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(57)  There  is  disclosed  a  method  for  producing  a  sil- 
icon  single  crystal  in  accordance  with  the  Czochralski 
method  characterized  in  that  a  crystal  is  pulled  with  con- 
trolling  a  temperature  in  a  furnace  so  that  AG  may  be  0 
or  a  negative  value,  where  AG  is  a  difference  between 
the  temperature  gradient  Gc  (°C/mm)  at  the  center  of  a 
crystal  and  the  temperature  gradient  Ge  (°C/mm)  at  the 
circumferential  portion  of  the  crystal,  namely  AG  =(Ge- 
Gc),  wherein  G  is  a  temperature  gradient  in  the  vicinity 
of  a  solid-liquid  interface  of  a  crystal  from  the  melting 
point  of  silicon  to  1400°C,  and  with  controlling  a  pulling 
rate  in  a  range  between  a  pulling  rate  corresponding  to 
a  minimum  value  of  the  inner  line  of  OSF  region  and  a 
pulling  rate  corresponding  to  a  minimum  value  of  the 
outer  line,  when  OSF  region  is  generated  in  an  inverted 
M  belt  shape  in  a  defect  distribution  chart  which  shows 
a  defect  distribution  in  which  the  horizontal  axis  repre- 
sents  a  diameter  of  the  crystal  and  the  vertical  axis  rep- 
resent  a  pulling  rate.  There  can  be  provided  a  method 
of  producing  a  silicon  single  crystal  wafer  by  CZ  method 
characterized  in  that  OSF  in  the  ring  shape  distribution 
generated  when  being  subjected  to  thermal  oxidation  or 
latent  nuclei  of  OSF  is  present  in  a  low  density,  and  nei- 
ther  FPD,  COP,  L/D,  LSTD  nor  defect  detected  by  Cu 
decoration  is  present  under  a  stable  manufacture  con- 
dition. 
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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention: 

[0001]  The  present  invention  relates  to  a  silicon  single 
crystal  wafer  having  few  crystal  defects,  as  well  as  to  a 
method  for  producing  it. 

Description  of  the  Related  Art: 

[0002]  Along  with  a  decrease  in  size  of  semiconductor 
devices  for  achieving  an  increased  degree  of  integration 
of  semiconductor  circuits,  more  severe  quality  require- 
ments  have  recently  been  imposed  on  silicon  single 
crystals  which  are  grown  by  the  Czochralski  method 
(hereinafter  referred  to  as  the  CZ  method)  for  use  as 
materials  for  substrates  of  semiconductor  devices.  Par- 
ticularly,  there  has  been  required  a  reduction  in  density 
and  size  of  grown-in  defects  such  as  FPDs,  LSTDs,  and 
COPs,  which  are  generated  during  the  growth  of  a  single 
crystal  and  degrade  oxide  dielectric  breakdown  voltage 
and  characteristics  of  devices. 
[0003]  In  connections  with  the  above-mentioned  de- 
fects  incorporated  into  a  silicon  single  crystal,  first  are 
described  factors  which  determine  the  concentration  of 
a  point  defect  called  a  vacancy  (hereinafter  may  be  re- 
ferred  to  as  V)  and  the  concentration  of  a  point  defect 
called  an  interstitial-silicon  (hereinafter  may  be  referred 
to  as  I). 
[0004]  In  a  silicon  single  crystal,  a  V  region  refers  to 
a  region  which  contains  a  relatively  large  number  of  va- 
cancies,  i.e.,  depressions,  pits,  voids  or  the  like  caused 
by  missing  silicon  atoms;  and  an  I  region  refers  to  a  re- 
gion  which  contains  a  relatively  large  number  of  dislo- 
cations  caused  by  excess  silicon  atoms  or  a  relatively 
large  number  of  clusters  of  excess  silicon  atoms.  Fur- 
ther,  between  the  V  region  and  the  I  region  there  exists 
a  neutral  (hereinafter  may  be  referred  to  as  N)  region 
which  contains  no  or  few  excess  or  missing  silicon  at- 
oms.  Recent  studies  have  revealed  that  the  above-men- 
tioned  grown-in  defects  such  as  FPDs,  LSTDs,  and 
COPs  are  generated  only  when  vacancies  and/or  inter- 
stitials  are  present  in  a  supersaturated  state  and  that 
even  when  some  atoms  deviate  from  their  ideal  posi- 
tions,  they  do  not  appear  as  a  defect  so  long  as  vacan- 
cies  and/or  interstitials  do  not  exceed  the  saturation  lev- 
el. 
[0005]  It  has  been  confirmed  that  the  concentration  of 
vacancies  and/or  interstitials  depends  on  the  relation 
between  the  pulling  rate  (growth  rate)  of  crystal  in  the 
CZ  method  and  the  temperature  gradient  G  in  the  vicin- 
ity  of  a  solid-liquid  interface  of  a  growing  crystal,  and 
that  another  type  of  defect  called  oxidation-induced 
stacking  fault  (hereinafter  may  be  referred  to  as  OSF) 
is  present  in  ring-shape  distribution  in  the  vicinity  of  a 
boundary  between  a  V  region  and  an  I  region,  when  the 

cross  section  vertical  to  the  axis  of  crystal  growth  is  ob- 
served. 
[0006]  When  a  crystal  is  pulled  through  use  of  a  CZ 
pulling  apparatus  with  a  furnace  structure  (hereinafter 

5  occasionaly  referred  to  as  hot  zone:  HZ)  having  a  large 
temperature  gradient  G  in  the  vicinity  of  a  solid-liquid 
interface  of  the  crystal  with  varying  a  growing  rate  from 
high  speed  to  a  low  speed  along  the  crystal  axis,  a  defect 
distribution  chart  for  defects  due  to  crystal  growth  as 

10  shown  in  Fig.  5  can  be  obtained. 
[0007]  The  defects  in  the  radial  cross  section  can  be 
classified  as  follows.  When  the  growth  rate  is  relatively 
high;  e.g.,  about  0.6  mm/min  or  higher,  grown-in  defects 
such  as  FPDs,  LSTDs,  and  COPs  which  are  believed  to 

is  be  generated  due  to  voids  at  which  vacancy-type  points 
defects  aggregate  are  present  at  a  high  density  over  the 
entire  radial  cross  section  of  a  crystal.  The  region  where 
these  defects  are  present  is  called  a  "V-rich  region"  (See 
Fig.  5(A),  line  (A)  and  Fig.  6(A)).  When  the  growth  rate  is 

20  not  greater  than  0.6  mm/min,  as  the  growth  rate  de- 
creases  the  above-described  OSF  ring  is  generated 
from  a  circumferential  portion  of  the  crystal.  In  such  a 
case,  L/D  (large  dislocation,  simplified  expression  of  in- 
terstitial  dislocation  loop)  defects  such  as  LSEPDs  and 

25  LFPDs  which  are  believed  to  be  generated  due  to  dis- 
location  loop  are  present  at  a  low  density  outside  the 
OSF  ring.  The  region  where  these  defects  are  present 
is  called  an  "l-rich  region"  (hereinafter  occasionally  re- 
ferred  to  as  L/D  region).  Further,  when  the  growth  rate 

30  is  decreased  to  about  0.4  mm/min  or  less,  the  above- 
described  OSF  ring  shrinks  to  the  center  of  a  wafer  and 
disappears,  so  that  the  l-rich  region  spreads  over  the 
entire  cross  section  of  the  wafer  (See  Fig.  5,  line  (C),  Fig. 
6(C)). 

