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(54)  Method  for  heat  treatment  of  silicon  wafer  and  silicon  wafer 

(57)  There  is  disclosed  a  method  for  heat  treatment 
of  a  silicon  wafer  performed  in  a  reducing  atmosphere 
containing  hydrogen  by  utilizing  a  rapid  thermal  anneal- 
er,  characterized  in  that  the  heat  treatment  comprises  a 
plurality  of  steps  each  of  which  is  performed  with  a  dif- 
ferently  defined  heat  treatment  condition.  In  this  meth- 
od,  the  heat  treatment  comprising  a  plurality  of  steps 

may  be  continuously  performed  without  taking  out  the 
wafer  from  an  RTA  apparatus.  The  method  of  the 
present  invention  can,  in  particular,  reduce  COP  density 
of  the  silicon  wafer  surface,  reduce  its  microroughness 
and  haze,  and  thus  improve  electric  characteristics  such 
as  oxide  dielectric  breakdown  voltage  and  mobility  of 
carriers. 
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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention: 

[0001]  The  present  invention  relates  to  a  method  for 
heat  treatment  of  a  silicon  wafer,  and  more  particularly, 
it  relates  to  a  method  for  heat  treatment  of  a  silicon  wafer 
that  can  reduce  COP  density,  and  at  the  same  time,  de- 
crease  microroughness  and  haze  of  the  silicon  wafer 
surface. 

Description  of  the  Related  Art: 

[0002]  In  order  to  improve  electric  characteristics  of 
silicon  wafers  such  as  oxide  dielectric  breakdown  volt- 
age,  it  is  necessary  to  obtain  a  wafer  surface  layer  on 
which  devices  are  fabricated  as  a  defect-free  layer.  In 
the  surface  layer  of  silicon  wafer,  there  are  usually  crys- 
tal  defects  having  a  regular  octahedral  structure,  which 
are  introduced  during  the  crystal  growth.  These  defects 
are  called  COP  (crystal  originated  particle),  and  may  be 
a  cause  of  the  degradation  of  electric  characteristics. 
[0003]  For  improving  the  oxide  dielectric  breakdown 
voltage,  it  has  been  reported  that  it  is  effective  to  subject 
a  silicon  wafer  to  hydrogen  annealing,  i.e.,  a  heat  treat- 
ment  at  a  high  temperature  under  hydrogen  gas  atmos- 
phere  for  several  hours  (for  example,  Japanese  Patent 
Publication  (KOKOKU)  No.  5-18254,  Japanese  Patent 
Application  Laid-open  (KOKAI)  No.  6-295912). 
[0004]  There  has  also  been  proposed  a  method  for 
heat  treatment  utilizing  an  apparatus  for  rapid  heating 
and  rapid  cooling  (rapid  thermal  annealer,  occasionally 
abbreviated  as  "RTA"  apparatus  hereinafter)  for  im- 
provement  of  the  heat  treatment  such  as  shortening  of 
heat  treatment  time.  For  example,  as  disclosed  in  Jap- 
anese  Patent  Application  Laid-open  (KOKAI)  No. 
7-161707,  there  has  been  proposed  a  heat  treatment 
within  a  relatively  low  temperature  range  of  950-1  200°C 
for  a  short  period  of  time  such  as  1-60  seconds  for  im- 
proving  the  oxide  dielectric  breakdown  voltage. 
[0005]  However,  according  to  the  aforementioned  pri- 
or  art  method  of  Japanese  Patent  Application  Laid-open 
(KOKAI)  No.  7-161707,  the  condition  for  the  heat  treat- 
ment  is  defined  in  view  of  the  oxide  dielectric  breakdown 
voltage,  and  COPs  on  the  wafer  surface,  which  directly 
affect  on  the  electric  characteristics  of  devices,  are  not 
considered  at  all,  though  BMD  (bulk  micro  defect)  den- 
sity  has  been  considered  in  the  working  examples  there- 
of. 
[0006]  Further,  the  experiments  conducted  by  the  in- 
ventors  of  the  present  invention  revealed  that  the  heat 
treatment  of  the  aforementioned  prior  art  did  not  suffi- 
ciently  improve  COP,  though  it  improved  the  oxide  die- 
lectric  breakdown  voltage  to  some  extent.  Therefore, 
the  method  did  not  afford  sufficient  improvements  of 
electric  characteristics  except  for  the  oxide  dielectric 

breakdown  voltage.  That  is,  when  a  silicon  wafer  was 
subjected  to  a  hydrogen  heat  treatment,  for  example,  at 
1050°C  for  30  seconds,  which  is  within  the  range  de- 
fined  by  the  aforementioned  prior  art  method,  COPs 

5  might  not  be  reduced,  and  on  the  contrary,  the  surface 
roughness,  i.e.,  haze,  might  be  degraded  due  to  etching 
effect  of  hydrogen.  Further,  even  when  the  heat  treat- 
ment  was  performed  at  1100°C,  the  reduction  of  COPs 
was  still  insufficient  like  the  above  case.  That  is,  it  was 

10  found  that  sufficient  improvement  of  COP  could  not  be 
obtained  by  the  conditions  of  the  heat  treatment  accord- 
ing  to  the  prior  art. 
[0007]  Therefore,  the  inventors  of  the  present  inven- 
tion  previously  suggested  a  method  for  heat  treatment 

is  of  a  silicon  wafer  in  a  reducing  atmosphere  utilizing  an 
RTA  apparatus  in  Japanese  Patent  Application  No. 
10-82606,  which  can  specifically  reduce  COP  density 
on  the  silicon  wafer  surface. 
[0008]  In  this  method,  a  silicon  wafer  is  heat-treated 

20  at  a  temperature  in  the  range  of  1200°C  to  the  melting 
point  of  silicon  in  a  reducing  atmosphere  for  1-60  sec- 
onds.  It  is  described  that  the  reducing  atmosphere  is 
preferably  composed  of  100%  of  hydrogen  or  a  mixed 
atmosphere  of  hydrogen  and  argon,  and  the  heat  treat- 

25  ment  time  is  preferably  1  -30  seconds. 
[0009]  This  method  was  found  to  be  able  to  markedly 
reduce  COP  density  on  the  silicon  wafer  surface,  and 
also  markedly  improve  the  electric  characteristics,  i.e., 
the  oxide  dielectric  breakdown  voltage  (time  zero  die- 

so  lectric  breakdown,  TZDB)  and  the  time  dependent  die- 
lectric  breakdown  characteristic  (TDDB). 
[0010]  On  the  other  hand,  with  the  recent  use  of  high- 
er  integration  degree  of  MOS  structure  transistors,  it  has 
become  necessary  to  improve  the  mobility  of  carriers 

