaft  member 113. 

[0019] 

 The distal-s ide  support  12  includes  a set  o f three  15 

rollers 121 whi ch  are  used together and which  are  spaced 

120° apart  from each  other a long  a cir cumference  direct i on of  

the  poly crystall ine  sil i con  rod S.  The three  rollers  have  a  

rotat ion axi s paralle l to t he  rotat ion  axis  o f  the  cylinder wall  

111 of the  proximal end-side  support  11. 20 

[0020] 

 The cutt ing sect ion 13 i s a  member for  cutt ing  the  

polycry stall ine  sil i con  r od  S  at  a  pos it ion  that  i s  cl oser  to  the  

proximal end than the  di stal-side  support  12  is . The cutt ing 

sect ion  13 includes : a  rotat ion  dri ve  source  131; a  rotat ion  25 
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shaft  132 connected to  an  output  shaft  of  the  r otat ion  dri ve  

source  131;  and a  bla de  (a  cutt ing  tool)  133 attached to  the  

rotat ion shaft  132.  In  the  present embodiment ,  the  blade  133 

is an  outer d iameter diamond bla de in  whi ch  diamond 

abrasive  part icles  are  firmly  fi xed t o an  outer c ircumferent ia l  5 

part  of a  substrate  of the  bla de  133. However, the  cutt ing tool  

of  the  present invent ion  is  not  l imited to  this ,  and can  be ,  for  

example , an inner d iameter blade , a band saw, or a wire  saw.  

Cutt ing the  poly crystall ine  sil icon  rod  S  prepared  by  the  

Siemens pr ocess requires cutt ing,  into  two piece s,  in a  10 

direct ion  substant ia lly perpendi cular to an  extending  

direct ion of the  polycry stall ine  sil i con r od S in several 

minutes, the  polycry stall ine  sil i con  r od  S having a  diameter 

of 50 mm to  200 mm . The cutt ing tool  of  the  present invent ion  

is t here fore  pre ferably  an  outer diameter blade  in  terms of  15 

produ ct ivity and facil ity costs . Although the  bla de  133 has 

dimensions that  are  not  l imited to any part icular dimensions,  

the  blade  133 has,  for example , a  diameter of 250 mm to  450 

mm and a thickness of 1 mm to 3 mm. 

[0021] 20 

 Examples of the  type  o f the  outer diameter diamond 

blade  include a metal bond blade  133a and an  

e lectrodeposit ion blade  133b whi ch  are  i l lustrated in  Fig.  2.  

The metal bond blade  133a is prepared by mixing and packing  

together diamond a brasive  part icles  and several kinds of  25 
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metal powder which  are  to serve  as a binder, and then  

sintering a resultant  mixture . Examples  of  the  metal powder 

to be  used include cobalt , iron , stee l, tungsten, br onze  

(Cu-Sn), and nicke l. 

[0022] 5 

 The e lectrodeposit ion blade  133b is  prepared , with u se  

of a  metal plat ing solut ion (e lectrolyte  solut ion) in whi ch  

diamond a brasi ve  part icles  are  suspended,  by  (i )  causing  

metal to be  deposited on  a surface  of  the  substrate  by an  

e lectrolyt ic plat ing pr ocess and (i i )  causing the  diamond 10 

abrasive  part icles  to  be  adsorbed and incorporated on  a  

surface  of  the  metal .  A typ ical  plated layer serving a s  the  

binder is based on nicke l. 

[0023] 

 Besides these  bla des,  usable  examples of  the  type  of  15 

the  outer diameter diamond blade include a resin bond bla de  

(not  i l lustrated) in  whi ch  d iamond abra sive  part icles  are  

firmly fixed by  using  a resin  bond.  The  resin bond to be  used 

is not  l imited to  any  part icular bond,  and can  be  a  

commercially available  one . 20 

[0024] 

 In the  e lectrodeposit ion blade  133b, since  the  abrasi ve  

part icles are  dense ly  packed on  the  surface  o f th e  substrate , 

the  binder ha s a  small  exposed area. Further, in  the  

e lectrodeposit ion blade  133b, a  metal component of  the  25 
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binder is l imited primarily to ni cke l. Thi s makes a  

contaminant  coming from  the  blade  133 less  l i ke ly to  be  

scattered during  cutt ing of  the  poly crystall ine  sil i con r od S  

with use  of the  e lectrodeposit ion bla de  133b, and also makes 

it  possible  to i dent ify  the  type  o f the  contaminant  that  is  5 

scattered. The blade  133  is t here fore  pre ferably  the  

e lectrodeposit ion  bla de  133b in  order  to  more  e ffect i ve ly 

reduce contaminat ion of the  polycry stall ine  sil icon rod S due 

to the  contaminant coming from the  blade  133.  

[0025] 10 

 Note  that , unle ss  otherwise  specifie d he re in,  the  

phrase  "contaminat ion  during  cutt ing of  the  po lycrystall i ne  

sil icon r od"  in the  present invent ion re fers t o contaminat ion  

through attachment  to the  surface  o f the  po lycrystall i ne  

sil icon  rod S and contaminat ion  through di f fusion into  the  15 

polycry stall ine  sil i con  r od  S ,  and inclu des,  in  part icular,  

metal contaminat ion. The contaminat ion through di ffusi on  

into the  polycrystall i ne  sil i con rod S  means contaminat ion  

which  remains  even after  a  surfa ce  i s dissol ved with u se  o f a  

chemical(s ) and removed by  several micrometers  by  20 

dissolut ion  using  a chemical(s) ,  from a cut rod of a  

polycry stall ine  sil i con  rod obtained by  cutt ing  the  

polycry stall ine  s il icon r od  S or a nugget  obtained by  crushing  

the  cut rod. 