35  [0008]  Further,  there  has  been  recently  found  the  ex- 
istence  of  a  region,  called  a  N  (neutral)  region,  which  is 
located  between  the  V-rich  region  and  the  l-rich  region 
and  outside  the  OSF  ring  and  in  which  there  exists  nei- 
ther  defects  of  FPDs,  LSTDs  and  COPs  stemming  from 

40  voids  nor  defects  of  LSEPDs  and  LFPDs  stemming  from 
a  dislocation  loop.  The  region  has  been  reported  to  be 
located  outside  the  OSF  ring,  and  substantially  no  oxy- 
gen  precipitation  occurs  there  when  a  single  crystal  is 
subjected  to  a  heat  treatment  for  oxygen  precipitation 

45  and  the  contrast  due  to  oxide  precipitates  is  observed 
through  use  of  an  X-ray  beam.  Further,  the  N-region  is 
on  an  l-rich  region  side,  and  is  not  rich  enough  to  cause 
formation  of  LSEPDs  and  LFPDs  (See  Fig.  5,  line  (B), 
Fig.6(B)). 

so  [0009]  It  is  proposed  that  the  N-region  that  is  present 
only  partly  in  the  wafer  when  using  a  conventional  CZ 
pulling  apparatus  can  be  expanded  by  improving  tem- 
perature  distribution  in  the  furnace  of  the  pulling  appa- 
ratus,  controlling  a  pulling  rate  so  that  V/G  value  may 

55  be  0.20  -  0.22  mm2/°C-min,  in  which  V  is  a  pulling  rate 
(mm/min),  and  G  is  an  average  intra-crystal  temperature 
gradient  (°C/mm)  along  the  pulling  direction  from  a  melt- 
ing  point  of  silicon  to  1300°C  (°C/mm)  in  the  entire  sur- 
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face  of  the  wafer  and  in  full  length  of  the  crystal  (Japa- 
nese  Patent  Application  Laid-open  (kokai)  No. 
8-  330316). 
[0010]  However,  for  producing  such  a  single  crystal 
that  the  region  having  a  very  low  defect  density  is  ex-  s 
panded  to  the  entire  crystal,  the  producing  condition 
should  be  controlled  in  a  very  narrow  range,  since  the 
region  is  limited  to  the  N-region  on  the  side  of  l-rich  re- 
gion.  Particularly,  not  in  a  test  machine  but  in  a  machine 
for  actual  production,  it  is  difficult  to  control  precisely,  10 
and  therefore,  there  is  a  problem  in  productivity,  and 
such  a  method  is  not  practical. 
[0011]  In  a  current  method  of  general  silicon  single 
crystals,  when  the  growing  rate  is  intentionally  changed 
along  the  crystal  axis  from  high  speed  to  low  speed  as  15 
shown  in  Fig.  5,  the  following  types  of  crystals  can  be 
obtained  as  shown  in  Fig.  6:  (A)  crystals  having  V-rich 
region  in  the  entire  cross  section,  (B)  crystals  having 
both  V-rich  region  and  N-region,  (C)  crystals  having  I- 
rich  region  in  the  entire  cross  section  (occasionally  re-  20 
ferred  to  as  L/D  rich  region  type  crystal)  and  (D)  crystals 
having  both  V-rich  region  and  l-rich  region  (not  shown). 
Therefore,  the  growing  rate  is  controlled  along  the  crys- 
tal  axis  to  produce  a  crystal  having  a  quality  suitable  for 
intended  uses.  25 
[001  2]  The  crystals  of  the  type  (A)  are  mass-produced 
as  standard  products.  The  crystal  of  the  type  (B),  namely 
V-N  coexistent  type  crystals  are  produced  as  improved 
products  of  the  crystals  of  the  type  (A).  However,  in  a 
device  process,  yield  is  low  in  V-rich  region  although  30 
high  in  N-region.  Accordingly,  the  crystal  of  the  type  (B) 
is  not  completely  improved.  The  crystals  of  the  type  (C), 
wherein  the  entire  cross  section  is  occupied  by  l-rich  re- 
gion  are  produced  as  a  particle  monitor.  However,  it  is 
not  used  for  fabrication  of  device,  since  L/D  is  detrimen-  35 
tal. 
[0013]  The  wafers  of  the  types  (A),  (C)  and  (D)  have 
a  problem  that  the  device  yield  is  lowered  by  influence 
of  large  vacancies,  interstitial  dislocations  or  the  like  re- 
maining  on  the  surface  of  the  wafers  when  they  are  used  40 
in  a  device  process. 
[001  4]  Recently,  crystals  of  type  (E)  wherein  the  entire 
cross  section  is  occupied  by  N-region  (not  shown)  are 
proposed.  However,  they  are  not  practical,  since  pro- 
ductivity  thereof  is  low.  There  are  also  proposed  crystals  45 
of  type  (F)  wherein  the  entire  cross  section  is  occupied 
by  N-region  and  OSF  ring  is  generated  when  being  sub- 
jected  to  thermal  oxidation  or  nuclei  of  OSF  ring  are 
present,  and  neither  FPD  nor  L/D  is  present  in  the  entire 
cross  section  (Japanese  Patent  Application  No.  so 
9-  325428).  However,  there  may  be  present  vacancy  de- 
fects  which  are  finer  than  FPD.  Such  defects  are  detect- 
ed  with  Cu  decoration.  They  may  cause  degradation  of 
oxide  dielectric  breakdown  voltage,  and  require  further 
improvement.  55 
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SUMMARY  OF  THE  INVENTION 

