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Descr ipt ion 

T i t le  o f  Invent ion 

 CORE WIRE HOLDER,  APPARATUS FOR 

PREPARING SILICON,  AND METHOD FOR PREPARING 

SILICON 5 

 

Technica l  F ie ld  

[0001]  

 The present  invent ion re lates  to :  a  f i lament  ho lder  

which is  inc luded in a  be l l - jar  reactor  o f  a  s i l i con 10 

product ion apparatus and which is  for  hold ing  a  s i l i con  

f i lament ;  a  s i l i con product ion apparatus ;  and a  s i l i con 

product ion method.  

 

Background Art  15 

[0002]  

 One o f  the convent ional ly  known  methods o f  

producing s i l i con (which is  used as a  raw mater ia l  for  a  

semiconductor  or  a  raw mater ia l  for  a  wafer  fo r  use  in  

photovo l ta ic  power  generat ion )  i s ,  for  example ,  S iemens 20 

process .  A  method o f  producing s i l i con us ing S iemens 

process  invo lves  supply ing  a  mixed gas  composed o f  

hydrogen and t r ich loros i lane into  a be l l - jar  reactor  in  

which a  s i l i con  f i lament  is  he ld  upr ight  by  a  f i lament  

ho lder .  This  a l l ows s i l i con to  be  depos i ted  and grow 25 
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around the  s i l i con f i lament ,  making i t  poss ib le  to  obta in  

po lys i l i con (a lso  ca l led  "po lycrysta l l ine  s i l i con" ) .  

[0003]  

 A  convent ional  s i l i con product ion apparatus is  

d isc losed in ,  for  example ,  Patent  L i terature  1 .  Patent  5 

L i terature  1  d isc loses  that  the  shape o f  a  f i lament  

ho lder  inc ludes  a  tapered port ion which decreases  in  

d iameter  in  the  upward d i rect ion and that  the  angle  o f  

the  tapered port ion to  the  perpendicular  is  not  l ess  than 

35 degrees  and not  more  than 65 degrees .  10 

 

C i tat ion L is t  

[Patent  L i terature ]  

[0004]  

[Patent  L i terature  1 ]  15 

 Japanese  Patent  Appl icat ion Publ icat ion ,  Tokukai ,  

No .  2009-256191 

 

Summary o f  Invent ion 

Technica l  Problem 20 

[0005]  

 However ,  accord ing  to  the  convent ional  f i lament  

ho lder  d isc losed in  Patent  L i terature  1 ,  the  taper  ang le 

o f  the  conica l  shape is  large .  This  narrows the  range o f  

ang les f rom which source  gas  is  d i rected toward the  25 
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base  port ion o f  the  s i l i con f i lament  he ld  upr ight  by  the 

f i lament  ho lder ,  resul t ing  in  a  reduct ion in  depos i t ion o f  

s i l i con on the  s i l i con f i lament .  

[0006]  

 The present  invent ion was made in  v iew o f  the  5 

above  convent ional  i ssue,  and an object  thereo f  i s  to  

prov ide  a f i lament  ho lder ,  a  s i l i con product ion 

apparatus ,  and a s i l i con product ion method each o f  

which is  capable  o f  improv ing  depos i t ion o f  s i l i con on a  

base  port ion o f  a  s i l i con f i lament  and which in turn 10 

makes i t  poss ib le  to  improve depos i t ion o f  s i l i con on the  

ent i re  s i l i con f i lament .  

 

So lut ion to  Problem 

[0007]  15 

 In  order  to  at ta in  the  above  ob ject ,  a  f i lament  

ho lder  in  accordance wi th  an  aspect  o f  the  present  

invent ion is  a  f i lament  ho lder  inc luding  a  f i lament 

ho ld ing  port ion which is  made o f  carbon and which has  

a  substant ia l ly  t runcated cone shape,  in  which :  the  20 

f i lament  ho ld ing  port ion has ,  in  a  top sur face  thereo f ,  a  

f i lament  inser t  ho le  conf igured to  ho ld  a  s i l i con f i lament  

inser ted there in ;  an angle  between an ax is  and a  

generatr ix  o f  the  substant ia l ly  t runcated cone shape is  

not  less  than 10 degrees  and not  m ore  than 30 degrees ;  25 
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and a  th ickness  o f  the  f i lament  ho ld ing  port ion between  

an outer  per iphery  o f  the  top sur face  o f  the  f i lament  

ho ld ing port ion and an inner  wal l  sur face ,  which is  

contacted by  the  s i l i con f i lament ,  o f  the f i lament  inser t  

ho le  is  not  more  than 3  mm at  at  l east  one  locat ion .  5 

 

Advantageous Ef fec ts  o f  Invent ion  

[0008]  

 An aspect  o f  the  present invent ion br ings  about  

the  fo l lowing e f fec t :  prov id ing  a  f i lament  ho lder ,  a  10 

s i l i con product ion apparatus ,  and a  s i l i con product ion 

method each o f  which is  capable  o f  improv ing depos i t ion 

o f  s i l i con on a  base  port ion o f  a  s i l i con f i lament  and 

which in  turn makes i t  possib le  to  improve  depos i t ion o f  

s i l i con on the  ent i re  s i l i con f i lament .  15 

 

Br ie f  Descr ipt ion o f  Drawings  

[0009]  

 (a )  o f  F ig .  1  is  a  cross -sect ional  v iew showing a  

conf igurat ion o f  a  f i lament  ho lder  in  accordance wi th  20 

Embodiment  1  o f  the  present  invent ion .  (b )  o f  F ig .  1  is  a 

cross-sect ional  v iew o f  the  conf igurat ion o f  the  f i lament  

ho lder ,  taken a long l ine  A -A’  in  (a )  o f  F ig .  1 .  ( c )  o f  F ig .  1  

i s  an enlarged e levat ional  v iew showing a conf igurat ion  

o f  a  top sur face  o f  a  f i lament  ho ld ing  port ion o f  the  25 



- 5 - 

f i lament  ho lder .  

 F ig .  2 is  a cross -sect ional  v iew showing a  

conf igurat ion o f  a  be l l - jar  reactor  that  inc ludes  the  

f i lament  ho lder .  

 (a )  o f  F ig .  3  is  a  cross -sect ional  v iew showing a  5 

conf igurat ion o f  a  var ia t ion o f  the  f i lament ho lder .  (b )  o f  

F ig .  3  is  a  cross -sect ional  v iew o f  the  conf igurat ion o f  

the  f i lament  ho lder ,  taken a long  l ine  A -A’  in  (a )  o f  F ig .  3.  

(c )  o f  F ig .  3  is  an enlarged e levat ional  v iew showing a  

conf igurat ion o f  a  top sur face  o f  a  f i lament  ho ld ing 10 

port ion o f  the  f i lament  ho lder .  

 (a )  o f  F ig .  4  is  a  perspect ive  p lan v iew  showing a  

conf igurat ion o f  a  var ia t ion o f  the  f i lament  ho lder  in  

accordance  wi th  Embodiment 1 .  (b )  o f  F ig .  4  is  a  cross -

sect ional  v iew o f  the  conf igurat ion o f  the  var iat ion o f  15 

the  f i lament  ho lder ,  taken a long  l ine  A -A’  in  (a )  o f  F ig .  4.  

 (a )  o f  F ig .  5  is  a  cross -sect ional  v iew showing a  

conf igurat ion o f  a  f i lament  ho lder  in  accordance wi th  

Embodiment  2  o f  the  present  invent ion .  (b )  o f  F ig .  5  is  a 

cross-sect ional  v iew o f  the  conf igurat ion o f  the  f i lament  20 

ho lder ,  taken a long l ine  A -A’  in  (a )  o f  F ig .  5.  ( c )  o f  F ig .  5  

is  an enlarged e levat ional  v iew showing a conf igurat ion  

o f  a  top sur face  o f  a  f i lament  ho ld ing  port ion o f  the  

f i lament  ho lder .  

 (a )  o f  F ig .  6  is  a  cross -sect ional  v iew showing a  25 
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conf igurat ion o f  a  var ia t ion o f  the  f i lament ho lder .  (b )  o f  

F ig .  6  is  a  perspect ive  v iew showing the  conf igurat ion o f  

the  f i lament  ho lder .  

 (a )  to  (c )  o f  F ig .  7 ,  which show conf igurat ions o f  

Comparat ive  Examples  for  compar ison wi th  a  f i lament  5 

ho lder  in  accordance wi th  an embodiment  o f  the  present  

invent ion,  are  cross-sect ional  v iews each showing a  

conf igurat ion o f  a  f i lament  holder  and how 

po lycrysta l l ine  s i l i con is  depos i ted  on a  s i l i con f i lament .  

 10 

Descr ipt ion o f  Embodiments  

[0010]  

 Embodiment  1  

 The fo l lowing descr ipt ion wi l l  d iscuss  an 

embodiment  o f  the  present invent ion wi th re ference  to  15 

F igs .  1  to  4  and 7 .  

[0011]  

 A  f i lament  ho lder  in  accordance wi th  Embodiment 

1  is  inc luded in  a  be l l - jar  reactor  o f  a  s i l i con product ion 

apparatus ,  ho lds  a  s i l i con f i lament ,  and passes  e lectr ic  20 

current  through the  s i l i con f i lament .  More  spec i f i ca l ly ,  

Embodiment  1  re la tes  to  a  f i l ament  ho lder  wh ich is  

prov ided on an e lectrode at  a  base p late  o f  a  be l l - jar  

s i l i con product ion apparatus .  F i rs t ,  a  conf igurat ion o f  

the  be l l - jar  reac tor  is  d iscussed wi th  re ference  to  F ig .  2 .  25 
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F ig .  2 is  a  cross -sect ional  v iew showing a  conf igurat ion 

o f  a  be l l - jar  reactor  1A o f  the  s i l i con product ion  

apparatus  o f  Embodiment  1 .  

[0012]  

 In  Embodiment  1,  as  a s i l i con product ion  5 

apparatus ,  for  example ,  S iemens process  is  used to  

produce  po lycrysta l l ine  s i l i con.  The S iemens process  

invo lves ,  as  i l lustrated in  F ig .  2 ,  reduc ing  s i l i con 

t r ich lor ide  (S iHCl3 )  (which is  s i lane  gas )  wi th  hydrogen 

(H2 )  gas  in  the  be l l - jar  reactor  1A,  thereby a l lowing 10 

h ighly-pure  po lycrysta l l ine  s i l i con to  be  depos i ted .  

[0013]  

 As  i l lustrated in  F ig.  2 ,  the be l l - jar  reactor  1A 

inc ludes  at  l east  a pa i r  o f  e lec trodes  3 prov ided at  a  

base  plate  2 ,  and includes  f i lament ho lders  10A which  15 

are  prov ided on the  respect ive  e lectrodes  3 ,  which ho ld  

a  s i l i con f i lament  4A,  and which are  composed o f  carbon.  

