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Description 

The  present  invention  relates  to  an  apparatus 
for  manufacturing  single  silicon  crystal  by  the  use 
of  Czochralski  process,  and  more  particularly,  to  an 
apparatus  for  pulling  single  silicon  crystal  while 
continuously  feeding  silicon  materials. 

A  method  for  pulling  single  silicon  crystal  by 
the  use  of  the  Czochralski  process  has  previously 
been  used  and  this  method  is  a  substantially  com- 
pleted  technique.  However.the  yield  of  wafers  be- 
ing  able  to  stand  their  use  can  be  50  %  or  less  due 
to  maldistribution  of  dopants  and  oxygen  in  case 
requirements  to  components  are  severe. 

As  an  effective  method  for  solving  the  fore- 
going  problem,  there  is  known  a  method  wherein  a 
liquid  surface  of  molten  materials  is  maintained  at  a 
predetermined  level  by  continuously  or  intermit- 
tently  replenishing  a  crucible  with  silicon  material. 
Particularly  recently,  high-quality  granular  poly- 
crystal  silicon  has  come  to  be  able  to  be  manufac- 
tured,  and  several  inventions  wherein  this  high- 
quality  granular  polycrystal  silicon  is  used  are  dis- 
closed.  Those  inventions  are,  for  example,  dis- 
closed  in  Japanese  Patent  Publications  Laid  Open 
No.1  301  95/83  and  No.951  95/88  and  in  a  Japanese 
Utility  Model  Publication  Laid  Open  No.1  41  578/84. 

Only  one  or  two  examples  of  having  manufac- 
tured  single  silicon  crystal  of  a  small  diameter  are 
seen  in  the  method  for  manufacturing  single  silicon 
crystal  by  the  use  of  the  foregoing  method,  but 
micro  defects  or  the  like  in  the  single  silicon  crystal 
are  not  described. 

It  is  understood  that  there  are  the  following 
problems  in  the  prior  art  apparatus  for  pulling  sin- 
gle  silicon  crystal  while  continuously  and  directly 
replenishing  a  crucible  with  granular  silicon  when 
there  is  used  a  transparent  quartz  glass  usually 
used  for  manufacturing  semiconductor  materials  as 
a  partition  member  partitioning  molten  silicon  ma- 
terials  in  the  crucible  into  a  single  crystal  growing 
portion  on  the  inner  side  and  a  material  melting 
portion  on  the  outer  side. 

(1)  Even  though  a  single  silicon  crystal  is  made 
to  grow  rapidly  so  that  micro  defects  can  be 
hard  to  be  incorporated  into  the  single  silicon 
crystal,  there  occur  a  great  amount  of  oxidation- 
induced  stacking  faults  (OSF)  in  comparison 
with  the  conventional  Czochralski  process. 
(2)  A  vibration  of  the  surface  of  molten  silicon  is 
large  and  this  hinders  crystallization  of  the  mol- 
ten  silicon. 

It  is  an  object  of  the  present  invention  to  pro- 
vide  an  apparatus  for  manufacturing  a  single  silicon 
crystal  wherein  in  an  apparatus  for  manufacturing  a 
single  silicon  crystal  in  which  a  crucible  having 
molten  materials  therein  is  continuously  replen- 
ished  with  granular  or  lumpish  materials,  charged 

materials  are  steadily  melted  without  hindering  a 
growth  of  the  single  silicon  crystal  and  the  single 
silicon  crystal  having  a  substantially  constant  con- 
centration  of  dopant  and  oxygen  in  the  direction  of 

5  pulling  of  the  single  silicon  crystal,  without  any 
micro  defects  in  the  single  silicon  crystal. 

To  accomplish  the  above-mentioned  object,  the 
present  invention  provides  an  apparatus  for  manu- 
facturing  single  silicon  crystal  comprising: 

io  a  quartz  crucible  accommodated  into  a  graph- 
ite  crucible,  molten  silicon  being  in  said  quartz 
crusible; 

a  partition  member  partitioning  molten  silicon 
material  in  said  quartz  crucible  into  a  single  silicon 

75  growing  portion  on  the  inner  side  and  a  material 
melting  portion  on  the  outer  side,  said  material 
melting  portion  being  replenished  with  granular  sili- 
con  and  a  single  silicon  crystal  being  pulled  from 
said  single  silicon  crystal  growing  portion; 

20  a  heater  for  maintaining  said  molten  silicon 
material  in  the  single  silicon  growing  portion  at  a 
temperature  appropriate  for  growing  the  single  sili- 
con  crystal  and  for  supplying  heat  for  melting  said 
granular  silicon  fed  into  said  material  melting  por- 