[0015]  The  present  invention  has  been  accomplished 
to  solve  the  above-mentioned  previous  problems,  and 
an  object  of  the  invention  is  to  produce  under  a  stable 
manufacture  condition  a  silicon  single  crystal  wafer  by 
CZ  method  wherein  OSF  in  the  ring  shape  distribution 
generated  when  being  subjected  to  thermal  oxidation  or 
latent  nuclei  of  OSF  is  present  in  a  low  density,  and  nei- 
ther  FPD,  COP,  L/D,  LSTD  nor  defect  detected  by  Cu 
decoration  is  present. 
[0016]  To  achieve  the  above-mentioned  object,  the 
present  invention  provides  a  silicon  single  crystal  wafer 
produced  by  Czochralski  method  wherein  OSF  in  the 
ring  shape  distribution  generated  when  being  subjected 
to  thermal  oxidation  or  nuclei  of  OSF  are  present,  but 
neither  FPD,  COP,  L/D,  LSTD  nor  defect  detected  by  Cu 
decoration  is  present  in  the  entire  surface  of  the  wafer. 
[0017]  As  described  above,  in  the  wafer  of  the  present 
invention,  although  OSF  in  the  ring  shape  distribution  or 
latent  nuclei  of  OSF  are  present,  grown-in  defects  such 
as  FPD  or  the  like  are  not  present.  Particularly,  defects 
detected  by  Cu  decoration  are  not  present  in  the  wafer 
of  the  present  invention. 
[0018]  Preferably,  oxygen  concentration  in  the  wafer 
is  less  than  24  ppma  (ASTM'79  value). 
[0019]  There  can  be  thereby  obtained  a  silicon  single 
crystal  wafer  wherein  OSF  is  not  generated  although  la- 
tent  nuclei  of  OSF  are  present  when  being  subjected  to 
thermal  oxidation,  neither  FPD,  COP,  L/D,  LSTD  nor  de- 
fect  detected  by  Cu  decoration  is  present  in  the  entire 
cross  section. 
[0020]  The  present  invention  also  provides  a  silicon 
single  crystal  wafer  containing  very  few  defects  having 
a  density  of  OSF  of  100  number/cm2  or  less  generated 
when  the  wafer  is  subjected  to  the  thermal  oxidation 
treatment.  The  density  of  OSF  is  measured  by  subject- 
ing  a  silicon  single  crystal  wafer  to  a  heat  treatment  at 
1  200  °C  for  1  00  minutes  and  then  to  a  etching  treatment 
with  Wright  solution. 
[0021]  The  above  mentioned  silicon  single  crystal  wa- 
fer  can  be  produced  by,  for  example,  a  method  for  pro- 
ducing  a  silicon  single  crystal  in  accordance  with  the  CZ 
method  wherein  a  silicon  single  crystal  is  pulled  so  that 
AG  may  be  0  or  a  negative  value,  where  AG  is  a  differ- 
ence  between  the  temperature  gradient  Gc  (°C/mm)  at 
the  center  of  a  crystal  and  the  temperature  gradient  Ge 
(°C/mm)  at  the  circumferential  portion  of  the  crystal, 
namely  AG  =(Ge-Gc),  wherein  G  is  a  temperature  gra- 
dient  in  the  vicinity  of  a  solid-liquid  interface  of  a  crystal 
from  the  melting  point  of  silicon  to  1400°C. 
[0022]  The  present  invention  provides  a  method  for 
producing  a  silicon  single  crystal  in  accordance  with  the 
CZ  method  wherein  a  crystal  is  pulled  with  controlling  a 
temperature  in  a  furnace  so  that  AG  may  be  0  or  a  neg- 
ative  value,  where  AG  is  a  difference  between  the  tem- 
perature  gradient  Gc  (°C/mm)  at  the  center  of  a  crystal 
and  the  temperature  gradient  Ge  (°C/mm)  at  the  circum- 
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ferential  portion  of  the  crystal,  namely  AG  =(Ge-Gc), 
wherein  G  is  a  temperature  gradient  in  the  vicinity  of  a 
solid-liquid  interface  of  a  crystal  from  the  melting  point 
of  silicon  to  1400°C,  and  with  controlling  a  pulling  rate 
in  a  range  between  a  pulling  rate  corresponding  to  a 
minimum  value  of  the  inner  line  of  OSF  region  and  a 
pulling  rate  corresponding  to  a  minimum  value  of  the 
outer  line,  when  OSF  region  is  generated  in  an  inverted 
M  belt  shape  in  a  defect  distribution  chart  which  shows 
a  defect  distribution  in  which  the  horizontal  axis  repre- 
sents  a  diameter  of  the  crystal  and  the  vertical  axis  rep- 
resent  a  pulling  rate. 
[0023]  The  OSF  region  means  a  distribution  of  OSF 
ring  in  a  direction  of  a  crystal  growing  axis. 
[0024]  As  described  above,  when  the  crystal  is  pulled 
with  controlling  the  temperature  in  the  furnace  so  that 
the  difference  AG  between  the  temperature  gradient  at 
the  center  of  a  crystal  and  the  temperature  gradient  at 
the  circumferential  portion  of  the  crystal  wherein  G  is  a 
temperature  gradient  in  the  vicinity  of  a  solid-liquid  in- 
terface  of  a  crystal  from  the  melting  point  of  silicon  to 
1  400°C,  may  be  0  or  negative  value,  and  with  controlling 
a  pulling  rate  to  be  in  the  range  defined  above,  using  the 
defect  distribution  chart  of  Fig.  1  which  is  prepared  by 
analyzing  results  of  experiments  and  investigation,  sili- 
con  single  crystal  wherein  OSF  in  the  ring  shape  distri- 
bution  or  latent  nuclei  of  OSF  are  present  when  being 
subjected  to  thermal  oxidation  and  neither  FPD,  COP, 
L/D,  LSTD  nor  defect  detected  by  Cu  decoration  is 
present  in  the  entire  surface  of  the  wafer  can  be  pro- 
duced. 
[0025]  In  one  embodiment  of  the  present  invention, 
the  accuracy  of  the  pulling  rate  during  growth  of  the  crys- 
tal  is  in  the  range  of  an  average  of  values  which  are  cal- 
culated  at  every  tenth  centimeters  of  growth  length  of 
the  constant  diameter  portion  of  the  crystal  (the  straight 
body  part  of  the  single  crystal)  +  0.01  [mm/min].  Such 
an  accurate  pulling  rate  makes  it  possible  to  stably  pro- 
duce  a  silicon  single  crystal  under  the  above-mentioned 
condition. 
[0026]  In  order  to  control  the  temperature  in  the  fur- 
nace,  an  annular  solid-liquid  interface  insulator  is  pro- 
vided  in  the  pulling  apparatus  such  that  a  gap  of  5  -  10 
cm  is  formed  between  the  lower  end  of  the  insulator  and 
the  surface  of  the  silicon  melt. 
[0027]  The  temperature  in  the  furnace  is  thus  control- 
led  so  that  the  difference  AG  between  the  temperature 
gradient  Gc  [°C/cm]  at  the  center  of  a  crystal  and  the 
temperature  gradient  Ge  [°C/cm]  at  the  circumferential 
portion  of  the  crystal  [AG=(Ge-Gc)]  may  be  0  or  a  neg- 
ative  value,  namely  the  temperature  gradient  at  the  cir- 
cumferential  portion  of  the  crystal  may  be  the  same  as, 
or  lower  than  the  temperature  gradient  at  the  center  of 
the  crystal.  The  defect  distribution  is  in  an  inverted  M 
shape  in  the  above  case. 
[0028]  In  the  silicon  single  crystal  wafer  produced  by 
slicing  the  silicon  single  crystal  produced  by  the  above- 
mentioned  methods,  OSF  genereated  in  the  ring  shape 

distribution  or  nuclei  of  OSF  are  present  when  being 
subjected  to  thermal  oxidation,  but  neither  FPD,  COP, 
L/D,  LSTD  nor  defects  detected  by  Cu  decoration  is 
present  on  the  entire  surface  of  the  wafer. 

