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(54)  Semiconductors  having  denuded  zones  

(57)  A  method  for  processing  a  semiconductor  sub- 
strate  to  form  a  denuded  zone  therein.  The  method 
includes  providing  a  semiconductor  substrate  having  an 
oxygen  concentration  in  a  region  of  the  substrate  adja- 
cent  to  a  surface  of  such  substrate.  A  trench  is  formed 
in  the  surface  of  the  substrate.  Subsequent  to  the  for- 
mation  of  the  trench,  reducing  the  oxygen  concentration 
within  the  region. 
The  oxygen  reducing  comprises  heating  the  substrate 
to  reduce  the  oxygen  concentration  within  the  region. 
The  trench  forming  comprises  forming  the  trench 
through  the  region  and  the  oxygen  reducing  comprises 
reducing  the  oxygen  concentration  in  a  portion  of  the 
region  below  a  bottom  portion  of  the  trench.  The  oxygen 
reducing  step  comprises  heating  the  substrate  to 
reduce  the  oxygen  concentration  within  the  portion  of 
the  region  below  the  bottom  portion  of  the  trench. 
Reducing  the  oxygen  concentration  may  first  take  place 
within  a  first  portion  of  the  region  prior  to  formation  of 
the  trench,  such  first  portion  of  the  region  being  dis- 
posed  contiguous  to  the  substrate.  With  such  method, 
the  sidewalls  and  bottom  portion  of  the  trench  are 
exposed  to  the  oxygen  reduction  process  to  thereby 
forming  a  denuded  zone  directly  adjacent  to  (i.e.,  con- 
tiguous  to)  such  sidewalls  and  bottom  portion  thereby 
producing  a  topography  aligned  DZ  (i.e.,  the  DZ  follows 
the  profile  of  the  trench). 

FIG.  2 
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Description 

Background  of  the  Invention 

[0001  ]  This  invention  relates  generally  to  semiconduc-  5 
tors  having  defect  denuded  zones  (DZs)  and  more  par- 
ticularly  to  electronic  devices  formed  in  such 
semiconductors  having  topography-aligned  defect 
denuded  zones. 
[0002]  As  is  known  in  the  art,  Czochralski-grown  (CZ)  10 
silicon  substrates  are  used  today  in  making  semicon- 
ductor  devices.  These  CZ-grown  silicon  substrates  typi- 
cally  contain  25-35  parts  per  million  atomic  (ppma)  of 
oxygen,  virtually  all  of  which  is  interstitial,  i.e.,  between 
silicon  lattice  sites.  This  oxygen  content,  which  is  intra-  is 
duced  into  the  semiconductor  material  in  a  process- 
related  manner  by  the  use  of  quartz  workpieces  (for 
example,  the  crucibles  used  for  Czochralski  crystal  pull- 
ing)  is  thoroughly  desirable  because  it  presents  lattice 
defect  nucleation  centers  for  impurities  in  the  crystal  lat-  20 
tice.  These  nucleation  centers  provide  a  purification 
effect,  known  as  "internal  gettering",  as  a  result  of  con- 
centrating  the  residual  impurities.  However,  this  oxygen 
content  is  only  useful  in  the  interior  of  the  semiconduc- 
tor  wafer.  In  the  surface  region  of  the  wafer,  i.e.,  the  25 
region  where  electronic  devices  are  formed,  these  oxy- 
gen  centers  cause  considerable  disturbances.  More 
particularly,  as  a  consequence  of  the  processing  steps 
used  to  form  the  devices,  e.g.,  epitaxy,  dopant  treat- 
ment,  oxidation,  and  the  heat-treatment  steps  associ-  30 
ated  therewith,  the  oxygen  centers  have  a  tendency  to 
precipitate  formation  and  consequently  cause  stresses 
in  the  lattice  which  result,  in  turn,  in  the  failure  of  the 
electronic  devices.  It  is  desirable,  therefore,  to  use 
wafers  which  contain  oxygen-depleted  surface  zones  35 
(i.e.,  defect  denuded  zones)  which  are  several  urn  thick. 
Processes  for  producing  a  denuded  zone  (DZ)  have 
been  known  for  a  long  time.  For  example,  oxygen  can 
be  caused  to  diffuse  out  of  the  surface  by  heat-treating 
(e.g.  annealing)  silicon  wafers  in  a  furnace  (at  tempera-  40 
tures,  for  example,  of  1000°C  to  1200°C)  under  an  inert 
gas  atmosphere.  After  a  time  of  about  five  hours  at  a 
temperature  of  1000°C,  the  layer  thickness  of  the 
denuded  zone  achievable  solely  by  diffusing  out  oxygen 
is  more  than  lO^m  (Huber,  D;  Reffle,  J.:  Solid  State  45 
Techn.  26(8),  1983,  pages  183).  Other  methods  to  pro- 
duce  defect  denuded  zones  including  using  epitaxial 
grown  layers.  In  both  cases,  (i.e.,  thermal  anneal  and  an 
epitaxial  grown  layers),  the  DZ  is  basically  parallel  to  the 
surface  of  the  silicon  wafer.  Adjacent  to  the  DZ  is  the  so 
defective,  oxygen  containing,  zone  having  the  internal 
gettering  sites  produced  by  the  oxygen.  The  DZ  must  be 
sufficiently  deep  such  that  the  electronic  device  to  be 
formed  later  does  not  extend  into  the  defective  zone.  On 
the  other  hand,  the  DZ  should  be  as  shallow  as  possible  55 
such  that  the  internal  gettering  sites  are  close  enough  to 
the  electronic  device  in  order  to  provide  sufficient  getter- 
ing  efficiency  for  crystal  defects,  such  as  oxygen  precip- 