Each o f  the f i lament  ho lders 10A inc ludes ,  in  an upper  

part  thereo f ,  a  f i lament  ho ld ing  port ion  12A which has a  

f i lament  inser t  ho le  13A.  The s i l i con f i lament  4A is  20 

inser ted into  these  f i lament  inser t  ho les  13A,  and i s  

thereby he ld  upr ight .  

[0014]  

 The be l l - jar  reactor  1 ,  which has the  above -stated  

features ,  i s  conf igured such that :  s i l i con t r ich lor ide 25 
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(S iHCl3 )  and hydrogen (H 2 )  gas  are  fed  f rom the  bot tom 

into  the  reactor  in  which e lectr ic  current  is  passed 

across  the  e lectrodes  3  v ia  the  f i lament  ho lders  10A and  

thereby the  s i l i con f i lament  4A is  red-hot  at  a  

temperature o f  900°C to  1100°C.  I t  fo l lows that  a  5 

po lycrysta l l ine  s i l i con 5 is  depos i ted  on the  s i l i con 

f i lament 4A and,  eventual ly ,  the po lycrysta l l ine s i l i con 5  

grows to  a  d iameter  o f  100 mm to  150 mm.  

[0015]  

 The fo l lowing descr ipt ion wi l l  d iscuss  the  deta i ls  10 

o f  conf igurat ions of  the  f i lament  holders  10A and the  

e lec trodes 3  wi th  re ference  to  (a ) ,  (b ) ,  and (c )  o f  F ig .  1 .  

(a )  o f  F ig .  1  is  a  cross -sect ional  v iew showing a  

conf igurat ion o f  one o f  the  f i lament  ho lders  10A and one 

o f  the  e lectrodes  3  in  accordance wi th  Embodiment  1 .  15 

(b )  o f  F ig .  1  i s  a  cross -sect ional  v iew o f  the  

conf igurat ion o f  the  f i lament  ho lder  10A,  taken a long 

l ine  A-A’  in  (a )  o f  F ig .  1 .  ( c )  o f  F ig .  1  is  an  enlarged 

e levat ional  v iew showing a  conf igurat ion o f  a  top sur face  

12a o f  the  f i lament  ho lding  port ion  12A o f  the f i lament  20 

ho lder  10A.  

[0016]  

 As  i l lustrated in  (a )  o f  F ig .  1 ,  each e lectrode  3  o f  

Embodiment  1  i s  const i tuted by  a  meta l  e lectrode  and 

has a  coo l ing  mechanism 6 which uses  water  coo l ing  or  25 
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the l ike .  The e lectrode 3  is  conf igured such that  the  

e lec trode  3  is  coo led  whi le  the  po lycrysta l l ine  s i l i con 5  

is  depos i ted on the s i l i con f i lament  4A.  This  protects  

the  e lectrode  3  f rom high- temperature  atmosphere ,  and 

a lso  prevents  the  po lycrysta l l ine  s i l i con 5  f rom be ing 5 

depos i ted  on the  e lec trode  3 .  

[0017]  

 The  f i lament  ho lder  10A is  jo ined to  the  top o f  the  

e lec trode  3 ,  ho lds  the  s i l i con f i lament  4A,  and appl ies  

e lec tr ic  potent ia l  f rom the  e lectrode  3 to  the  s i l i con 10 

f i lament  4A.  A  method o f  jo in ing  the  f i lament  ho lder  10A 

and the  e lectrode  3  is  not  part icular ly  l imi ted ,  prov ided  

that  the  appl icat ion o f  e lec tr ic  potent ia l  i s  carr ied  out  

smoothly .  The f i lament ho lder  10A and the  e lectrode 3  

are  jo ined pre ferably  by  means  o f ,  for  example ,  screw 15 

shapes  ( threaded shapes) ,  shapes  f i t t ing  each other ,  

bowl  shapes ,  or  the  l ike .  

[0018]  

 The  f i lament  ho lder  10A is  made o f ,  for  example ,  

carbon,  in  order  to  apply  e lectr ic  potent ia l  f rom the  20 

e lectrode  3  to  the  s i l i con f i lament  4A.  Note ,  however ,  

that  the  f i lament  ho lder  10A does  not  necessar i ly  have 

to  be made o f  carbon.  However ,  the f i lament  ho lder  10A 

made o f  carbon is  pre ferred in  that  such a  f i lament  

ho lder  10A has an e lectr ica l  conduct ing  property  that  is  25 
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necessary to  pass e lec tr ic  current  through the  s i l i con 

f i lament 4A and that  such a  f i lament  ho lder  10A has a  

low thermal  conduct iv i ty  to  prevent  the  coo lness  o f  the  

e lec trode 3  inc luding  the coo l ing  mechanism 6 f rom 

reaching the  s i l i con f i lament  4A.  The f i lament  ho lder 5 

10A made o f  carbon is  pre ferred a lso in  terms o f  smal l  

thermal  expansion rate ,  because  th is  makes  i t  poss ib le  

to  prevent  the  de format ion o f  the  f i lament  ho lder  10A at  

h igh temperature .  

[0019]  10 

 As  i l lustrated in  (a )  and (c )  o f  F ig .  1 ,  the  f i lament  

ho lder  10A inc ludes :  a  base  port ion 11 in  a  lower  part  

thereo f ;  and the  f i lament  ho ld ing  port ion 12A in  the  

shape o f  a  t runcated cone in  an upper  part  thereo f .  

[0020]  15 

 The base  port ion 11 is  a  port ion where  the 

f i lament  ho lder  10A and the  e lectrode  3  are  jo ined  

together .  In  Embodiment  1 ,  the  f i lament  ho lder  10A and  

the  e lectrode  3  are  conf igured such that  they  are  jo ined 

together  into  one assembly  by  a  pro ject ion 3a on the  20 

e lectrode  3  be ing  f i t ted  into  a  recess  11a in  the  

e lec trode  3-s ide  face  o f  the  f i lament  ho lder 10A.  The 

outs ide  shape o f  the base  port ion 11 is ,  for  example ,  a  

t runcated cone.  Note ,  however ,  that  the  shape o f  the  

base  port ion 11 is  not  l imi ted to  the  t runcated cone,  25 
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and may be ,  for  example ,  a  cy l inder  as  i l lustrated in  (a )  

and (b )  o f  F ig .  6  for  Embodiment  2  (descr ibed la ter )  or  

an inver ted t runcated cone as  i l lustrated in  (b )  o f  Fig .  3  

and (b )  o f  F ig .  4 .  

[0021]  5 

 The f i lament ho ld ing  port ion 12A o f  the  f i lament  

ho lder  10A is  in  the shape o f  a  tapered t runcated cone 

as i l lustrated in  (a )  o f  F ig .  1 in  Embodiment  1 .  The top 

sur face  12a o f  the  t runcated cone has the  f i lament  

inser t  ho le  13A,  in which the  s i l i con f i lament  4A is  10 

inser ted and by  which the  s i l i con f i lament  4A is  he ld .  

[0022]  

 The  f i lament  inser t  ho le  13A is  conf igured to  have  

inser ted there in  the  s i l i con f i lament  4A which has ,  for  

example ,  a  5  mm × 5  mm to  12 mm × 12 mm squa re  15 

cross  sect ion.  The s i l i con f i lament  4A is  arranged such  

that ,  as  i l lustrated in  F ig .  2 ,  the  s i l i con f i lament  4A is  

e lec tr ica l ly  connected between the  e lec trodes  3 .  

[0023]  

 The fo l lowing descr ipt ion wi l l  d iscuss  the  deta i ls  20 

o f  the  t runcated cone shape o f  the  f i lament  ho ld ing  

port ion 12A o f  Embodiment  1 .  

[0024]  

 In  a  case  where  the  angle  between the  ax is  and the 

generatr ix  o f  a  substant ia l ly  t runcated cone shape of  a  25 
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f i lament  ho lder  is  large  l ike  c onvent ional  techniques ,  

the  f low o f  source  gas  to  a  base  port ion o f  a  s i l i con 

f i lament  is  reduced,  resul t ing  in  a s lowing down o f  

depos i t ion o f  s i l i con on the  base  port ion o f  the  s i l i con 

f i lament  and a lso  in  a s lowing down o f  depos i t ion o f  5 

s i l i con on the  ent i re  s i l i con f i lament .  

[0025]  

 In  v iew o f  th is ,  Embodiment  1  is  conf igured such 

that  the  angle between the  axis  and the generatr ix  o f  a  

substant ia l ly  t runcated cone shape o f  a  f i lament  ho lder  10 

is  d i f ferent  f rom those  o f  conve nt ional  techniques ,  and  

thereby improves  the depos i t ion o f  s i l i con on a base  

port ion o f  the  s i l i con f i lament .  

[0026]  

 Spec i f i ca l ly ,  as  i l lustrated in  (a )  o f  F ig .  1 ,  the  15 

f i lament  ho lder  10A o f  Embodiment  1  is  conf igured such 

that  the f i lament  ho ld ing port ion 12A has a  t runcated  

cone shape in  which the  angle  θ  between the  axis  and  

the  generatr ix  is  not  less than 10 degrees  and not  more  

than 30 degrees .  The resul ts  o f  exper iments  20 

demonstrate  that  the  ang le  θ  between the  axis  and the  

generatr ix  i s  pre ferably  not  less  than 11 degrees  and 

not  more than 25 degrees,  more  pre ferably not  less  than 

11 degrees  and not  more  than 16 degrees ,  part icular ly  

pre ferably  not  l ess  than 11 degrees  and less  than 15  25 
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degrees .  For  example ,  a  f i lament  ho lder 10A i l lustrated 

in  (a ) ,  (b ) ,  and ( c )  o f  F ig .  3  is  one  in  which the  ang le  θ  is  

25 degrees ,  and a  f i lament  ho lder  10A i l lustrated in  (a )  

and (b )  o f  F ig .  4 is  one in  which the angle  θ  is  11 

degrees .  5 

[0027]  

 Wi th th is  conf igurat ion,  the  f i lament  ho ld ing  

port ion 12A has a  shape sharply  po inted upward .  This  

a l lows source  gas  to  f low smoothly  to  the  base  port ion o f  

the  s i l i con f i lament  4A,  increases  the  amount  o f  the  10 

source  gas suppl ied  to the  base  port ion ,  acce lerates  

depos i t ion on the  base  port ion o f  the  s i l i con f i lament  4A,  

and a l lows the  depos i t ion o f  the  po lycrysta l l ine s i l i con 5  

to  become stab le  in  the  ear ly  s tage .  

