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(54)  Method  for  the  preparation  of  silicon  single  crystal  and  fused  silica  glass  crucible  therefor 

(57)  An  improved  method  is  proposed  for  the  prep- 
aration  of  a  semiconductor  silicon  single  crystal  of  N-type 
by  the  Czochralski  process,  which  is  free  from  the  prob- 
lem  of  occurrence  of  delayed  OSFs  as  defects  in  the  sin- 
gle  crystal  even  after  prolonged  storage  at  room  temper- 
ature  based  on  the  discovery  that  presence  of  a  certain 
amount  of  aluminum  in  the  melt  of  silicon  contained  in  a 
fused  silica  glass  crucible  acts  to  suppress  occurrence 
of  delayed  OSFs  as  a  type  of  defects  in  the  single  crystal 
while  copper  as  an  impurity  acts  adversely  in  this  regard. 
With  a  known  fact  that  an  about  30  u.m  thick  inner  surface 
layer  of  the  crucible  is  melted  down  into  the  silicon  melt 

during  the  single  crystal  pulling-up  process,  namely,  the 
invention  proposes  use  of  a  crucible  of  which  the  inner 
surface  layer  of  30  u.m  thickness  contains  aluminum  in 
an  average  concentration  of  40  to  500  ppm  by  weight 
while  the  content  of  copper  is  as  low  as  possible  not  to 
exceed  0.5  ppb  by  weight.  Alternatively,  when  the  fused 
silica  glass  crucible  is  deficient  in  the  content  of  alumi- 
num,  an  amount  of  aluminum  is  introduced  as  a  dopant 
into  the  melt  of  silicon  in  the  crucible  to  supplement  the 
content  of  aluminum  in  order  to  be  sufficient  to  suppress 
delayed  OSFs. 

CO 
CM 

O) 
CO 
o  
a .  
LU 

Printed  by  Jouve  (FR),  18,  rue  Saint-Denis,  75001  PARIS 



EP  0  691  423  A1 

Description 

BACKGROUND  OF  THE  INVENTION 

5  The  present  invention  relates  to  an  improvement  in  the  method  for  the  preparation  of  a  semiconductor  silicon  single 
crystal  or,  in  particular,  N-type  semiconductor  silicon  single  crystal  by  the  Czochralski  method  and  a  fused  silica  glass 
crucible  used  therefor. 

As  is  well  known,  semiconductor  silicon  single  crystals  are  mostly  prepared  by  the  so-called  Czochralski  method 
or  pulling-up  method  in  which  a  silicon  single  crystal  as  growing  on  the  lower  end  of  a  seed  crystal  is  pulled  up  from  a 

10  melt  of  high-purity  silicon  formed  by  melting  polycrystalline  silicon  in  a  crucible  of  fused  silica  glass.  One  of  the  problems 
in  the  silicon  single  crystal  prepared  by  this  crystal  growing  method  is  that  so-called  "oxidation-induced  stacking  fault", 
referred  to  as  OSF  hereinafter,  are  sometimes  found  therein.  These  OSFs  are  very  detrimental  in  the  subsequent  man- 
ufacturing  process  of  integrated  circuit  devices  and  the  like  from  wafers  of  the  silicon  single  crystal  resulting  in  a  great 
decrease  in  the  yield  of  acceptable  products  of  integrated  circuits  and  the  like  so  that  it  is  eagerly  desired  to  develop  a 

is  method  by  which  silicon  single  crystals  absolutely  free  from  occurrence  of  OSFs  can  be  grown. 
As  an  approach  to  accomplish  a  decrease  in  the  density  of  OSFs  to  a  significant  extent,  proposals  have  been  made 

in  recent  years  for  the  use  of  polycrystalline  silicon  having  a  still  higher  purity  than  heretofore  as  well  as  materials  of  the 
structure  of  the  pulling-up  furnace  having  an  extremely  high  purity,  improvements  in  the  conditions  for  crystal  growing 
and  use  of  a  fused  silica  glass  crucible  having  the  highest  purity  available. 

20  In  connection  with  the  above  described  problem  due  to  occurrence  of  OSFs,  an  interesting  phenomenon  has  come 
to  the  attention  of  the  artisan  in  an  N-type  silicon  single  crystal,  which  is  a  semiconductor  silicon  doped  with  a  dopant 
of  the  Vth-Group  elements  in  the  Periodic  Table  such  as  phosphorus,  antimony,  arsenic  and  the  like,  that,  when  a  silicon 
single  crystal  absolutely  free  from  OSFs  by  the  inspection  immediately  after  completion  of  the  crystal  growing  is  kept 
standing  as  such,  i.e.  in  the  form  of  a  single  crystal  rod,  for  a  certain  length  of  time  or,  for  example,  for  one  month  or 

25  longer  at  room  temperature,  a  large  number  of  OSFs  are  sometimes  detected  by  the  subsequent  inspection.  This  phe- 
nomenon  is  referred  to  as  the  delayed  OSF  hereinafter.  Though  not  well  understood,  it  is  a  presumable  mechanism  of 
this  phenomenon  of  delayed  OSF  that  the  impurities  contained  in  the  starting  single  crystal  rod  in  a  very  trace  amount 
cause  diffusion  through  the  single  crystal  rod  during  storage  at  room  temperature  to  form  aggregates  which  serve  as 
the  nuclei  for  the  occurrence  of  OSFs.  As  a  consequence  of  the  presumption  of  the  mechanism,  proposals  have  been 

30  made  by  the  inventors  in  Japanese  Patent  Kokai  5-58800  to  avoid  the  phenomenon  of  delayed  OSF  according  to  which 
the  single  crystal  rods  are  stored  at  a  temperature  as  low  as  possible  to  retard  diffusion  of  impurities  or  the  single  crystal 
rods  are  sliced  into  wafers  as  early  as  possible  so  as  to  block  the  diffusion. 

The  above  proposed  methods,  however,  are  nothing  more  than  a  method  for  the  prevention  or  retardation  of  the 
delayed  OSFs  in  a  silicon  single  crystal  having  inherency  toward  occurrence  of  OSFs  sooner  or  later  providing  no  fun- 

35  damental  solution  of  the  problem  if  not  to  mention  the  secondary  problems  unavoidable  therein  that  the  low-temperature 
storage  of  silicon  single  crystal  rods  is  a  very  expensive  way  to  significantly  increase  the  production  costs  and  the  early 
slicing  of  the  single  crystal  rods  into  wafers  is  accompanied  by  great  difficulties  in  the  production  planning  and  storage 
of  the  wafers  as  sliced.  Therefore,  a  complete  solution  of  the  OSF  problem  can  be  obtained  only  by  the  establishment 
of  a  method  for  the  preparation  of  a  silicon  single  crystal  which  is  free  not  only  from  occurrence  of  OSFs  immediately 

40  after  single  crystal  growing  but  also  from  the  delayed  OSFs  even  after  a  prolonged  storage  of  the  single  crystal  rods  as 
grown  at  room  temperature. 