itates,  dislocations,  stacking  faults  and  contaminants, 
such  as  metals  like  Fe,  CU,  Ni,  Cr,  etc.,  which  may  be  in 
the  device  region. 
[0003]  As  is  also  known  in  the  art,  one  type  of  elec- 
tronic  device  which  is  formed  in  the  semiconductor  is  a 
dynamic  random  access  memory  (DRAM).  One  type  of 
DRAM  uses  trench  capacitors  to  store  charge.  A  trench 
capacitor  is  formed  vertically  into  the  surface  of  the  sili- 
con  wafer  to  decrease  device  surface  dimension  and 
thereby  increasing  integration  density  as  compared  to  a 
stack  capacitor.  A  typical  trench  capacitor  can  be  up  to 
7-8nm  deep.  In  order  to  avoid  degeneration  of  device 
performance,  or  complete  device  failure,  the  whole  area 
near  the  water  surface  containing  both  transistors  and 
trench  capacitors  must  be  kept  virtually  free  of  the 
aforementioned  crystal  defects. 
[0004]  As  is  also  known  in  the  art,  with  current  tech- 
nology  used  to  form  DZs  essentially  parallel  to  the  wafer 
surface,  the  rate  of  oxygen  precipitation  is  not  com- 
pletely  uniform  across  the  wafer.  The  local  DZ  depths 
for  different  sites  on  one  wafer,  as  well  as  from  wafer-to- 
wafer,  are  statistically  distributed.  More  particularly,  the 
initial  oxygen  concentration  is  typically  higher  near  the 
edges  of  the  wafer  than  near  the  center  of  the  wafer.  If, 
for  example,  the  DZ  depth  is  chosen  as  1  0^m  to  accom- 
modate  an  8nm  trench  capacitor,  at  some  positions  on 
the  wafer,  especially  near  the  wafer  edge,  the  DZ  will, 
with  high  probability,  be  less  than  8nm.  This  can  either 
result  in  spikes  during  reactive  ion  etching  (RIE)  of  the 
trench  structure  or  in  defect  formation  near  the  trench 
leading  to  a  degradation  of  the  node  dielectric  (i.e.,  the 
dielectric  lining  the  walls  of  the  trench  and  disposed 
between  the  doped  polycrystalline  silicon  in  the  trench 
to  form  one  electrode,  or  plate,  for  the  capacitor,  and  the 
doped  region  in  the  silicon  substrate  separated  by  the 
dielectric  lining  the  trench  used  to  form  the  second  elec- 
trode  of  the  capacitor).  If  defects,  such  as  oxygen  pre- 
cipitates  and  dislocation  loops,  are  located  too  close  to 
a  charged  trench  capacitor,  charge  leakage  can  occur 
leading  to  significant  degradation  of  retention  time  for 
charge  in  the  DRAM  cell  trench  capacitor. 
[0005]  Further,  a  relatively  large  thermal  budget  (i.e., 
high  temperature  and  long  anneal  time)  is  required  for 
formation  of  a  DZ  in  a  CZ  wafer  by  a  high  temperature 
out-diffusion  step  according  to  current  technology.  For 
example,  for  a  CZ  wafer  having  an  initial  interstitial  oxy- 
gen  concentration  of  about  30  ppma,  the  forming  of  a 
DZ  with  a  depth  of  about  1  0^m  requires  a  heat  treat- 