5  [0029]  As  described  above,  according  to  the  present 
invention,  there  can  be  easily  produced  a  silicon  single 
crystal  wafer  wherein  OSF  in  the  ring  shape  distribution 
generated  when  being  subjected  to  thermal  oxidation  or 
latent  nuclei  of  OSF  are  present,  and  neither  FPD,  COP, 

10  L/D,  LSTD  nor  defect  detected  by  Cu  decoration  is 
present  in  the  entire  surface  of  the  wafer,  namely  N-re- 
gion  is  expanded  to  the  maximum.  Furthermore,  the  sil- 
icon  single  crystal  wafer  having  no  OSF  and  substan- 
tially  no  defects  in  the  entire  surface  of  the  wafer  can  be 

is  produced  by  lowering  oxygen  concentration. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
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[0030] 

Fig.  1  shows  a  defect  distribution  chart  in  a  silicon 
single  crystal  of  the  present  invention  in  an  axial  di- 
rection  wherein  the  horizontal  axis  is  a  position  in  a 
radial  direction,  and  the  vertical  axis  is  a  growing 
rate; 
Fig.  2  is  a  explanatory  vertical  section  view  showing 
a  defect  distribution  in  an  axial  direction  of  a  single 
crystal  ingot  produced  by  the  present  invention; 
Fig.  3  is  an  explanatory  view  showing  radial  defect 
distribution  in  the  crystal  when  the  crystal  was 
pulled  under  the  condition  defined  in  the  present  in- 
vention; 
Fig.  4  is  a  schematic  view  showing  the  apparatus  for 
pulling  a  single  crystal  used  in  the  present  invention; 

(a)  an  example  using  a  specific  furnace  struc- 
ture; 
(b)  an  example  using  the  same  furnace  struc- 
ture  as  (a)  except  that  further  comprises  an  up- 
per  insulating  material; 

Fig.  5  shows  a  defect  distribution  chart  in  a  silicon 
single  crystal  pulled  by  the  conventional  method 
wherein  the  horizontal  axis  is  a  position  in  a  radial 
direction,  and  the  vertical  axis  is  a  growing  rate;  and 
Fig.  6  is  an  explanatory  view  showing  a  relation  be- 
tween  a  pulling  rate  and  a  defect  distribution  in  the 
plane  of  the  crystal  produced  according  to  the  con- 
ventional  pulling  method 

(A)  high  speed  pulling,  (B)  medium  speed  pull- 
ing  (C)  low  speed  pulling. 

DESCRIPTION  OF  THE  INVENTION  AND 
EMOBDIMENT 

[0031]  The  present  invention  will  now  be  described  in 
detail,  but  the  present  invention  is  not  limited  thereto. 

4 



7 EP  0  964  082  A1 8 

First,  terms  appearing  herein  will  be  described. 

1  )  FPD  (Flow  Pattern  Defect)  denotes  flow  patterns 
which,  together  with  pits,  are  generated  in  the  sur- 
face  of  a  wafer  which  is  sliced  from  a  grown  silicon 
single  crystal  ingot  and  treated  by  the  steps  of:  re- 
moving  a  damaged  layer  from  the  surface  portion 
of  the  wafer  through  etching  with  a  mixed  solution 
of  hydrofluoric  acid  and  nitric  acid,  and  etching  the 
wafer  surface  with  a  mixed  solution  of  K2Cr207  hy- 
drofluoric  acid,  and  water  (Secco  etching).  As  FPD 
density  in  the  wafer  surface  portion  becomes  high- 
er,  failure  rate  with  regard  to  dielectric  breakdown 
strength  of  oxide  film  increase  (Japanese  patent 
Laid-Open  (kokai)  No,  4-192345). 
2)  SEPD  (Secco  Etch  Pit  Defect)  denotes  pits  which 
are  generated  alone  in  the  surface  portion  of  a  wafer 
which  is  Secco-etched  in  the  same  manner  as  in 
the  case  of  FPD.  Pits  accompanied  by  flow  patterns 
are  generically  referred  to  as  FPD.  Pits  not  accom- 
panied  by  flow  patterns  are  generically  referred  to 
as  SEPD.  SEPD  having  a  size  of  10  urn  or  more 
(LSEPD)  conceivably  derives  from  a  dislocation 
cluster.  When  a  dislocation  cluster  is  present  in  a 
device,  current  leaks  through  the  dislocation  ;  con- 
sequently,  the  function  of  a  P-N  junction  is  not  ef- 
fected. 
3)  LSTD  (Laser  Scattering  Tomography  Defect)  de- 
notes  a  defect  existing  in  wafer,  and  the  scattering 
light  due  to  the  defect  can  be  detected  in  the  follow- 
ing  manner.  That  is,  a  wafer  is  sliced  from  a  grown 
silicon  single-crystal  ingot,  and  is  then  treated  by 
the  steps  of:  removing  a  damaged  layer  from  the 
surface  portion  of  the  wafer  through  with  a  mixed 
solution  of  hydrofluoric  acid  and  nitric  acid;  and 
cleaving  the  wafer.  When  infrared  light  is  introduced 
into  the  wafer  through  the  cleavage  plane,  and  light 
exiting  from  the  wafer  surface  is  detected,  a  scat- 
tering  light  due  to  the  defects  existing  in  a  wafer  can 
be  detected.  A  scattering  defect  detected  in  this  ob- 
servation  has  already  been  reported  at  a  meeting 
of  an  academic  society  or  the  like  and  is  considered 
to  be  an  oxide  precipitate  (Jpn.  J.  Appl.  Phys.  vol. 
32,  p.  3679  1993).  According  to  recent  research, 
LSTD  is  reported  to  be  an  octahedral  void. 
4)  COP(Crystal  Originated  Particle)  denotes  a  de- 
fect  which  degrades  the  dielectric  breakdown 
strength  of  oxide  film  at  a  central  portion  of  a  wafer 
and  which  is  revealed  as  FPD  in  the  case  of  treat- 
ment  through  Secco  etching,  but  is  revealed  as 
COP  in  the  case  of  cleaning  in  SC-1  (cleaning  by 
using  a  mixed  aqueous  solution  of  NH4OH:H202: 
H2O=1:1:10)  which  serves  as  a  preferential  etch- 
ant.  The  pit  has  a  diameter  not  greater  than  1  urn 
and  examined  by  a  light  scattering  method. 
5)  L/D  (Large  Dislocation;  simplified  expression  of 
interstitial  dislocation  loop)  denotes  defects,  such 
as  LSEPD  and  LFPD,  which  are  considered  to  be 

generated  due  to  a  dislocation  loop.  As  described 
above,  LSEPD  refers  to  SEPD  having  a  size  not 
less  than  10  urn,  while  LFPD  refers  to  FPD  whose 
tip  end  has  a  size  not  less  than  10  urn.  These  are 

5  also  considered  to  be  generated  due  to  dislocation 
loops. 
6)  Cu  decoration  is  a  method  for  observing  crystal 
defects  with  an  infrared  microscope  after  precipitat- 
ing  impurities  in  the  defect  by  thermally  diffusing  im- 

10  purities  (Cu)  intentionally  and  rapidly  cooling  it  after 
saturated.  It  is  effective  for  detection  of  finer  vacan- 
cy  defects  (V  defects:  vacancy  type  point  defect). 