SUMMARY  OF  THE  INVENTION 

45  The  present  invention  accordingly  has  an  object,  in  view  of  the  above  described  problems  in  the  prior  art,  to  provide 
a  means  for  the  preparation  of  a  semiconductor  silicon  single  crystal,  in  particular,  of  the  N-type  which  is  free  not  only 
from  occurrence  of  OSFs  immediately  after  single  crystal  growing  but  also  from  the  delayed  OSFs  even  after  a  prolonged 
storage  of  single  crystal  rods  as  grown  at  room  temperature.  According  to  the  invention,  this  object  of  the  invention  can 
be  accomplished  by  the  control  of  the  distribution  profile  of  specific  impurities  within  the  walls  of  the  fused  silica  glass 

so  crucible  in  which  polycrystalline  silicon  is  melted  to  form  a  melt  from  which  a  silicon  single  crystal  rod  is  pulled  up  by  the 
Czochralski  method. 

Thus,  the  present  invention  provides  an  improvement  in  the  method  for  the  preparation  of  a  semiconductor  silicon 
single  crystal  by  the  Czochralski  method,  in  which  a  silicon  single  crystal  rod  is  pulled  up  on  the  lower  end  of  a  seed 
crystal  from  a  melt  of  silicon  prepared  by  melting  polycrystalline  silicon  in  a  fused  silica  glass  crucible,  the  improvement 

55  comprising  use  of  a  fused  silica  glass  crucible  having  such  distribution  profiles  of  aluminum  and  copper  as  impurities  in 
the  direction  of  the  wall  thickness  of  the  crucible  that  the  average  concentration  of  aluminum  is  in  the  range  from  40  to 
500  ppm  by  weight  in  the  surface  layer  of  30  urn  thickness  from  the  inner  surface  of  the  crucible  and  not  exceeding  40 
ppm  by  weight  within  the  layer  adjacent  to  the  surface  layer  in  the  depth  of  from  30  u.m  to  1  mm  from  the  inner  surface 
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of  the  crucible  and  the  average  concentration  of  copper  does  not  exceed  0.5  ppb  by  weight  within  the  layer  from  the 
inner  surface  to  the  outer  surface  of  the  crucible. 

The  invention  proposes  a  further  improvement  in  the  above  described  Czochralski  process  for  growing  of  a  silicon 
single  crystal,  which  comprises  using  a  fused  silica  glass  crucible  containing  aluminum  and  copper  as  impurities  in 

5  concentrations  lower  than  40  ppm  by  weight  and  not  exceeding  0.5  ppb  by  weight,  respectively,  and  adding  aluminum 
as  a  dopant  to  the  melt  of  silicon  in  the  crucible  in  such  an  amount  that  the  total  amount  of  the  added  dopant  aluminum 
and  the  aluminum  impurity  contained  in  the  inner  surface  layer  of  the  crucible  of  30  urn  thickness  from  the  inner  surface 
is  equal  to  the  amount  obtained  by  multiplying  the  amount  of  the  fused  silica  glass  of  the  30  u.m  thick  inner  surface  layer 
by  the  aluminum  concentration  in  the  range  from  40  ppm  by  weight  to  500  ppm  by  weight. 

10 
BRIEF  DESCRIPTION  OF  THE  DRAWING 

Figure  1  is  a  correlation  diagram  showing  the  relationship  between  the  average  concentration  of  copper  in  fused 
silica  glass  crucibles  and  the  OSF  density  in  a  silicon  single  crystal  grown  therefrom  after  4  weeks  storage. 

is  Figure  2  is  a  correlation  diagram  showing  the  relationship  between  the  average  concentration  of  aluminum  in  the 
inner  surface  layer  of  fused  silica  glass  crucibles  and  the  OSF  density  in  a  silicon  single  crystal  grown  therefrom  after 
4  weeks  storage. 

Figure  3  is  a  correlation  diagram  showing  the  relationship  between  the  average  concentration  of  copper  and  average 
surface  concentration  of  aluminum  in  fused  silica  glass  crucibles  in  grouping  for  absence  and  occurrence  of  OSFs  in 

20  silicon  single  crystals  without  or  with  OSFs  grown  from  the  crucible  and  stored  for  4  weeks. 
Figure  4  is  a  schematic  illustration  of  the  four  blocks  1  to  4  taken  from  a  silicon  single  crystal  by  dividing  for  the  test 

of  OSF. 
Figure  5  is  a  graph  showing  appearance  of  delayed  OSFs  in  the  silicon  single  crystals  prepared  in  Comparative 

Examples  1  and  2  as  a  function  of  the  storage  period  of  the  blocks. 
25 

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

With  an  object  to  provide  a  solution  for  the  above  described  problems,  the  inventors  have  first  directed  their  attention 
to  the  sources  from  which  the  metallic  impurities  taken  into  the  silicon  single  crystals  grown  by  the  Czochralski  method 

30  originate.  While  extensive  investigations  have  been  undertaken  heretofore  for  various  sources  of  possibility  from  which 
the  metallic  impurities  originate,  it  is  an  understanding  in  recent  years  that,  in  view  of  the  accomplishment  of  the  extremely 
high  purity  not  only  in  the  polycrystalline  silicon  as  the  starting  material  but  also  materials  constructing  the  Czochralski 
furnace,  what  should  be  investigated  as  a  major  impurity  source  is  the  impurities  contained,  even  though  the  concen- 
tration  thereof  is  extremely  low,  in  the  fused  silica  glass  crucible  used  in  the  Czochralski  method  since  the  inner  surface 

35  layer  of  the  crucible  is  more  or  less  melted  down  into  the  melt  of  silicon.  As  a  consequence  of  the  detailed  investigations 
on  the  relationship  between  the  impurity  contents  in  the  fused  silica  glass  crucible  and  occurrence  of  the  delayed  OSFs 
in  a  silicon  single  crystal  grown  by  using  the  crucible,  following  criteria  have  been  found  that: 

1)  a  positive  correlation  is  found  between  the  average  concentration  of  copper  in  the  crucible  and  occurrence  of 
40  OSFs  in  the  silicon  single  crystal  grown  therefrom  so  that  the  average  concentration  of  copper  in  the  crucible  must 

be  0.5  ppb  by  weight  or  lower; 

2)  aluminum  acts  as  an  indispensable  constituent  in  the  melt  of  silicon  for  suppression  of  OSFs  so  that  it  is  not  a 
sufficient  condition  that  a  certain  amount  of  aluminum  is  contained  in  the  crucible  as  a  whole  but  a  certain  amount 

45  of  aluminum  must  be  melted  down  into  the  melt  of  silicon  at  an  early  stage  of  the  single  crystal  growing  process  by 
the  Czochralski  method;  and 

3)  quite  satisfactory  results  can  be  obtained  only  as  a  synergistic  effect  of  these  requirements  for  the  contents  of 
copper  and  aluminum. 