ment  of  about  one  hour  at  1  150°C,  while  forming  a  DZ 
with  a  depth  of  about  20nm  requires  at  least  about  four 
to  five  hours  at  1  1  50°C.  Still  further,  because  interstitial 
oxygen  concentration  monotonously  increases  with 
depth  from  the  surface,  the  number  of  oxygen  micro- 
precipitates,  which  can  also  degrade  device  perform- 
ance  if  located  too  closely  to  electronic  devices  such  as 
transistors  or  capacitors,  also  increases  with  depth.  In 
other  words,  the  quality  of  the  DZ  decreases  with 
increasing  depth  from  the  wafer  surface. 
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[0006]  The  quality  of  the  first  few  microns  of  the  DZ  is 
predominately  a  result  of  the  surface  condition  during 
the  thermal  treatment  for  DZ  formation.  Annealing  in 
hydrogen,  or  an  inert  atmosphere  (at  longer  anneal 
times)  can  result  in  oxygen  concentrations  at  the  wafer  5 
surface  below  1  ppma.  A  typical  process  used  is  to  per- 
form  an  anneal  in  pure  hydrogen  for  one  hour  at  1200°C 
resulting  in  a  DZ  depth  of  about  20nm;  however,  the 
cost  of  this  process  can  be  relatively  high.  One  method 
of  forming  a  high  quality  DZ  irrespective  of  the  depth  w 
from  the  surface  is  growing  an  epitaxial  silicon  layer  on 
the  DZ  silicon  surface,  such  as  a  p"-type  conductivity 
epitaxial  layer  on  a  p-type  silicon  substrate,  or  an  n"- 
type  epitaxial  layer  on  an  n-type  silicon  substrate.  In  the 
epitaxial  layer,  the  total  concentration  of  oxygen  will  be  75 
typically  below  2  ppma  compared  to  typically  30  ppma 
in  non-annealed  CZ  silicon  substrates.  Because  of  the 
high  cost  of  manufacturing  wafers  with  epitaxial  layers 
with  more  than  2-3nm  thickness,  such  wafers  are  rarely 
used  in  device  production.  The  additional  cost  for  pro-  20 
ducing  epitaxial  layered  wafers  for  thickness  as  small  as 
2-3nm  is  still  relatively  high  compared  to  conventional 
CZ  wafers.  In  this  case,  however,  oxygen  from  CZ  sub- 
strates  will  diffuse  into  the  epitaxial  layer  during  device 
manufacturing  processes  such  that  the  quality  of  the  DZ  2s 
near  the  wafer  surface  will  not  be  noticeably  better  than 
that  of,  for  example,  a  hydrogen  annealed  wafer.  Fur- 
ther,  the  thicker  the  epitaxial  layer  the  further  the  getter- 
ing  sites  move  away  from  the  device  active  region.  That 
is,  it  is  desired  that  the  getting  sites  in  the  epitaxial  layer  30 
be  just  below  the  active  region  where  the  active  devices 
are  formed.  The  thicker  the  epitaxial  layer,  however,  the 
further  the  gettering  sites  move  away  from  the  active 
region.  Also,  the  thick  epitaxial  layer  is  more  susceptible 
to  dislocations  propagation  and  this  leads  to  reduced  35 
yield  if  the  epitaxial  layer  is  too  thick. 