35  (electrons  and  holes)  immediately  under  the  oxide  layer 
in  the  MOS  structure.  Further,  with  the  use  of  increas- 
ingly  higher  driving  frequency  of  CPU  (central  process- 
ing  unit),  higher  writing  and  reading  velocities  of  mem- 
ories  are  of  course  required,  and  therefore  improvement 

40  of  the  carrier  mobility  has  become  an  important  research 
subject. 
[0011]  Further,  it  has  become  clear  that  microrough- 
ness  of  wafer  surface  is  closely  related  to  performance 
and  reliability  of  devices  as  factors  greatly  affecting  the 

45  electric  characteristics  such  as  the  oxide  dielectric 
breakdown  voltage  and  the  mobility  of  carriers  (see 
ShinyaYamakawaet.  al.,  J.  Appl.  Phys.  79,  911,  1996). 
[0012]  As  a  method  for  reducing  the  microroughness 
of  wafer  surface,  there  has  been  known,  for  example,  a 

so  method  which  comprises  applying  an  electric  current  to 
the  wafer  surface  using  a  special  apparatus  such  as  an 
ultra  high  vacuum  apparatus  (see  Ando  et  al.,  Extended 
Abstracts  (The  56th  Autumn  Meeting,  1  995),  The  Japan 
Society  of  Applied  Physics,  27p-ZV-1  3,  1  995).  However, 

55  it  takes  long  time  to  obtain  ultra  high  vacuum,  and  it  also 
takes  long  time  to  return  the  vacuum  to  atmospheric 
pressure.  This  causes  a  problem  that  one  must  always 
pay  attention  to  adhesion  of  particles  during  those  proc- 
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ess  steps. 
[0013]  In  addition,  when  the  hydrogen  annealing  was 
performed  within  the  temperature  range  of  1200°C  or 
more  by  using  the  aforementioned  RTA  apparatus,  mi- 
croroughness  can  only  slightly  be  improved  to  an  insuf- 
ficient  level,  and  the  haze  may  be  even  degraded,  whilst 
COP  density  is  greatly  reduced.  Therefore,  the  hydro- 
gen  annealing  condition  must  further  be  improved. 
[0014]  The  term  haze  used  herein  refers  an  index  of 
surface  roughness,  and  represents  periodic  undulations 
having  a  length  of  several  to  several  tens  nm.  This  sur- 
face  roughness  can  be  evaluated  quasi-quantitatively 
as  a  haze  level  of  the  whole  wafer  surface  by  scanning 
the  whole  surface  of  wafer  with  a  laser  beam,  and  de- 
termining  its  irregular  refraction  intensity  by  means  of  a 
particle  counter,  which  mostly  utilizes  a  laser. 
[0015]  To  meet  the  future  use  of  further  miniaturized 
design  rule,  it  is  necessary  to  establish  the  conditions 
for  heat  treatment  that  can  restore  the  degradation  of 
the  haze.  In  addition,  if  the  haze  value  is  increased, 
there  may  also  be  arisen  a  problem  that  LPDs  (light  point 
defects)  of  0.10  urn  or  less  cannot  be  measured  when 
LPDs  are  determined  by  a  particle  counter,  because  the 
haze  acts  as  background  noise. 

SUMMARY  OF  THE  INVENTION 

[0016]  The  present  invention  has  been  accomplished 
in  view  of  the  aforementioned  problems,  and  the  object 
of  the  present  invention  is  to  provide  a  method  for  heat 
treatment  of  a  silicon  wafer  in  a  reducing  atmosphere 
containing  hydrogen  by  using  an  RTA  apparatus,  which 
method  can,  in  particular,  reduce  COP  density  of  the  sil- 
icon  wafer  surface,  as  well  as  make  its  microroughness 
and  haze  further  smaller,  thereby  improving  the  electric 
characteristics  such  as  oxide  dielectric  breakdown  volt- 
age  and  mobility  of  carriers,  and  utilizing  the  advantages 
inherently  possessed  by  the  rapid  thermal  annealer 
such  as  improvements  of  yield  and  productivity,  and  re- 
duction  of  the  cost. 
[0017]  In  orderto  achieve  the  aforementioned  object, 
the  present  invention  provides  a  method  for  heat  treat- 
ment  of  a  silicon  wafer  performed  in  a  reducing  atmos- 
phere  containing  hydrogen  by  utilizing  a  rapid  thermal 
annealer,  characterized  in  that  the  heat  treatment  com- 
prises  a  plurality  of  steps  each  of  which  is  performed 
with  a  differently  defined  heat  treatment  condition. 
[0018]  In  a  method  for  heat  treatment  of  a  silicon  wa- 
fer  performed  in  a  reducing  atmosphere  containing  hy- 
drogen  by  utilizing  a  rapid  thermal  annealer,  if  the  heat 
treatment  is  performed  with  a  plurality  of  steps  each  of 
which  is  performed  with  a  differently  defined  heat  treat- 
ment  condition  as  described  above,  COPs  can  be  mark- 
edly  reduced  and  microroughness  and  haze  can  be  de- 
creased.  Thus,  silicon  wafers  exhibiting  extremely  few 
defects  and  excellent  electric  characteristics  can  be  ob- 
tained. 
[0019]  In  the  aforementioned  method,  it  is  desirable 

that  the  heat  treatment  comprising  a  plurality  of  steps  is 
continuously  performed  without  taking  out  the  wafer 
from  the  rapid  thermal  annealer. 
[0020]  By  continuously  performing  the  heat  treatment 

5  comprising  a  plurality  of  steps  as  for  the  wafer  set  on 
the  rapid  thermal  annealer  as  described  above,  COPs 
can  more  surely  be  eliminated  compared  with  a  case 
where  the  steps  of  the  heat  treatment  are  performed 
separately,  and  microroughness  and  haze  can  also  be 

10  reduced.  In  addition,  because  the  heat-treated  wafer  is 
not  taken  out  from  the  apparatus  for  each  step,  temper- 
ature  increase  from  and  decrease  to  ambient  tempera- 
ture  are  not  required.  Therefore,  time  and  thermal  ener- 
gy  required  for  temperature  increase  and  decrease  can 

is  be  saved,  and  thus  improvement  of  productivity  and  cost 
reduction  can  be  realized. 
[0021]  Further,  in  the  aforementioned  method,  as  for 
condition  of  the  heat  treatment  comprising  a  plurality  of 
steps,  temperature  for  one  step  of  the  heat  treatment  is 

20  desirably  selected  so  that  it  should  be  lower  than  that 
for  the  preceding  step. 
[0022]  By  selecting  the  temperature  condition  for  the 
heat  treatment  as  described  above,  one  kind  of  quality 
obtained  in  the  preceding  step  can  be  maintained  with- 