50 
As  to  the  influences  of  the  other  impurity  elements  than  copper  and  aluminum,  as  investigated  so  far,  no  correlation 

has  been  found  between  the  content  of  each  element  and  occurrence  of  delayed  OSFs  provided  that  the  concentration 
of  the  impurity  element  in  the  crucible  does  not  exceed  1  ppm  by  weight  as  is  the  case  in  most  of  the  fused  silica  glass 
crucibles  currently  under  practical  use. 

55  The  above  described  findings  have  led  the  inventors  to  the  establishment  of  the  present  invention,  of  which  the 
basic  scope  consists  in  that:  1  )  the  average  concentration  of  copper  as  an  impurity  in  the  fused  quartz  glass  crucible  as 
a  whole  must  be  as  low  as  possible;  and  2)  the  concentration  of  aluminum  must  have  such  a  distribution  profile  that  the 
concentration  thereof  is  high  in  the  vicinity  of  the  inner  surface  of  the  crucible  walls  coming  into  contact  with  the  melt  of 

3 
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silicon  during  the  single  crystal  growing  process,  the  concentration  of  aluminum  elsewhere  being  low.  The  uniqueness 
of  the  present  invention  consists  in  the  discovery  that  a  fused  silica  glass  crucible  of  an  ultimately  high  purity  is  not  a 
requirement  in  respect  of  the  delayed  OSF  at  least  relative  to  the  content  of  aluminum. 

In  particular,  the  requirement  for  the  distribution  profile  of  aluminum  and  copper  in  the  direction  of  the  wall  thickness 
5  in  a  fused  silica  glass  crucible  is  that  the  average  concentration  of  aluminum  is  in  the  range  from  40  to  500  ppm  by 

weight  in  the  surface  layer  of  30  urn  thickness  from  the  inner  surface  of  the  crucible  walls  and  not  exceeding  40  ppm 
by  weight  within  the  layer  adjacent  to  the  surface  layer  in  a  depth  of  from  30  urn  to  1  mm  from  the  inner  surface  of  the 
crucible  and  the  average  concentration  of  copper  does  not  exceed  0.5  ppb  by  weight  within  the  layer  from  the  inner 
surface  to  the  outer  surface  of  the  crucible. 

10  Alternatively  to  the  use  of  the  above  specified  fused  silica  glass  crucible  in  the  preparation  of  a  silicon  single  crystal 
by  the  Czochralski  method,  the  invention  also  proposes  a  method  in  which  the  melt  of  silicon  contained  in  a  fused  silica 
glass  crucible,  which  has  a  very  low  concentration  of  aluminum  in  the  inner  surface  layer,  is  doped  with  aluminum  in 
such  an  amount  as  to  be  equivalent  to  the  amount  which  could  be  taken  into  the  melt  assuming  that  the  distribution 
profile  of  aluminum  in  the  fused  silica  glass  crucible  be  according  to  the  above  described  requirement. 

is  When  this  alternative  method  is  undertaken,  the  amount  of  aluminum  dopant  W,  which  should  be  equal  to  the  amount 
melted  down  into  the  melt  of  silicon  from  a  crucible  containing  aluminum  in  the  inner  surface  layer,  to  be  introduced  into 
the  melt  of  silicon  in  an  aluminum-deficient  crucible,  of  which  the  concentration  of  aluminum  in  the  inner  surface  layer 
is  lower  than  40  ppm  by  weight,  can  be  estimated  by  calculation  by  taking  into  account  the  following  equation: 

W  =  A X t X p X C ,  
20  in  which  W  is  the  amount  of  aluminum  to  be  introduced  into  the  melt  of  silicon  from  an  aluminum-containing  crucible;  A 

is  the  area  of  the  surface  on  which  the  melt  of  silicon  is  in  contact  with  the  crucible  walls;  t  is  the  thickness  of  the  layer 
which  is  melted  in  the  single  crystal  growing  process;  p  is  the  density  of  the  fused  silica  glass  crucible;  and  C  is  the 
average  concentration  of  aluminum  in  the  layer  of  the  crucible  walls  to  be  melted  down  into  the  melt  during  the  process. 
Namely,  the  amount  of  the  aluminum  dopant  to  be  added  to  the  melt  is  the  difference  between  the  value  W  when  C  in 

25  the  above  given  equation  is  40  to  500  ppm  by  weight  and  the  value  of  W  when  C  is  the  actual  concentration  of  aluminum 
in  the  inner  surface  layer  of  the  crucible. 

In  the  following,  the  present  invention  is  described  in  more  detail. 
It  should  be  noted  that  the  impurity  contents  in  conventional  fused  silica  glass  crucibles  currently  under  use  in  the 

Czochralski  process  for  the  single  crystal  growing  of  semiconductor  silicon  are  so  low  for  each  of  impurity  elements  that 
30  occurrence  of  OSFs  in  the  silicon  single  crystal  at  least  as  grown  can  be  almost  completely  prevented.  For  example, 

the  average  concentration  of  aluminum  and  copper  are  12  ppm  by  weight  or  less  and  0.5ppb  by  weight  or  less,  respec- 
tively.  Nevertheless,  the  phenomenon  of  delayed  OSF  frequently  takes  place  in  the  silicon  single  crystals  grown  by  using 
such  a  high-purity  fused  silica  glass  crucible.  To  the  contrary  to  the  generally  accepted  understanding  therefore  that  the 
reason  for  the  delayed  OSF  must  be  sought  in  other  factors  than  the  impurity  contents  in  the  fused  silica  glass  crucible, 

35  the  unique  and  novel  discovery  leading  to  the  present  invention  is  that,  while  the  content  of  copper  in  the  crucible  should 
be  as  low  as  possible,  the  average  concentration  of  aluminum  in  the  crucible  walls  must  not  be  so  low  as  in  the  con- 
ventional  fused  silica  glass  crucibles  but  must  be  at  a  certain  level  within  the  surface  layer  of  the  crucible  walls  in  order 
to  fully  prevent  the  undesirable  phenomenon  of  delayed  OSF,  in  particular,  in  the  N-type  silicon  single  crystals  grown 
from  the  crucible. 