Summary  of  the  Invention 

[0007]  In  accordance  with  the  present  invention,  a  40 
method  is  provided  for  processing  a  semiconductor  sub- 
strate  to  form  a  denuded  zone  therein.  The  method 
includes  providing  a  semiconductor  substrate  having  an 
oxygen  concentration  in  a  region  of  the  substrate  adja- 
cent  to  a  surface  of  such  substrate.  A  trench  is  formed  45 
in  the  surface  of  the  substrate  with  sidewalls  of  the 
trench  passing  through  the  oxygen  concentration  region 
and  a  bottom  portion  of  the  trench  terminating  in  the 
oxygen  concentration  region.  Subsequent  to  the  forma- 
tion  of  the  trench,  the  sidewalls  and  bottom  portion  of  so 
the  trench  are  processed  to  reduce  the  oxygen  concen- 
tration  within  the  region  adjacent  to  such  sidewalls  and 
bottom  portion  and  form  a  denuded  zone  about  the 
sidewalls  and  bottom  portion  of  the  trench. 
[0008]  With  such  method,  the  sidewalls  and  bottom  55 
portion  of  the  trench  are  exposed  to  the  oxygen  redub- 
tion  process  to  thereby  forming  a  denuded  zone  directly 
adjacent  to  (i.e.,  contiguous  to)  such  sidewalls  and  bot- 

tom  portion  thereby  producing  a  topography  aligned  DZ 
(i.e.,  the  DZ  follows  the  profile  of  the  trench). 
[0009]  In  accordance  with  another  feature  of  the 
invention,  the  reducing  step  comprises  heating  the  sub- 
strate  to  reduce  the  oxygen  concentration  within  the 
region. 
[0010]  In  accordance  with  another  feature  of  the 
invention,  a  method  is  provided  for  processing  a  semi- 
conductor  substrate  to  form  a  denuded  zone  therein. 
The  method  includes  providing  a  semiconductor  sub- 
strate  having  an  epitaxial  layer  disposed  on  a  surface  of 
the  substrate  and  such  substrate  having  an  oxygen  con- 
centration  in  a  region  of  the  substrate  adjacent  to  the 
surface  of  such  substrate.  A  trench  is  formed  in  the  sur- 
face  of  the  substrate.  Subsequent  to  the  formation  of  the 
trench,  the  oxygen  concentration  is  reduced  within  the 
region. 
[0011]  In  accordance  with  another  feature  of  the 
invention,  a  method  is  provided  for  processing  a  semi- 
conductor  substrate  to  form  a  denuded  zone  therein. 
The  method  includes  providing  a  semiconductor  sub- 
strate  having  an  oxygen  concentration  in  a  region  of  the 
substrate  adjacent  to  a  surface  of  such  substrate.  The 
oxygen  concentration  is  reduced  within  a  first  portion  of 
the  region,  such  first  portion  of  the  region  being  dis- 
posed  contiguous  to  the  substrate.  A  trench  is  formed  in 
the  surface  of  the  substrate.  Subsequent  to  the  forma- 
tion  of  the  trench,  reducing  the  oxygen  concentration 
within  a  portion  of  the  region  disposed  beneath  a  bot- 
tom  portion  of  the  trench. 

Brief  Description  of  the  Drawing 

[0012]  These  and  other  features  of  the  invention  will 
become  more  readily  apparent  when  read  together  with 
the  following  detailed  description  taken  together  with  the 
accompanying  drawings,  in  which: 

FIGS.  1A  to  1C  are  diagrammatical  cross-sectional 
sketches  of  a  semiconductor  substrate  having  oxy- 
gen  concentration  therein  at  various  steps  in  the 
manufacture  thereof  to  form  a  trench  with  a 
denuded  zone  about  such  trench  in  accordance 
with  one  embodiment  of  the  invention; 
FIG.  1  D  is  a  temperature  vs.  time  profile  of  a  proc- 
ess  may  be  used  to  form  a  denuded  zone  in  accord- 
ance  with  the  invention; 
FIG.  2  is  a  diagrammatical  cross-sectional  sketch  of 
a  DRAM  cell  having  a  trench  capacitor,  such  cell 
having  a  denuded  zone  around  the  capacitor,  such 
zone  being  formed  in  accordance  with  the  inven- 
tion; 
FIGS.  3A  to  3C  are  diagrammatical  cross-sectional 
sketches  of  a  semiconductor  substrate  having  oxy- 
gen  concentration  therein  at  various  steps  in  the 
manufacture  thereof  to  form  a  trench  with  a 
denuded  zone  about  such  trench  in  accordance 
with  another  embodiment  of  the  invention;  and 
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FIGS.  4A  to  4C  are  diagrammatical  cross-sectional 
sketches  of  a  semiconductor  substrate  having  oxy- 
gen  concentration  therein  at  various  steps  in  the 
manufacture  thereof  to  form  a  trench  with  a 
denuded  zone  about  such  trench  in  accordance  5 
with  another  embodiment  of  the  invention. 