25  out  degrading  it,  and  another  kind  of  quality  can  be  im- 
proved  in  the  subsequent  step.  For  example,  COPs  can 
be  eliminated  by  a  heat  treatment  at  a  higher  tempera- 
ture  in  the  preceding  step,  and  microroughness  and 
haze  can  be  newly  reduced  by  a  heat  treatment  at  a  low- 

so  ertemperature  in  the  subsequent  step  while  maintaining 
the  elimination  of  COPs. 
[0023]  In  the  method  of  the  present  invention,  among 
the  plurality  of  steps  of  the  heat  treatment,  for  example, 
one  step  of  the  heat  treatment  may  be  performed  at  a 

35  temperature  of  1  200-1  350°C  for  1-300  seconds,  and 
another  subsequent  step  may  be  performed  at 
900-1  200°C  for  1-300  seconds. 
[0024]  With  these  heat  treatment  conditions,  COPs 
can  be  surely  eliminated  by  a  heat  treatment  at  a  higher 

40  temperature  range  in  the  preceding  step,  and  micror- 
oughness  and  haze  can  be  newly  and  efficiently  re- 
duced  to  desired  levels  in  an  extremely  short  period  of 
time  at  a  lower  temperature  range  in  the  subsequent 
step  while  maintaining  the  elimination  of  COPs. 

45  [0025]  The  reducing  atmosphere  containing  hydro- 
gen  is  preferably  composed  of  100%  of  hydrogen,  or  a 
mixed  gas  atmosphere  composed  of  hydrogen  and  ar- 
gon  and/or  nitrogen. 
[0026]  Use  of  such  a  heat  treatment  atmosphere  en- 

50  sures  the  reduction  of  COP  density,  and  improvement 
of  microroughness  and  haze  of  the  wafer  surface. 
[0027]  The  method  for  heat  treatment  of  a  silicon  wa- 
fer  according  to  the  present  invention  can  be  performed 
before  or  during  a  semiconductor  device-processing 

55  step.  If  the  heat  treatment  is  performed  before  a  semi- 
conductor  device-processing  step,  devices  excellent  in 
electric  characteristics  such  as  oxide  dielectric  break- 
down  voltage  and  mobility  of  carriers  can  be  produced 

3 
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relatively  easily.  In  addition,  the  heat  treatment  can  also 
be  performed  even  during  a  semiconductor  device- 
processing  step  as  desired  to  improve  electric  charac- 
teristics,  or  restore  degraded  electric  characteristics. 
[0028]  By  the  method  for  heat  treatment  of  the  present 
invention  described  above,  COP  density  of  the  wafer 
surface  is  reduced,  and  microroughness  and  haze  be- 
come  small.  Therefore,  the  electric  characteristics  such 
as  oxide  dielectric  breakdown  voltage  and  carrier  mo- 
bility  are  improved,  and  silicon  wafers  of  extremely  high 
quality  and  usefulness  can  be  obtained. 
[0029]  In  particular,  there  can  be  obtained  such  a  sil- 
icon  wafer  having  the  number  of  LPDs  not  less  than  0.  1  2 
urn  (representing  COP)  of  0.064  LPD/cm2  or  less,  de- 
termined  by  a  particle  counter,  P-V  value  within  a  2  urn 
square  (area  of  4  urn2)  (representing  microroughness) 
of  1  .0  nm  or  less,  determined  by  an  atomic  force  micro- 
scope,  and  scattered  light  intensity  (representing  haze 
level)  of  0.3  ppm  or  less  for  incident  light,  determined  by 
a  particle  counter. 
[0030]  According  to  the  present  invention,  COP  den- 
sity  of  silicon  wafer  surface  can  be  markedly  reduced 
and  its  microroughness  and  haze  can  be  made  smaller 
by  performing  a  heat  treatment  of  the  silicon  wafer  in  a 
reducing  atmosphere  containing  hydrogen  with  a  plural- 
ity  of  steps  by  using  a  rapid  thermal  annealer.  As  a  re- 
sult,  silicon  wafers  with  excellent  electric  characteristics 
such  as  oxide  dielectric  breakdown  voltage  and  mobility 
of  carriers,  and  excellent  crystallinity  can  be  obtained, 
and  improvements  of  yield  and  productivity,  and  reduc- 
tion  of  the  cost  as  for  the  silicon  wafer  production  can 
be  realized. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

[0031]  Fig.  1  is  a  graph  representing  the  relationship 
between  heat  treatment  temperature  of  the  first  step  and 
COP  density  after  the  heat  treatment  in  the  heat  treat- 
ment  comprising  a  plurality  of  steps  by  a  rapid  thermal 
annealer. 
[0032]  Fig.  2  is  a  graph  representing  the  relationship 
between  heat  treatment  temperature  of  the  first  step  and 
microroughness  after  the  heat  treatment  in  the  heat 
treatment  comprising  a  plurality  of  steps  by  a  rapid  ther- 
mal  annealer. 
[0033]  Fig.  3  is  a  graph  representing  the  relationship 
between  heat  treatment  temperature  of  the  second  step 
and  COP  density  after  the  heat  treatment  in  the  heat 
treatment  comprising  a  plurality  of  steps  by  a  rapid  ther- 
mal  annealer. 
[0034]  Fig.  4  is  a  graph  representing  the  relationship 
between  heat  treatment  temperature  of  the  second  step 
and  microroughness  after  the  heat  treatment  in  the  heat 
treatment  comprising  a  plurality  of  steps  by  a  rapid  ther- 
mal  annealer. 
[0035]  Fig.  5  is  a  graph  representing  the  relationship 
between  hydrogen  concentration  in  mixed  gas  for  the 
heat  treatment  of  the  second  step  by  a  rapid  thermal 

annealer  and  haze  after  the  heat  treatment. 
[0036]  Fig.  6  is  a  graph  representing  the  relationship 
between  heat  treatment  temperature  for  the  heat  treat- 
ment  of  the  second  step  by  a  rapid  thermal  annealer  and 

5  haze  after  the  heat  treatment. 
[0037]  Fig.  7  is  a  graph  representing  the  relationship 
between  heat  treatment  time  for  the  heat  treatment  of 
the  second  step  by  a  rapid  thermal  annealer  and  haze 
(bit  number)  after  the  heat  treatment. 

10  [0038]  Fig.  8  is  a  graph  representing  the  relationship 
between  heat  treatment  time  for  the  heat  treatment  of 
the  second  step  by  a  rapid  thermal  annealer  and  haze 
(ppm)  after  the  heat  treatment. 
[0039]  Fig.  9  is  a  schematic  cross-sectional  view  of 

is  an  apparatus  capable  of  rapid  heating  and  rapid  cooling 
of  a  silicon  wafer. 