40  Figure  1  of  the  accompanying  drawing  is  a  correlation  diagram  between  the  average  concentration  of  copper  in  ppb 
by  weight  within  the  body  of  the  fused  silica  glass  crucible  and  the  density  of  OSFs  found  in  the  silicon  single  crystals 
grown  by  using  the  respective  crucibles  after  storage  for  4  weeks  at  room  temperature.  As  is  clear  from  this  diagram,  a 
positive  correlation  is  found  between  these  two  parameters  so  that  the  concentration  of  copper  must  be  as  low  as 
possible  in  order  to  minimize  occurrence  of  delayed  OSFs  although  no  critical  copper  concentration  can  be  given  since, 

45  even  when  the  copper  concentration  is  0.5  ppb  by  weight  or  lower,  occurrence  of  delayed  OSFs  cannot  be  completely 
prevented. 

Figure  2,  on  the  other  hand,  is  a  correlation  diagram  between  the  average  concentration  of  aluminum  in  ppm  by 
weight  within  the  30  urn  thick  inner  surface  layer  of  the  fused  silica  glass  crucible  and  the  density  of  OSFs  found  in  the 
silicon  single  crystals  grown  by  using  the  respective  crucibles  after  storage  for  4  weeks  at  room  temperature.  As  is  clear 

so  from  this  diagram,  a  negative  correlation  is  found  between  these  two  parameters 
The  experimental  results  leading  to  the  above  described  correlation  studies  has  been  further  developed  to  the 

correlation  study  between  the  concentration  of  copper  in  the  bulk  of  the  crucible  and  the  concentration  of  aluminum  in 
the  inner  surface  layer  of  the  crucible  giving  the  correlation  diagram  shown  in  Figure  3  in  which  the  plots  of  filled  and 
open  circles  correspond  to  those  silicon  single  crystals  which  suffered  and  did  not  suffer,  respectively,  from  occurrence 

55  of  delayed  OSFs.  This  result  has  led  to  a  conclusion  that  the  average  concentration  of  copper  in  the  bulk  of  the  fused 
silica  glass  crucible  must  not  exceed  0.5  ppb  by  weight  while  the  concentration  of  aluminum  in  the  inner  surface  layer 
of  the  crucible  must  be  at  least  40  ppm  by  weight  in  order  to  almost  completely  prevent  occurrence  of  the  delayed  OSF 
in  the  single  crystal  of  silicon  grown  from  the  crucible. 

4 
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The  above  obtained  conclusion  means  that  an  N-type  silicon  single  crystal  which  is  absolutely  free  from  occurrence 
of  delayed  OSFs  could  be  obtained  when  the  content  of  copper  impurity  in  the  N-type  single  crystal  be  ultimately  de- 
creased  so  as  to  avoid  diffusion  and  aggregation  thereof  in  the  single  crystal  while  the  concentration  of  aluminum,  which 
supposedly  has  an  effect  of  suppressing  the  delayed  OSF,  in  the  single  crystal  be  kept  at  a  certain  level. 

5  Accordingly,  the  present  invention  proposes  the  use  of  a  fused  silica  glass  crucible  which,  instead  of  having  a  uni- 
formly  decreased  concentration  of  each  impurity  element,  has  such  a  specific  distribution  profile  of  the  impurity  concen- 
trations  relative  to  copper  and  aluminum  that  the  average  concentration  of  copper  throughout  the  crucible  body  is  as 
low  as  possible  or,  desirably,  0.5  ppb  by  weight  or  lower  while  the  concentration  of  aluminum  is  kept  at  a  certain  level 
at  least  in  the  inner  surface  layer  of  the  crucible  walls.  It  is  noted  here  that  aluminum  acts  as  a  P-type  dopant  in  the 

10  silicon  single  crystals  so  that  the  content  of  aluminum  in  an  N-type  silicon  single  crystal  must  be  limited  not  to  exceed 
a  certain  upper  limit  since  otherwise  difficulties  are  caused  in  the  control  of  the  resistivity  of  the  semiconductor  silicon. 
This  consideration  has  led  to  the  completion  of  the  present  invention  according  to  which  the  fused  silica  glass  crucible 
should  have  such  a  distribution  profile  of  aluminum  in  the  direction  of  wall  thickness  of  the  crucible  that  the  average 
concentration  of  aluminum  is  in  the  range  from  40  to  500  ppm  by  weight  or,  preferable,  from  50  to  150  ppm  by  weight 

is  in  the  surface  layer  of  30  urn  thickness  from  the  inner  surface  of  the  crucible  walls  and  not  exceeding  40  ppm  by  weight 
or,  preferably,  10  ppm  by  weight  within  the  layer  adjacent  to  the  surface  layer  in  a  depth  of  from  30  urn  to  1  mm  from 
the  inner  surface  of  the  crucible. 

As  to  the  impurity  elements  other  than  copper  and  aluminum  in  the  fused  silica  glass  crucible,  no  definite  correlation 
has  been  found  between  the  concentration  of  each  impurity  element  and  occurrence  of  delayed  OSFs  in  so  far  as  the 

20  impurity  concentration  is  within  the  range  in  the  conventional  fused  silica  glass  crucibles  so  that  it  makes  no  matter 
whether  the  concentrations  of  these  impurity  elements  are  conventional  or  somewhat  higher  although  it  is  a  desirable 
way  to  use  a  crucible  having  a  purity  as  high  as  possible  also  relative  to  these  impurity  elements  other  than  copper  and 
aluminum. 

As  is  mentioned  above,  the  concentration  of  copper  in  question  is  the  average  concentration  throughout  the  body 
25  of  the  fused  silica  glass  crucible  while  the  concentration  of  aluminum  must  be  controlled  by  way  of  the  distribution  profile 

relative  to  the  inner  surface  layer  of  the  crucible  walls  which  is  lost  by  melting  down  into  the  melt  of  silicon  contained  in 
the  crucible  up  to  the  moment  of  completion  of  the  single  crystal  growing  process  by  the  Czochralski  method.  This 
differentiation  between  copper  and  aluminum  is  due  to  the  difference  in  the  mobility  of  the  respective  impurity  elements 
within  the  fused  silica  glass.  Namely,  aluminum  is  relatively  immobile  not  to  cause  diffusion  in  the  silica  glass  during  the 

30  single  crystal  growing  process  so  that  the  distribution  profile  thereof  is  unchanged  throughout  the  process  while  copper 
has  a  relatively  high  mobility  in  the  silica  glass  to  cause  diffusion  so  that  control  of  the  distribution  profile  has  no  particular 
significance  due  to  the  change  before  the  start  and  after  completion  of  the  single  crystal  growing  process.  Namely,  it  is 
important  that  aluminum  is  concentrated  by  segregation  in  the  inner  surface  layer  of  the  crucible  while  the  concentration 
of  the  copper  impurity  is  kept  as  low  as  possible  as  an  average  value  for  the  whole  crucible  body  (see  Japanese  Patent 

35  Kokai  4-108683). 
Following  is  a  description  of  the  procedure  for  the  preparation  of  a  fused  silica  glass  crucible  having  the  above 

mentioned  unique  distribution  profile  of  the  impurity  concentrations  relative  to  copper  and  aluminum  according  to  the 
present  invention. 