[0026] 25 
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 Re ference  is made  to Fig. 1 again. The fir st  nozzle  14  is  

a member for de livering  a l iquid  L1 to  the  cutt ing posit ion  of  

the  polycry stall ine  sil icon rod S . The f irst  nozzle  14 is  

disposed above  the  bla de  133 and the  cutt ing  posit ion  o f  the  

polycry stall ine  sil icon rod S , and has a n opening facing  5 

downward.  The liquid  L1 de li vered through the  fir st  nozzle  14  

serves not  on ly as  a lubri cat ing medium for redu cing  fr i ct ion  

between the  blade  133 and the  poly crystall ine  sil icon r od  S  

but a lso  as  a cooling  medium for  absorbing heat  generated by  

the  fr ict ion . In a ddit ion, t he  liquid L1 serves to remove 10 

abrasive  part ic les and metal powder com ing from the  bla de  

133 and powdery cutt ing chips  fr om the  po lycrystall i ne  

sil icon r od  S , when blown  and de livered to  the  bla de  133 and 

the  cutt ing posit ion o f the  poly crystall ine  sil i con  rod  S  

during cutt ing of the  polycrystall ine  sil icon rod S. 15 

[0027] 

 The first  nozzle  14  is  connected to  a pipe  (not  

i l lustrated) through whi ch  the  liquid  L1 is  supplied .  Th is  

makes it  poss ible  t o de liver  the  liquid  L1 at  any  flow rate  to  

the  cutt ing posit ion , during cutt ing of  the  po lycrystall i ne  20 

sil icon rod S. 

[0028] 

 The fir st  nozzle  14 can ha ve  an end o f any shape .  

Usable  examples  o f the  fir st  nozzle  14 include,  but not  

l imited to, a  flared nozzle . The opening at  the  end o f the  first  25 
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nozzle  14 has  a size  which i s  not  l imited to any  part icular 

size . The opening pre ferably ha s a  size  whi ch all ows for  

de livery of t he  l iquid enough for cutt ing depending on, for  

example , a  size  of  the  po lycrystall i ne  sil i con  rod  S and an  

amount of the  l iquid to be  de livered to the  cutt ing posit ion of  5 

the  poly crystall ine  sil i con  rod S.  Specifi cally,  the  opening  

pre ferably ha s  a width  in  the  range  o f a pproximate ly 0 .5  mm  

to 15 mm. 

[0029] 

 The l iquid  L1 i s  o f  a  type  that  i s  not  l imited to  any  10 

part icular type ,  provided that  the  l iquid  serves  as  a  

lubricat ing medium  and a cooling medium.  The liquid L1  can  

be ,  for  example ,  water or oil ,  or  can  be  a  l iquid  in  whi ch  an  

addit ive  such  as  a cleaning  ingredient  is  further adde d.  In  

order to  minimize  contaminat ion  of  the  po lycrystall i ne  15 

sil icon  rod S,  the  l iquid L1 is  pre ferably pure  water, and 

part icularly pre ferably pure  water  having a resist iv ity of  not  

less than 1 MΩcm  (mega-ohm cent imeter) . 

[0030] 

 The liquid L1 flows at  a flow rate  that  is not  l imited to  20 

any part icular  fl ow rate .  The flow  rate  can  be  a rate  at  which,  

when bl own toward an  upper surface  of  the  po lycrystall i ne  

sil icon  rod S  through the  first  nozzle  14, the  liquid  L1 f lows 

so  as t o spread,  on  the  upper surfa ce  o f the  po lycrystall i ne  

sil icon  rod  S , over a region  corresponding to an  area of  25 
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diameter × diameter , where  the  diameter is the  diameter of 

the  poly crystall ine  sil i con  rod S . For example ,  the  flow rate  

can be  5 L/min to 20 L/min. 

[0031] 

 As described later, during cutt ing o f the  polycrystall i ne  5 

sil icon r od S,  the  l iquid L1 may be  scattered together with the 

powdery cutt ing chips fr om the  poly crystall ine  si l icon rod S  

and contaminants  coming from the  blade  133.  Scattered 

substances include one or more  of  ( i )  the  l iquid  L1, ( i i )  the  

powdery cutt ing  ch ip s  of  the  polycry stall ine  sil i con  rod  S,  10 

and (i i i )  the  contaminants  coming  from  the  blade  133 .  The 

contaminants  coming from  the  blade  133 inc lude, for  

example , some of  the  abrasi ve  part icle s  and the  binder.  

Diligent study by the  present inventor s has  revealed the  

following:  a region  where  the  liquid  L1 flow s on  the  surface  of  15 

the  poly crystall ine  s il icon  rod  S  extends for  a  width  

substant ia lly t he  same as  the  diameter of the  po lycrystall i ne  

sil icon  rod  S ,  independently  of  the  f low rate  of  the  l iquid  L1,  

but a  region  where  the  scattered substances  adhere  to  the  

surface  o f the  polycry stall ine  sil i con rod S  extends, in  the  20 

extending direct ion o f the  polycry stall ine  sil icon rod S , to a  

pos it ion  whi ch  is  three  to  five  t imes t he  d iameter of  the  

polycry stall ine  si l icon r od S away from  the  cutt i ng posit i on of  

the  poly crystall ine  s il icon  rod S,  depending  on  the  fl ow rate  

of the  l iquid L1. 25 
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[0032] 

 The second nozzle  15 i s d ispose d so  as to be  closer to 

the  proximal end than the  first  nozzle  14  is , and i s a member 

for  de li vering a  l iquid  L2 to  be  used for  removal  o f  the  

contaminants  on  the  surface  of the  poly crystall ine  sil icon r od  5 

S. The second nozzle  15 i s disposed in a manner that  a llows 

the  liquid L2 to  be  de li vered to a region o f the  surfa ce  of  the  

polycry stall ine  sil icon ro d S , the  region extending, toward 

the  proximal end, from the  cutt ing posit ion to a posit ion  

which is at  least  not  less than two t imes the  d iameter of the  10 

polycry stall ine  sil i con  rod  S  away fr om the  cutt ing  posit ion ,  

for  example ,  a  posit ion  1000 mm  away from  the  cutt ing 

pos it ion  toward the  proximal  end.  The second nozzle  15 has 

an opening  facing  downward.  The  liquid  L2 de livered through  

the  second nozzle  15 serves  to remove, from the  sur face  of  the  15 

polycry stall ine  sil icon rod S , the  scattered substances  

scattered during cutt ing of the  polycrystall ine  sil icon rod S. 