25  tion,  said  heater  being  arranged  so  that  it  can 
surround  said  graphite  crucible; 

small  holes  made  in  said  partition  member, 
said  molten  silicon  material  moving  from  said  ma- 
terial  melting  portion  to  said  single  silicon  growing 

30  portion  through  said  small  holes;  and 
opaque  quartz  glass,  which  said  partition  mem- 

ber  is  made  of. 
The  above  objects  and  other  objects  and  ad- 

vantages  of  the  present  invention  will  become  ap- 
35  parent  from  the  detailed  description  which  follows, 

taken  in  conjunction  with  the  appended  drawings. 
Fig.1  is  a  vertical  sectional  view  schematically 
illustrating  an  apparatus  for  manufacturing  a  sin- 
gle  silicon  crystal  in  an  example  of  the  present 

40  invention;  and 
Fig.2  is  a  graphical  representation  indicating  a 
comparison  of  densities  of  oxidation-induced 
stacking  faults  (OSF)  in  the  case  of  using  an 
opaque  quartz  glass  for  a  partition  member  and 

45  in  the  case  of  using  a  transparent  quartz  glass 
for  the  partition  member  pertinent  to  the  present 
invention 

In  the  apparatus  of  the  present  invention,  first- 
ly,  the  material  melting  portion  is  maintained  at  a 

50  high  temperature  so  that  granular  silicon  material 
can  be  sufficiently  melted  and  the  single  silicon 
growing  portion  on  the  inner  side  is  maintained  at  a 
temperature  just  above  a  melting  point  of  silicon.  In 
the  foregoing  state,  the  material  melting  portion  is 

55  replenished  with  an  amount  of  granular  material 
corresponding  to  an  amount  of  pulled  crystal.  The 
silicon  material  melted  in  the  material  melting  por- 
tion  flows  into  the  single  silicon  growing  portion 

2 
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through  small  holes  made  in  the  partition  member. 
In  the  present  invention,  an  opaque  quartz  glass  is 
used  for  the  partition  member.  Densities  of  the 
oxidation-induced  stacking  faults  in  the  single  sili- 
con  crystal  grown  in  the  single  silicon  growing 
portion  on  the  inner  side  are  decreased  with  the 
use  of  the  opaque  quartz  glass.  The  vibration  of  the 
surface  of  molten  silicon  is  decreased  and  a  hin- 
drance  to  single  crystallization  of  silicon  is  re- 
moved.  A  visible  ray  permeability  of  the  opaque 
quartz  glass  is  desired  to  be  0  %  or  more  and  50 
%  or  less. 

A  decrease  of  the  densities  of  the  oxidation- 
induced  stacking  faults  and  of  the  vibration  of  the 
surface  of  molten  silicon  seems  to  relate  to  the  fact 
that  a  ray  of  light  and  a  ray  of  heat  are  prevented 
from  passing  through  the  partition  member  due  to 
opaqueness  of  the  partition  member.  That  is,  it  is 
thought  that  a  radiation  and  an  input  of  heat  in  a 
portion  where  a  molten  silicon  liquid  contacts 
quartz  glass  are  stabilized  and  a  fluctuation  of 
wettability  is  decreased. 

An  opaque  quartz  glass  is  used  as  the  partition 
member.  A  glass,  which  is  made  opaque  by  for- 
ming  small  irregularities  on  the  surface  of  the 
glass,  can  be  used.  In  this  case,  a  roughness  of  the 
irregularities  is  desired  to  be  50  to  2000um  RMS. 
RMS  means  a  root  mean  square  value.  The  ir- 
regularities  of  said  quartz  glass  are  formed  by 
causing  particles  of  a  quartz  glass  to  deposit  on 
the  surface  of  the  quartz  glass. 

In  this  case,  three  sorts  of  the  following  opaque 
quartz  glasses  are  used: 

(a)  An  opaque  glass  having  irregularities  on  the 
surface  thereof  on  the  side  of  the  material  melt- 
ing  portion; 
(b)  An  opaque  glass  having  irregularities  on  the 
surface  thereof  on  the  side  of  the  single  crystal 
growing  portion;  and 
(c)  An  opaque  glass  having  irregularities  on  both 
surfaces  thereof  on  the  side  of  the  material 
melting  portion  and  single  crystal  growing  por- 
tion. 