As  is  disclosed  in  Japanese  Patent  Kokai  63-1  66791  ,  it  is  the  prior  art  when  a  fused  silica  glass  crucible  from  natural 
40  quartz  having  an  ultra-high  purity  is  desired  that  the  aluminum  impurity  deposited  or  accumulated  on  the  inner  surface 

of  the  crucible  during  fusion  of  the  crucible  is  removed.  In  the  absence  of  understanding  of  the  exact  mechanism  for  the 
segregation  of  aluminum,  this  is  the  only  possible  way  to  ensure  a  high  purity  relative  to  aluminum  because  of  the 
non-availability  of  any  effective  means  to  prevent  accumulation  of  aluminum.  Such  a  procedure  to  subsequently  remove 
the  impurity  accumulated  on  the  inner  surface  of  the  fused  silica  glass  crucible  is  generally  applicable  to  other  impurity 

45  elements  to  cause  surface  segregation  in  the  manufacture  of  fused  silica  glass  crucibles  from  natural  quartz  as  the 
starting  material. 

The  inventors  conducted  two  test  procedures  for  the  Czochralski  growing  of  N-type  silicon  single  crystals  by  using, 
one,  a  fused  silica  glass  crucible  prepared  from  natural  quartz  and  subsequently  purified  to  an  ultimately  high  purity  by 
the  above  described  method  and,  the  other,  a  crucible  of  synthetic  silica  having  a  still  higher  purity.  To  the  contrary  to 

so  the  expected  results,  these  silicon  single  crystals  were  nothing  better  or  rather  worse  than  the  silicon  single  crystals 
grown  from  conventional  fused  silica  glass  crucibles  in  respect  of  occurrence  of  delayed  OSFs.  The  investigations  un- 
dertaken  to  find  the  mechanism  leading  to  this  unexpected  phenomenon  have  led  to  a  conclusion  that  the  aluminum 
impurity  deposited  and  accumulated  on  the  inner  surface  of  the  crucible  walls  acts  rather  suppressingly  on  the  occurrence 
of  delayed  OSFs  so  that  the  aluminum  impurity  on  the  inner  surface  of  the  crucible  walls  should  not  have  been  completely 

55  removed  in  order  to  minimize  delayed  OSFs.  Assuming  that  the  overall  amount  of  the  aluminum  impurity  be  identical, 
it  is  not  sufficient  that  the  aluminum  is  distributed  evenly  throughout  the  crucible  walls  but  it  is  essential  that  the  aluminum 
impurity  is  contained  mostly  within  the  layer  of  about  30  u.m  thickness  from  the  inner  surface  of  the  crucible  walls  so  as 
to  be  transferred  into  the  melt  of  silicon  before  the  start  of  the  single  crystal  pulling-up  process  from  the  melt.  As  to  the 
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other  impurity  elements  in  the  fused  silica  glass  crucibles,  no  particular  adverse  influences  have  been  found  thereby  on 
the  occurrence  of  delayed  OSFs  excepting  for  copper  of  which  the  concentration  must  not  exceed  0.5  ppb  by  weight 
as  an  average  over  the  whole  body  of  the  crucible  in  order  to  prevent  occurrence  of  delayed  OSFs  in  an  N-type  silicon 
single  crystal  grown  from  the  crucible. 

5  In  the  manufacturing  process  of  a  fused  silica  glass  crucible  from  natural  quartz,  a  powder  of  natural  quartz  is  first 
washed  with  a  mixture  of  hydrofluoric  acid  and  nitric  acid  and  then  subjected  to  a  heat  treatment  at  1  000  °C  to  1  300  °C 
in  an  atmosphere  containing  hydrogen  chloride  and  chlorine  in  combination  followed  by  a  second  acid  washing  with 
hydrofluoric  acid  so  that  the  content  of  copper  in  the  powder  is  decreased  to  0.3  ppb  by  weight  or  lower  after  the  treat- 
ments  to  give  a  high-purity  quartz  powder.  It  is  known  that  these  treatments  have  no  effect  to  decrease  the  content  of 

10  the  IIIB-Group  elements  on  the  Periodic  Table  such  as  aluminum  so  that  the  concentration  of  aluminum  of,  e.g.,  12  ppm 
by  weight  before  the  treatments  is  retained  as  such  after  the  treatments.  Alkali  metals,  iron  and  nickel  are  among  those 
impurity  elements  which  can  be  particularly  removed  from  the  quartz  powder  by  these  treatments. 

The  thus  purified  quartz  powder  is  deposited  on  the  wall  of  a  mold  rotating  around  the  vertical  axis  and  the  deposition 
of  the  powder  is  heated  from  inside  to  effect  fusion  and  vitrification  into  the  form  of  a  fused  silica  glass  crucible.  When 

is  the  temperature  on  the  inner  surface  of  the  thus  molded  crucible  is  about  2200  °C,  it  has  been  found  that  gradual 
accumulation  of  aluminum  takes  place  so  that  the  average  concentration  of  aluminum  in  the  inner  surface  layer  of  30 
u.m  thickness  reaches  about  50  ppm  by  weight.  If  the  heating  is  continued  at  2300  °C  for  5  minutes  or  longer,  a  further 
increase  of  the  aluminum  concentration  gradually  proceeds  so  that  the  average  concentration  of  aluminum  within  the 
inner  surface  layer  reaches  about  300  ppm  by  weight.  Prolongedly  continued  heating  at  this  temperature  to  exceed  30 

20  minutes  results  in  an  increase  in  the  concentration  of  aluminum  in  the  layer  at  40  urn  or  deeper  from  the  inner  surface 
of  the  crucible  due  to  the  diffusion  of  aluminum  so  that  the  crucible  thus  prepared  cannot  meet  the  object  of  the  present 
invention.  It  is  of  course  that  the  temperature  of  the  fusion  and  vitrification  and  length  of  time  therefor  in  the  manufacture 
of  the  crucible  should  be  adequately  selected  depending  on  the  dimensions  of  the  crucibles  because  the  required  amount 
of  surface  segregation  of  aluminum  depends  on  the  amount  of  charge  of  polycrystalline  silicon  into  the  crucible. 