[0033] 

 In order to  more  e ffect i ve ly remove the  scattered 

substances generated during  cutt ing of the  po lycrystall i ne  20 

sil icon  rod  S , it  is  pre ferable  to  de li ver  the  liquid  L2 de li vered 

through the  second nozzle  15 , t o a  region on  the  surface  of  

the  polycrystall i ne  sil i con r od S , the  region extending to a  

pos it ion where  the  liquid L1 de livered through the  fir st  nozzle  

14 does not  flow but  the  scattered substances adhere .  25 
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[0034] 

 The second nozzle  15 i s connected to  a pipe  (not  

i l lustrated) through whi ch  the  liquid  L2 i s  supplied .  The 

second nozzle  15 can have  an end o f any sha pe . Usable  

examples o f the  second nozzle  15 inc lude, but not  l imited to,  5 

a flared nozzle , as with the  fir st  nozzle  14. Although  the  

opening  at  the  end o f the  second nozzle  15 has  a size  whi ch is  

not  l imited to any  part icular size , the  opening pre ferably has  

a size  which allow s de li very of the  l iquid enough for  cutt ing ,  

depending  on,  for  example ,  a  size  of  the  po lycrystall i ne  10 

sil icon r od  S and an  amount o f the  l iquid  to be  de livered to  

the  cutt ing posit ion  o f  the  polycry stall ine  sil icon rod S.  

Speci fically , the  opening pre ferably has a width in the  range 

of approximate ly 0.5 mm to 15 mm. 

[0035] 15 

 The liquid  L2 i s of  a  type  not  l imited to  any part icular 

type , provided that  the  liquid ca n serve  to remove the  

scattered substances  generated during  cutt ing o f  the  

polycry stall ine  sil i con  rod S.  The liquid  L2 ca n be , for  

example , pure  water , or water containing an addit ive  su ch as  20 

a cleaning ingredient.  In order to minimize  contaminat ion of  

the  poly crystall ine  sil i con  rod  S,  the  l iquid L2 is  pre ferably  

pure  water, and part icularly pre ferably pure  water having a 

resist ivity of not  less than 1 MΩcm . 

[0036] 25 
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 The liquid L2 and the  liquid  L1 can  be  the  same or  

dif ferent in composit i on . In  order to simpli fy a  piping  

arrangement  for the  liquids  L1  and L2,  the  liquid  L2 and the  

liquid L1 are  pre ferably the  same in composit ion.  

[0037] 5 

 The liquid L2 flows at  a flow rate  that  is not  l imited to  

any part icular fl ow rate . The flow  rate  may be  a rate  at  which,  

when bl own toward  the  u pper surface  o f the  po lycrystall i ne  

sil icon  rod  S  through the  second nozzle  15,  the  liquid L2 

flows so  as  to  spread,  on  the  upper surface  o f  the  10 

polycry stall ine  sil i con rod S , over a region corresponding to  

an area of diameter × diameter, where  the  diameter is the  

diameter of the  polycry stall ine  sil icon rod S . For example ,  the  

flow rate  of the  l iquid L2 i s pre ferably larger than  the  flow  

rate  of the  l iquid  L1 in  terms o f m ore  e ffect ive ly  removing  15 

impurit ies. Speci fically , the  fl ow rate  of the  l iquid L2 can be  

20 L/min to 40 L/min. 

[0038] 

 According to the  present embodiment ,  the  second 

nozzle  15 i s d ispose d so as to be  cl oser to the  proximal end 20 

than the  f irst  nozzle  14 i s  and so as  to  be  a bove  the  

polycry stall ine  sil i con  rod  S,  and t he  number of  the  second 

nozzle  15 is  one.  However,  the  posit ion  and number  o f  the  

second nozzle  15  are  not  l imited to the  above .  The second 

nozzle  15 can  be  disposed at  a  posit ion  that  i s  not  l imited to  25 
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a part icular posit i on.  For example , the  second nozzle  15 can  

be  di sposed at  a  posit i on  where  it  i s  possible  to  de liver  the  

liquid L2 t o a  region  of  the  surface  o f the  po lycrystall i ne  

sil icon  rod S  through the  second nozzle  15,  the  region  

extending, toward at  least  one end ( i .e . , at  least  one of  the  5 

proximal end and the  di stal end)  o f the  poly crystall ine  sil icon  

rod S in the  extending di rect ion  of  the  polycry stall ine  sil icon  

rod S,  fr om the  cutt ing posit ion to  a posit ion  which i s  at  least  

not  less  than two  t imes  the  d iameter of the  po lycrystall i ne  

sil icon r od  S away fr om the  cutt ing posit ion . Accordingly , one 10 

or more  second nozzle  15 can be  di sposed so a s to be  cl oser to  

the  proximal end than the  f irst  nozzle  14  i s,  can  be  di sposed 

so as to be  closer to the  distal end than the  first  nozzle  14 i s,  

or can be  disposed on both sides of the  first  nozzle  14. 

[0039] 15 

 The upper l imit  o f the  number of the  second nozzle s 15 

is  not  l imited to  any part icular number.  The num ber o f  the  

second nozzle s 15 i s pre ferably not  m ore  than ten,  in order to  

simpli fy an arrangement of the  cutt ing device  10, or to redu ce 

costs for the  cu tt ing work. 20 

[0040] 

 Further, the  second nozzle  15 can  be  posit ionally  fi xed,  

or can  be  m ovable  in  the  extending  direct ion of  the  

polycry stall ine  sil i con  rod S .  In a  case  where  the  second 

nozzle  15 i s m ovable , it  is  possible  to  de liver  the  liquid  L2 to  25 
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a wider region and thu s more  e f fect ive ly remove 

contaminants than in a ca se  where  the  second nozzle  15 is  

fixed. 

[0041] 

 According to the  present embodiment ,  the  second 5 

nozzle  15 i s  di sposed  at  a posit ion  above  the  po lycrystall i ne  

sil icon  rod  S . However, the  posit ion of  the  second nozzle  15 is  

not  l imited to t his , and can  be  disposed at  a posit i on lateral 

to or  be low the  po lycrystall ine  s il icon  rod S.  The second 

nozzle  15  is  pre ferably  di sposed a bove  the  po lycrystall i ne  10 

sil icon r od  S in order that  the  liquid de livered through  the  

second nozzle  15 can  fl ow downward to fa ll o f f together with 

contaminants  scattered during cutt ing o f the  po lycrystall i ne  

sil icon rod S. 