[0028]  15 

 Note  that  an angle  θ  o f  l ess  than 10 degrees  is  not  

pre ferred,  because  the  wal l  th ickness  o f  the  f i lament  

ho ld ing  port ion 12A ( i . e . ,  the  d is tance  between an outer  

per iphera l  sur face  12c o f  the  f i lament  ho ld ing  port ion 

12A and an inner  wal l  sur face  13a o f  the  f i lament  inser t  20 

ho le  13A)  becomes too  th in and i t  i s  not  poss ib le  to  

mainta in  the  s t rength to  suppor t  the  s i l i con f i lament  4A.  

An angle  θ  o f  more  than 30 degrees  is  not  p re ferred,  

because  the  growth o f  the  po lycrysta l l ine  s i l i con 5 

depos i ted on the  base port ion o f  the s i l i con f i lament  4A 25 
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i s  suppressed.  

[0029]  

 Furthermore ,  wi th  regard to  the  f i lament  ho lder  

10A o f  Embodiment  1 ,  as  i l lustrated in  (b )  o f  F ig .  3  and 

(b )  o f  F ig .  4 ,  the  maximum thickness  D1 o f  the  f i lament  5 

ho ld ing port ion 12A between the outer  per iphera l  

sur face  12c o f  the  f i lament  ho ld ing  port ion 12A and the  

inner  wal l  sur face  13a o f  the  f i lament  inser t  ho le  13A,  

in  a  reg ion f rom the  top sur face  12a to  a  bot tom 13b o f  

the  f i lament inser t  ho le  13A,  is  not  more than 30 mm.  10 

The maximum thickness  D1 is  pre ferably  not  more  than 

25 mm, more  pre ferably  not  more  than 20 mm.  By 

employ ing  a conf igurat ion sat is fy ing  the condi t ion " the  

angle  θ  o f  the f i lament  ho lder 10A is  not  less  than 10  

degrees  and not  more than 30 degrees "  and a lso  15 

employ ing  a  conf igurat ion in  which the  wal l  th ickness  o f  

the  outer  per iphera l  sur face  12c  in  a  reg ion f rom the  top 

sur face  12a to  the  bot tom o f  the  f i lament  inser t  ho le  

13A located lower  than the  top sur face  12a is  not  more  

than 30 mm, i t  i s  poss ib le  to  prevent  the  e lectrode  3  20 

inc luding  the  coo l ing  mechanism 6 f rom coo l ing  the  

f i lament  ho lder  10A and the  f i lament  ho ld ing  port ion 

12A which is  the  upper  part  o f  the  f i lament  ho lder  10A.  

[0030]  

 Note  here tha t ,  in Embodiment  1 ,  the  f i lament  25 
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ho lder  10A i l lustrated in  (a ) ,  (b ) ,  and (c )  o f  F ig .  3  is  

conf igured such that  the  ang le  θ  o f  the  f i lament  ho lder  

10A,  which should be  not  less  than 10 degrees  and not  

more than 30 degrees ,  i s  25 degrees ,  and th is  ang le  θ  o f  

25 degrees  cont inues a long the  ax is  over  a  t runcated 5 

cone he ight  h1 o f  37.5  mm. I t  fo l lows that  the  t runcated 

cone he ight  h1 extends over  a  reg ion o f  a t  l east  10 mm. 

Furthermore ,  in  the  f i lament ho lder 10A i l lustrated in  

(a ) ,  (b ) ,  and (c )  o f  F ig .  3 ,  the  maximum thickness  D1 o f  

the  f i lament  ho ld ing  port ion 12A,  between the  inner  wal l  10 

sur face  13a and the  outer  per iphera l  sur face  12c  at  the  

bot tom 13b o f  the  f i lament  inser t  ho le  13A,  is  20.5  mm, 

which sat is f ies  the  condi t ion " the  maximum thickness  

D1 is  not  more than 30 mm".  Note  that ,  in  the f i lament  

ho lder  10A i l lustrated in  (a ) ,  (b ) ,  and (c )  o f  F ig .  3 ,  the  15 

inser t  ho le  he ight  h2 is  40 mm, and the  tota l  he ight  h  o f  

the  f i lament  ho lder  10A is  130 mm. The d iameter  D o f  

the  f i lament  ho lder  10A is  50 mm. 

[0031]  

 Furthermore ,  the  f i lament  ho lder  10A i l lustrated 20 

in  (a ) ,  (b ) ,  and (c )  o f  F ig .  4  is  conf igured such that  an 

angle  θ  o f  11 degrees  con t inues  a long the  axis  over  a  

t runcated cone he ight  h1 o f  90 mm, and the t runcated 

cone he ight  h1 extends over  a  reg ion o f  a t  l east  10 mm. 

Furthermore ,  the  maximum thickness  D1 o f  the  f i lament  25 
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ho ld ing  port ion 12A between the  inner  wal l  sur face  13a 

and the  outer  per iphera l  sur face  12c  at  the  bot tom 13b 

o f  the  f i lament  inser t  ho le  13A is  11.1  mm, which 

sat is f i es  the  condi t ion " the  maximum thickness D1 is  

not  more  than 30 mm".  Note that ,  in  the f i lament  ho lder  5 

10A i l lustrated in  (a ) ,  (b ) ,  and (c )  o f  F i g .  4 ,  the  inser t  

ho le  he ight  h2 is  40 mm, and the  total  he ight  h  o f  the  

f i lament  ho lder  10A is  130 mm.  The d iameter  D o f  the  

f i lament  ho lder  10A is  50 mm.  

[0032]  10 

 I t  was found that ,  even i f  the  f i lament  ho ld ing  

port ion 12A is  shaped such that  the  ang le  θ  between 

the  ax is  and the  generatr ix  o f  a  substant ia l ly  

t runcated cone shape is  not  l ess  than 10 degrees  and 

not  more than 30 degrees as  descr ibed above,  such a  15 

shape may not  be  appropr iate  for  the  growth o f  

po lycrysta l l ine  s i l i con i f  a  marg in  width L ,  i . e . ,  the 

th ickness  o f  the  f i lament  ho ld ing  port ion 12A  hav ing a  

substant ia l ly  t runcated cone shape  at  the  top sur face  

12a,  is  large .  Spec i f i ca l ly ,  as  shown by so l id  l ine  in (a )  20 

o f  F ig .  7  ( i l lustrat ing  a  f i lament  ho lder  10X o f  a 

Comparat ive  Example ) ,  in  a  case  where  the  marg in 

width L ( i . e . ,  the  th ickness  o f  a  f i lament  ho ld ing  

port ion 12X hav ing a  substant ia l ly  t runcated cone 

shape at  the  top sur face  12a)  i s  large ,  the 25 
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po lycrysta l l ine  s i l i con 5  on the  base  port ion o f  the  

s i l i con f i lament  4A may not  g row suf f ic ient ly  in  the  

in i t ia l  s tage  o f  the  depos i t ion on the s i l i con f i lament 

4A as  i l lustrated in  (b )  o f  Fig .  7 ,  and the  s i l i con 

f i lament  4A may  co l lapse .  This  i s  because,  accord ing to 5 

the  be l l - jar  reactor  1  o f  the  Embodiment ,  source  gas  is  

d i f f i cu l t  to  reach the  base port ion o f  the s i l i con 

f i lament  4A and there fore the  po lycrysta l l ine s i l i con 5  

is  depos i ted on the  base  port ion o f  the  s i l i con f i lament 

4A s lowly .  Furthermore ,  dur ing  coo l ing a f ter  the 10 

depos i t ion o f  the  po lycrysta l l ine  s i l i con 5  on the  

s i l i con f i lament  4A,  as  i l lustrated in  (c )  o f  F ig .  7 ,  the  

fo l lowing phenomenon is  l ike ly  to  occur :  cracks  

resul t ing  f rom the  occurrence  o f  s t ress  due to  thermal  

shr inkage  spread f rom the  v ic in i ty  o f  the  top sur face  15 

12a;  and the  s i l i con f i lament  4A hav ing the 

po lycrysta l l ine  s i l i con 5  depos i ted  thereon co l lapses .  

[0033]  

 In  v iew o f  above ,  the  f i lament  ho lder  10A o f  

Embodiment  1  is  conf igured such that  the  marg in  width  20 

L ,  i . e . ,  the th ickness o f  the f i lament ho ld ing  port ion 12A  

hav ing a  substant ia l ly  t runcated cone shape  at  the  top  

sur face  12a,  is  not  more  than 3 mm at  at  l east  one 

locat ion.  The "marg in  width L  at  l east  one locat ion"  is  

d iscussed be low.  Spec i f i ca l ly ,  as  i l lustrated in  (a )  and 25 
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(b )  o f  F ig .  3 ,  the  f i lament  ho ld ing  port ion 12A o f  

Embodiment  1  is  conf igured such that  the  s i l i con 

f i lament 4A hav ing a 8 .0  mm × 8 .0  mm square  cross  

sect ion is  inser ted into  the  f i lament  inser t  ho le  13A 

hav ing an about  8 .4  mm × 8 .4  mm square  cross  sect ion 5 

and that ,  as  i l lustrated in  (a ) ,  (b ) ,  and (c )  o f  F ig .  3 ,  a  

wedge 7 is  inser ted between the  f i lament  inser t  ho le  13A 

and the  s i l i con  f i lament  4A to  thereby f ix  the  s i l i con 

f i lament  4A.  Note  that  a  method o f  f ix ing  the  s i l i con 

f i lament 4A is  not  l imi ted as such,  and may be  a method  10 

invo lv ing :  making a  screw hole  (not  i l lustrated )  in  the  

s ide  sur face  o f  the  f i lament  ho ld ing  port ion 12A;  and  

ho ld ing  the  s i l i con f i lament  4A wi th  a  screw.  

[0034]  

 As  a  resul t ,  in  Embodiment  1 ,  as  i l lustrated in  (a )  15 

o f  F ig .  3 ,  the  s i l i con f i lament  4A hav ing a  square  cross 

sect ion makes contact  wi th  two adjacent  wal l  sur faces  o f  

the  f i lament  inser t  ho le  13A hav ing a  square  cross 

sect ion.  There fore ,  in  Embodiment  1 ,  " the  marg in  width 

L  at  l east  one locat ion"  at  the  top sur face  12a o f  the  20 

f i lament  ho ld ing  port ion 12A is ,  as  i l lustrated in  (a )  o f  

F ig .  3 ,  the  dis tance  between ( i )  a  po int  where  the  s i l i con  

f i lament  4A is  in c lose  contact  wi th the  inner  wal l  

sur face 13a o f  the  f i lament  inser t  hole  13A hav ing a 

square  cross  sect ion and ( i i )  the  pos i t ion  on the  outer  25 



- 19 - 

per iphery  which is  c losest  to  that  po in t ,  a t  a t  l east  one  

locat ion on the  top sur face 12a o f  the  f i lament  ho ld ing  

port ion 12A. In  Embodiment 1 ,  th is  marg in  width L  is  

not  more  than 3 mm. The marg in  width L  is  pre ferably 

not  more  than 3 mm, more  pre ferably  not  more  than 2 5 

mm, part icu lar ly  pre ferably  not  more  than 1  mm.  