25  According  to  the  scope  of  the  present  invention,  it  is  important  that  a  certain  amount  of  aluminum  is  taken  into  the 
melt  of  silicon  before  the  start  of  the  single  crystal  pulling-up  process  and  subsequently  no  substantial  increase  is  caused 
in  the  concentration  of  aluminum  in  the  melt.  This  is  the  reason  for  the  requirement  that  the  necessary  amount  of  alu- 
minum  should  be  accumulated  within  the  30  urn  thick  layer  on  the  inner  surface  of  the  crucible  walls  because  the  thick- 
ness  of  the  layer  of  the  crucible  walls  which  is  lost  by  melting  down  into  the  melt  of  silicon  before  the  start  of  the  single 

30  crystal  growing  process  rarely  exceeds  30  urn  It  is  of  course  optional  that  the  aluminum-segregation  layer  has  a  thick- 
ness  smaller  than  30  urn  if  it  is  confined  within  the  30  u.m  thick  layer  from  the  inner  surface  of  the  crucible  although  a 
remedial  means  can  be  undertaken  even  if  the  aluminum-segregation  layer  is  not  confined  within  the  30  urn  thick  layer 
from  the  inner  surface,  for  example,  by  extending  the  time  for  keeping  the  melt  of  silicon  in  the  crucible  before  the  start 
of  the  single  crystal  pulling-up  procedure  because,  in  essence,  the  requirement  is  that  the  necessary  amount  of  aluminum 

35  has  been  taken  into  the  melt  of  silicon  before  the  start  of  the  single  crystal  pulling-up  procedure. 
When  the  fused  silica  glass  crucible  in  itself  has  no  segregation  layer  of  aluminum  on  the  inner  surface  or  the'average 

concentration  of  aluminum  is  lower  than  40  ppm  by  weight  in  the  inner  surface  layer  of  30  u.m  thickness  as  is  the  case 
in  a  crucible  prepared  from  natural  quartz  and  having  the  aluminum-segregation  layer  completely  removed  or  a  crucible 
of  a  synthetic  silica  glass  inherently  containing  only  an  extremely  small  amount  of  aluminum,  it  is  necessary  according 

40  to  the  invention  that  the  inner  surface  of  the  crucible  is  provided  with  a  deposition  of  a  coating  layer  doped  with  aluminum 
in  an  amount  to  meet  the  requirement  for  the  prevention  of  the  phenomenon  of  delayed  OSF  in  the  silicon  single  crystal 
grown  from  the  crucible.  The  thickness  of  this  additional  aluminum-doped  coating  layer  is  about  5  urn  in  order  not  to 
cause  falling  from  the  crucible  surface.  Needless  to  say,  the  amount  of  aluminum  contained  in  the  inner  surface  layer 
of  the  crucible  is  adequately  adjusted  so  as  to  ensure  a  necessary  concentration  of  aluminum  in  the  melt  of  silicon 

45  because  the  proportion  of  the  volume  of  the  silicon  melt  contained  in  the  crucible  and  the  area  of  the  crucible  surface 
coming  into  contact  with  the  melt  depends  on  the  dimensions  of  the  crucible.  Doping  of  the  fused  silica  glass  crucible 
with  aluminum  can  be  conducted  by  the  method  of  putting  an  aluminum  dopant  material  on  the  bottom  of  the  crucible 
before  the  crucible  is  charged  with  blocks  of  polycrystalline  silicon  or  by  the  method  in  which  an  aluminum  dopant  is 
introduced  into  the  melt  of  silicon  in  the  Czochralski  furnace  by  means  of  a  specific  instrument.  Incidentally,  the  fused 

so  silica  glass  crucible  having  the  specified  distribution  profiles  of  the  concentrations  of  aluminum  and  copper  according 
to  the  present  invention  can  be  used  without  any  detrimental  effects  in  the  Czochralski  growing  of  a  P-type  silicon  single 
crystal. 

The  amount  of  the  aluminum  dopant  to  be  used  in  the  above  mentioned  doping  method  should  be  equivalent  to 
that  of  aluminum  which  should  be  taken  into  the  melt  when  the  fused  silica  glass  crucible  assumedly  has  an  inner  surface 

55  layer  containing  aluminum  in  the  specified  concentration.  Thus,  the  amount  W  of  the  dopant  aluminum  is  given  by  taking 
into  account  the  following  equation: 

W  =  A X t X p X C ,  
in  which  W  is  the  amount  of  aluminum  introduced  into  the  melt  of  silicon  from  an  aluminum-containing  crucible;  A  is  the 
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area  of  the  surface  on  which  the  melt  of  silicon  is  in  contact  with  the  crucible  walls;  t  is  the  thickness  of  the  layer  which 
is  melted  down  in  the  single  crystal  growing  process;  p  is  the  density  of  the  fused  silica  glass  crucible;  and  C  is  the 
average  concentration  of  aluminum  in  the  layer  of  the  crucible  walls  to  be  melted  down  into  the  melt  during  the  process. 
Namely,  the  amount  of  the  dopant  aluminum  to  be  added  is  the  difference  between  the  amount  W  when  C  is  in  the  range 

5  from  40  to  500  ppm  by  weight  and  the  amount  of  W  when  C  is  the  actual  concentration  of  aluminum  in  the  inner  surface 
layer. 

In  the  following,  the  present  invention  is  described  in  more  detail  by  way  of  examples  and  comparative  examples 
showing  some  typical  cases. 

10  Example  1. 

A  fused  silica  glass  crucible,  referred  to  as  the  crucible  A  hereinafter,  having  an  inner  diameter  of  18  inches  was 
prepared.  The  crucible  A  was  prepared  from  a  high-purity  powder  of  natural  quartz,  after  a  heat  treatment  at  1200  °C 
in  an  atmosphere  of  hydrogen  chloride  and  chlorine,  by  fusion  and  vitrification  at  2300  °C  so  as  to  have  a  segregation 

is  layer  of  aluminum  on  the  inner  surface.  Table  1  below  shows  the  analytical  results  of  the  contents  of  9  impurity  elements 
including  aluminum  and  copper.  The  concentration  of  aluminum  is  given  there  in  two  ways  of,  one,  for  the  concentration 
in  the  surface  layer  of  30  u.m  thickness  from  the  inner  surface  of  the  crucible,  referred  to  as  the  surface  concentration 
in  the  table,  and,  the  other,  for  the  concentration  in  the  layer  adjacent  thereto  in  a  depth  of  30  urn  to  1  mm  from  the  inner 
surface,  referred  to  as  the  bulk  concentration  in  the  table,  while  the  contents  of  the  other  impurity  elements  are  given 

20  as  an  average  from  the  whole  volume  of  the  crucible.  The  units  of  the  numerical  values  in  the  table  are  ppmw  (ppm  by 
weight)  for  aluminum  and  ppbw  (ppb  by  weight)  for  the  other  impurity  elements. 