[0042] 15 

 <Method for cutt ing polycrystall ine  sil icon rod>  

 When the  polycry stall ine  si l icon r od S i s cut  by  using  

the  blade  133,  the  r otat ion  dri ve  source  115 connected to  the  

proximal  end-side  support  11 i s  rotated first .  Th is  causes,  

via the  power transmission  member 114, r otat ion of  the  shaft  20 

member 113,  the  cylinder bottom wall  112,  and the  cylinder 

wall  111 o f  the  proximal  end-side  su pport  11, and thus 

causes rotat ion  o f the  polycry stall ine  sil icon  rod  S  fi xed to  

the  cylinder wall  111 by the  chucks 111a. While  the  

polycry stall ine  s il icon r od S r otate s, the  three  rollers 121 of  25 
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the  di stal-side  su pport  12 also r otate . This  a llow s the  

distal-s ide  su pport  12  to su pport  the  poly crystall ine  sil icon  

rod S without causing  interference  with the  r otat ion o f  the  

polycrystall ine  sil icon rod S. 

[0043] 5 

 In addit ion,  the  liquid  L1 i s  de li vered,  through the  first  

nozzle  14,  to t he  bla de  133 and t o the  cutt ing posit ion  o f  the  

polycry stall ine  s il icon r od  S,  while  the  liquid  L2 is  de li vered 

to the  surfa ce  o f  the  po lycrystall i ne  sil icon  rod  S  thr ough the  

second nozzle  15. 10 

[0044] 

 Then,  the  bla de  133 is  pushe d against  the  

polycry stall ine  sil icon rod S  at  the  cutt ing posit ion  so  as to  

be  substant ia lly perpendicular to the  extending direct i on of  

the  polycry stall ine  sil i con  rod  S,  while  the  rotat ion sha ft  132 15 

and the  bla de  133 are  rotated in a direct ion opposite  to the  

rotat ion direct ion o f the  poly crystall ine  sil icon r od S  by  

rotat ing the  rotat ion  drive  source  131 o f  the  cutt ing sect ion  

13. When t he  diamond abrasi ve  part icles  of  the  blade  133 

come in  contact  with the  surface  o f the  poly crystall ine  sil icon  20 

rod S  and grind  the  poly crystall ine  sil i con r od S,  the  

polycry stall ine  s il icon r od  S i s cut  fr om the  outer 

circumference  toward the  center . 

[0045] 

 By appropriate ly  repeat ing thi s  cutt ing  step at  25 
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dif ferent  posit ions in the  extending direct ion o f  the  

polycry stall ine  sil i con  rod S ,  cut  rods  o f t he  po lycrystall i ne  

sil icon r od S are  manufactured. I n other words, the  method 

for manufa cturing a cut rod of  the  polycry stall ine  si l icon r od  

S include s the  above  cutt ing step.  In  addit ion , by  carrying  5 

out a crushing step of crush ing the  cut rod by using, for  

example , a  hammer or  a crushing device ,  a  nugget  of  the  

polycry stall ine  si l icon r od S i s manufa ctured. In other words,  

the  method for manufa cturing a nugget  of the  po lycrystall i ne  

sil icon rod S includes the  above  crushing step. 10 

[0046] 

 With su ch an arrangement, it  is  possible  to remove  

contaminants from the  cutt ing posit i on o f the  po lycrystall i ne  

sil icon rod S  by using the  liquid L1 de li vered through the  first  

nozzle  14 , the  contaminants  coming from the  blade  133.  15 

Further, it  i s a l so  pos sible  to remove  scattered substances  

from  the  sur face  of  the  poly crystall ine  sil i con r od  S  by  using  

the  liquid L2 de livered through  the  second nozzle  15,  the  

scattered substances be ing scattered during the  cutt ing of  

the  polycry stall ine  s il icon r od S and inclu d ing  the  20 

contaminants coming from the  b lade  133 . Thi s makes it  

possible  to  e f fect ive ly  reduce  contaminat ion  o f  the  

polycry stall ine  sil icon  rod  S  due to  the  contaminants  coming  

from the  blade  133. 

[0047] 25 
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 The method in accordance  with an  embodiment o f  the  

present invent ion ma kes it  possible  to  e ffect i ve ly reduce not  

only contaminants  which are  sim ply adhered to  the  surface  of  

the  polycrystall i ne  sil i con r od S but a lso metal contaminants  

which are  di ff icult  to remove by an etching process  in whi ch  5 

the  surface  o f t he  polycry stall ine  sil i con  rod  S  i s  removed  by  

several micrometers by dissolut ion. 

[0048] 

 More  specifi cally, a ccording  to convent i onal methods, a  

scattered cutt ing liquid  do not  flow  so  as  to fa ll of f during  the  10 

cutt ing, and thu s adheres to the  po lycrystall i ne  sil i con r od  

and dr ie s. The metal contaminants contained in the  cutt ing 

liquid then  dif fuse  on  the  sur face  of  and into  the  su bsurfa ce  

port ion  o f  the  poly crystall ine  si l icon  rod  S.  It  may be  

there fore  impossible  to  suf fi cient ly redu ce  such  metal 15 

contaminants  even by e tching.  Contrarily,  the  method in  

accordance with a n embodiment o f the  present invent ion  

makes it  poss ible  to  more  e f ficient ly redu ce  the  metal 

contaminants . The poly crystall ine  sil i con  rod S obtained by  

e tching i s there fore  suitable  for u se  in  manufacture  o f a  20 

monocry stall ine  sil i con  ingot  in which  metal contaminants  

are  sufficient ly reduced. 

[0049] 

 The l iquid  de livered through  the  second nozzle  15 can  

be  de livered to a region extending  fr om the  cutt ing posit i on to  25 
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a posit ion  which  is  at  least  not  less  than two  t imes  the  

diameter of the  poly crystall ine  sil i con rod  S  away from  the  

cutt ing posit ion.  Thi s make s it  possible  to de liver  t he  liquid  

to a  region  where  most  of  the  scattered substances  generated 

during the  cutt ing of  the  poly crystall ine  sil i con  rod S  reach,  5 

the  region be ing on the  surface  o f the  poly crystall ine  sil icon  

rod S.  Th is consequently makes it  possible  to  m ore  e ffect i ve ly 

reduce  contaminat ion on the  surface . 