[0035]  

 Wi th th is ,  the  po lycrysta l l ine  s i l i con 5  depos i ted 

on th is  port ion connects  to  the  base  port ion o f  the  

s i l i con f i lament  4A in  the  ear ly  s tage .  That  is ,  accord ing 10 

to  convent ional  techniques ,  the po lycrysta l l ine s i l i con 5  

is  depos i ted and grows f i rs t  around the  l engthwise  

middle  port ion o f  the  s i l i con f i lament  4A and  then is  

s lowly depos i ted onto the  base  port ion o f  the  s i l i con  

f i lament  4A and adheres  to  the  f i lament  ho ld ing  port ion 15 

12A;  however ,  in  Embodiment  1 ,  the  depos i t ion onto  the  

base  port ion o f  the  s i l i con f i lament  4A and the  adhes ion  

to  the  f i lament  ho ld ing  port ion 12A are  achieved more  

quick ly  than the  convent ional  techniques .  

[0036]  20 

 I t  fo l lows that  the  po lycrysta l l ine  s i l i con 5  

depos i ted on the  base port ion o f  the s i l i con f i lament  4A 

supports  the  s i l i con f i lament 4A,  making i t  poss ib le  to  

prevent  the  breakage  o f  the  s i l i con f i lament  4A.  

Furthermore ,  because  the  po lycrysta l l ine  s i l i con 5  is  25 
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depos i ted on the  base port ion o f  the s i l i con f i lament  4A 

in  the ear ly  s tage ,  i t  i s  poss ib le  to  mit igate  the 

concentrat ion o f  e lec tr ic  current  on the  th in  s i l i con 

f i lament  4A.  This  means that  the  mel t ing  o f  the  s i l i con 

f i lament  4A which would otherwise  be  caused by  the  5 

loca l  concentrat ion o f  e lectr ic  current  on the  s i l i con 

f i lament  4A is  prevented ,  and that  the  e lec tr ic  current  

to  the  s i l i con f i lament 4A can be increased ear ly .  This  

makes i t  poss ib le  to  acce lerate  the  depos i t ion o f  the  

po lycrysta l l ine s i l i con 5  by  increas ing the  e lec tr ic  10 

current  to  the  s i l i con f i lament  4A in  the  ear ly  s tage .  

[0037]  

 Thus,  i t  i s  poss ib le  to  prov ide  a  f i lament  ho lder  

10A which is  capable  o f  improv ing  depos i t ion o f  the  

po lycrysta l l ine s i l i con 5  on a base  port ion o f  the  s i l i con  15 

f i lament  4A and which in  turn makes i t  poss ib le  to  

improve  depos i t ion o f  the  po lycrysta l l ine  s i l i con 5  on 

the  ent i re  s i l i con f i lament  4A.  

[0038]  

 Note  that ,  in  the  f i lament  ho lder  10A i l lustrated in  20 

(a ) ,  (b ) ,  and (c )  o f  F ig .  3 ,  the  marg in width L  is  0.75 mm 

at  at  l east  one locat ion,  and,  in  the f i lament  ho lder  10A 

i l lustrated in  (a ) ,  (b ) ,  and (c )  o f  F ig .  4 ,  the  marg in  width 

L  is  0 .47 mm at  at  l east  one locat ion.  Thus,  both sat is fy  

the  condi t ion " the  marg in  width L  at  a t  l east  one  25 
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locat ion is  not  more  than 3  mm".  

[0039]  

 Furthermore ,  i t  has  been conf i rmed that ,  for  

example ,  wi th  regard to  the  f i lament  ho lder  10A 

i l lustrated in  (a ) ,  (b ) ,  and (c )  o f  F ig .  3 ,  the  depos i t ion o f  5 

the  po lycrysta l l ine  s i l i con 5  on the  base  port ion o f  the  

s i l i con f i lament  4A star ts  on the  s ide where  the  marg in  

width L  at  a t  l east  one  locat ion is  0 .75 mm. 

[0040]  

 As  descr ibed ear l ier ,  the f i lament  ho lder 10A o f  10 

Embodiment  1  is  conf igured such that  the  marg in  width  

L  ( i . e . ,  the  th ickness  o f  the  f i lament  ho ld ing port ion 12A 

between the  outer  per iphery  o f  the  top sur face  12a o f  

the  f i lament  ho ld ing port ion 12A and the  inner  wal l  

sur face 13a,  which is  contacted by the  s i l i con f i lament  15 

4A,  o f  the  f i lament  inser t  ho le  13A)  is  not  more  than 3  

mm at  at  l east  one locat ion.  In  contrast ,  in  a  case  where  

the marg in  width L  at  a t  l east  one locat ion is  more than 

3  mm, as  descr ibed wi th  re ference  to  (b )  and (c )  o f  F ig .  7 ,  

the fo l lowing issues may ar ise ,  for  example :  the  20 

po lycrysta l l ine s i l i con 5  does not  suf f i c ient ly  grow on  

the  base  port ion  o f  the  s i l i con f i lament  4A and there fore  

the s i l i con f i lament 4A hav ing the  po lycrysta l l ine  s i l i con  

5  depos i ted thereon co l lapses ;  and the  grown 

po lycrysta l l ine  s i l i con 5  cracks due to  thermal  25 



- 22 - 

shr inkage .  

[0041]  

 Furthermore ,  the  f i lament  ho lder  10A in  

accordance wi th  Embodiment  1 is  conf igured such that  

the  angle θ  between the axis  and the  generatr ix  is  not  5 

less  than 10 degrees  and not  more  than 30 degrees  over 

a  reg ion o f  a t  l east  10 mm along the  axis  f rom the  top  

sur face  12a o f  the  f i lament  ho ld ing  port ion 12A.  

[0042]  

 Spec i f i ca l ly ,  i t  i s  pre ferable  that  the  port ion  10 

sharp ly  po inted upward,  in  which the ang le  θ  between 

the  ax is  and the  generatr ix  o f  the  substant ia l ly  

t runcated cone shape o f  the f i lament ho ld ing  port ion 

12A is  not  less  than 10 degrees  and not  more  than 30  

degrees ,  occupies  as  long as  poss ib le  o f  a  reg ion c lose  15 

to  the  area  where  the  s i l i con  f i lament  4A is  exposed 

f rom the  f i lament  ho ld ing  port ion 12A.  In v iew o f  th is ,  

in  Embodiment 1 ,  in  the  f i lament  ho ld ing port ion 12A,  

the  reg ion where  the angle  θ  between the axis  and the  

generatr ix  o f  i s  not  less  than 10 degrees  and not  more 20 

than 30 degrees  extends over  a  reg ion o f  a t  l eas t  10 mm 

along the  ax is  f rom the  top sur face  12a o f  the  f i lament  

ho ld ing port ion 12A.  This ensures a l lowing source gas  

to  f low smoothly  to  the base  port ion o f  the  s i l i con  

f i lament  4A in  the  f i lament  ho ld ing  port ion 12A,  25 
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increas ing  the amount  o f  the  source  gas suppl ied  to the  

base  port ion ,  acce lerat ing  depos i t ion on the  base  

port ion o f  the  s i l i con f i lament  4A,  and a l lowing the  

depos i t ion o f  the  po lycrysta l l ine  s i l i con 5  to  become 

stab le  in  the  ear ly  s tage .  Note  that  the  e f fec t  o f  th is  5 

conf igurat ion is  espec ia l ly  notable  in  the  fo l lowing case :  

when the s i l i con f i lament 4A is  set  in the  f i lament  inser t  

ho le  13A in  the  f i lament  ho ld ing  port ion 12A,  the  

marg in  width L  o f  the f i lament  ho lder  10A ( i . e . ,  the  

th ickness  o f  the  f i lament  ho ld ing  port ion 12A between 10 

the  outer  per iphery  o f  the  top sur face  12a o f  the  

f i lament  ho ld ing  port ion 12A and the  inner wal l  sur face  

13a,  which is  contacted by the  s i l i con f i lament  4A ,  o f  

the  f i lament  inser t  ho le  13A)  is  not  more  than 3 mm at  

at  l east  one locat ion.  In a  case  where the  reg ion where 15 

the  angle θ  between the axis  and the  generatr ix  is  not  

less  than 10 degrees  and not  more  than 30 degrees ,  

a long the  ax is  f rom the  top sur face  12a o f  the  f i lament  

ho ld ing  port ion 12A,  is  l ess than 10 mm in the  f i lament  

ho ld ing  port ion 12A,  the  f low o f  source  gas  cannot  be  20 

suf f i c ient ly  guided,  and there fore  the  above-stated e f fec t  

would  be  insuf f i c ient .  

[0043]  

 The s i l i con f i lament  4A in  accordance wi th  

Embodiment  1  is  conf igured such that  the  maximum 25 
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th ickness  D1 o f  the  f i lament  ho ld ing  port ion 12A  

between the  outer  per iphera l  sur face  12c o f  the  f i lament 

ho ld ing  port ion 12A and the inner  wal l  sur face  13a o f  

the  f i lament  inser t  ho le  13A,  in  a  reg ion f rom the  top  

sur face  12a to  the  bottom 13b o f  the  f i lament  inser t  5 

ho le  13A,  is  not  more  than 30 mm.  

[0044]  

 By employing  a conf igurat ion sat is fy ing  the  

condi t ion " the  angle  θ  between the  ax is  and the 

generatr ix  o f  the substant ia l ly  t runcated cone shape o f  10 

the  top end port ion o f  the  f i lament  ho lder  10A is  not  

less  than 10 degrees  and not  more  than 30 degrees "  and 

a lso  employ ing  a  conf igurat ion in  which the  wal l  

th ickness  o f  the  outer  per iphera l  sur face  12c  in  a  reg ion 

f rom the  top sur face 12a  to  the  bottom o f  the  f i lament  15 

inser t  ho le  13A located lower  than the  top sur face  12a  

is  not  more  than 30 mm, i t  i s  poss ib le  to  a l low the  

dens i ty  o f  e lectr ic  current  pass ing through the f i lament  

ho lder  10A to  increase ,  a l low the  f i lament ho lder  10A 

i tse l f  to  generate  heat  and keep  the  top end  port ion  o f  20 

the f i lament  ho lder 10A at  h igh temperature ,  and  

prevent the  top end port ion o f  the  f i lament ho lder 10A 

f rom be ing coo led  by  the coo l ing  mechanism 6 o f  the  

e lec trode  3 .  