The  analytical  method  for  the  determination  of  the  concentration  of  aluminum  was  as  follows.  For  the  determination 
of  the  surface  concentration  of  aluminum,  a  30  u.m  thick  surface  layer  was  dissolved  out  with  a  38%  hydrofluoric  acid 
and  this  acid  solution  was  subjected  to  the  analysis  by  the  atomic  absorption  spectrophotometric  method  to  determine 

25  the  relative  intensities  of  light  absorption  for  aluminum  and  silicon  and  the  concentration  of  aluminum  was  obtained  by 
calculation  from  the  relative  intensities  for  a  known  concentration  proportion.  Thereafter,  the  surface  layer  having  a 
thickness  of  1  mm  as  measured  from  the  initial  surface  before  the  above  mentioned  acid  treatment  was  taken  by  cutting, 
of  which  the  bulk  concentration  of  aluminum  was  determined  also  by  the  method  of  the  atomic  absorption  spectropho- 
tometry. 

30  Using  the  above  described  crucible  A,  a  crystal  growing  test  was  undertaken  according  to  a  standard  procedure  of 
Czochralski  method  in  which  the  crucible  was  charged  with  60  kg  of  polycrystalline  silicon  blocks  to  form  a  melt  by 
heating,  from  which  a  single  crystal  silicon  rod  of  6  inches  diameter  doped  with  phosphorus  and  weighing  45  kg  was 
pulled  up  in  the  crystallographic  orientation  of  <1  00>  and  subjected  to  the  examination  of  occurrence  of  OSFs  either  as 
grown  or  after  storage  for  weeks.  Incidentally,  the  polycrystalline  silicon  as  well  as  the  materials  of  the  Czochralski 

35  furnace  were  all  of  the  highest  purity-grades  available  in  order  to  minimize  the  influences  by  the  foreign  impurities  not 
originating  in  the  crucible. 

In  conducting  the  test  for  OSFs,  four  blocks  1  to  4  were  taken  from  the  thus  obtained  silicon  single  crystal  rod  by 
dividing  according  to  the  schematic  illustration  in  Figure  4  and  each  of  the  blocks  was  subjected  to  the  test  of  OSFs 
after  the  respective  treatment  described  below. 

40  The  block  1  was,  immediately  after  dividing  the  rod  into  blocks,  sliced  into  2  mm  thick  wafers,  each  of  which  was 
mirror-polished  and  subjected  to  a  heat  treatment  in  a  schedule  including  a  temperature  elevation  stage  from  800  °C 
up  to  1200  °C  at  a  rate  of  10  °C/minute,  constant-temperature  stage  at  1200  °C  in  a  wet-oxygen  condition  for  100 
minutes,  tempera-ture  lowering  stage  down  to  800  °C  at  a  rate  of  1  .5  °C/minute  and  cooling  down  stage  to  room  tem- 
perature.  Thereafter,  the  oxidized  surface  film  on  the  wafer  surface  was  removed  by  using  hydrofluoric  acid  and  the 

45  wafers  were  subjected  to  SECCO  etching  (F.  Secco  et  al.,  Journal  of  Electrochemical  Society,  volume  119,  page  984, 
1  972)  for  2  minutes  and  the  density  of  the  OSFs  was  determined  using  an  optical  microscope. 

The  blocks  2,  3  and  4  were  kept  standing  for  storage  at  23  °C  for  2  weeks,  4  weeks  and  6  weeks,  respectively 
before  slicing  into  2  mm  thick  wafers,  each  of  which  was  subjected  to  mirror-polishing  and  the  same  treatment  and  test 
of  OSFs  as  in  the  block  1  .  The  results  of  the  OSF  test  were  that  absolutely  no  OSFs  were  detected  in  any  of  the  wafers 

so  taken  not  only  from  the  block  1  but  also  from  the  blocks  2  to  5  indicating  absence  of  the  phenomenon  of  delayed  OSF. 

Example  2. 

The  experimental  procedure  was  substantially  the  same  as  in  Example  1  excepting  for  the  use  of  a  fused  silica 
55  glass  crucible,  referred  to  as  the  crucible  B  hereinafter,  which  was  prepared  from  synthetic  silica  and  coated  on  the  inner 

surface  with  a  layer  of  aluminum-doped  silica  glass  by  the  sol-gel  method.  The  contents  of  the  respective  impurity 
elements  in  the  crucible  B  are  shown  in  Table  1  .  Absolutely  no  OSFs  were,  detected  not  only  in  the  silicon  wafers  taken 
from  the  block  1  as  grown  but  also  in  the  wafers  taken  from  the  blocks  2  to  4  after  storage  at  room  temperature  for  up 
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to  6  weeks. 

Comparative  Example  1. 

5  The  experimental  procedure  was  substantially  the  same  as  in  Example  1  excepting  for  the  use  of  a  fused  silica 
glass  crucible,  referred  to  as  the  crucible  C  hereinafter,  which  was  prepared  from  conventional  natural  quartz  and  con- 
tained  1.0  ppb  by  weight  of  copper.  The  contents  of  the  respective  impurity  elements  in  the  crucible  C  are  shown  in 
Table  1  .  The  microscopic  examination  for  OSFs  indicated  that,  although  no  OSFs  were  detected  in  the  wafers  taken 
from  the  block  1  ,  the  density  of  OSFs  was  increased  in  the  wafers  taken  from  the  blocks  2  to  4  stored  at  room  temperature 

10  for  up  to  6  weeks  as  is  shown  in  Figure  5  by  the  curve  I. 

Comparative  Example  2. 

The  experimental  procedure  was  substantially  the  same  as  in  Example  1  excepting  for  the  use  of  a  fused  silica 
is  glass  crucible,  referred  to  as  the  crucible  D  hereinafter,  which  was  prepared  from  high-purity  synthetic  silica.  The  contents 

of  the  respective  impurity  elements  in  the  crucible  D  are  shown  in  Table  1.  The  microscopic  examination  for  OSFs 
indicated  that,  although  no  OSFs  were  detected  in  the  wafers  taken  from  the  block  1  ,  the  density  of  OSFs  was  increased 
in  the  wafers  taken  from  the  blocks  2  to  5  stored  at  room  temperature  for  up  to  6  weeks  as  is  shown  in  Figure  5  by  the 
curve  II. 