[0050] 

 Further, the  l iquid is de livered through the  second 10 

nozzle  15  from  above  the  polycry stall ine  sil i con  r od  S .  Th is  

can cause  the  liquid  including the  contaminants scattered 

during the  cutt ing o f  the  polycry stall ine  sil icon  rod S  to  move 

on  the  surface  of  the  po lycrystall i ne  s il icon  rod  S  and then  

flow downward so  as  to fa ll  of f  the  polycrystall i ne  sil icon r od  15 

S.  This  arrangement makes  it  poss ible  to  e ffi cient ly remove 

the  liquid including the  contaminants from  the  

polycrystall ine  sil icon rod. 

[0051] 

 The poly crystall ine  sil i con  rod  S  can  be  cut by  using  20 

the  e lectrodeposit ion blade  133b in whi ch  the  diamond 

abrasive  part icles  ha ve  been  firmly  f ixed by  e lectrolyt ic  

plat ing that  primarily uses  only  ni cke l  as a  metal component,  

not  by u sing a binder  which contains  a number o f metal 

components . Thi s ma kes the  contaminants coming from  the  25 
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blade 133 less l i ke ly to be  scattered during the  cutt ing of  the  

polycry stall ine  sil i con  rod S,  and al so  makes it  possible  to  

ident ify  the  type  of  contaminants that  are  scattered. It  is  

there fore  possib le  to more  e ffect ive ly  reduce contaminat ion  

of the  poly crystall ine  sil icon r od S  due to the  contaminants  5 

coming  from  the  blade  133.  Further, s ince  the  po lycrystall i ne  

sil icon r od S rotates in a direct ion opposite  to the  rotat ion  

direct ion  o f  the  blade  133,  it  is  possible  t o  prevent  the  

polycry stall ine  sil i con rod  from breaking at  a posit ion o ther 

than the  cutt ing posit ion in the  cutt ing step.  10 

[0052] 

 [Embodiment 2] 

 The foll owing  will  describe  another  embodiment  o f  the  

present invent ion. For convenience  of  descript i on,  the  same 

re ference  sign is  assigned to  a member having  the  same 15 

funct ion as  the  member described in the  above  embodiment ,  

and the  descript ion of such a member is omitted.  

[0053] 

 As i l lustrated in Fig.  3 , a  cutt ing devi ce  20 has the  

same con figurat ion as  the  cutt ing device  10 in a ccordance 20 

with Em bodiment 1,  except  that  t he  cutt ing  dev ice  20 further 

includes  a  suct i on  opening  26 for  su cking and removing  an  

air inclu ding scattered substances  having been scattered due 

to cutt ing of the  polycrystall ine  sil icon rod S. 

[0054] 25 



- 25 - 

TKY20096/PCT 

 The su ct ion  opening  26 i s located at  a posit i on that  is  

not  l imited to any  part icular posit ion.  For  example ,  the  

suct ion  opening  26 can  be  di sposed between the  fir st  nozzle  

14 and the  second nozzle  15 in the  extending d irect ion of  the  

polycry stall ine  sil i con r od  S .  The suct ion opening 26 is  5 

pre ferably di sposed  in t his  way on a fir st  nozzle  14 side  of  the  

second nozzle  15  in  order to  more  e ffect i ve ly suck and remove 

the  scattered su bstances  generated during  the  cutt ing o f  the  

polycry stall ine  sil i con  rod S . Further,  the  suct ion  opening  26  

has a  he ight  that  i s  not  l imited to  any  part icular he ight .  The 10 

suct ion  opening  26 can be  at  substant ia lly the  same he ight 

as the  po lycrystall i ne  sil i con  rod S . The su ct ion  opening 26 is  

pre ferably di sposed at  a posit i on that  does  not  interfere  with 

an operat ion of a  worker.  

[0055] 15 

 In a case  where  the  blade  133 is  an outer diameter 

blade ,  the  suct ion  opening  26 i s  pre ferably  di sposed at  a  

pos it ion  ahead o f  a por t ion  of  the  bla de  133 in  a  direct ion  in  

which a fter the  port ion ha s come in  contact  with  the  

polycry stall ine  si l icon rod S , the  port ion  moves  by r otat ion .  20 

For example ,  when viewed from  the  prox imal end o f  the  

polycry stall ine  sil icon  rod S ,  the  suct ion opening  26 is  

pre ferably di sposed on the  le ft  s ide  o f the  po lycrystall i ne  

sil icon r od S in a ca se  where  the  blade  133 r otates to the  

right . Thi s  arrangement  makes it  possib le  to  e ffe ct ive ly suck,  25 
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through the  su ct ion  opening 26, the  scattered substances  

having  been scattered from  the  bla de  133, a nd thus ma kes it  

possible  to  more  e f fect ive ly redu ce contaminat ion  o f  the  

polycry stall ine  sil icon  rod  S  with contaminants  coming from  

the  blade  133. 5 

[0056] 

 The suct i on opening 26 sucks the  contaminant s at  a 

suct ion  rate  that  i s not  l imited to  any  part icular  rate , 

provided that  the  su ct ion  rate  makes it  possible  to  

suffi cient ly su ck the  scattered substances generated during 10 

cutt ing o f the  polycrystall i ne  s il icon  rod  S.  The su ct ion  

opening  26 pre ferably sucks the  air  including the  scattered 

substances at  a suct ion rate  o f ,  for  example ,  10 m3 /min  to 30 

m3/min. 

[0057] 15 

 More  than one  suct ion opening 26 can  be  provided so  

as to  more  e ffect i ve ly suck and remove  the  scatter ed 

substances generated during cutt ing of the  po lycrystall i ne  

sil icon rod S. 