Description  of  the  Preferred  Embodiments 

[0013]  Referring  now  to  FIG.  1A,  a  semiconductor  10 
substrate  10,  here  a  silicon  substrate  formed  from  a 
Czochralski-grown  silicon  wafer,  is  shown.  It  is  noted 
that  the  substrate  1  0  has  an  oxygen  concentration  in  a 
region  of  the  substrate  adjacent  to  the  upper  surface  of 
such  substrate.  15 
[0014]  Next,  a  trench  14,  as  shown  in  FIG.  1B,  is 
etched  into  the  upper  surface  16  of  the  substrate  10 
using  any  conventional  photolithographic  and  deep 
trench  etch  processes.  It  is  noted  that  the  trench  1  4  has 
sidewalls  1  8  which  pass  through  the  oxygen  concentra-  20 
tion  region  and  bottom  portions  20  which  terminate  in 
the  oxygen  concentration  region.  Here,  the  bottom  por- 
tion  20  of  the  trench  14  is  at  a  depth  e.g.,  7-8nm  from 
the  upper  surface  16  of  the  substrate  10. 
[001  5]  More  particularly,  using  conventional  process-  25 
ing,  a  silicon  dioxide  (i.e.,  pad  oxide)  layer  19  is  formed 
over  the  surface  of  the  silicon  substrate  1  0.  A  pad  silicon 
nitride  layer  21  is  then  formed  over  the  silicon  dioxide 
layer  19.  A  hard  mask,  not  shown  (such  as  BSG  or 
TEOS),  is  deposited  over  the  silicon  nitride  layer  21  .  An  30 
anti-reflection  coating  (ARC),  not  shown,  is  formed  over 
the  hard  mask.  A  photoresist,  not  shown,  is  applied  over 
the  ARC  and  patterned  lithographically  to  form  opening 
where  the  trench  14  is  to  be  etched.  The  trench  is  then 
etched  into  the  hard  mask,  and  the  photoresist  layer  is  35 
then  stripped.  The  etched  hard  mask  is  used  as  a  mask 
to  enable  etching  of  the  trench  14  into  the  silicon  10. 
The  hard  mask  is  then  stripped  using  a  wet  etch.  The 
resulting  structure  is  shown  in  FIG.  1  B. 
[001  6]  Next,  that  is  after  the  formation  of  the  trench  40 
1  4,  the  structure  is  processed  to  form  a  defect  denuded 
zone  22  and  a  defect  region  24  to  provide  internal  get- 
tering.  That  is,  the  sidewalls  18  and  bottom  portion  20  of 
the  trench  14  are  processed  to  reduce  the  oxygen  con- 
centration  within  the  DZ  region  22  adjacent  to  such  45 
sidewalls  18  and  bottom  portion  20  and,  as  noted  in 
FIG.  1C,  the  DZ  22  is  disposed  contiguous  to  the  side- 
walls  18  and  bottom  portion  20  of  the  trench  14  with  the 
defect  region  24  disposed  adjacent  to  the  DZ  22.  That 
is,  the  denuded  zone  22  is  disposed  about  the  sidewalls  so 
1  8  and  bottom  portion  20  of  the  trench  1  4.  With  such 
method,  the  sidewalls  18  and  bottom  portion  20  of  the 
trenches  14  are  exposed  to  the  oxygen  reduction  proc- 
ess  to  thereby  forming  the  denuded  zone  (DZ)  22 
directly  adjacent  to  (i.e.,  contiguous  to)  such  sidewalls  55 
18  and  bottom  portion  20  thereby  producing  a  topogra- 
phy  aligned  DZ  22  (i.e.,  the  DZ  22  follows  the  profile  of 
the  trench). 