[0045]  25 
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 As  such,  the  f i lament  ho lder  10A in accordance 

wi th  Embodiment  1  is  prov ided on one o f  the  e lectrodes  

3  at  the  base  p late  2  o f  the  be l l - jar  reactor  1A o f  a  be l l -

jar  s i l i con product ion apparatus.  This  f i lament  ho lder  

10A inc ludes  the  f i lament  ho ld ing  port ion 12A which is  5 

made o f  carbon  and which has a  substant ia l ly  t run cated 

cone shape ,  and the  f i lament  ho ld ing  port ion 12A has ,  

in  the  top sur face  12a thereo f ,  the  f i lament  inser t  ho le  

13A conf igured to  ho ld  the  s i l i con f i lament 4A inser ted  

there in .  Furthermore ,  the  ang le  θ  between the axis  and  10 

the  generatr ix  o f  the  substant ia l ly  t runcated cone shape 

o f  the f i lament  ho ld ing  port ion 12A is  not  less than 10 

degrees and not  more  than 30 degrees ,  and the marg in  

width L  o f  the  f i lament ho ld ing  port ion 12A,  between the  

outer  per iphery  o f  the top sur face  12a o f  the  f i lament  15 

ho ld ing port ion 12A and the inner wal l  sur face  13a,  

which is  contacted by the  s i l i con f i lament  4A ,  o f  the  

f i lament  inser t  ho le  13A,  is  not  more than 3 mm at at  

l east  one  locat ion.  

[0046]  20 

 S ince  the  ang le  between the  ax is  and the  

generatr ix  o f  the substant ia l ly  t runcated cone shape o f  

the  f i lament ho ld ing  port ion 12A is  not  l ess  than 10  

degrees  and not  more  than 30 degrees ,  the  f i lament  

ho ld ing  port ion 12A has a  shape that  is  sharp ly  po inted 25 
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upward.  This  a l lows source  gas  to  f low smoothly to  the  

base  port ion o f  the  f i lament  ho ld ing  port ion 12A,  

increases  the  amount  o f  the  source  gas  suppl ied  to  the  

base port ion ,  acce lerates depos i t ion on the base  port ion  

o f  the  s i l i con f i lament  4A,  and a l lows the  depos i t ion o f  5 

the  po lycrysta l l ine  s i l i con 5  to  become stable  in  the  

ear ly  s tage .  

[0047]  

 In  addi t ion,  the  f i lament  ho ld ing  port ion 12A 

hav ing a  substant ia l ly  t runcated cone shape is  10 

conf igured such that  the  marg in  width L ,  i . e . ,  the  

th ickness  at  the  top sur face  12a,  is  not  more  than  3 mm 

at  at  l east  one locat ion.  This  a l lows source gas  to be  

eas i ly  suppl ied  to  the  s i l i con  f i lament  4A in  a  gap 

between the  top surface  12a o f  the  f i lament  ho lding  15 

port ion 12A and the depos i ted  po lycrysta l l ine s i l i con 5 .  

There fore ,  the  depos i t ion o f  the  po lycrysta l l ine  s i l i con 5  

is  acce lerated in  th is  gap.  With th is ,  the  po lycrysta l l ine  

s i l i con 5  connects  to  the base  port ion o f  the  s i l i con  

f i lament  4A in  the  ear ly  s tage  and supports  the  s i l i con 20 

f i lament  4A,  and there fore  the  s i l i con f i lament  4A can 

be  prevented f rom breakage .  Furthermore ,  s ince  the 

po lycrysta l l ine s i l i con 5 is  depos i ted  on the  base  port ion 

o f  the  s i l i con f i lament  4A in  the  ear ly  s tage ,  i t  i s  

poss ib le  to  increase  the  e lec tr ic  current  in  the  ear ly  25 
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s tage and acce lerate the  deposi t ion o f  the  

po lycrysta l l ine  s i l i con 5 .  

[0048]  

 Thus,  i t  i s  poss ib le  to  prov ide  a  s i l i con f i lament  

4A which is  capable  o f  improv ing  depos i t ion o f  the  5 

po lycrysta l l ine s i l i con 5  on a base  port ion o f  the  s i l i con  

f i lament  4A and which in  turn makes i t  poss ib le  to  

improve  depos i t ion o f  the  po lycrysta l l ine  s i l i con 5  on 

the  ent i re  s i l i con f i lament  4A.  

[0049]  10 

 Furthermore ,  a  s i l i con product ion apparatus  in  

accordance  wi th  Embodiment  1  inc ludes  one or  more 

f i lament  holders  10A and one or  more e lec trodes  3 in  

accordance  wi th  Embodiment  1 .  With th is ,  accord ing to 

the  s i l i con product ion apparatus,  e lec tr ic  current  is  15 

appl ied  f rom the  e lectrode (s )  3  a t  the  base  p late  2  o f  the  

be l l - jar  reactor  1A to the  f i lament  ho lder (s )  10A 

d isposed upr ight  in  the  f i lament  inser t  ho le (s )  13A in  

the f i lament  ho ld ing port ion (s )  12A through the carbon  

f i lament ho ld ing  port ion (s )  12A o f  the  f i lament ho lder (s )  20 

10A.  This  ra ises  the  temperature  o f  the  s i l i con f i lament 

4A,  and the  po lycrysta l l ine s i l i con 5 is  depos i ted and 

grows on the  s i l i con f i lament  4A.  Each f i lament  ho lder  

10A inc ludes  the  forego ing  features .  

[0050]  25 
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 Thus,  i t  i s  poss ib le  to  prov ide  a  s i l i con product ion 

apparatus inc luding one or  more f i lament  ho lders 10A 

each o f  which is  capable  o f  improv ing depos i t ion o f  the  

po lycrysta l l ine s i l i con 5  on a base  port ion o f  the  s i l i con  

f i lament  4A and which in  turn makes i t  poss ib le  to  5 

improve  depos i t ion o f  the  po lycrysta l l ine  s i l i con 5  on 

the  ent i re  s i l i con f i lament  4A.  

[0051]  

 In  the s i l i con product ion apparatus in accordance 

wi th Embodiment 1 ,  each o f  the one or  more  e lec trodes  10 

3  inc ludes a  water -coo l ing mechanism as the  coo l ing  

mechanism 6 there in .  

[0052]  

 This  makes  i t  poss ib le  to  prevent  the  e lec trode (s )  3  

f rom being hot  and  thus prevent  the po lycrysta l l ine  15 

s i l i con 5  f rom be ing  depos i ted  a lso  on the  e lec trode (s )  3 .  

I t  i s  a lso poss ib le  to  prevent the  e lectrode (s )  3  f rom 

be ing  damaged due to  h igh temperature .  

[0053]  

 A  s i l i con product ion method in  accordance wi th  20 

Embodiment  1  produces  the  po lycrysta l l ine  s i l i con 5  

wi th  use  o f  the  s i l i con product ion apparatus  in 

accordance  wi th  Embodiment  1 .  

[0054]  

 This  makes i t  poss ib le  to  prov ide  a  s i l i con 25 
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product ion method that  produces  the  po lycrysta l l ine  

s i l i con 5 wi th  use  o f  the  s i l i con product ion apparatus  

inc luding  one or  more f i lament  ho lders 10A each o f  

which is  capable  o f  improv ing  depos i t ion o f  the  

po lycrysta l l ine s i l i con 5  on a base  port ion o f  the  s i l i con  5 

f i lament  4A and which in  turn makes i t  poss ib le  to  

improve  depos i t ion o f  the  po lycrysta l l ine  s i l i con 5  on 

the  ent i re  s i l i con f i lament  4A.  

[0055]  

 Embodiment  2  10 

 The fo l lowing descr ipt ion wi l l  d iscuss another  

embodiment  o f  the  present invent ion wi th re ference  to  

F igs .  5 and 6 .  Note  that  the  conf igurat ions other  than 

those  descr ibed in  Embodiment 2  are  the same as  those  

o f  Embodiment  1 .  For  convenience  o f  descr ipt ion,  15 

members  hav ing  funct ions  ident ica l  to  those  shown in  

the  drawings  o f  Embodiment 1  are ass igned ident ica l  

re ferent ia l  numera ls ,  and the i r  descr ipt ions  are  omit ted .  

[0056]  

 Wi th regard to  the  be l l - jar  reactor  1A o f  20 

Embodiment  1 ,  the s i l i con f i lament  4A has a  square 

cross  sect ion,  and the  f i lament  inser t  ho le  13A in  the  

f i lament ho ld ing port ion 12A o f  each f i lament ho lder  

10A a lso  has  a  square  cross  sect ion corresponding to  

the  s i l i con f i lament  4A hav ing a  square  cross  sect ion.  25 
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Embodiment  2  is  d i f f erent  f rom Embodiment  1  in  that ,  

in  a  be l l - jar  reactor  1B o f  Embodiment  2 ,  a  s i l i co n 

f i lament  4B has a  c i rcular  cross  sect ion and that  a  

f i lament  inser t  ho le  13B in  a  f i lament  ho ld ing  port ion 

12B o f  each f i lament  ho lder  10B a lso  has a  c i rcular  5 

cross  sect ion corresponding to  the  s i l i con f i lament  4B 

hav ing  a  c i rcular  cross  sect ion.  

[0057]  

 The fo l lowing descr ipt ion wi l l  d iscuss  a  

conf igurat ion o f  each f i lament  ho lder  10B o f  the  be l l - jar  10 

reactor  1B o f  Embodiment  2  wi th  re ference  to  (a ) ,  (b ) ,  

and (c )  o f  F ig .  5 .  (a )  o f  F ig .  5  is  a cross -sect ional  v iew 

showing a  conf igurat ion o f  the  f i lament  ho lder  10B and 

an e lectrode  3  in  accordance  wi th  Embodiment  2 .  (b )  o f  

F ig .  5  is  a  cross -sect ional  v iew o f  the  conf igurat ion o f  15 

the  f i lament  ho lder  10B,  taken a long l ine  A -A’  in  (a )  o f  

Fig .  5 .  ( c )  o f  F ig .  5  is  an enlarged e levat ional  v iew 

showing a  conf igurat ion o f  a  top surface  12a o f  the  

f i lament  ho ld ing  port ion 12B o f  the  f i lament  ho lder  10B.  