DESCRIPTION  OF  THE  INVENTION  AND 
EMBODIMENTS 

20 
[0040]  The  present  invention  and  embodiments 
thereof  will  be  explained  more  in  detail  hereinafter. 
[0041]  The  inventors  of  the  present  invention  investi- 
gated  conditions  for  heat  treatment  which  can  reduce 

25  the  density  of  COPs  present  on  silicon  wafer  surface  to 
improve  the  oxide  dielectric  breakdown  voltage,  and  de- 
crease  microroughness  and  haze  to  realize  improve- 
ments  of  electric  characteristics  such  as  improvement 
of  carrier  mobility  through  various  experiments.  As  a  re- 

30  suit,  they  found  that,  if  the  heat  treatment  under  the  re- 
ducing  atmosphere  containing  hydrogen  gas  is  per- 
formed  by  a  plurality  of  steps  each  of  which  is  performed 
with  a  differently  defined  heat  treatment  condition,  sili- 
con  wafers  with  low  COP  density  and  small  microrough- 

35  ness  and  haze  can  be  obtained.  Further,  they  investi- 
gated  various  conditions  for  the  aforementioned  char- 
acteristics  of  the  present  invention,  and  thus  completed 
the  present  invention. 
[0042]  First,  in  order  to  establish  suitable  heat  treat- 

40  ment  conditions  for  the  plurality  of  steps  for  heat  treat- 
ment  of  silicon  wafers,  which  are  set  on  a  rapid  thermal 
annealer,  the  following  experiment  was  performed.  As 
a  heat  treatment  apparatus,  an  RTA  apparatus  (rapid 
thermal  annealer,  Steag  Microtec  International,  SHS- 

45  2800)  was  used. 
[0043]  As  silicon  wafers,  used  were  those  having  a 
diameter  of  8  inches  and  crystal  orientation  of  <100>, 
which  had  been  obtained  by  slicing  of  a  silicon  ingot  pro- 
duced  by  the  Czochralski  method  and  mirror  surface 

so  polishing  in  usual  manners. 
[0044]  As  for  those  silicon  wafers,  COP  density  of 
their  surfaces  was  preliminarily  measured  before  they 
were  subjected  to  heat  treatment,  and  it  was  confirmed 
that  about  300  COPs/wafer  were  present  on  the  surfac- 

es  es.  For  the  measurement  of  COPs,  only  particles  of  not 
less  than  0.12  urn  were  detected  by  a  particle  counter 
(LS-6030,  trade  name  of  Hitachi  Electronics  Engineer- 
ing),  as  commonly  conducted. 
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[0045]  The  measurement  of  microroughness  was 
performed  for  an  area  of  2  urn  square  by  using  AFM 
(atomic  force  microscope,  NanoScope-ll,  trade  name  of 
Digital 
[0046]  Instruments).  The  microroughness  before  heat 
treatment  was  1.1  nm  or  more  in  terms  of  the  P-V  value 
(maximum  difference  between  peaks  and  valleys). 
[0047]  The  measurement  of  haze  was  performed  by 
particle  counters,  LS-6030  (trade  name  of  Hitachi  Elec- 
tronics  Engineering)  and  SurfScan  (SP-1,  trade  name 
of  KLA  Tencor).  Because  these  apparatuses  had  differ- 
ent  space  wavelengths,  different  surface  areas  were 
scanned.  To  confirm  the  decreasing  tendency  of  haze, 
the  measurement  was  performed  by  the  both  appara- 
tuses.  The  space  wavelengths  of  the  these  apparatuses 
were  around  0.5-3  urn  for  LS-6030,  and  2-5  urn  for  SP-1  . 
[0048]  The  heat  treatment  was  performed  by  two 
steps,  and  the  first  step  was  performed  in  a  range  of 
1  000-1  230°C  to  eliminate  COPs.  The  reducing  atmos- 
phere  containing  hydrogen  was  composed  of  100%  of 
hydrogen  gas,  and  the  heat  treatment  was  performed 
for  a  constant  heat  treatment  time  of  ten  seconds.  The 
results  are  shown  in  Fig.  1.  From  this  figure,  it  can  be 
seen  that  the  density  of  COPs  on  the  wafer  surfaces  be- 
gan  to  decrease  at  1150°C,  and  became  about  10  or 
less  COPs/8-inch  wafer  at  a  temperature  of  1200°C  or 
higher.  As  a  pretreatment  of  wafers,  native  oxide  was 
removed  by  hydrofluoric  acid  (HF)  in  this  experiment, 
but  elimination  of  COPs  represented  the  same  tendency 
also  for  those  wafers  not  subjected  to  such  a  treatment. 
[0049]  As  shown  in  Fig.  2,  microroughness  was  im- 
proved  from  1.1  nm  to  0.9  nm  on  average  in  terms  of 
the  P-V  value  in  the  aforementioned  temperature  range. 
Haze  was  not  substantially  changed  in  the  first  step  of 
the  heat  treatment. 
[0050]  The  second  step  of  the  heat  treatment  aimed 
at  the  reduction  of  microroughness  and  haze.  First,  re- 
duction  of  microroughness  was  investigated.  This  step 
was  performed  in  a  temperature  range  of  1  000-1  150°C 
for  ten  seconds  under  an  atmosphere  of  1  00%  of  hydro- 
gen  gas.  Temperature  decreasing  operation  for  shifting 
from  the  first  step  to  the  second  step  was  performed  by 
descending  a  stage  on  which  a  wafer  was  placed  to  a 
low  temperature  region  with  a  temperature  decreasing 
rate  of  33°C/second,  and  the  shift  was  performed  within 
several  seconds. 
[0051]  The  results  of  the  second  step  of  the  heat  treat- 
ment  are  shown  in  Fig.  3.  From  this  figure,  it  can  be  seen 
that  elimination  of  COPs  was  not  substantially  affected 
by  the  second  step  of  the  heat  treatment,  and  it  was  es- 
tablished  by  the  first  step  of  the  heat  treatment.  In  other 
words,  if  the  heat  treatment  of  the  first  step  is  performed 
at  a  temperature  of  not  less  than  1  200°C,  the  density  of 
COPs  does  not  change  with  any  temperature  condition 
of  the  heat  treatment  of  the  second  step.  A  smaller  den- 
sity  of  COPs  is  more  preferred,  and  when  the  COP  den- 
sity  was  made  about  10  COPs  or  less  per  8-inch  wafer 
according  to  the  present  invention,  the  electric  charac- 

teristics  such  as  TZDB  and  TDDB  were  markedly  im- 
proved.  Thus,  accordingtothe  present  invention,  wafers 
with  a  COP  density  of  20  COPs/8-inch  wafer  (0.064 
COP/cm2)  or  less  can  be  surely  and  stably  produced. 