[0017]  More  particularly,  here  the  substrate  10  is 
heated  at  a  temperature  of  1000°C  for  30  minutes  in  a 
hydrogen  or  nitrogen  or  argon  atmosphere  using  a 
batch  furnace  with  conventional  or  preferably  fast  ther- 
mal  process  with  ramp  rates  of,  for  example,  70°C  per 
minute  to  produce  a  DZ  22  of  about  3-5nm.  Another 
example  is  using  a  typical  single  wafer  rapid  thermal 
process  (RTP)  sequence  such  as  1  100°C-1200°C  per 
two  minutes  in  argon,  hydrogen,  or  nitrogen.  Any  other 
DZ  22  producing  process  may  be  used.  In  any  event,  it 
is  noted  that  because  the  sidewalls  18  and  bottom  por- 
tion  20  of  the  trenches  14  are  directly  exposed  to  the 
heating  process,  the  DZ  22  is  formed  along  (i.e.,  contig- 
uous  to)  the  sidewalls  18  and  bottom  portions  22 
thereby  providing  the  following  advantages:  (1)  Cost 
reduction  due  to  lower  thermal  budget  DZ  22  formation 
process,  i.e.,  shorter  anneal  time,  lower  temperature, 
enhanced  surface  area  compared  to  wafers  1  0  with  the 
trench  14  formation);  (2)  Topography-aligned  DZ  22  and 
thus  high  quality  defect  free  DZs  22  even  in  the  bottom 
portion  of  the  trench  14;  better  node  dielectric  reliability, 
reduced  charge  leakage  from  the  trench  14  (which  is 
especially  important  for  thin  node  dielectrics  (<5nm 
thickness);  the  anneal  after  trench  etching  both 
removes  contaminates  and  damage  from  etching  and 
out-diffuses  oxygen  resulting  in  an  elimination  of  oxygen 
related  micro-defects  at  the  trench  surface  where  the 
node  dielectric  is  to  be  formed  later);  and,  (3)  More  effi- 
cient  internal  gettering  because  gettering  sites  are 
closer  (but  still  sufficient)  distance  from  the  active 
devices,  such  as  transistors;  and,  especially  better  gate 
oxide  integrity. 
[0018]  As  noted  above,  the  formation  of  the  DZ  22 
may  be  performed  by  heating  the  structure  at  a  temper- 
ature  of  1  000°C  for  30  minutes  in  a  hydrogen  or  nitrogen 
or  argon  atmosphere  using  a  batch  furnace  with  con- 
ventional  or  preferably  fast  thermal  process  with  ramp 
rates  of,  for  example,  70°C  per  minute  to  produce  a  DZ 
22  of  about  3-5nm.  After  such  DZ  22  formation,  precipi- 
tate  nucleation  and  growth  anneal  may  be  performed  in 
the  same  furnace.  Thus,  referring  to  FIG.  1D,  a  temper- 
ature  vs.  time  profile  is  shown.  That  is,  after  DZ  22  for- 
mation,  a  two,  or  multi-step  anneal  can  be  performed  to 
first  nucleate  oxygen  precipitates  at  a  lower  tempera- 
ture,  such  as  below  800°C  and  subsequently  grow  the 
oxygen  precipitates  at  higher  temperatures  such  as 
1000°C. 
[0019]  First,  the  DZ  22  is  formed  by  ramping  the  fur- 
nace  temperature  to  1  000°C  at  a  ramp  rate  of  50°C  per 
minute.  The  temperature  is  maintained  at  1000°C  for  30 
minutes.  The  structure  then  is  processed  to  perform  an 
oxygen  precipitate  nucleation.  More  particularly,  the 
temperature  of  the  furnace  is  then  lowered  to  550°C  for 
60  minutes  and  then  raised  to  700°C  at  a  rate  of  5-1  0°C 
per  minute.  Next,  a  precipitate  growth  process  is  per- 
formed  where  the  temperature  of  the  furnace  is  raised 
from  700°C  to  1  000°C  for  1  -5  hours  at  a  ramp  rate  of  5- 
1  0°C  per  minute.  Optionally,  precipitates  may  be  formed 
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automatically  during  subsequent  deposition  and 