The  opaque  glass  (a)  is  most  desirable  among 
said  three  sorts  of  the  opaque  glasses  since  there 
is  not  possibility  of  separation  of  quartz  glass  frag- 
ments  from  the  surface  of  the  the  partition  member 
on  the  side  of  the  single  silicon  growing  portion. 

The  opaqueness  of  the  partition  member  is 
required  during  the  growth  of  the  single  crystal. 
That  is,  a  glass,  which  is  transparent  before  the  use 
of  it  and  which  becomes  opaque  at  the  time  of  its 
use,  can  be  used.  Then,  the  effect  of  the  present 
invention  is  produced. 

Fig.1  is  a  vertical  sectional  view  schematically 
illustrating  an  example  of  the  present  invention.  In 
the  drawings,  reference  numeral  1  denotes  a  quartz 
crucible  which  is  accommodated  into  graphite  cru- 

cible  2.  Reference  numeral  7  denotes  molten  ma- 
terials  put  into  the  quartz  crucible  1,  from  which 
single  silicon  crystal  4  grown  into  a  pillar  is  pulled. 
Reference  numeral  3  denotes  a  heater  surrounding 

5  the  graphite  crucible  2.  The  above-described  ap- 
paratus  is  fundamentally  the  same  as  the  apparatus 
for  manufacturing  single  silicon  crystal  by  the  use 
of  the  ordinary  "Czochralski  process".  Granular 
material  6  is  fed  from  material  feeding  apparatus  5 

io  into  a  material  melting  portion  A. 
Reference  numeral  8  denotes  a  partition  mem- 

ber  which  is  made  of  an  opaque  quartz  glass  and 
which  is  positioned  concentrically  with  the  crucible 
1  in  the  crucible  1.  Small  holes  9  are  made  in  the 

is  partition  member  8.  Molten  materials  in  the  ma- 
terial  molten  portion  A  flow  into  the  single  crystal 
growing  portion  through  the  small  holes  9.  A  lower 
edge  portion  of  the  partition  member  8  is  pre- 
viously  fused  with  the  crucible  1  or  fused  with  the 

20  crucible  under  influence  of  heat  produced  by  melt- 
ing  of  the  silicon  material.  High-temperature  molten 
materials  in  the  material  melting  poriton  A  flow  into 
the  single  crystal  growing  portion  B  through  only 
the  small  holes  9. 

25  Fig.2  is  a  graphical  representation  showing  a 
comparison  of  densities  of  the  oxidation-induced 
stacking  faults  (OSF)  in  the  case  of  the  use  of  the 
opaque  quartz  glass  and  in  the  case  of  the  use  of 
the  transparent  quartz  glass.  It  is  understood  that 

30  the  densities  of  the  oxidation-induced  stacking 
faults  are  apparently  decreased  in  the  case  of  the 
use  of  the  opaque  quartz  glass. 

As  described  above,  according  to  the  present 
invention,  in  an  apparatus  for  manufacturing  single 

35  silicon  crystal  which  comprises  a  crucible  having 
molten  silcon  material  therein  and  a  partition  mem- 
ber  partitioning  said  molten  silicon  material  into  a 
single  silicon  growing  portion  on  the  inner  side  and 
a  material  melting  portion  on  the  outer  side,  since 

40  said  partition  member  is  made  of  an  opaque  quartz 
glass,  oxidation-induced  stacking  faults  due  to  a 
fluctuation  of  temperatures  and  a  hindrance  to  a 
single  crystallization  are  prevented. 

Reference  signs  in  the  claims  are  intended  for 
45  better  understanding  and  shall  not  limit  the  scope. 

Claims 

1.  An  apparatus  for  manufacturing  single  silicon 
50  crystal  comprising: 

a  quartz  crucible  (1)  accomodated  into  a 
graphite  crucible  (2),  molten  silicon  being  in 
said  quartz  crusible; 

a  partition  member  (8)  partitioning  molten 
55  silicon  material  in  said  quartz  crucible  into  a 

single  silicon  growing  portion  on  the  inner  side 
and  a  material  melting  portion  on  the  outer 
side,  said  material  melting  portion  being  re- 

3 
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plenished  with  raw  materials  and  a  single  sili- 
con  crystal  (4)  being  pulled  from  said  single 
silicon  crystal  growing  portion; 

a  heater  (3)  for  maintaining  said  molten 
silicon  material  in  the  single  silicon  growing 
portion  at  a  temperature  appropriate  for  grow- 
ing  the  single  silicon  crystal  and  for  supplying 
heat  for  melting  said  raw  materials  fed  into 
said  material  melting  portion,  said  heater  being 
arranged  so  that  it  can  surround  said  graphite 
crucible;  and 

small  holes  (9)  made  in  said  partition 
member,  said  molten  silicon  material  moving 
from  said  material  melting  portion  to  said  sin- 
gle  silicon  growing  portion  through  said  small 
holes; 

characterized  in  that  said  partition  member 
is  made  of  opaque  quartz  glass  which  is  ren- 
dered  opaque  by  small  irregularities  on  the 
surface  of  the  glass. 