5  [0052]  As  shown  in  Fig.  4,  it  can  be  seen  that  micror- 
oughness  was  more  improved  from  1.1  nm  before  the 
heat  treatment  to  0.85-0.6  nm  in  terms  of  the  P-V  value 
as  the  temperature  became  higher  by  the  second  step 
of  the  heat  treatment. 

10  [0053]  Then,  haze  was  investigated.  First,  effect  of 
hydrogen  concentration  in  the  reducing  atmosphere 
containing  hydrogen  was  examined.  The  second  step 
of  the  heat  treatment  was  performed  at  1050°C  for  60 
seconds  by  using  a  mixed  gas  with  varying  hydrogen 

is  gas  concentration  of  30-80%  (remainder  gas  was  com- 
posed  of  nitrogen  and  argon).  Haze  (bit  number)  was 
measured  by  the  particle  counter  LS-6030. 
[0054]  The  results  are  shown  in  Fig.  5.  It  can  be  un- 
derstood  from  the  figure  that  40-70%  of  the  hydrogen 

20  concentration  is  suitable. 
[0055]  The  results  of  the  second  step  of  the  heat  treat- 
ment  as  for  haze  are  shown  in  Fig.  6.  Fig.  6  shows  the 
relationship  between  the  temperature  of  the  second 
step  of  the  heat  treatment  and  haze  (bit  number)  after 

25  the  heat  treatment.  The  experiment  was  performed  by 
using  an  atmospheric  gas  composed  of  60%  of  hydro- 
gen,  20%  of  argon,  and  20%  of  nitrogen  within  the  tem- 
perature  range  of  1  000-1  1  00°C.  As  a  result,  it  was  found 
that  suitable  temperature  was  around  1050°C. 

30  [0056]  As  for  the  treatment  time,  it  can  be  understood 
that  haze  was  markedly  improved  with  a  treatment  time 
of  20-120  seconds  as  shown  in  Figs.  7  and  8,  when  the 
experiment  was  performed  at  a  heat  treatment  temper- 
ature  of  1050°C  with  an  atmospheric  gas  composed  of 

35  60%  of  hydrogen,  20%  of  argon,  and  20%  of  nitrogen 
with  varying  the  treatment  time  from  0  to  120  seconds. 
Fig.  7  shows  values  (bit  number)  measured  by  the  par- 
ticle  counter  LS-6030,  and  Fig.  8  shows  the  values 
(ppm)  measured  by  SP-1.  The  improvement  of  haze  is 

40  supported  by  the  results  obtained  by  the  both  appara- 
tuses. 
[0057]  Because  these  apparatuses  for  measuring  the 
haze  level  scanned  different  surface  areas,  and  em- 
ployed  different  detection  mechanisms,  they  could  not 

45  provide  the  evaluation  in  terms  of  the  same  parameter. 
When  the  measurement  was  performed  by  the  particle 
counter  SP-I  having  a  space  wavelength  of  about  2-5 
urn,  the  wafers  of  the  present  invention  showed  scat- 
tered  light  intensity  of  0.3  ppm  or  less  for  incident  light 

so  (this  represents  haze)  as  shown  in  Fig.  8.  When  the 
measurement  was  performed  by  the  particle  counter 
LS-6030  having  a  space  wavelength  of  0.5-3  urn  (Fig. 
7),  the  same  wafers  afforded  the  results  of  about  60  bits. 
[0058]  As  a  summary  of  the  foregoing  experiments 

55  and  investigations,  it  can  be  concluded  that,  when  sili- 
con  wafers  are  subjected  in  single  wafer  processing  to 
a  heat  treatment  comprising  a  plurality  of  steps  per- 
formed  in  a  reducing  atmosphere  containing  hydrogen 
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by  using  an  RTA  apparatus,  by  employing  a  heat  treat- 
ment  temperature  in  the  range  of  1150-1250°C  and  a 
treatment  time  of  ten  seconds  for  the  first  step  of  the 
heat  treatment,  and  a  heat  treatment  temperature  of 
1  000-1  150°C  and  a  treatment  time  of  10-120  seconds 
for  the  second  step  of  the  heat  treatment,  density  of 
COPs  decreases  to  around  1  0%  to  1  %  of  that  observed 
before  the  heat  treatment,  microroughness  is  reduced 
to  around  80%  to  55%  of  that  observed  before  the  heat 
treatment,  and  haze  level  also  decreases  to  around 
80-50%  of  that  observed  before  the  heat  treatment,  and 
thus  there  can  be  obtained  silicon  wafers  exhibiting 
practically  sufficient  levels  of  these  parameters. 
[0059]  Embodiments  of  the  present  invention  will  be 
explained  hereinafter  with  reference  to  the  appended 
drawing,  but  the  scope  of  the  present  invention  is  not 
limited  to  them. 
[0060]  An  exemplary  apparatus  that  can  perform  rap- 
idly  heating  and  rapidly  cooling  a  silicon  wafer  in  a  re- 
ducing  atmosphere  containing  hydrogen,  which  can  be 
used  for  the  invention,  will  be  explained  hereinafter.  Fig. 
9  is  a  schematic  cross-sectional  view  of  such  an  appa- 
ratus  capable  of  rapid  heating  and  rapid  cooling. 
[0061]  A  heat  treatment  apparatus  20  shown  in  Fig.  9 
comprises  a  bell  jar  21  composed  of,  for  example,  silicon 
carbide  or  quartz,  and  silicon  wafers  are  heat-treated  in 
this  bell  jar  21  .  Heating  is  performed  by  heaters  22  and 
22',  which  are  disposed  so  that  they  should  surround 
the  bell  jar  21  .  These  heaters  are  divided  into  a  top  part 
and  a  lateral  part,  and  electric  power  supplied  to  them 
can  be  independently  controlled.  A  housing  23  for 
shielding  heat  is  disposed  outside  the  heaters  22  and 
22'.  Of  course,  the  heat  treatment  apparatus  and  heat- 
ing  method  are  not  limited  to  these,  and  the  so-called 
radiation  heating,  high-frequency  heating  and  the  like 
may  also  be  used. 
[0062]  A  water  cooled  chamber  24  and  a  base  plate 
25  are  disposed  under  a  furnace,  and  they  shut  the  in- 
side  of  the  bell  jar  21  off  from  the  outer  air.  A  silicon  wafer 
28  is  held  on  a  stage  27,  and  the  stage  27  is  fixed  at  the 
top  of  supporting  shaft  26  which  can  be  freely  moved 
upward  and  downward  by  a  motor  29.  The  water  cooled 
chamber  24  has  a  wafer  insertion  port  (not  shown  in  the 
figure)  which  can  be  opened  and  closed  by  a  gate  valve, 
so  that  the  wafer  can  be  put  into  and  taken  out  from  the 
furnace  along  the  transverse  direction.  The  base  plate 
25  is  provided  with  a  gas  inlet  and  exhaust  outlet,  so 
that  the  gaseous  atmosphere  in  the  furnace  can  be  con- 
trolled. 
[0063]  By  using  such  a  heat  treatment  apparatus  20 
as  mentioned  above,  the  heat  treatment  of  a  silicon  wa- 
fer  for  rapid  heating  and  rapid  cooling  in  a  reducing  at- 
mosphere  containing  hydrogen,  which  comprises  a  plu- 
rality  of  steps,  for  example,  two-step  heat  treatment  (first 
step:  high  temperature  heat  treatment,  second  step:  low 
temperature  heat  treatment),  is  performed  as  follows. 
[0064]  First,  in  the  high  temperature  heat  treatment  of 
the  first  step,  the  inside  of  the  bell  jar  21  is  heated  to  a 