[0058] 20 

 Such an arrangement makes it  possib le  to suck and 

remove scattered substances  having been scattered due to  

cutt ing of the  poly crystall ine  si l icon rod S , be fore  the  

scattered substances reach the  surface  o f the  po lycrystall i ne  

sil icon  rod  S .  Th is  makes it  possib le  to  redu ce  the  amount of  25 
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scattered substances which reach the  sur face  of  the  

polycry stall ine  sil i con  r od  S ,  and thus to  more  e ffect i ve ly 

remove, by  using the  l iquid L2 de livered thr ough the  second 

nozzle  15,  the  scattered substances  from the  surfa ce  o f  the  

polycrystall ine  sil icon rod S. 5 

[0059] 

 Aspects  o f  the  present invent ion  can  also  be  expressed 

as follows: 

 In order t o  sol ve  the  above  pr oblem,  a  method ,  in  

accordance  with an  aspect  of  the  present  invent ion , for  10 

cutt ing a polycry stall ine  s il icon  rod,  inclu des the  step of  

cutt ing the  po lycrystall i ne  sil i con rod by u sing a  cutt ing too l,  

the  step of cutt ing including: de livering a l iquid to  a cutt ing 

pos it ion  o f  the  poly crystall ine  sil icon  rod thr ough a first  

nozzle ; and de livering a l iquid to a surface  of  the  15 

polycrystall ine  sil icon rod through a second nozzle .  

[0060] 

 Such an arrangement makes it  possible  to  remove 

contaminants from the  cutt ing posit i on o f the  po lycrystall i ne  

sil icon r od  by u sing the  l iquid de livered through the  first  20 

nozzle , the  contaminants coming from the  cutt ing tool . In  

addit ion , the  arrangement makes it  possib le  to remove 

scattered substances  from  the  surface  of  the  po lycrystall i ne  

sil icon  rod  by  using  the  liquid  de livered through  the  second 

nozzle , the  scattered substances  be ing scattered during 25 
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cutt ing o f  the  poly crystall ine  sil icon  rod and including  the  

contaminants  coming from the  cutt ing tool . This  makes it  

possible  to  e f fect ive ly  reduce  contaminat ion  o f  the  

polycry stall ine  sil icon rod with the  contaminants coming  

from the  cutt ing tool.  5 

[0061] 

 According  to  a  method ,  in  accordance  with  an  aspect  of  

the  present invent ion,  for  cutt ing a poly crystall ine  sil icon  

rod,  the  l iquid can  be  de livered  to a  region  o f the  surfa ce  

through the  second nozzle ,  the  region extending , toward at  10 

least  one end in  an extending direct ion o f  the  po lycrystall i ne  

sil icon  rod,  from  the  cutt ing posit ion to  a posit ion  whi ch is  at  

least  not  less than two  t imes a diameter of the  po lycrystall i ne  

sil icon rod away from the  cutt ing posit ion.  

[0062] 15 

 Such an arrangement causes the  liquid de li vered 

through the  second nozzle  to be  de li vered to the  region  

extending from  the  cutt ing posit ion to the  posit i on whi ch is  

at  least  not  less  than two  t imes  the  diameter o f  the  

polycry stall ine  si l icon rod away from the  cutt ing posit ion .  20 

Thi s ma kes it  possible  t o de liver  the  liquid  to  a  region  where  

most of  the  scattered substances scattered during the  cutt ing 

of  the  polycry stall ine  s il icon  rod  reach , the  region be ing on  

the  surface  of  the  poly crystall ine  s il i con . Thi s consequently 

makes it  possible  to  more  e ffect i ve ly redu ce  contaminat ion  of  25 
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the  surface . 

[0063] 

 According  to  a  method ,  in  accordance  with  an  aspect  of  

the  present invent ion,  for  cutt ing a poly crystall ine  sil icon  

rod, t he  liquid can  be  de li vered through the  second nozzle  5 

from above  the  poly crystall ine  sil icon r od so that  the  liquid  

de livered through the  second nozzle  moves on the  surface  of  

the  poly crystall ine  sil i con  rod and then flow s downward so  as  

to fa ll off the  polycrystall ine  sil i con rod. 

[0064] 10 

 With this  arrangement, the  l iquid is de li vered from  

above  the  polycry stall ine  sil i con rod through the  second 

nozzle . Accordingly ,  the  l iquid  inclu ding  contaminants  

scattered during cutt ing of the  poly crystall ine  sil icon r od 

flows downward so as to  fa ll  of f the  poly crystall ine  sil icon  15 

rod.  This  makes it  possible  to  e ffi cient ly remove , from  the  

polycry stall ine  sil i con  rod,  the  liquid  i nclu ding  the  

contaminants. 

[0065] 

 According  to  a  method ,  in  accordance  with  an  aspect  of  20 

the  present invent ion,  for  cutt ing a poly crystall ine  sil icon  

rod,  the  step o f  cutt ing  can  further include  su cking  and 

removing an  air including a scattered substance  hav ing been 

scattered due to the  cutt ing.  

[0066] 25 
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 Thi s arrangement makes it  possible  to  su ck and remove  

the  scattered substances  having been scattered due to 

cutt ing o f the  poly crystall ine  sil i con  rod be fore  the  scattered 

substances reach  the  surface  of  the  polycry stall ine  sil icon  

rod.  Thi s ma kes it  possible  to  reduce  the  amount  o f scattered 5 

substances  which  reach t he  surface  of  the  po lycrystall i ne  

sil icon rod,  and thus to more  e ffect ive ly remove , by using the  

liquid de livered through the  second nozzle ,  the  scattered 

substances fr om the  surfa ce  of t he  poly crystall ine  s il icon  

rod. 10 

[0067] 

 According  to  a  method ,  in  accordance  with  an  aspect  of  

the  present invent ion,  for  cutt ing a poly crystall ine  sil icon  

rod,  the  cutt ing  tool  i s  an outer diameter blade  in  whi ch  

diamond abra sive  part icles  are  firmly  fi xed,  and the  step of  15 

cutt ing further includes  rotat ing the  polycry stall ine  sil icon  

rod in  a  direct ion  opposite  to  a  rotat ion  direct i on  o f t he  outer 

diameter blade . 

[0068] 

 In a case  where  the  diamond abrasi ve  part icles  are  20 

firmly fixed in  the  outer diameter blade , the  po lycrystall i ne  

sil icon  rod may be  contaminated with  contaminants  coming  

from a binder ( for example , a  res in bond, a metal bond,  or  the  

like ) used for  such  firm  fi xat ion.  Consequently, thi s  may 

adverse ly affect  the  quality of a  monocry stall ine  sil i con ingot  25 
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manufactured fr om the  po lycrystall i ne  s il icon  rod.  