[0058]  20 

 As  i l lustrated in  (a )  and (c )  o f  F ig .  5 ,  the  f i lament  

ho lder  10B o f  Embodiment  2 inc ludes ,  s imi lar ly  to  the  

f i lament  ho lder  10A  o f  Embodiment  1 :  a  base  port ion 11 

in  a  lower  part  thereo f ;  and the  f i lament  ho ld ing  port ion  

12B in the  shape o f  a  t runcated cone in  an upper  part  25 
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thereo f .  

[0059]  

 The  f i lament  ho ld ing  port ion 12B o f  the  f i lament  

ho lder  10B is  in  the  shape o f  a  tapered t runcated cone  

as  i l lustrated in  (a )  o f  F ig .  5 .  The top sur face  12a o f  the  5 

t runcated cone has a  f i lament inser t  ho le  13B, in which  

the  s i l i con f i lament  4B is  inser ted and by which the  

s i l i con f i lament  4B is  he ld .  

[0060]  

 As  i l lustrated in  (a )  and (b )  o f  F ig .  5 ,  in  the  be l l -10 

jar  reactor  1B o f  Embodiment  2 ,  the  s i l i con f i lament  4B 

has a  c i rcular  cross  sect ion.  There fore ,  the  f i lament 

inser t  ho le  13B in  the f i lament  ho ld ing  port ion 12B o f  

the  f i lament ho lder  10B of  Embodiment  2  also  has  a  

c i rcular  cross  sect ion corresponding to the  s i l i con 15 

f i lament  4B hav ing  a  c i rcular  cross  sect ion.  

[0061]  

 The  f i lament  inser t  ho le  13B is  conf igured to  have  

inser ted there in  the  s i l i con  f i lament  4B hav ing a  

c i rcular  cross  sect ion wi th  a  d iameter  o f ,  for  example ,  5 20 

mm to  12 mm. 

[0062]  

 The t runcated cone shape o f  the  f i lament  ho ld ing  

port ion 12B o f  Embodiment  2  is  such that ,  s imi lar ly  to  

the  f i lament  ho ld ing  port ion 12A o f  Embodiment  1 ,  the  25 
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angle θ  between the  axis  and the generatr ix  is  not  less  

than 10 degrees  and not  more  than 30  degrees ,  as  

i l lustrated in  (a )  o f  F ig .  5 .  The resul ts  o f  exper iments  

demonstrate  that  the  ang le  θ  between the  axis  and the  

generatr ix  is  pre ferably  not  l ess  than 11 degrees  and 5 

not  more than 25 degrees,  more  pre ferably not  less  than 

11 degrees  and not  more  than 16 degrees ,  part icular ly  

pre ferably  not  l ess  than 11 degrees  and less  than 15  

degrees .  For example ,  a  f i lament  ho lder 10B i l lustrated  

in  (a )  and (b )  o f  F ig .  6  i s  one in  which the  angle  θ  i s  16 10 

degrees .  With th is  conf igurat ion,  the  f i lament  ho ld ing 

port ion 12B has a  shape sharply  po inted upward.  This 

a l lows source  gas  to  f low smoothly  to  the  base  port ion o f  

the  s i l i con f i lament  4B, increases  the amount  o f  the  

source  gas suppl ied  to the  base  port ion ,  acce lerates  15 

depos i t ion on the  base  port ion o f  the  s i l i con f i lament  4B,  

and a l lows the  depos i t ion o f  the  po lycrysta l l ine s i l i con 5  

to  become stab le  in  the  ear ly  s tage .  

[0063]  

 In  the  f i lament  ho lder  10B o f  Embodiment  2 ,  the  20 

maximum thickness  D1 o f  the f i lament ho ld ing  port ion  

12B between an outer  per iphera l  sur face  12c o f  the  

f i lament  hold ing  port ion 12B and an inner  wal l  sur face  

13a o f  the  f i lament  inser t  ho le  13B,  in a  reg ion f rom the  

top sur face  12a to a  bot tom 13b o f  the  f i lament  inser t  25 
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ho le  13B,  is  not  more  than 30 mm. The maximum 

thickness D1 is  pre ferably  not  more  than 30 mm, more  

pre ferably  not  more  than 20 mm.  By employ ing  a  

conf igurat ion sat is fy ing  the  condi t ion " the  angle  θ  o f  the  

f i lament ho lder  10B is  not  less than 10 degrees  and not  5 

more  than 30 degrees "  and a lso  employ ing  a  

conf igurat ion in  which the  wal l  th ickness  o f  the  outer  

per iphera l  surface  12c in  a  reg ion f rom the  top sur face  

12a to  the  bot tom 13b o f  the  f i lament  inser t  ho le  13B 

located lower  than the  top sur face  12a is  not  more  than 10 

30 mm, i t  i s  poss ib le  to  a l low the dens i ty  o f  e lectr ic  

current  pass ing  through the  f i lament  ho lder  10B to  

increase ,  a l low the  f i lament  ho lder  10B i tse l f  to  

generate heat  and keep the  top end port ion at  h igh 

temperature ,  and prevent  the  top end port ion f rom being  15 

coo led.  

[0064]  

 For  example ,  the  f i lament  ho lder  10B o f  

Embodiment  2  i l lustrated in  (a )  and (b )  o f  F ig .  6  is  

conf igured such that  the  ang le  θ  o f  the  f i lament  ho lder  20 

10B,  which should be  not  less  than 10 degrees  and not  

more than 30 degrees ,  i s  16 degrees ,  and th is  ang le  θ  o f  

16 degrees  cont inues a long the  ax is  over  a  t runcated 

cone he ight  h1 o f  64.5  mm. I t  fo l lows that  the  t runcated 

cone he ight  h1 extends over  a  reg ion o f  a t  l east  10 mm. 25 
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Furthermore ,  in  the f i lament  ho lder  10B i l lustrated in  

(a )  and (b )  o f  F ig .  6 ,  the  maximum thickness  D1 o f  the  

f i lament  ho ld ing  port ion 12B,  between the  inner  wal l  

sur face  13a and the  outer  per iphera l  sur face  12c at  the  

bot tom 13b o f  the  f i lament  inser t  ho le  13B, is  15.8  mm,  5 

which sat is f ies  the  condi t ion " the  maximum thickness  

D1 is  not  more than 30 mm".  Note  that ,  in  the f i lament  

ho lder  10B i l lustrated in (a )  and (b )  o f  F ig .  6 ,  the  inser t  

ho le  he ight  h2 is  40 mm, and the  total  he ight  h  o f  the  

f i lament  ho lder  10B is  130 mm. The d iameter  D o f  the  10 

f i lament  ho lder  10B is  50 mm. 

[0065]  

 Note  that  even i f  the  f i lament  ho ld ing  port ion 12B 

i s  shaped such  that  the  angle  θ  between the  axis  and  

the  generatr ix  o f  a  substant ia l ly  t runcated cone shape 15 

is  not  less  than 10 degrees  and not  more  than 30 

degrees  as  descr ibed above ,  such a  shape may not  be  

appropr iate  for  the  growth o f  po lycrysta l l ine  s i l i con i f  a  

marg in  width L ,  i . e . ,  the  th ickness  o f  the  f i lament  

ho ld ing  port ion 12B hav ing a  substant ia l ly  t runcated 20 

cone shape  at  the  top sur face  12a,  i s  large .  

[0066]  

 In  v iew o f  above ,  the f i lament  ho lder 10B o f  

Embodiment  2  is  conf igured such that  the  marg in  width  

L  ( i . e . ,  the  th ickness  o f  the  f i lament  ho ld ing  port ion 12 B 25 
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hav ing  a  substant ia l ly  t runcated cone shape  at  the  top  

sur face 12a )  i s  not  more  than 3 mm at at  l east  one 

locat ion.  Note  that  the be l l - jar  reactor  1B o f  

Embodiment  2  is  conf igured such that  the  s i l i con 

f i lament 4B has a  c i rcular cross sect ion and  such that  5 

the  f i lament  inser t  ho le  13B a lso  has  a  c i rcular  cross  

sect ion.  There fore ,  in  Embodiment  2 ,  as  i l lustrated in  

(b )  o f  F ig .  5 ,  the marg in  width L  between the inner wal l  

sur face  13a o f  the  f i lament  inser t  ho le  13B  and the  

outer  per iphery  at  the  top sur face  12a is  the  same at  10 

every  locat ion o f  the  outer  per iphera l  sur face  12c .  

[0067]  

 Wi th th is ,  the  po lycrysta l l ine  s i l i con 5  depos i ted 

on th is  port ion connects  to  the  base  port ion o f  the  

s i l i con f i lament  4B in the  ear ly  s tage .  I t  fo l lows that  the  15 

depos i ted  po lycrysta l l ine  s i l i con 5  supports  the  s i l i con 

f i lament  4B, making i t  poss ib le  to  p revent  the  breakage  

o f  the  s i l i con f i lament 4B.  Furthermore ,  because the  

po lycrysta l l ine s i l i con 5 is  depos i ted  on the  base  port ion 

o f  the  s i l i con f i lament 4B in  the ear ly  s tage ,  i t  i s  20 

poss ib le  to  mi t igate  the  concentrat ion o f  e lec tr ic  current  

on the  th in  s i l i con f i lament  4B.  This  means that  the  

mel t ing  o f  the  s i l i con f i lament  4B which would otherwise  

be  caused by  the  loca l  concentrat ion o f  e lectr ic  current 

on the  s i l i con f i lament  4B is  prevented ,  and that  the 25 
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e lec tr ic  current  to  the  s i l i con f i lament  4B can be  

increased.  This  makes i t  poss ib le  to  acce lerate  the  

depos i t ion o f  the  po lycrysta l l ine  s i l i con 5  by  increas ing  

the  e lec tr ic  current  to  the  s i l i con f i lament  4B in  the  

ear ly  s tage .  5 

[0068]  

 Thus,  i t  i s  poss ib le  to  prov ide  a  f i lament  ho lder  

10B which is  capable  o f  improv ing  depos i t ion o f  the  

po lycrysta l l ine s i l i con 5  on a base  port ion o f  the  s i l i con  

f i lament  4B and which in  turn makes i t  poss ib le  to  10 

improve  depos i t ion o f  the  po lycrysta l l ine  s i l i con 5  on 

the  ent i re  s i l i con f i lament  4B.  

[0069]  

 Note  that ,  in  the  f i lament  ho lder  10B i l lustrated in  

(a ) ,  (b ) ,  and (c )  o f  F ig .  6 ,  the  marg in  width L  is  2 .25 mm. 15 

Thus,  the condi t ion " the marg in  width L  at  a t  l east  one 

locat ion is  not  more  than 3  mm" is  sat is f i ed .  