[0032]  As  described  in  Japanese  Patent  Application 
is  No.  9-199415,  the  inventors  of  the  present  invention 

have  studied  in  detail  defects  generated  in  the  vicinity 
of  a  boundary  between  a  V  region  and  an  I  region  of  a 
silicon  single  crystal  grown  according  to  the  CZ  method 
and  found  that  in  the  vicinity  of  the  boundary  there  exists 

20  a  very  narrow  neutral  region  in  which  the  number  of 
FPDs,  LSTDs,  and  COPs  is  considerably  low,  and  no  U 
Ds  exist. 
[0033]  Based  on  the  above-described  finding,  the 
present  inventors  conceived  that  if  N-region  can  be  ex- 

25  panded  to  the  entire  cross  section  of  a  wafer,  the  number 
of  point  defects  can  be  greatly  decreased.  That  is,  when 
the  growth  (pulling)  rate  of  a  single  crystal  and  the  tem- 
perature  gradient  therein  are  considered,  the  main  fac- 
tor  that  determines  the  distribution  of  point  defects  within 

30  the  cross  section  is  the  temperature  gradient,  because 
the  pulling  rate  is  substantially  constant  throughout  the 
cross  section  of  the  crystal.  That  is,  the  present  inven- 
tors  found  that  one  problem  is  variation  in  the  tempera- 
ture  gradient  in  the  axial  direction  among  different  points 

35  within  a  cross  section  of  the  crystal  and  also  found  that 
if  such  variation  can  be  decreased,  the  variation  in  the 
point  defect  density  across  the  cross  section  can  be  de- 
creased.  Thus,  the  inventors  of  the  present  invention 
succeeded  in  obtaining  a  defect-free  wafer  whose  entire 

40  surface  is  occupied  by  an  N-region,  through  control  of 
the  intra-furnace  temperature  such  that  the  difference 
AG  between  the  temperature  gradient  Gc  at  the  center 
of  a  crystal  and  the  temperature  gradient  Ge  at  the  cir- 
cumferential  portion  of  the  crystal  become  5°C/cm  or 

45  less  [AG=(Ge-Gc)g5°C/cm]  and  adjustment  of  the  pull- 
ing  rate. 
[0034]  The  inventors  of  the  present  invention  have 
studied  the  cross  section  of  the  crystal  by  growing  a 
crystal  through  use  of  a  crystal  pulling  apparatus  by  CZ 

so  method  wherein  a  difference  of  temperature  gradient 
AG  is  small  as  described  above,  with  varying  AG  by 
changing  a  furnace  structure,  and  varying  a  pulling  rate. 
As  a  result,  the  following  findings  can  be  obtained. 
[0035]  The  furnace  structure  shown  in  Fig.  4(a)  was 

55  used  to  grow  a  crystal  with  varying  AG  by  changing  a 
distance  from  a  surface  of  a  melt  to  a  lower  end  of  an 
annular  solid-liquid  interface  insulator,  and  with  varying 
an  average  pulling  rate  in  the  range  of  0.6  to  0.3  mm/ 

5 
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min  at  an  interval  of  10  cm  so  as  to  be  decreased  by 
0.05  mm/min,  and  studied  a  way  that  OSF  ring  is  elim- 
inated  at  a  center  of  a  bulk  of  crystal  and  L/D  region  is 
formed. 
[0036]  The  result  was  analyzed  and  shown  in  a  defect 
distribution  chart  of  Fig.  1  .  The  horizontal  axis  is  a  posi- 
tion  in  a  radial  direction  of  the  crystal,  and  the  vertical 
axis  is  a  growing  rate. 
[0037]  As  shown  in  Fig.  1  ,  OSF  is  generated  in  a  in- 
verted  M  belt  shape,  when  AG  is  0  or  a  negative  value, 
namely  the  temperature  gradient  Ge  (°C/mm)  at  the  cir- 
cumferential  portion  of  the  crystal  is  the  same  as,  or  low- 
er  than  the  temperature  gradient  Gc  (°C/mm)  at  the 
center  of  a  crystal,  and  a  growing  rate  is  in  the  range  of 
0.52  to  0.48  mm/min.  Furthermore,  when  the  cross  sec- 
tion  of  the  crystal  was  observed  when  the  growing  rate 
is  0.50  to  0.48  mm/min,  and  it  is  found  that  OSF  ring  or 
latent  nuclei  thereof  are  present  as  shown  in  Fig.  3,  but 
other  part  is  occupied  by  N-region  in  the  wafer. 
[0038]  The  most  significant  feature  of  the  wafer  is  that 
N-region  other  than  OSF  region  is  N-region  on  l-rich 
side.  Namely,  the  inside  of  the  OSF  ring  is  generally  to 
be  V-rich  (See  Fig.  5,  line  (B),  Fig.  6(B)).  Nevertheless, 
accordingto  the  present  invention,  both  of  the  inside  and 
the  outside  of  the  OSF  ring  are  N-region  on  l-rich  side. 
Accordingly,  FPD,  COP,  and  defects  to  be  detected  by 
Cu  decoration  are  not  present  on  the  entire  surface  of 
the  wafer. 
[0039]  According  to  the  present  invention,  a  crystal  is 
pulled  with  controlling  a  pulling  rate  in  the  range  be- 
tween  the  pulling  rate  corresponding  to  the  minimum 
value  of  the  inner  line  of  the  OSF  region  and  the  mini- 
mum  value  of  the  outer  line  of  the  OSF  region,  when 
OSF  region  is  generated  in  an  inverted  M  belt  shape  in 
the  defect  distribution  chart  of  Fig.  1  .  More  specifically, 
the  crystal  is  pulled  at  a  growing  rate  in  the  range  of  0.50 
to  0.48  mm/min  with  controlling  in  high  accuracy  to  be 
in  the  range  of  average  value  of  the  intended  growing 
rate  calculated  at  every  10  cm  of  length  in  a  growing 
direction  at  a  constant  diameter  portion  of  the  crystal  + 
0.01  mm/min.  The  single  crystal  ingot  thus  obtained  was 
cut  vertically,  and  defect  distribution  was  determined  in 
the  same  manner  as  above.  The  result  is  shown  in  Fig. 
2.  It  is  apparent  as  shown  in  Fig.  2  that  OSF  region  is 
distributed  in  a  ring  shape,  and  the  entire  cross  section 
other  than  OSF  region  is  occupied  by  N-region  in  the 
portion  pulled  with  maintaining  an  optimal  growing  rate. 
[0040]  On  the  contrary,  when  AG  is  a  plus  value, 
namely,  the  temperature  gradient  Ge  (°C/mm)  at  the  cir- 
cumferential  portion  of  the  crystal  is  higher  than  the  tem- 
perature  gradient  Gc  (°C/mm)  at  the  center  of  the  crys- 
tal,  and  a  growing  rate  is  in  the  range  of  about  0.6  to  0.4 
mm/min,  OSF  is  distributed  in  the  U  belt  shape  as  shown 
in  Fig.  5,  and  there  is  never  appeared  the  wafer  such  as 
that  of  the  present  invention  where  N-region  on  l-rich 
side  formed  in  the  entire  cross  section  and  OSF  ring  or 
latent  nuclei  are  present. 
[0041]  The  above  phenomenon  has  not  been  found 

in  the  case  that  a  conventional  crystal  pulling  apparatus 
wherein  AG  is  plus  is  used,  but  has  found  only  by  stud- 
ying  the  crystal  grown  through  use  of  a  crystal  pulling 
apparatus  wherein  AG  is  0  or  a  negative  value  men- 