anneal/oxidation  or  nitrogenation  steps. 
[0020]  The  structure  is  then  processed  in  any  conven- 
tional  manner  to  form  a  trench  capacitor  DRAM  cell,  for 
example,  as  shown  in  FIG.  2  with  the  boundary  between  s 
the  DZ  22  and  the  defect  region  24  being  indicated  by 
the  dotted  line  26. 
[0021  ]  Referring  now  to  FIG.  3A,  here  a  CZ  substrate 
10  such  as  the  substrate  10  shown  in  FIG.  1A  is  pro- 
vided.  Here,  however,  the  substrate  10  has  an  epitaxial  10 
layer  30  formed  on  the  upper  surface  1  6  thereof.  Here, 
the  epitaxial  layer  30  is  formed  with  a  thickness  of  0.5- 
3nm  and  which  contains  less  than  1  ppma  of  oxygen 
and  thus  provides  a  shallow  DZ  of  high  quality  (i.e., 
superior  gate  oxide  integrity).  15 
[0022]  Next,  the  trench  14,  as  shown  in  FIG.  3B,  is 
etched  through  the  epitaxial  layer  30  and  into  the  upper 
surface  16  of  the  substrate  10  using  any  conventional 
photolithographic  process  described  above  in  connec- 
tion  with  FIGS.  1A-1C.  It  is  noted  that  the  trench  14  20 
again  has  sidewalls  1  8  which  pass  through  the  oxygen 
concentration  region  and  bottom  portion  20  which  termi- 
nate  in  the  oxygen  concentration  region.  Here,  again  the 
bottom  20  of  the  trench  1  4  is  at  a  depth  7-8nm  from  the 
upper  surface  1  6  of  the  substrate  10.  25 
[0023]  Next,  that  is  after  the  formation  of  the  trench 
1  4,  the  structure  is  processed  to  form  a  defect  denuded 
zone  22  and  a  defect  region  24  to  provide  internal  get- 
tering.  That  is,  the  sidewalls  18  and  bottom  portion  20  of 
the  trench  1  4  is  processed  to  reduce  the  oxygen  con-  30 
centration  within  the  region  adjacent  to  such  sidewalls 
18  and  bottom  portion  20  and,  as  noted  in  FIG.  3C,  the 
DZ  22  is  disposed  contiguous  to  the  sidewalls  1  8  and 
bottom  portion  20  of  the  trench  1  4  with  the  defect  region 
24  disposed  adjacent  to  the  DZ  22  (the  boundary  35 
between  the  DZ  22  and  the  region  24  being  indicated  by 
the  dotted  line  26).  It  is  noted  that  use  of  a  hydrogen 
pre-treatment  at  high  temperatures  required  to  remove 
native  oxide  before  the  epitaxial  layer  16  deposition 
forms  the  additional  DZ  in  the  CZ  substrate  1  0  and  dis-  40 
solves  small  oxygen  precipitates  which  would  otherwise 
grow  at  later  processing  steps  and  could  lead  to  spikes 
in  the  trench  etching. 
[0024]  Referring  now  to  FIG.  4A,  here  a  CZ  substrate 
10  such  as  the  substrate  10  shown  in  FIG.  1A  is  pro-  45 
vided.  Here,  however,  the  substrate  10  is  processed  to 
form  a  shallow  DZ  32  along  the  upper  surface  16 
thereof.  For  example,  an  anneal  in  nitrogen  or  oxygen 
such  as  1000°C  for  30  minutes  using  a  ramp  rate  of  20- 
100°C  per  minute.  A  temperature  of  1  100°C  for  30  min-  so 
utes  may  also  be  sufficient  to  create  a  shallow  DZ  32  but 
an  anneal  in  hydrogen  or  argon  will  lead  to  a  lower  oxy- 
gen  concentration  near  the  substrate  10  surface  16  and 
to  a  better  gate  oxide  integrity.  This  first  denuding 
anneal  has  a  similar  effect  on  avoiding  spike  formation  55 
in  trench  etching  if  it  is  performed  in  a  hydrogen  or 
argon  ambient  and  is  significantly  less  expensive  than 
using  an  epitaxial  layer  30  (FIGS.  3A-3D).  Furthermore, 