desired  temperature,  for  example,  1  200-1  350°C,  by  the 
heaters  22  and  22',  and  maintained  at  that  temperature. 
By  independently  controlling  the  electric  power  supplied 
to  each  of  the  separate  heaters,  temperature  gradient 

5  can  be  obtained  in  the  bell  jar  21  along  its  height  direc- 
tion.  Therefore,  at  this  point,  a  region  at  a  temperature 
of  900-1  200°C,  which  is  desired  for  the  low  temperature 
heat  treatment  of  the  second  step,  can  be  obtained  un- 
der  the  region  for  the  high  temperature  heat  treatment 

10  of  the  first  step.  Thus,  even  when  the  heat  treatment 
temperature  for  a  wafer  is  different  in  the  plurality  of 
steps,  it  can  be  selected  by  changing  the  position  of  the 
stage  27,  i.e.,  the  length  of  the  supporting  shaft  26  in- 
serted  into  the  furnace. 

15  [0065]  After  the  inside  of  the  bell  jar  21  reached  and 
maintained  at  a  desired  temperature,  a  silicon  wafer  is 
inserted  from  the  insertion  port  of  the  water  cooled 
chamber  24  by  a  wafer  handling  apparatus  not  shown 
in  the  figure,  which  is  disposed  at  a  neighboring  position 

20  of  the  heat  treatment  apparatus  20,  and  placed  on  the 
stage  27  waiting  at  its  lowest  position  via,  for  example, 
a  SiC  boat.  At  this  point,  because  the  water  cooled 
chamber  24  and  the  base  plate  25  are  cooled  with  water, 
the  wafer  is  not  heated  to  a  high  temperature. 

25  [0066]  After  the  silicon  wafer  was  placed  on  the  stage 
27,  the  stage  27  is  immediately  elevated  to  a  position  of 
desired  temperature  at  1200°C  to  1350°C  by  inserting 
the  supporting  shaft  26  into  the  inside  of  the  furnace  by 
the  motor  29  so  that  the  wafer  on  the  stage  should  be 

30  subjected  to  the  high  temperature  heat  treatment.  Inthis 
operation,  because  the  stage  moves  from  its  lowest  po- 
sition  in  the  water  cooled  chamber  24  to  the  desired  tem- 
perature  position  within,  for  example,  only  20  seconds, 
the  wafer  will  be  rapidly  heated. 

35  [0067]  Then,  by  maintaining  the  stage  27  at  the  de- 
sired  temperature  position  for  a  predetermined  period 
of  time  (1-300  seconds),  the  wafer  can  be  subjected  to 
the  high  temperature  heat  treatment  in  the  reducing  at- 
mosphere  containing  hydrogen  for  the  period  of  time  for 

40  which  the  wafer  was  maintained  at  the  position.  When 
the  predetermined  time  has  passed  and  the  high  tem- 
perature  heat  treatment  of  the  first  step  was  finished, 
the  supporting  shaft  26  is  immediately  lowered  by  the 
motor  29,  so  that  the  stage  27  should  be  lowered  to  a 

45  preliminarily  provided  region  at  a  temperature  of 
900-1  200°C,  which  is  the  heat  treatment  temperature  of 
the  second  step,  within  several  seconds.  Then,  by  main- 
taining  the  stage  at  the  desired  temperature  position  for 
a  predetermined  time  (1-300  seconds),  the  wafer  can 

so  be  subjected  to  low  temperature  heat  treatment  in  the 
reducing  atmosphere  containing  hydrogen  for  the  peri- 
od  of  time  for  which  the  wafer  was  maintained  at  the 
position. 
[0068]  When  the  predetermined  time  has  passed  and 