5  tioned  above. 
[0042]  The  temperature  distribution  in  the  furnace  of 
the  pulling  apparatus  used  for  the  above  study  was  de- 
termined  by  studying  thoroughly  using  a  total  heat  trans- 
mission  analysis  software  FEMAG  (F.  Dupret,  P.  Nico- 

10  deme,  Y.  Ryckmans,  PWouters,  and  M.  J.  Crochet,  Int. 
J.  Heat  Mass  Transfer,  33,  1849  (1990)). 
[0043]  On  the  other  hand,  recent  studies  revealed  that 
OSF  is  not  generated  in  the  case  that  oxygen  concen- 
tration  is  low  in  the  entire  surface  of  the  wafer,  even 

is  when  latent  nuclei  of  OSF  are  present,  and  does  not  af- 
fect  the  device. 
[0044]  The  critical  range  of  the  oxygen  concentration 
has  been  studied  by  pulling  crystals  using  the  same 
crystal  pulling  apparatus  at  a  several  steps  of  oxygen 

20  concentration,  and  revealed  that  when  oxygen  concen- 
tration  is  less  than  24  ppma  (ASTM'79),  OSF  is  not  gen- 
erated  when  the  wafer  is  subjected  to  the  thermal  oxi- 
dation  treatment. 
[0045]  Namely,  when  a  crystal  is  pulled  with  gradually 

25  decreasing  oxygen  concentration,  nuclei  of  OSF  are 
present  in  full  length  of  the  crystal.  However,  OSF  is  gen- 
erated  by  thermal  oxidation  only  when  nuclei  is  present 
at  24  ppma  or  more.  OSF  is  not  generated  by  thermal 
oxidation  when  the  nuclei  are  present  in  an  amount  less 

30  than  24  ppma  of  oxygen  concentration. 
[0046]  Control  of  oxygen  concentration  in  growing 
crystal  to  be  less  than  24  ppma  can  be  easily  performed 
by  conventional  methods,  for  example,  the  number  of 
rotation  of  a  crucible  and  control  of  convection  of  a  melt 

35  by  controlling  temperature  distribution  in  the  melt  or  the 
like. 
[0047]  Even  when  OSF  ring  is  not  generated,  the 
amount  of  oxygen  precipitation  tends  to  decrease  in  the 
part  where  nuclei  of  OSF  are  present.  However,  since 

40  device  process  is  performed  at  lower  temperature  in  re- 
cent  years,  high  gettering  effect  is  not  required  and 
therefore  low  oxygen  precipitation  due  to  OSF  ring  may 
not  be  a  problem. 
[0048]  The  present  invention  and  embodiments  of  the 

45  present  invention  will  be  described  below  with  referring 
drawings. 
[0049]  An  example  of  constitution  of  an  apparatus  for 
pulling  a  single  crystal  used  in  the  present  invention  is 
shown  in  Fig.  4(a).  As  shown  in  Fig.  4(a),  the  apparatus 

so  30  for  pulling  crystal  includes  a  pulling  chamber  31,  a 
crucible  32  provided  in  the  pulling  chamber  31  ,  a  heater 
34  disposed  around  the  crucible  32,  a  crucible-holding 
shaft  33  for  rotating  the  crucible  32  and  a  rotation  mech- 
anism  (not  shown)  therefor,  a  seed  chuck  6  for  holding 

55  a  silicon  seed  crystal  5,  a  wire  7  for  pulling  the  seed 
chuck  6,  and  a  winding  mechanism  (not  shown)  for  ro- 
tating  and  winding  up  the  wire  7.  The  crucible  32  in- 
cludes  an  inner  quartz  crucible  for  containing  a  silicon 
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melt  2  and  an  outer  graphite  crucible  located  outside  the 
quartz  crucible.  A  heat  insulating  material  35  is  disposed 
around  the  heater  34. 
[0050]  In  order  to  establish  operating  conditions  for 
the  production  method  of  the  present  invention,  an  an- 
nular  solid-liquid  interface  insulator  8  is  arranged  around 
the  solid-liquid  interface  4  of  a  single  crystal.  The  solid- 
liquid  interface  insulator  8  is  disposed  such  that  a  gap 
10  of  5  -  10  cm  is  formed  between  the  lower  end  of  the 
insulator  8  and  the  surface  3  of  the  silicon  melt  2.  The 
upper  insulator  9  on  the  insulating  material  35  surround- 
ing  the  heater  shown  in  Fig.  4(b)  maybe  used  depending 
on  the  condition  of  temperature  in  the  furnace.  In  that 
case,  the  gap  10  is  controlled.  Furthermore,  there  may 
be  provided  a  tubular  cooling  device  (not  shown)  for 
cooling  the  single  crystal  by  jetting  a  cooling  gas  or  by 
shutting  off  radiant  heat. 
[0051]  Recently,  a  so-called  MCZ  method  has  often 
been  employed.  When  the  MCZ  is  employed,  an  unil- 
lustrated  magnet  is  disposed  outside  the  pulling  cham- 
ber  31  in  a  horizontal  orientation  so  as  to  apply  a  mag- 
netic  field  to  the  silicon  melt  2  in  a  horizontal  or  vertical 
direction  or  in  a  like  direction.  Through  the  application 
of  magnetic  field  to  the  silicon  melt  2,  convection  of  the 
melt  2  is  suppressed  to  thereby  stably  grow  a  single 
crystal. 
[0052]  Next  will  be  described  a  method  for  growing  a 
single  crystal  of  the  present  invention  through  use  of  the 
crystal  pulling  apparatus  30  mentioned  above. 
[0053]  First,  a  high-purity  polycrystalline  material  of 
silicon  is  heated  to  its  melting  point  (approximately  1  420 
°C)  or  higher  and  is  thus  melted  in  the  crucible  32.  Then, 
the  wire  7  is  released  until  a  tip  end  of  the  seed  crystal 
comes  into  contact  with  the  surface  of  the  melt  2  at  an 
approximately  central  portion  or  is  immersed  therein. 
Subsequently,  the  crucible  holding  shaft  33  is  rotated  in 
an  appropriate  direction,  and  the  wire  7  is  wound  up  with 
being  rotated  at  the  same  time  to  pull  the  seed  crystal 
5,  and  thereby  growth  of  the  crystal  is  initiated.  Then, 
through  adequate  regulation  of  the  pulling  rate  and  tem- 
perature,  a  substantially  cylindrical  single  crystal  ingot 
1  can  be  obtained. 
[0054]  To  achieve  the  objects  of  the  present  invention, 
the  invention  employs  the  following  structural  features. 
As  shown  in  Fig.  4(a)  or  Fig.  4(b),  the  annular  solid-liquid 
interface  insulator  8  surrounding  the  liquid  portion  of  the 
single  crystal  ingot  1  above  the  surface  of  the  melt  in  the 
pulling  chamber  31  is  disposed,  and  the  upper  insulator 
9  is  disposed  on  the  insulating  material  35,  so  that  the 
temperature  zone  of  a  melting  point  of  crystal  to  1  400°C 
in  the  vicinity  of  the  surface  of  the  melt  can  be  controlled. 
[0055]  Namely,  the  temperature  in  the  furnace  can  be 
controlled  by  providing  an  annular  solid-liquid  interface 
insulator  8  is  provided  in  the  pulling  chamber  31  such 
that  a  gap  1  0  of  5  -  1  0  cm  is  formed  between  the  lower 
end  thereof  and  the  surface  of  the  silicon  melt.  Thereby, 
the  temperature  in  the  furnace  can  be  controlled  so  that 
the  difference  AG  between  the  temperature  gradient  Gc 