Contrarily, the  above -described arrangement makes it  

possible  to redu ce or  prevent the  a dverse  e f fect  from  these  

contaminants. 

[0069] 5 

 In a  ca se  o f  using ,  among  other  outer diameter bla de s,  

an outer diameter blade  in which  diamond abra sive  part icles  

are  e lectrodeposited, the  following  e ffect s are  produ ced. A  

polycry stall ine  si l icon rod i s cut  by using a bla de  in whi ch  

diamond abra sive  part icles  are  f irmly fixed by  e lectrolyt ic  10 

plat ing that  primarily uses  only  ni cke l  as a  metal component,  

but  not  by us ing a binder which contains a number o f metal 

components . This  makes contaminants coming  fr om su ch a  

cutt ing tool  less  l ike ly t o be  scattered during cutt ing of  the  

polycry stall ine  sil i con r od,  and al so  makes it  possib le  to  15 

ident ify the  type  of  contaminants that  are  scattered. It  is  

there fore  possib le  to more  e ffect ive ly  reduce contaminat ion  

of the  poly crystall ine  sil ic on r od  with the  contaminants  

coming from the  cutt ing tool.  

[0070] 20 

 In a ddit ion,  it  i s  possible  to  prevent the  polycrystall i ne  

sil icon  rod fr om  breaking  at  a posit ion  other than  t he  cutt ing 

posit ion in the  cutt ing step.  

[0071] 

 A method, in accordance with an a spect  o f the  present 25 
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invent ion , for manufacturing  a cut rod o f a  po lycrystall i ne  

sil icon  rod, inc ludes t he  step of  cutt ing  the  po lycrystall i ne  

sil icon rod by u sing a cutt ing too l, the  step o f cutt ing 

including:  de li vering a l iquid  t o a cutt ing posit i on of  the  

polycry stall ine  sil icon rod through a first  nozzle ; and 5 

de livering  a l iquid  to  a  surfa ce  o f  the  po lycrystall i ne  sil icon  

rod through a second nozzle .  

[0072] 

 A method, in accordance with an a spect  o f the  present 

invent ion , for manu facturing a nugget  of  a  po lycrystall i ne  10 

sil icon r od , ca n include the  step of  crushing the  cut rod 

obtained by  the  method for  manufa cturing the  cut  rod o f  the  

polycrystall ine  sil icon rod.  

[0073] 

 A polycry stall ine  sil i con rod cutt ing dev ice  in  15 

accordance with  an aspect  of  the  present invent ion inclu des:  

a cutt ing tool  for cutt ing a  po lycrystall i ne  s il icon  rod;  a first  

nozzle  for de livering  a l iquid  to a cutt ing posit ion of  the  

polycry stall ine  sil i con  r od; a nd a  second nozzle  for de livering  

a l iquid to a surface  of the  polycrystall ine  sil icon rod.  20 

[0074] 

 The present invent ion  is  not  l imited to  t he  

embodiments , but can  be  altered by  a  skilled  person  in  the  

art  within  the  scope of  the  cla im s.  The present invent ion al so  

encompasses , in its  techn ical scope,  any embodiment derived 25 
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by com bining  techni cal means di scl osed in  di ffering  

embodiments. 

Examples 

[0075] 

 The fo llowing will  describe  examples of the  present 5 

invent ion. 

[0076] 

 [Preparat ion of cleaned nugget ] 

 (Example  1) 

 A polycry stall ine  sil icon rod ( diameter: approximate ly 10 

100 mm) was cut by u sing the  cutt ing de vice  10 in a ccordance 

with Em bodiment 1 . The  po lycrystall i ne  sil icon S was cut  

with use  of a  diamond e lectrodeposit ion bla de  manufactured 

by Asahi  Diamond Industria l Co .,  Ltd . During thi s  cutt ing,  

the  poly crystall ine  sil i con  S  was  rotated at  approximate ly 50 15 

rpm, whi le  the  blade  133 was rotated at  approximate ly 2000 

rpm in a direct ion opposite  to a rotat ion direct ion o f the  

polycry stall ine  sil i con  rod S.  During  the  cutt ing,  pure  water 

was de livered as the  liquid  L1 at  a flow rate  of 10  L/min  

through the  first  nozzle  14 and pure  water  was de livered as 20 

the  liquid L2 at  a flow rate  of  30 L/min through t he  second 

nozzle  15.  A  cut r od whi ch  is  a pproximate ly 500 mm  long  was 

prepared by carrying out the  cutt ing two t imes.  

[0077] 

 A nugget  o f  the  poly crystall ine  sil icon  rod S  in  25 
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accordance with  Example  1  was prepared by  crushing , with  

use  of a  tungsten carbide  hammer, the  above  cut rod of  the  

polycry stall ine  si l icon rod until t he  maximum dimension of  

the  nugget  became approximate ly 100 mm. The nugget  thus 

prepared was immersed in a  bath  o f  fluonitric  acid (a  mixture  5 

of  nitr i c  acid  and hydro fluoric  a cid)  so  that  a surface  o f  the  

nugget  was removed  by  several  micr ometers by  dissolut ion.  

Subsequently, the  nugget  was washed with  water and dried,  

so that  a  cleaned nugget  was prepared. 

[0078] 10 

 (Example  2) 

 A cleaned nugget  of  a  poly crystall ine  sil i con  rod S  in  

accordance with  Example  2 was prepared as  in  Example  1,  

except that  a metal bond blade  was used instead of  the  

diamond e lectrodeposit ion blade .  The metal bond blade i s a  15 

blade  in whi ch diamond abrasi ve  part icles  are  firmly fixe d by  

using a metal bond. 

[0079] 

 (Comparat ive  Example  1) 

 A cleaned nugget  of  a  poly crystall ine  sil i con  rod S  in  20 

accordance  with Comparat ive  Example  1 was prepared a s  in  

Example  1, except that  the  po lycrystall i ne  sil i con  rod was cut 

without de livery of the  l iquid L2 through the  second nozzle  

15. 

[0080] 25 
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 (Comparat ive  Example  2) 

 A cleaned nugget  of  a  poly crystall ine  sil i con  rod S  in  

accordance  with Comparat ive  Exampl e  1 was prepared a s  in  

Example  2, except that  the  po lycrystall i ne  sil i con  rod was cut 

without de livery of the  l iquid L2 through the  second nozzle  5 

15. 