55  the  low  temperature  heat  treatment  of  the  second  step 
is  finished,  the  stage  27  is  immediately  descended  by 
pulling  the  supporting  shaft  26  out  from  the  furnace  by 
the  motor  29,  and  positioned  at  the  bottom  of  the  water 
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cooled  chamber  24.  This  descending  operation  can  also 
be  performed  within,  for  example,  about  20  seconds. 
Because  the  water  cooled  chamber  24  and  the  base 
plate  25  are  cooled  with  water,  the  silicon  wafer  on  the 
stage  27  is  cooled  rapidly.  Finally,  the  silicon  wafer  is 
taken  out  by  the  wafer  handling  apparatus  to  finish  the 
two-step  continuous  heat  treatment. 
[0069]  When  additional  silicon  wafers  are  to  be  heat- 
treated,  those  silicon  wafers  can  be  introduced  succes- 
sively  into  the  apparatus  and  subjected  to  the  heat  treat- 
ment  comprising  a  plurality  of  steps,  since  the  temper- 
ature  in  the  heat  treatment  apparatus  20  is  not  lowered. 
[0070]  While  the  heat  treatment  comprising  a  plurality 
of  steps  has  been  explained  by  exemplifying  a  two-step 
heat  treatment  in  the  foregoing  description,  the  heat 
treatment  for  rapid  heating  and  rapid  cooling  utilizing  a 
rapid  thermal  annealer  (RTA  apparatus)  according  to 
the  present  invention  may  be  one  comprising  placing  a 
wafer  at  a  predetermined  position  in  a  heat  treatment 
furnace  and  immediately  performing  heat  treatment  with 
a  lamp  heater  or  the  like,  in  addition  to  the  aforemen- 
tioned  one  comprising  immediately  introducing  a  wafer 
into  a  heat  treatment  furnace  adjusted  to  the  aforemen- 
tioned  temperature  range,  and  immediately  taking  out  it 
after  the  aforementioned  heat  treatment  time  has 
passed.  The  expressions  of  "immediately  introducing" 
and  "immediately  taking  out"  mean  that  the  heat  treat- 
ment  is  performed  without  the  so-called  loading  and  un- 
loading  operations,  i.e.,  without  temperature  elevating 
and  decreasing  operations  within  predetermined  peri- 
ods  of  time,  or  slow  introduction  and  taking  out  of  a  wafer 
into  and  from  a  heat  treatment  furnace  as  conventionally 
performed.  However,  it,  of  course,  takes  a  certain  period 
of  time  to  move  the  wafer  to  a  predetermined  position 
in  the  furnace,  and  therefore  the  aforementioned  ex- 
pression  means  that  the  operations  are  performed  with- 
in  several  seconds  to  several  minutes  depending  on  the 
performance  of  the  apparatus  for  introducing  the  wafer. 
[0071]  The  method  for  heat  treatment  of  a  silicon  wa- 
fer  performed  in  a  reducing  atmosphere  containing  hy- 
drogen  by  utilizing  a  rapid  thermal  annealer  according 
to  the  present  invention  is  characterized  in  that  the  heat 
treatment  is  performed  by  a  plurality  of  steps,  and  heat 
treatment  condition  is  differently  defined  for  each  step. 
[0072]  In  a  method  for  heat  treatment  of  a  silicon  wa- 
fer  performed  in  a  reducing  atmosphere  containing  hy- 
drogen  by  utilizing  a  rapid  thermal  annealer,  if  the  heat 
treatment  is  performed  with  a  plurality  of  steps  each  of 
which  is  performed  with  a  differently  defined  heat  treat- 
ment  condition  as  described  above,  COPs  can  be  mark- 
edly  reduced  and  microroughness  and  haze  can  be  de- 
creased.  Thus,  silicon  wafers  exhibiting  extremely  few 
defects  and  excellent  electric  characteristics  such  as  ox- 
ide  dielectric  breakdown  voltage  and  carrier  mobility  can 
be  obtained. 
[0073]  In  the  aforementioned  method,  it  is  desirable 
that  the  heat  treatment  comprising  a  plurality  of  steps  is 
continuously  performed  without  taking  out  the  wafer 

from  the  RTA  apparatus. 
[0074]  When  the  heat  treatment  comprising  the  plu- 
rality  of  steps  is  continuously  performed  as  for  the  wafer 
set  on  the  RTA  apparatus  as  described  above,  COPs 

5  can  be  more  surely  eliminated  compared  with  a  case 
where  the  steps  of  the  heat  treatment  are  performed 
separately,  and  thus  microroughness  and  haze  can  si- 
multaneously  be  reduced.  In  addition,  because  the  heat- 
treated  wafer  is  not  taken  out  from  the  RTA  apparatus 

10  for  each  step,  temperature  increase  and  decrease  from 
and  to  ambient  temperature  are  not  required.  Therefore, 
time  and  thermal  energy  required  for  temperature  in- 
crease  and  decrease  can  be  saved,  and  thus  improve- 
ments  of  productivity  and  yield,  and  cost  reduction  can 

is  be  realized. 
[0075]  Further,  in  the  aforementioned  method,  as  for 
condition  of  the  heat  treatment  comprising  a  plurality  of 
steps,  temperature  for  one  step  of  the  heat  treatment  is 
desirably  selected  so  that  it  should  be  lower  than  that 

20  for  the  preceding  step. 
[0076]  By  selecting  the  temperature  condition  for  the 
heat  treatment  as  described  above,  one  kind  of  good 
quality  obtained  in  the  preceding  step  can  be  maintained 
without  degrading  it,  and  another  kind  of  quality  can  be 

25  improved  in  the  subsequent  step.  For  example,  density 
of  COPs  can  be  reduced  or  COPs  can  be  eliminated  by 
a  heat  treatment  at  a  higher  temperature  in  the  preced- 
ing  step,  and  microroughness  and  haze  can  be  newly 
reduced  in  a  subsequent  step  at  a  lower  temperature 

30  while  maintaining  the  state  of  the  COP. 
[0077]  Further,  it  has  been  found  that,  according  to 
this  method,  when  the  high  temperature  heat  treatment 
of  the  preceding  step  is  applied  to  a  wafer  free  from 
COP,  haze  is  further  improved  compared  with  the  case 

35  where  the  wafer  is  subjected  only  to  the  low  temperature 
heat  treatment  of  the  subsequent  step.  Therefore,  the 
method  can  be  used  for  silicon  layers  of  wafers  free  from 
COP  (perfect  crystals,  quasi-perfect  crystals,  epitaxial 
wafers)  and  SOI  wafers  aiming  at  the  improvement  of 

40  haze. 
[0078]  As  more  specific  heat  treatment  conditions  ac- 
cording  to  the  present  invention,  among  the  plurality  of 
steps  of  the  heat  treatment,  one  preceding  step  of  the 
heat  treatment  may  be  performed  at  1  200-1  350°C  for 

45  1-300  seconds,  and  another  subsequent  step  may  be 
performed  at  900-1  200°C  for  1-300  seconds. 
[0079]  By  these  heat  treatment  conditions,  density  of 
COPs  can  surely  be  reduced  or  eliminated  by  the  heat 
treatment  at  a  higher  temperature  range  in  the  preced- 

50  ing  step,  and  microroughness  and  haze  can  be  newly 
and  efficiently  reduced  in  an  extremely  short  period  of 
time  in  the  subsequent  step  at  a  lower  temperature 
range  while  maintaining  the  state  of  COP. 
[0080]  When  the  temperature  of  the  heat  treatment  of 