[°C/cm]  at  the  center  of  a  crystal  and  the  temperature 
gradient  Ge  [°C/cm]  at  the  circumferential  portion  of  the 
crystal  [AG=(Ge-Gc)]  may  be  0  or  a  negative  value, 
namely  the  temperature  gradient  Ge  (°C/mm)  at  the  cir- 

5  cumferential  portion  of  the  crystal  may  be  the  same  as, 
or  lower  than  the  temperature  gradient  Gc  (°C/mm)  at 
the  center  of  a  crystal. 
[0056]  Alternatively,  the  gap  1  0  is  controlled,  and  heat 
radiation  from  the  upper  area  is  also  controlled  by  pro- 

10  viding  the  insulator  9  on  the  insulating  material  35  as 
shown  in  Fig.  4(b). 
[0057]  The  accuracy  of  the  pulling  rate  during  above- 
mentioned  growth  of  the  crystal  is  preferably  in  the 
range  of  an  average  value  which  is  calculated  at  every 

is  tenth  centimeters  of  length  of  growth  of  the  constant  di- 
ameter  portion  of  the  crystal  +  0.01  [mm/min].  When  the 
accuracy  of  the  pulling  rate  is  in  that  range,  the  silicon 
single  crystal  wherein  nuclei  of  OSF  in  the  region  are 
present  in  full  length  of  the  crystal  but  other  part  of  the 

20  entire  cross  section  than  the  part  is  occupied  by  N-re- 
gion  can  be  stably  produced,  as  a  result  of  synergetic 
affect  of  the  temperature  in  the  furnace  (AG)  and  the 
condition  of  the  pulling  rate. 
[0058]  In  the  silicon  single  crystal  wafer  obtained  by 

25  slicing  the  silicon  single  crystal  produced  by  the  above- 
mentioned  method,  OSF  generated  in  the  ring  shape 
distribution  when  being  subjected  to  the  thermal  oxida- 
tion  treatment  or  nuclei  of  OSF  are  present,  but  neither 
FPD,  COP,  L/D,  LSTD  nor  defects  detected  by  Cu  dec- 

30  oration  is  present  in  the  entire  surface  of  the  wafer,  and 
defects  are  very  few  as  density  of  OSF  of  1  00  numbers/ 
cm2  or  less  generated  by  the  thermal  oxidation  treat- 
ment. 

[0059]  The  following  examples  are  being  submitted  to 
further  explain  specific  embodiment  of  the  present  in- 
vention.  These  examples  are  not  intended  to  limit  the 

40  scope  of  the  present  invention. 

(Example  1) 

[0060]  A  silicon  single  crystal  was  grown  through  use 
45  of  the  crystal  pulling  apparatus  30  of  Fig.  4(a).  1  00  kg  of 

Polycrystalline  material  of  silicon  was  charged  into  a 
quartz  crucible  having  a  diameter  of  24  inches.  A  single 
crystal  ingot  having  a  diameter  of  8  inches  and  a  length 
in  the  straight  body  of  about  one  meter  and  orientation 

50  <100>  was  pulled 
[0061]  The  furnace  structure  (hot  zone:  HZ)  wherein 
a  gap  10  between  the  surface  3  of  the  silicon  melt  and 
the  lower  end  of  the  annular  solid-liquid  interface  insu- 
lator  8  was  70  mm  was  used.  The  temperature  of  the 

55  silicon  melt  2  was  kept  at  about  1420°C. 
[0062]  The  average  pulling  rate  was  decreased  under 
the  following  condition,  from  0.6  to  0.3  mm/min,  by  0.05 
mm/min  every  tenth  centimeter,  and  elimination  of  OSF 

35  EXAMPLE 

25 

50 
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ring  at  the  center  of  a  bulk  of  crystal  and  formation  of  U 
D  region  were  studied.  The  crystal  was  cut  vertically  at 
a  thickness  of  2  mm,  and  subjected  to  an  etching  treat- 
ment  in  order  to  eliminate  a  surface  mechanical  damage 
to  prepare  two  samples.  One  of  them  was  subjected  to 
Secco  etching  for  30  minutes,  and  FPD  and  L/D  thereon 
were  observed.  The  other  of  them  was  subjected  to  the 
heat  treatment  at  1200°C  for  100  minutes,  and  then  to 
etching  treatment  with  Wright  solution  to  confirm  gener- 
ation  of  OSF.  The  results  were  summarized  in  the  defect 
distribution  chart  of  Fig.  1  .  The  horizontal  axis  is  a  posi- 
tion  in  a  radial  direction,  and  the  vertical  axis  is  a  pulling 
rate.  As  shown  in  Fig.  1  ,  OSF  was  distributed  in  an  in- 
verted  M  belt  shape,  which  shows  that  the  pulling  rate 
should  be  controlled  to  be  in  the  range  of  0.48  to  0.50 
mm/min  in  order  to  produce  the  silicon  single  crystal  of 
the  present  invention  with  the  furnace  structure. 
[0063]  According  to  the  results  of  the  above  men- 
tioned  investigation  and  experiments,  in  orderto  expand 
in  direction  of  the  crystal  axis  the  crystal  of  the  present 
invention  wherein  OSF  ring  is  present  in  the  crystal 
plane,  but  the  entire  cross  section  other  than  OSF  region 
is  occupied  by  N-region,  the  crystal  was  pulled  at  an  op- 
timal  growing  rate  (0.5  to  0.48  mm/min),  and  to  be  in  the 
range  of  an  average  value  which  is  calculated  at  every 
tenth  centimeters  of  length  of  growth  of  the  constant  di- 
ameter  portion  of  the  crystal  +  0.01  [mm/min].  The  crys- 
tal  ingot  thus  obtained  was  cut  vertically,  and  the  defect 
distribution  thereof  was  determined  in  the  manner  de- 
scribed  above.  The  results  were  shown  in  Fig.  2.  As 
shown  in  Fig.  2,  in  the  part  pulled  with  keeping  a  growing 
rate  optimally,  OSF  region  was  distributed  in  a  ring 
shape  in  full  length  of  the  crystal,  other  part  of  the  entire 
cross  section  of  the  crystal  than  OSF  region  was  occu- 
pied  by  N-region. 
[0064]  Another  single  crystal  ingot  was  pulled  under 
the  same  condition  as  described  above,  and  processed 
to  produce  a  mirror  polished  wafer.  FPD,  L/D,  OSF, 
LSTD  or  the  like  therein  were  evaluated.  As  shown  in 
Fig.  3,  OSF  ring  was  present  in  the  center  part  of  the 
wafer,  other  part  of  the  entire  cross  section  than  the  OSF 
region  was  occupied  by  N-region.  The  density  of  the 
OSF  in  the  OSF  region  was  low  as  about  50  number/ 
cm2.  No  vacancy  type  defect  in  the  N-region  was  detect- 
ed  by  Cu  decoration. 
[0065]  Then,  oxide  dielectric  breakdown  voltage  char- 
acteristics  of  the  wafer  was  evaluated,  and  found  to  be 
C  mode  good  chip  yield  of  100  %. 
[0066]  The  condition  for  measurement  of  C-mode 
was  as  follows: 

1)  thickness  of  oxide  film:  25nm, 
2)  measurement  electrodes:  phosphorous-doped 
polysilicon, 
3)  area  of  the  electrodes:  8  mm2, 
4)  current  density  in  decision:  1  mA/cm2,  and 
5)  criterion  for  good  chip:  a  chip  (electrode)  that  did 
not  cause  dielectric  breakdown  in  an  electric  field 

less  than  8  MV/cm  was  judged  to  be  a  good  chip. 