[0070]  

 Aspects  o f  the  present  invent ion can a lso  be  

expressed as  fo l lows:  20 

 In  order  to  at ta in  the  forego ing  ob ject ,  a  f i lament  

ho lder  in  accordance wi th  an  aspect  o f  the  present  

invent ion is  a  f i lament  ho lder  inc luding  a  f i lament 

ho ld ing  port ion which is  made o f  carbon and which has  

a  substant ia l ly  t runcated cone shape,  in  which :  the  25 
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f i lament  ho ld ing  port ion has ,  in  a  top sur face  thereo f ,  a  

f i lament  inser t  ho le  conf igured to  ho ld  a  s i l i con f i lament  

inser ted there in ;  an angle  between an ax is  and a  

generatr ix  o f  the  substant ia l ly  t runcated cone shape i s  

not  less  than 10 degrees  and not  more  than 30 degrees ;  5 

and a  th ickness  o f  the  f i lament  ho ld ing  port ion between  

an outer  per iphery  o f  the  top sur face  o f  the  f i lament  

ho ld ing port ion and an inner  wal l  sur face ,  which is  

contacted by  the  s i l i con f i lament ,  o f  the f i lament  inser t  

ho le  is  not  more  than 3  mm at  at  l east  one  locat ion .  10 

[0071]  

 Accord ing  to the  conf igurat ion,  the  f i lament ho lder  

inc ludes  a  f i lament  ho ld ing  port ion which is  made o f  

carbon and which has a  substant ia l ly  t runcated cone 

shape,  and the  f i lament ho ld ing  port ion has ,  in  the top 15 

sur face  thereo f ,  a  f i lament  inser t  ho le  conf igured to  

ho ld  a  s i l i con f i lament  inser ted there in .  With th is ,  

e lec tr ic  current  is  appl ied  f rom  an e lectrode  at  a  base  

p late  o f  a  be l l - jar  s i l i con product ion apparatus  to  the  

s i l i con f i lament  d isposed upr ight  in  the  f i lament  inser t  20 

ho le  o f  the  f i lament  ho ld ing  port ion through the  carbon 

f i lament ho ld ing  port ion .  This ra ises the  temperature o f  

the  s i l i con f i lament ,  and s i l i con is  depos i ted and  grows 

on the  s i l i con f i lament .   

[0072]  25 
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 Note  that ,  accord ing to  convent ional  techniques ,  

the  ang le  be tween the  ax is  and the  generatr ix  o f  the  

substant ia l ly  t runcated cone shape of  the  f i lament  

ho lder  is ,  as  descr ibed ear l ier ,  not  less  than 35 degrees  

and not  more  than 65 degrees .  However ,  i t  was found 5 

that ,  i f  the  ang le  is  large  l ike  above ,  the f low o f  so urce 

gas  to  the  base port ion o f  the s i l i con f i lament  is  reduced ,  

resul t ing in  a s lowing down o f  depos i t ion o f  s i l i con on  

the  base  port ion o f  the  s i l i con  f i lament  and a lso  in  a  

s lowing down o f  depos i t ion o f  s i l i con on the  ent i re  10 

s i l i con f i lament .  

[0073]  

 In  v iew o f  above ,  an aspect  o f  the  present 

invent ion is  arranged such that ,  in  the  f i lament  ho ld ing  

port ion,  the ang le  between the  ax is  and the  generatr ix  15 

o f  the  substant ia l ly  t runcated cone shape is  not  less  

than 10 degrees  and not  more  than 30 degrees .  Wit h  

th is ,  the  f i lament  ho ld ing  port ion has  a  shape that  is  

sharp ly  po inted upward.  This  a l lows source  gas  to f low 

smoothly  to  the  base  port ion o f  the s i l i con f i lament ,  20 

increases  the  amount  o f  the  source  gas  suppl ied  to  the  

base port ion ,  acce lerates depos i t ion on the base  port ion  

o f  the  s i l i con f i lament ,  and a l lows the  depos i t ion o f  the  

s i l i con to  become stab le  in  the  ear ly  s tage .  

[0074]  25 



- 39 - 

 In  addi t ion,  accord ing  to  an aspect  o f  the  present  

invent ion,  the  f i lament  ho ld ing  port ion hav ing  a  

substant ia l ly  t runcated cone shape is  conf igured such 

that  the  th ickness  at  the top sur face  is  not  more  than 3 

mm at  at  l east  one locat ion.  This  a l lows the  source  gas  5 

to  be  eas i ly  suppl ied to  the s i l i con f i lament  in  a gap  

between the top sur face  of  the  f i lament  ho ld ing  port ion 

and the  depos i ted s i l i con.  There fore ,  the  depos i t ion o f  

the  s i l i con is  acce lerated in  th is  gap.  With th is ,  the  

s i l i con deposi ted in th is  port ion  connects  to  the  base  10 

port ion o f  the  s i l i con f i lament  in  the  ear ly  s tage .  I t  

fo l lows that  the  depos i ted s i l i con supports the  s i l i con  

f i lament ,  and that  the  s i l i con f i l ament  can be  prevented 

f rom breakage.  Furthermore ,  s ince  the  s i l i con is  

depos i ted  on the  base  port ion o f  the  s i l i con f i l ament  in  15 

the  ear ly  s tage ,  the  concentrat ion o f  e lectr ic  current  on 

the  th in  s i l i con f i lament  is  mi t igated.  This  makes i t  

poss ib le  to  prevent  or  reduce  excess ive  heat  generat ion 

that  would resul t  f rom the  concentrat ion o f  e lectr ic  

current  on the  base  port ion o f  the  th in  s i l i con f i lament ,  20 

and poss ib le  to  prevent the  s i l i con f i lament  f rom 

co l laps ing due to mel t ing  o f  th is  por t ion.  This makes i t  

poss ib le  to  increase  the  e lec tr ic  current  in  the  ear ly  

s tage  and acce lerate  the  depos i t ion o f  the  s i l i con.  

[0075]  25 



- 40 - 

 Accord ing ly ,  i t  i s  poss ib le  to  prov ide  a f i lament  

ho lder  which is  capable o f  improv ing  depos i t ion of  

s i l i con on a  base  port ion o f  a  s i l i con f i lament  and which 

in  turn makes  i t  poss ib le  to  improve  depos i t ion o f  

s i l i con on the  ent i re  s i l i con f i lament .  5 

[0076]  

 The  f i lament ho lder  in accordance wi th an aspect  

o f  the  present  invent ion is  pre ferably  arranged such 

that  the angle  between the ax is  and the  generatr ix  is  

not  less than 10 degrees and not  more than 30 degrees  10 

over  a reg ion o f  a t  l east  10 mm along the  ax is  f rom the 

top sur face  o f  the  f i lament  ho ld ing  port ion.  

[0077]  

 That  is ,  i t  i s  pre ferable  that  the  port ion sharply  

pointed upward,  in  which the  ang le  θ  between the  ax is  15 

and the  generatr ix  o f  the substant ia l ly  t runcated cone  

shape o f  the  f i lament  ho ld ing  por t ion is  not  less  than 10  

degrees  and not  more  than 30 degrees ,  occupies  as  long 

as  poss ib le  o f  a  reg ion c lose  to  the  area  where  the  

s i l i con f i lament  is  exposed f rom the  f i lament  ho ld ing  20 

port ion.  Spec i f i ca l ly ,  i t  i s  pre ferable  that ,  in  the 

f i lament  ho ld ing  port ion,  the  reg ion where  the  angle  

between the  ax is  and the  generatr ix  is  not  less  than 10 

degrees  and not  more  than 30 degrees  extends over  a  

reg ion o f  a t  l east  10 mm along the ax is  f rom the top 25 
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sur face  o f  the  f i lament  ho ld ing  port ion .  This  ensures 

a l lowing source  gas  to  f low smoothly  to  the  base  port ion 

o f  the  s i l i con f i lament ,  increas ing  the  amount  o f  the  

source  gas  suppl ied  to  the  base  port ion ,  acce lerat ing  

depos i t ion on the  base  port ion o f  the s i l i con f i lament ,  5 

and a l lowing the  depos i t ion  o f  the s i l i con to  become 

stab le  in  the  ear ly  s tage .  

[0078]  

 The  f i lament ho lder  in accordance wi th an aspect  

o f  the  present  invent ion is  pre ferably  arranged such 10 

that  a maximum thickness o f  the  f i lament  ho ld ing  

port ion between an outer  per iphera l  sur face  o f  the  

f i lament  ho ld ing  port ion and a  wal l  sur face  o f  the 

f i lament  inser t  ho le ,  in  a reg ion f rom the top sur face  to  

a  bot tom o f  the f i lament inser t  ho le ,  i s  not  more  than 30 15 

mm. 

[0079]  

 By employing  a conf igurat ion  sat is fy ing  the  

condi t ion " the  angle  between the  ax is  and the  generatr ix  

o f  the substant ia l ly  t runcated cone shape o f  the  top end  20 

port ion o f  the  f i lament  ho lder  is  not  less  than 10  

degrees  and not  more than 30 degrees "  and a lso  

employ ing  a  conf igurat ion in  which the  wal l  th ickness  o f  

the  outer  per iphera l  sur face  in  a  reg ion f rom the  top 

sur face  to  the  bot tom o f  the  f i lament  inser t  ho le  located 25 
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lower  than the  top sur face  is  not  more  than 30 mm, i t  i s  

poss ib le  to  a l low the  dens ity  o f  e lectr ic  current  pass ing  

through the f i lament  ho lder  to  increase ,  a l low the  

f i lament  ho lder  i tse l f  to  generate  heat ,  and keep the  top  

end port ion at  h igh temperature .  5 

[0080]  

 A  s i l i con product ion apparatus in  accordance wi th  

an aspect  o f  the present  invent ion inc ludes :  the  

forego ing  f i lament  ho lder ;  and an e lectrode .  

[0081]  10 

 With th is ,  in  the  s i l i con product ion apparatus,  

e lec tr ic  current  is  appl ied  f rom an e lectrode  at  a  base  

p late  o f  a  be l l - jar  s i l i con product ion apparatus to  the  

s i l i con f i lament  d isposed upr ight  in  the  f i lament  inser t  

ho le  in  the  f i lament  ho ld ing  port ion through the  carbon 15 

f i lament  ho ld ing  port ion o f  the  f i lament ho lder .  This  

ra ises  the  temperature  o f  the  s i l i con f i lament ,  and 

s i l i con is  depos i ted  and grows on the  s i l i con f i lament .  