2.  The  apparatus  of  claim  1  ,  characterized  in  that 
said  opaque  quartz  glass  has  a  visible  ray 
permeability  of  0  to  50  %. 

3.  The  apparatus  of  claim  1  or  2,  characterized  in 
that  said  irregularities  of  the  quartz  glass  are 
formed  by  causing  particles  of  a  quartz  glass 
to  deposit  on  the  surface  of  the  quartz  glass. 

4.  The  apparatus  of  claim  1  ,  2  or  3,  characterized 
in  that  said  opaque  quartz  glass  is  a  quartz 
glass  made  opaque  by  forming  irregularities  of 
50  to  2000um  RMS. 

5.  The  apparatus  of  claim  4,  characterized  in  that 
said  roughness  is  on  the  surface  of  the  side  of 
the  single  crystal  growing  portion. 

6.  The  apparatus  of  claim  4  or  5,  characterized  in 
that  said  roughness  is  on  the  surface  of  the 
side  of  the  material  melting  portion. 

Patentanspruche 

1.  Vorrichtung  zum  Herstellen  von  Siliziumeinkri- 
stallen,  umfassend: 
einen  Quarz-Schmelztiegel  (1),  der  in  einem 
Graphit-Schmelztiegel  (2)  untergebracht  ist  und 
geschmolzenes  Silizium  aufnimmt; 
ein  Trennelement  (8),  das  geschmolzenes  Sili- 
ziummaterial  in  dem  Quarz-Schmelztiegel  (1) 
in  einen  Siliziumeinkristall-Wachstumsabschnitt 
(B)  an  der  Innenseite  und  einen  Materialsch- 
melzabschnitt  (A)  an  der  AuBenseite  teilt,  wo- 
bei  der  Materialschmelzabschnitt  (A)  mit  Roh- 
material  nachgefullt  und  ein  Siliziumeinkristall 
(4)  aus  dem  Siliziumeinkristall-Wachstumsab- 

schnitt  (B)  gezogen  wird; 
ein  Heizelement  (3),  das  das  geschmolzene 
Siliziummaterial  in  dem  Siliziumeinkristall- 
Wachstumsabschnitt  (B)  auf  einer  fur  das 

5  Wachstum  von  Siliziumeinkristallen  geeigneten 
Temperatur  halt  und  Hitze  zum  Schmelzen  des 
in  den  Materialschmelzabschnitt  (A)  gefuhrten 
Rohmaterials  liefert,  und  das  Heizelement  so 
angeordnet  ist,  dal3  es  den  Graphit-Schmelztie- 

io  gel  (2)  umgibt;  und 
kleine  Locher  (9),  die  in  dem  Trennelement 
(8)  ausgebildet  sind  und  durch  die  sich  das 
geschmolzene  Siliziummaterial  von  dem  Mate- 
rialschmelzabschnitt  (A)  zu  dem  Siliziumeinkri- 

15  stall-Wachstumsabschnitt  (B)  bewegt; 
dadurch  gekennzeichnet,  dal3 
das  Trennelement  (8)  aus  opaquem  Quarzglas 
gefertigt  ist,  das  durch  kleine  UnregelmaBigkei- 
ten  auf  der  Oberflache  des  Glases  trube  ge- 

20  macht  ist. 

2.  Vorrichtung  gemaB  Anspruch  1,  dadurch  ge- 
kennzeichnet,  dal3  das  opaque  Quarzglas  eine 
sichtbare  Strahlendurchlassigkeit  von  0  bis 

25  50%  besitzt. 

3.  Vorrichtung  gemaB  Anspruch  1  oder  2,  da- 
durch  gekennzeichnet,  dal3  die  UnregelmaBig- 
keiten  des  Quarzglases  durch  Ablagern  von 

30  Quarzglaspartikeln  auf  der  Oberflache  des 
Quarzglases  gebildet  sind. 

4.  Vorrichtung  gemaB  Anspruch  1,  2  oder  3,  da- 
durch  gekennzeichnet,  daB  das  opaque  Quarz- 

35  glas  ein  durch  Ausbilden  von  UnregelmaBigkei- 
ten  von  50  bis  2000um  RMS  getrubtes  Quarz- 
glas  ist. 