[0081] 

 (Re ference  Example )  

 A cleaned nugget  was prepared as a Reference  Example ,  

by:  ( i )  immersing a  nugget  obtained by  crushing a  10 

polycry stall ine  sil icon  rod S  whi ch had not  been cut ,  as  in  

Example  1,  in  a bath o f fluonitri c ac id  so  that  a surface  of  the  

nugget  was removed by  several  micr ometers by  dissolut ion;  

and then (i i )  washing with water and dry ing the  nugget .. 

[0082] 15 

 [Surface  heavy metal  concentrat ion] 

 The cleaned nuggets prepared in Examples 1 and 2 and 

Comparat ive  Examples  1  and 2  were  measured for  respect i ve  

surface  heavy metal concentrat ions, by the  method as  

follows. 20 

[0083] 

 First ,  each  o f  the  cleaned nuggets was  immersed in  a  

bath of  f luonitric  ac id  at  r oom  temperature , and a  sur face  of  

the  nugget  was dissol ved by a depth of a pproximate ly 20 

micrometers, so that  a  resultant  solut ion  was obtained. Next ,  25 
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the  mass o f each  of  heavy metal com ponents included in  the  

resultant  solut ion  was measured by  ICP-MS.  Last ly ,  the  

surface  heavy metal concentrat ion was calculated by d ividing  

the  mass o f the  heavy metal com ponent by the  mass of  the  

cleaned nugget  (unit : parts per bil l i on weight (ppbw)) . Table  1  5 

shows results of such calculat ions. 

[0084] 

 Table  1 

 Surf ace h eavy m et a l  
concentrat ion  (ppbw) 

Fe Ni Cr Co 

Example 1 
Elect rodepo sit io n blade  
used 

0.08 0.02 0.07 0.01 

Example 2 Metal bond blade used 0.09 0.02 0.08 0.01 

Com par at i v e 
Example 1 

Cutt ing by usin g  
el ectro depo s it i on blade  

with out de l iv ery  o f  

liquid L2 

0.12 2.7 0.07 0.01 

Com par at i v e 
Example 2 

Cutt ing  by using m et a l  

bon d blade w ith ou t  
delivery  of  liquid L2 

0.11 0.92 1.6 0.84 

Reference  
Example  

(Non-cut product ) 0.08 0.02 0.06 0.01 

[0085] 

 The  heavy metal  concentrat ions in  Examples were  10 

lower than the  heavy metal concentrat ions in Com parat ive  

Examples , and were  substant ia lly  equal to those  of  the  

non-cut product in Reference  Example .  

 

Re ference  Signs List  15 

[0086] 
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 10: Cutt ing device  

 13: Cutt ing sect ion 

 14: First  nozzle  

 15: Second nozzle  

 20: Cutt ing device  5 

 26: Suct ion opening 

 133: Blade  

 133b: Electrodeposit ion blade  

 L1: Liquid 

 L2: Liquid10 
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Claims 

 Claim 1 

 A method for cutt ing a poly crystall ine  sil i con r od 

compri sing  the  step o f  cutt ing  the  polycry stall ine  sil i con  r od 

by using a cutt ing tool,  5 

 the  step of cutt ing including: 

 de livering a l iquid  to a cutt ing posit ion of  the  

polycrystall ine  sil icon rod through a first  nozzle ; and 

 de livering a l iquid to a surface  o f the  polycrystall i ne  

sil icon rod through a second nozzle .  10 

 

 Claim 2 

 The method according  to  cla im  1,  where in  the  liquid  is  

de livered to a  region of  the  surfa ce  through the  second 

nozzle , the  region extending , toward at  least  one end in an  15 

extending direct ion  o f the  po lycrystall i ne  sil icon r od,  from  

the  cutt ing posit ion to a posit i on whi ch i s at  least  not  less  

than two t imes  a  diameter of  the  poly crystall ine  sil i con r od  

away from the  cutt ing posit ion . 

 20 

 Claim 3 

 The method accord ing to  cla im 1 or  2 ,  where in the  

liquid is  de li vered through the  second nozzle  from  above  the  

polycry stall ine  s il icon r od so that  the  liquid  de li vered 

through the  second nozzle  moves on the  surface  of  the  25 
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polycry stall ine  sil icon rod and then flow s downward so as to  

fa ll off the  polycrystall ine  sil icon rod.  

 

 Claim 4 

 The method accord ing to  any  one of  cla im s 1 t o 3,  5 

where in the  step of  cutt ing  further includes  sucking  and 

removing an  air including a scattered substance  hav ing been 

scattered due to the  cutt ing.  

 

 Claim 5 10 

 The method accord ing to  any  one of  cla im s 1 t o 4,  

where in: 

 the  cutt ing tool  is  an  outer d iameter blade  in  whi ch  

diamond abrasive  part icles are  firmly fixed; and 

 the  step o f cutt ing further includes r otat ing the  15 

polycry stall ine  sil icon rod in a direct ion opposite  to a 

rotat ion direct ion of the  outer diameter blade . 

 

 Claim 6 

 A method for manufa cturing a cut rod of a  20 

polycry stall ine  sil i con  r od compri sing  the  step o f  cutt ing  the  

polycry stall ine  sil icon rod by u sing a cutt ing too l,  the  step of  

cutt ing including : 

 de livering a l iquid  to a cutt ing posit ion of  the  

polycrystall ine  sil icon rod through a first  nozzle ; and 25 
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 de livering a l iquid to a surface  o f the  polycrystall i ne  

sil icon rod through a second nozzle .  

 

 Claim 7 

 A method for manu facturing  a nugget  of a  5 

polycry stall ine  sil i con  rod com prising the  step of  crushing  

the  cut rod obtained by the  method according to cla im 6. 

 

 Claim 8 

 A polycry stall ine  sil i con  rod cutt ing devi ce  com prising:  10 

 a cutt ing tool for cutt ing a polycrystall ine  sil icon rod;  

 a  first  nozzle  for de livering a l iquid  to a cutt ing 

posit ion of the  polycrystall ine  sil icon rod; and  

 a second nozzle  for de livering a l iquid to a sur face  of  

the  polycrystall ine  sil icon rod.15 