55  the  preceding  step  exceeds  1  350°C,  problems  concern- 
ing  durability  of  furnace,  contamination  of  wafers  and 
the  like  may  be  caused.  Therefore,  it  is  preferably  per- 
formed  at  a  temperature  of  1  200-1  350°C. 
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[0081]  The  aforementioned  reducing  heat  treatment 
atmosphere  containing  hydrogen  may  be  composed  of 
100%  of  hydrogen,  or  a  mixed  gas  atmosphere  com- 
posed  of  hydrogen  and  argon  and/or  nitrogen  may  be 
used  as  the  atmosphere  to  control  the  reducing  ability 
of  hydrogen  or  for  the  reason  of  safety. 
[0082]  Use  of  such  a  heat  treatment  atmosphere  en- 
sures  the  reduction  of  COP  density  of  the  wafer  surface, 
and  improvements  of  microroughness  and  haze.  In  par- 
ticular,  a  hydrogen  concentration  of  around  40-70%  in 
the  mixed  gas  is  preferred  for  reducing  haze. 
[0083]  The  method  for  heat  treatment  of  a  silicon  wa- 
fer  according  to  the  present  invention  can  be  performed 
before  or  during  a  semiconductor  device-processing 
step.  If  the  heat  treatment  is  performed  before  a  semi- 
conductor  device-processing  step,  devices  excellent  in 
electric  characteristics  such  as  oxide  dielectric  break- 
down  voltage  and  mobility  of  carriers  can  be  produced 
relatively  easily  because  wafers  of  improved  quality  can 
be  used  for  the  device  fabricating.  The  heat  treatment 
according  to  the  present  invention  can  also  be  per- 
formed  even  during  a  semiconductor  device-processing 
step  as  desired  to  improve  electric  characteristics,  or  re- 
store  degraded  electric  characteristics. 
[0084]  By  the  method  for  heat  treatment  of  the  present 
invention  described  above,  COP  density  of  the  wafer 
surface  is  reduced,  and  its  microroughness  and  haze 
are  made  small.  Therefore,  electric  characteristics  such 
as  oxide  dielectric  breakdown  voltage  and  carrier  mo- 
bility  are  improved,  and  silicon  wafers  of  extremely  high 
quality  and  usefulness  as  those  for  semiconductor  de- 
vices  can  be  obtained  with  high  yield  and  high  produc- 
tivity. 
[0085]  In  particular,  there  can  be  obtained  such  a  sil- 
icon  wafer  having  the  number  of  LPDs  not  less  than  0.  1  2 
urn  (representing  COP)  of  20  COPs/8-inch  wafer  (0.064 
LPD/cm2  or  less),  determined  by  a  particle  counter,  P- 
V  value  within  a  2  urn  square  (area  of  4  urn2)  (represent- 
ing  microroughness)  of  1.0  nm  or  less,  determined  by 
an  atomic  force  microscope,  and  scattered  light  intensity 
(representing  haze  level)  of  0.3  ppm  or  less  for  incident 
light,  determined  by  a  particle  counter. 
[0086]  The  present  invention  is  not  limited  to  the  em- 
bodiments  described  above.  The  above-described  em- 
bodiments  are  mere  examples,  and  those  having  the 
substantially  same  structure  as  that  described  in  the  ap- 
pended  claims  and  providing  the  similar  functions  and 
advantages  are  included  in  the  scope  of  the  present  in- 
vention. 
[0087]  For  example,  while  the  aforementioned  em- 
bodiments  utilizes  such  a  heat  treatment  apparatus  as 
shown  in  Fig.  9,  the  method  of  the  present  invention 
need  not  necessarily  be  performed  with  such  an  appa- 
ratus,  and  it  can  be  performed  in  principle  with  any  ap- 
paratus  so  long  as  it  is  an  apparatus  capable  of  rapid 
heating  and  rapid  cooling  of  silicon  wafers,  and  it  can 
realize  the  heating  to  900°C  or  higher  and  the  heat  treat- 
ment  comprising  a  plurality  of  steps. 

[0088]  Further,  the  aforementioned  embodiments 
have  been  explained  for  the  heat  treatment  of  silicon  wa- 
fers  having  a  diameter  of  8  inches,  but  the  present  in- 
vention  can  be  used  irrespective  of  the  wafer  diameter 

5  in  principle,  and  used  for  silicon  wafers  having  a  diam- 
eter  of,  for  example,  10  to  16  inches  or  more. 
[0089]  Furthermore,  the  method  for  heat  treatment  of 
the  present  invention  can  also  be  used  for  restoring  sur- 
face  roughness  of  epitaxial  wafers  and  SOI  layers  of  SOI 

10  wafers  (reduction  of  haze),  and  the  production  of  wafers 
for  particle  monitoring  adapted  to  a  particle  size  of  0.09 
urn 

is  Claims 

1  .  A  method  for  heat  treatment  of  a  silicon  wafer  per- 
formed  in  a  reducing  atmosphere  containing  hydro- 
gen  by  utilizing  a  rapid  thermal  annealer,  character- 

20  ized  in  that  the  heat  treatment  comprises  a  plurality 
of  steps  each  of  which  is  performed  with  a  differently 
defined  heat  treatment  condition. 

2.  The  method  for  heat  treatment  of  a  silicon  wafer  ac- 
25  cording  to  Claim  1  ,  characterized  in  that  the  heat 

treatment  comprising  a  plurality  of  steps  is  continu- 
ously  performed  without  taking  out  the  wafer  from 
the  rapid  thermal  annealer. 

30  3.  The  method  for  heat  treatment  of  a  silicon  wafer  ac- 
cording  to  Claim  1  or  2,  characterized  in  that,  as  for 
condition  of  the  heat  treatment  comprising  a  plural- 
ity  of  steps,  temperature  for  one  step  of  the  heat 
treatment  is  selected  so  that  it  should  be  lower  than 

35  that  for  the  preceding  step. 

4.  The  method  for  heat  treatment  of  a  silicon  wafer  ac- 
cording  to  any  one  of  Claims  1-3,  characterized  in 
that,  among  the  plurality  of  steps  of  the  heat  treat- 

40  ment,  one  step  of  the  heat  treatment  is  performed 
at  a  temperature  of  1  200-1  350°C  for  1-300  sec- 
onds,  and  another  subsequent  step  is  performed  at 
900-1  200°C  for  1-300  seconds. 

45  5.  The  method  for  heat  treatment  of  a  silicon  wafer  ac- 
cording  to  any  one  of  Claims  1-4,  characterized  in 
that  the  reducing  atmosphere  containing  hydrogen 
is  composed  of  100%  of  hydrogen,  or  a  mixed  gas 
atmosphere  composed  of  hydrogen  and  argon  and/ 

so  or  nitrogen. 

6.  The  method  for  heat  treatment  of  a  silicon  wafer  ac- 
cording  to  any  one  of  Claims  1-5,  characterized  in 
that  the  method  is  performed  before  or  during  a 

55  semiconductor  device-processing  step. 

7.  A  silicon  wafer  which  has  been  heat-treated  by  a 
method  for  heat  treatment  of  a  silicon  wafer  accord- 
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ing  to  any  one  of  Claims  1  -6. 

A  silicon  wafer  characterized  in  that  it  has  a  number 
of  LPD  not  less  than  0.12  urn  of  0.064  LPD/cm2  or 
less,  determined  by  a  particle  counter,  P-V  value  s 
within  a  2  urn  square  of  1  .0  nm  or  less,  determined 
by  an  atomic  force  microscope,  and  scattered  light 
intensity  of  0.3  ppm  or  less  for  incident  light,  deter- 
mined  by  a  particle  counter. 
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