[0082]  

 Furthermore ,  the  f i lament ho lder  is  arranged such 20 

that  the  f i lament  ho ld ing  port ion has ,  in  a  top sur face 

thereo f ,  a  f i lament  inser t  ho le  conf igured to  ho ld a  

s i l i con f i lament  inser ted there in ,  that  the  angle  between  

the  ax is  and the  generatr ix  o f  the  substant ia l ly  

t runcated cone shape is  not  less than 10 degrees and  25 
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not  more  than 30 degrees ,  and that  the  th ickness  o f  the  

f i lament ho ld ing  port ion between the  outer  per iphery o f  

the  top sur face  o f  the  f i lament  ho ld ing  port ion and the  

inner  wal l  sur face ,  which is  contacted by  the  s i l i con  

f i lament ,  o f  the  f i lament  inser t  ho le  is  not  more  than 3 5 

mm at  at  l east  one  locat ion .  

[0083]  

 Accord ing ly ,  i t  i s  poss ib le  to  prov ide a  s i l i con 

product ion apparatus  inc luding  a  f i lament  ho lder  which  

is  capable  o f  improv ing  depos i t ion o f  s i l i con on a  base  10 

port ion o f  a  s i l i con f i lament  and which in  turn makes i t  

poss ib le  to  improve  depos i t ion o f  s i l i con on the  ent i re  

s i l i con f i lament .  

[0084]  

 The s i l i con product ion apparatus in  accordance 15 

wi th an aspect  o f  the  present invent ion is  arranged such  

that  the  e lectrode  inc ludes  a  coo l ing  mechanism there in .  

[0085]  

 This  makes i t  poss ib le  to  prevent  the  e lectrode 

f rom be ing hot  and thus prevent  the  s i l i con f rom be ing 20 

depos i ted  a lso on the  e lec trode .  I t  i s  a lso  poss ib le  to  

prevent  the e lec trode  f rom be ing  damaged due to h igh  

temperature .  

[0086]  

 A  s i l i con product ion method  in  accordance wi th  an  25 
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aspect  o f  the  present  invent ion  inc ludes  producing  

s i l i con wi th  use  o f  the  forego ing  s i l i con product ion  

apparatus .  

[0087]  

 Accord ing ly ,  i t  i s  poss ib le  to  prov ide a  s i l i con 5 

product ion method invo lv ing  producing  s i l i con wi th  use 

o f  a  s i l i con product ion apparatus inc luding a  f i lament  

ho lder  which is  capable o f  improv ing  depos i t ion of  

s i l i con on a  base  port ion o f  a  s i l i con f i lament  and which 

in  turn makes  i t  poss ib le  to  improve  depos i t ion o f  10 

s i l i con on the  ent i re  s i l i con f i lament .  

[0088]  

 The present  invent ion is  not  l imi ted to  the  

forego ing  embodiments ,  but can be  al tered var ious ly  by  

a  sk i l l ed  person in  the ar t  wi th in  the  scope o f  the  15 

c la ims.  The present  invent ion a lso  encompasses ,  in  i ts  

technica l  scope ,  any embodiment  der ived by  combining  

technica l  means d isc losed in  d i f f er ing embodiments .  

Furthermore ,  a  new technica l  f eature can be  formed by  

combining technica l  means d isc losed in  d i f f er ing  20 

embodiments .  

[0089]  

 Examples  

 With regard to  the  f i lament  ho lders  10A and 10B 

o f  embodiments  o f  the  present  invent ion,  exper iments  25 
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were  carr ied  out  to  ver i fy  what  e f fec t s  are  obta ined in  a  

case  where  the  angle  θ  between the  axis  and the  

generatr ix  o f  the  substant ia l ly  t runcated cone  shape is  

11 degrees  and in a  case where  the angle  θ  i s  25 degrees .  

In  each exper iment ,  a  s i l i con  f i lament  4A or  4B was 5 

p laced in  the f i lament ho lder  10A or 10B and an  

operat ion to  gradual ly  increase  e lec tr ic  current  was  

carr ied  out .  The shortest  poss ib le  t ime that  ensures  a  

s tab le  increase  in  e lec tr ic  current  to  300  A was  

measured.  This  "shortest  poss ib le  t ime"  means that  i f  10 

the  e lectr ic  current  is  increased to  300 A be fore  th is  

t ime is  reached,  the  s i l i con f i lament  4A or  4B wi l l  mel t  

and co l lapse .  That  is ,  a  shorter  "shortest  poss ib le  t ime"  

ind icates that  the passage  o f  an e lectr ic  current o f  300 

A can be  carr ied  out ear l ier  and the po lycrysta l l ine  15 

s i l i con 5  is  depos i ted  more  quick ly  therea f ter .  

[0090]  

 The resul ts  o f  the  exper iments  and Comparat ive  

Examples  are  shown in  Table  1 .  

[0091]  20 

 As  is  apparent  f rom Table  1 ,  the  shortest  poss ib le  

t ime that  ensures  a  s tab le  increase  in  e lec tr ic  current  to  

300 A was 20 hours  or  less  in  Examples  1  to  4  in  whi ch  

the  angle θ o f  the  f i lament  ho lder  10A or  10B o f  an 

embodiment  o f  the  present  invent ion is  not  less  than 10 25 
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degrees  and not  more  than 30  degrees  and in  which the  

marg in  width L  ( i . e . ,  the  th ickness  o f  the  f i lament  

ho ld ing  port ion 12A or  12B between the  outer  per iphery  

o f  the top sur face  12a o f  the  f i lament  ho lding  port ion 

12A or  12B and the  inner  wal l  sur face  13a o f  the 5 

f i lament  insert  ho le  13A contacted by the  s i l i con  

f i lament  4A or  4B)  i s  not  more  than 3  mm at  at  l east  one  

locat ion.  

[0092]  

 On the  contrary ,  in  Comparat ive  Examples  1  to  4  10 

( in  which one o f  the  two condi t ions  " the  angle  θ  is  not  

l ess  than 10 degrees  and not  more  than 30 degrees"  and  

"marg in  width L  at  a t  l east  one  locat ion is  not  more 

than 3 mm" is  not  sat is f ied ) ,  the  shortest  poss ib le  t ime 

that  ensures a  s table  increase in  e lec tr ic  current  to  300  15 

A was equal  to  or  more  than 25 hours .  

[0093]  

 This conf i rmed that ,  in cases where  the two  

condi t ions " the  angle θ  is  not  less than 10 degrees and  

not  more  than 30 degrees"  and  "marg in  width L  at  a t  20 

least  one locat ion is  not  more  than 3 mm" are  sat is f ied ,  

the  shortest  poss ib le  t ime that  ensures  a  s tab le  increase  

in  e lec tr ic  current  to  300 A is  short  and the  

po lycrysta l l ine  s i l i con 5  can be  depos i ted  s tab ly  and 

quick ly .  25 
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[0094]  

 [Table  1 ]  

 
Ang le  

( θ )  
L  

(mm)  

Shortest  
poss ib le  t ime 
that  ensures  

s tab le  increase  
in  e lec tr ic  

current  to  300 
A,  f rom star t  o f  

depos i t ion  
(hr )  

Type  o f  f i l ament  

Examp le  
1  

11  1 .0  10  Square  

Examp le  
2  

16  2 .5  12  Cone  

Examp le  
3  

25  1 .0  18  Square  

Examp le  
4  

25  2 .5  20  Cone  

Compa-  
ra t i v e  

Examp le  
1  

11  8 .0  28  Cone  

Compa-  
ra t i v e  

Examp le  
2  

16  4 .0  25  Cone  

Compa-  
ra t i v e  

Examp le  
3  

35  2 .5  30  Cone  

Compa-  
ra t i v e  

Examp le  
4  

45  2 .5  35  Cone  

 

Re ference  S igns  L is t  

[0095]  5 

 1A,  1B be l l - jar  reactor  

 2  base  p late  

 3  e lec trode  

 3a  pro ject ion 

 4A,  4B s i l i con f i lament  10 
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 5  po lycrysta l l ine  s i l i con (s i l i con)  

 6  coo l ing  mechanism 

 7  wedge   

 10A,  10B f i lament  ho lder  

 11 base  port ion 5 

 11a recess  

 12A,  12B f i lament  ho ld ing  port ion 

 12a top sur face  

 12c  outer  per iphera l  sur face  

 13A,  13B f i lament  inser t  ho le  10 

 13a inner  wal l  sur face  

 13b bot tom 

 D1 maximum thickness  

 L  marg in  width ( th ickness )  

 θ  ang le  15 
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C la ims 

 C la im 1  

 A  f i lament  ho lder  compr is ing  a  f i lament  ho ld ing  

port ion which is  made o f  carbon and which has a  

substant ia l ly  t runcated cone shape,  where in :  5 

 the  f i lament  ho ld ing  port ion has,  in  a  top  sur face  

thereo f ,  a  f i lament  inser t  ho le  conf igured to  ho ld a  

s i l i con f i lament  inser ted there in ;  

 an angle  between an ax is  and a  generatr ix  o f  the  

substant ia l ly  t runcated cone shape is  not  l ess  than 10 10 

degrees  and not  more  than 30 degrees ;  and 

 a  th ickness o f  the f i lament  ho ld ing port ion  

between an outer  per iphery  o f  the  top sur face  o f  the  

f i lament ho ld ing port ion and an inner  wal l  sur face ,  

which is  contacted by the  s i l i con f i lament ,  o f  the  15 

f i lament  inser t  ho le  is  not  more  than 3 mm at  at  l east  

one  locat ion.  

 

 C la im 2  

 The f i lament  ho lder  as set  for th  in c la im 1,  20 

where in the  angle between the ax is  and the generatr ix  is  

not  less than 10 degrees and not  more than 30 degrees  

over  a reg ion o f  a t  l east  10 mm along the  ax is  f rom the 

top sur face  o f  the  f i lament  ho ld ing  port ion.  

 25 



- 50 - 

 C la im 3  

 The f i lament  ho lder  as  set  for th  in  c la im 1 or  2 ,  

where in  a  maximum thickness  o f  the  f i lament  ho ld ing  

port ion between an outer  per iphera l  sur face  o f  the  

f i lament  ho ld ing  port ion and a  wal l  sur face  o f  the 5 

f i lament  inser t  ho le ,  in  a reg ion f rom the top sur face  to  

a  bot tom o f  the f i lament inser t  ho le ,  i s  not  more  than 30 

mm. 

 

 C la im 4  10 

 A  s i l i con product ion apparatus  compr is ing :  

 a  f i lament  ho lder  rec i ted  in  any  one o f  c la ims 1  to 

3 ;  and 

 an e lectrode .  

 15 

 C la im 5  

 The s i l i con product ion apparatus as  set  for th  in  

c la im 4,  where in  the e lec trode  inc ludes a  coo l ing  

mechanism there in .  

 20 

 C la im 6  

 A  s i l i con product ion method compr is ing  producing 

s i l i con wi th  use  o f  a  s i l i con product ion apparatus 

rec i ted  in  c la im 4 or  5 .  

25 