20 
Example  3. 

The  same  experimental  procedure  as  in  Comparative  Example  2  described  above  was  repeated  excepting  doping 
of  the  silicon  melt  in  the  crucible  with  aluminum  by  introducing  4  mg  of  a  powder  of  high-purity  aluminum  metal  containing 

25  2  ppm  by  weight  of  silicon  and  2  ppm  by  weight  of  copper  into  the  crucible  together  with  60  kg  of  the  polycrystalline 
silicon  blocks  so  that  the  doping  concentration  of  aluminum  in  the  silicon  melt  was  about  0.07  ppm  by  weight. 

The  above  mentioned  doping  amount  of  aluminum,  i.e.  4  mg,  was  a  result  of  the  estimation  by  calculation  in  the 
following  manner  using  the  equation: 

W  =  A X t X p X C ,  
30  given  before  assuming  A  =  3218.82  cm2  for  a  18-inch  crucible  containing  55  kg  of  silicon  melt,  t=30  urn,  p=2.3  g/cm3 

and  C=40  ppm  by  weight  or  500  ppm  by  weight  to  give  a  result  of  W=0.89  mg  or  11.13  mg,  respectively,  so  that  the 
actual  doping  amount  of  aluminum  should  be  somewhere  between  these  two  limiting  values. 

The  results  of  the  test  for  the  density  of  OSFs  in  the  single  crystal  of  silicon  grown  from  the  thus  aluminum-doped 
melt  were  that  absolutely  no  OSFs  were  detected  not  only  in  the  wafers  taken  from  the  block  1  but  also  in  the  wafers 

35  taken  from  the  blocks  2  to  5  stored  at  room  temperature  for  up  to  6  weeks  indicating  no  delayed  OSFs. 

Table  1 

40 

45 

50 

Crucible  A  B  C  D 

Aluminum  (ppmw) 
surface  102  80  250  <1 
bulk  5  <1  6  <1 

Copper  0.5  0.3  1.0  0.4 
Boron  <200  <200  <200  <200 
Nickel  <2  <2  <2  <2 
Iron  <200  <200  <200  <200 
Chromium  <20  <20  <20  <20 
Sodium  <100  <100  <100  <100 
Potassium  <100  <100  <100  <100 
Lithium  <300  <300  <300  <300 

(ppbw) 

55  Claims 

1.  In  a  method  for  the  preparation  of  a  semiconductor  silicon  single  crystal  by  the  Czochralski  method,  in  which  a 
silicon  single  crystal  rod  is  pulled  up  on  the  lower  end  of  a  seed  crystal  from  a  melt  of  silicon  prepared  by  melting 
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polycrystalline  silicon  in  a  fused  silica  glass  crucible,  the  improvement  which  comprises  using  a  fused  silica  glass 
crucible  having  such  distribution  profiles  of  aluminum  and  copper  as  impurities  in  the  direction  of  the  wall  thickness 
of  the  crucible  that  the  average  concentration  of  aluminum  is  in  the  range  from  40  to  500  ppm  by  weight  in  the 
surface  layer  of  30  urn  thickness  from  the  inner  surface  of  the  crucible  and  not  exceeding  40  ppm  by  weight  within 
the  layer  adjacent  to  the  surface  layer  in  a  depth  of  from  30  u.m  to  1  mm  from  the  inner  surface  of  the  crucible  and 
the  concentration  of  copper  does  not  exceed  0.5  ppb  by  weight  within  the  layer  from  the  inner  surface  to  the  outer 
surface  of  the  crucible. 

The  improvement  as  claimed  in  claim  1  in  which  the  average  concentration  of  aluminum  is  in  the  range  from  50  to 
1  50  ppm  by  weight  in  the  surface  layer  of  30  urn  thickness  from  the  inner  surface  of  the  crucible  and  not  exceeding 
10  ppm  by  weight  within  the  layer  adjacent  to  the  surface  layer  in  a  depth  of  from  30  urn  to  1  mm  from  the  inner 
surface  of  the  crucible. 

A  fused  silica  glass  crucible  for  the  preparation  of  a  semiconductor  silicon  single  crystal  by  the  Czochralski  method, 
in  which  a  silicon  single  crystal  rod  is  pulled  up  on  the  lower  end  of  a  seed  crystal  from  a  melt  of  silicon  prepared 
by  melting  polycrystalline  silicon  in  the  fused  silica  glass  crucible,  of  which  the  distribution  profiles  of  aluminum  and 
copper  as  impurities  in  the  direction  of  the  wall  thickness  of  the  crucible  are  such  that  the  average  concentration  of 
aluminum  is  in  the  range  from  40  to  500  ppm  by  weight  in  the  surface  layer  of  30  urn  thickness  from  the  inner  surface 
of  the  crucible  and  not  exceeding  40  ppm  by  weight  within  the  layer  adjacent  to  the  surface  layer  in  a  depth  of  from 
30  u.m  to  1  mm  from  the  inner  surface  of  the  crucible  and  the  concentration  of  copper  does  not  exceed  0.5  ppb  by 
weight  within  the  layer  from  the  inner  surface  to  the  outer  surface  of  the  crucible. 

In  a  method  for  the  preparation  of  a  semiconductor  silicon  single  crystal  by  the  Czochralski  method,  in  which  a 
silicon  single  crystal  rod  is  pulled  up  on  the  lower  end  of  a  seed  crystal  from  a  melt  of  silicon  prepared  by  melting 
polycrystalline  silicon  in  a  fused  silica  glass  crucible,  the  improvement  which  comprises  using  a  fused  silica  glass 
crucible  containing  aluminum  and  copper  as  impurities  in  concentrations  lower  than  40  ppm  by  weight  and  not 
exceeding  0.5  ppb  by  weight,  respectively,  and  adding  aluminum  as  a  dopant  to  the  melt  of  silicon  in  the  crucible 
in  such  an  amount  that  the  total  amount  of  the  added  dopant  aluminum  and  the  aluminum  impurity  contained  in  the 
inner  surface  layer  of  the  crucible  of  30  urn  thickness  from  the  inner  surface  is  equal  to  the  amount  of  the  fused 
silica  glass  forming  the  30  u.um  thick  inner  surface  layer  of  the  crucible  multiplied  by  the  concentration  of  aluminum 
in  the  range  from  40  ppm  by  weight  to  500  ppm  by  weight. 
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