Example  2: 

5  [0067]  The  crystal  was  pulled  in  the  same  manner  as 
Example  1  except  that  the  furnace  structure  wherein  the 
upper  insulator  9  was  disposed  on  the  insulating  mate- 
rial  35  was  provided  as  shown  in  Fig.  4(b),  and  a  gap  10 
between  the  surface  3  of  the  silicon  melt  and  the  lower 

10  end  of  the  annular  solid-liquid  interface  insulator  8  was 
60  mm.  The  single  crystal  ingot  having  almost  the  same 
quality  as  Example  1  was  obtained.  In  that  case,  the 
OSF  region  was  apt  to  be  narrower  in  the  surface  of  the 
wafer,  since  AG  was  shifted  further  to  minus  side. 

15 
Example  3: 

[0068]  The  crystal  was  pulled  in  the  same  manner  as 
Example  1  except  that  oxygen  concentration  in  the 

20  growing  crystal  was  controlled  to  be  24  ppma  or  less. 
The  defects  were  evaluated.  OSF  was  not  generated 
when  thermal  oxidation  was  performed.  It  is  considered 
that  latent  nuclei  were  present,  but  OSF  was  not  gener- 
ated  when  thermal  oxidation  was  performed,  since  ox- 

25  ygen  concentration  was  low. 
[0069]  The  present  invention  is  not  limited  to  the 
above-described  embodiment.  The  above-described 
embodiment  is  a  mere  example,  and  those  having  the 
substantially  same  structure  as  that  described  in  the  ap- 

30  pended  claims  and  providing  the  similar  action  and  ef- 
fects  are  included  in  the  scope  of  the  present  invention. 
[0070]  For  example,  in  the  above-described  embodi- 
ment,  the  silicon  single  crystal  having  a  diameter  of  8 
inches  was  grown.  However,  the  present  invention  can 

35  be  applied  to  a  method  of  pulling  a  crystal  recently  pro- 
duced  having  larger  diameter,  for  example,  10  to  16 
inches,  or  more.  Furthermore,  the  present  invention  can 
also  be  applied  to  a  method  in  which  a  horizontal  mag- 
netic  field,  a  vertical  magnetic  field  or  a  cusp  magnetic 

40  field  is  applied  to  silicon  melts,  so-called  MCZ  method. 

Claims 

45  1.  A  silicon  single  crystal  wafer  produced  by  Czochral- 
ski  method  characterized  in  that  OSF  in  the  ring 
shape  distribution  generated  when  being  subjected 
to  thermal  oxidation  or  nuclei  of  OSF  are  present, 
but  neither  FPD,  COP,  L/D,  LSTD  nor  defect  detect- 

so  ed  by  Cu  decoration  is  present  in  the  entire  surface 
of  the  wafer. 

2.  The  silicon  single  crystal  wafer  according  to  Claim 
1  characterized  in  that  oxygen  concentration  in  the 

55  wafer  is  less  than  24  ppma. 

3.  The  silicon  single  crystal  wafer  according  to  Claim 
1  or  2  characterized  in  that  a  density  of  OSF  gen- 
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erated  when  the  wafer  is  subjected  to  the  thermal 
oxidation  treatment  is  100  number/cm2  or  less. 

4.  A  method  for  producing  a  silicon  single  crystal  in 
accordance  with  the  Czochralski  method  character-  s 
ized  in  that  a  silicon  single  crystal  is  pulled  so  that 
AG  may  be  0  or  a  negative  value,  where  AG  is  a 
difference  between  the  temperature  gradient  Gc 
(°C/mm)  at  the  center  of  a  crystal  and  the  temper- 
ature  gradient  Ge  (°C/mm)  at  the  circumferential  10 
portion  of  the  crystal,  namely  AG  =(Ge-Gc),  wherein 
G  (changed  temperature/length  in  direction  of  crys- 
tal  axis)  (°C/mm)  is  a  temperature  gradient  in  the 
vicinity  of  a  solid-liquid  interface  of  a  crystal  from 
the  melting  point  of  silicon  to  1400°C.  15 

5.  A  method  for  producing  a  silicon  single  crystal  in 
accordance  with  the  Czochralski  method  character- 
ized  in  that  a  crystal  is  pulled  with  controlling  a  tem- 
perature  in  a  furnace  so  that  AG  may  be  0  or  a  neg-  20 
ative  value,  where  AG  is  a  difference  between  the 
temperature  gradient  Gc  (°C  /mm)  at  the  center  of 
a  crystal  and  the  temperature  gradient  Ge  (°C/mm) 
at  the  circumferential  portion  of  the  crystal,  namely 
AG  =(Ge-Gc),  wherein  G  is  a  temperature  gradient  25 
in  the  vicinity  of  a  solid-liquid  interface  of  a  crystal 
from  the  melting  point  of  silicon  to  1  400°C,  and  with 
controlling  a  pulling  rate  in  a  range  between  a  pull- 
ing  rate  corresponding  to  a  minimum  value  of  the 
inner  line  of  OSF  region  and  a  pulling  rate  corre-  30 
sponding  to  a  minimum  value  of  the  outer  line,  when 
OSF  region  is  generated  in  an  inverted  M  belt  shape 
in  a  defect  distribution  chart  which  shows  a  defect 
distribution  in  which  the  horizontal  axis  represents 
a  diameter  of  the  crystal  and  the  vertical  axis  rep-  35 
resent  a  pulling  rate. 

6.  The  method  for  producing  a  silicon  single  crystal  ac- 
cording  to  Claim  4  or  5  characterized  in  that  the  ac- 
curacy  of  the  pulling  rate  during  growth  of  the  crystal  40 
is  in  the  range  of  an  average  of  values  which  are 
calculated  at  every  tenth  centimeters  of  growth 
length  of  the  constant  diameter  portion  of  the  crystal 
(the  straight  body  part  of  the  single  crystal)  +  0.01 
[mm/min].  45 

7.  The  method  for  producing  a  silicon  single  crystal  ac- 
cording  to  any  one  of  Claims  4  to  6  characterized  in 
that  an  annular  solid-liquid  interface  insulator  is  pro- 
vided  in  the  pulling  apparatus  such  that  a  gap  of  5  so 
-  10  cm  is  formed  between  the  lower  end  of  the  in- 
sulator  and  the  surface  of  the  silicon  melt  in  order 
to  control  the  temperature  in  the  furnace. 

8.  A  silicon  single  crystal  wafer  obtained  from  a  silicon  55 
single  crystal  produced  by  the  method  according  to 
any  one  of  Claims  4  to  7. 
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