5.  Vorrichtung  gemaB  Anspruch  4,  dadurch  ge- 
40  kennzeichnet,  daB  die  Rauhheit  auf  der  Ober- 

flache  des  opaquen  Quarzglases  ist,  die  auf 
der  Seite  des  Einkristall-Wachstumsabschnittes 
(B)  liegt. 

45  6.  Vorrichtung  gemaB  Anspruch  4  oder  5,  da- 
durch  gekennzeichnet,  daB  die  Rauhheit  auf 
der  Oberflache  des  opaquen  Quarzglases  aus- 
gebildet  ist,  die  auf  der  Seite  des  Materialsch- 
melzabschnittes  (A)  liegt. 

50 
Revendicatlons 

1.  Dispositif  pour  la  fabrication  de  silicium  mono- 
cristallin  comprenant  : 

55  -  un  creuset  en  quartz  (1)  regu  dans  un 
creuset  en  graphite  (2),  du  silicium  a 
I'etat  fondu  se  trouvant  dans  ledit  creuset 
en  quartz; 

4 
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-  un  element  de  cloison  (8)  separant  une 
matiere  en  silicium  a  I'etat  fondu  se  trou- 
vant  dans  ledit  creuset  en  quartz  en  une 
partie  constitute  de  silicium  monocristal- 
lin  croissant  du  cote  interieur  et  une  par-  5 
tie  formee  de  matiere  en  fusion  de  I'autre 
cote,  ladite  partie  formee  de  matiere  en 
fusion  etant  reapprovisionnee  avec  des 
matieres  premieres  et  un  silicium  mono- 
cristallin  (4)  etant  extrait  de  ladite  partie  10 
constitute  de  silicium  monocristallin 
croissant; 

-  un  element  chauffant  (3)  pour  maintenir 
ladite  matiere  en  silicium  a  I'etat  fondu 
dans  la  partie  constitute  de  silicium  is 
monocristallin  croissant  a  une  temperatu- 
re  appropriee  pour  la  croissance  du  sili- 
cium  monocristallin  et  pour  fournir  de  la 
chaleur  afin  de  fondre  lesdites  matieres 
premieres  introduites  dans  ladite  partie  20 
formee  de  matiere  en  fusion,  ledit  ele- 
ment  chauffant  etant  dispose  de  fagon  a 
pouvoir  entourer  ledit  creuset  en  graphi- 
te;  et 

-  des  petits  trous  (9)  menages  dans  ledit  25 
element  de  cloison,  ladite  matiere  en  sili- 
cium  a  I'etat  fondu  se  deplagant  de  ladi- 
te  partie  formee  de  matiere  en  fusion  a 
ladite  partie  constitute  de  silicium  mono- 
cristallin  croissant  en  passant  par  lesdits  30 
petits  trous; 

caracttrist  en  ce  que  ledit  tltment  de 
cloison  est  constitut  d'un  verre  quartzeux  opa- 
que  qui  est  rendu  opaque  par  de  petites  irre- 
gularitts  sur  la  surface  du  verre.  35 

Dispositif  selon  la  revendication  4  ou  5,  carac- 
ttrist  en  ce  que  ladite  rugositt  se  trouve  sur  la 
surface  du  cote  de  la  partie  formte  de  matiere 
en  fusion. 

2.  Dispositif  selon  la  revendication  1,  caracttrist 
en  ce  que  ledit  verre  quartzeux  opaque  a  une 
permtabilitt  aux  rayons  visibles  de  0  a  50  %. 

40 
3.  Dispositif  selon  la  revendication  1  ou  2,  carac- 

ttrist  en  ce  que  lesdites  irrtgularitts  du  verre 
quartzeux  sont  formtes  en  provoquant  le  de- 
pot  de  particules  d'un  verre  quartzeux  sur  la 
surface  du  verre  quartzeux.  45 

4.  Dispositif  selon  la  revendication  1,  2  ou  3, 
caracttrist  en  ce  que  ledit  verre  quartzeux 
opaque  est  un  verre  quartzeux  rendu  opaque 
en  formant  des  irrtgularitts  de  50  a  2000  urn  so 
en  moyenne  quadratique. 

5.  Dispositif  selon  la  revendication  4,  caracttrist 
en  ce  que  ladite  rugositt  se  trouve  sur  la 
surface  du  cote  de  la  partie  constitute  du  55 
monocristal  croissant. 

5 
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