it  eliminates  the  danger  of  dislocation  formation  at  the 
interface  between  the  epitaxial  silicon  layer  30  and  the 
substrate  10. 
[0025]  Next,  the  trench  14,  as  shown  in  FIG.  4B,  is 
etched  through  the  first,  shallow  DZ  36  and  into  the 
underlying  portion  of  the  substrate  10  using  any  con- 
ventional  photolithographic  process  described  above  in 
connection  with  FIGS.  1  A-1C.  It  is  noted  that  the  trench 
1  4  again  has  sidewalls  1  8  which  pass  through  the  oxy- 
gen  concentration  region  of  substrate  10  and  bottom 
portion  20  which  terminate  in  the  oxygen  concentration 
region.  Here,  again  the  bottom  20  of  the  trench  14  is  at 
a  depth  7-8nm  from  the  upper  surface  16  of  the  sub- 
strate  10. 
[0026]  Next,  that  is  after  the  formation  of  the  trench 
1  4,  the  structure  is  processed  to  form  a  second  defect 
denuded  zone  22  and  a  defect  region  24  to  provide 
internal  gettering.  That  is,  the  sidewalls  18  and  bottom 
portion  20  of  the  trench  1  4  is  processed  to  reduce  the 
oxygen  concentration  within  the  DZ  22  adjacent  to  such 
sidewalls  18  and  bottom  portion  20  and,  as  noted  in 
FIG.  4C,  the  DZ  22  is  disposed  contiguous  to  the  side- 
walls  1  8  and  bottom  portion  20  of  the  trench  1  4  with  the 
defect  region  24  disposed  adjacent  to  the  DZ  22,  the 
boundary  therebetween  being  indicated  by  the  dotted 
line  26. 
[0027]  It  is  noted  that  in  the  case  of  the  anneal  per- 
formed  after  the  trench  14  formation,  theses  anneals 
will  also  remove  damage  and  contamination  from  trench 
etching.  Therefore,  ambients  such  as  hydrogen  or 
argon  are  preferred  to  ambients  such  as  nitrogen  or 
oxygen  which  would  not  remove  native  oxides  and  con- 
tamination. 
[0028]  Other  embodiments  are  within  the  spirit  and 
scope  of  the  appended  claims.  For  example,  with  con- 
tinuing  reduction  of  the  thermal  budget  in  fabricating 
modern  devices,  the  thermal  processing  steps  may  not 
be  sufficient  to  grow  sufficient  number  of  precipitates  for 
effective  internal  gettering.  Thus,  the  precipitate  nuclea- 
tion  steps  may  be  at  a  temperature  of  550°C  for  an  hour 
followed  by  a  temperature  of  700°C  for  an  hour.  The 
growth  step  may  then  follow  at  a  temperature  of  1000°C 
for  3  hours  in  nitrogen.  Further,  with  the  optional  precip- 
itate  nucleation  and  growth,  or  alternatively,  by  perform- 
ing  the  nucleating  and  growing  the  precipitates  during 
subsequent  thermal  processing  in  device  manufactur- 
ing,  a  trench  capacitor  DRAM  cell  with  topography 
aligned  denuded  zone  is  achieved  after  finishing  the  cell 
according  to  conventional  processing. 

Claims 

1  .  A  method  for  processing  a  semiconductor  substrate 
having  an  oxygen  concentration  in  a  region  of  the 
substrate  adjacent  to  a  surface  of  such  substrate, 
comprising: 

forming  a  trench  in  the  surface  of  the  substrate; 
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and 
subsequent  to  the  formation  of  the  trench, 
reducing  the  oxygen  concentration  within  the 
region. 

2.  The  method  recited  in  claim  1  including  the  reduc- 
ing  step  comprises  heating  the  substrate  to  reduce 
the  oxygen  concentration  within  the  region. 

3.  The  method  recited  in  claim  2  wherein  the  trench 
forming  step  comprises  forming  the  trench  through 
the  region  and  wherein  the  reducing  step  com- 
prises  reducing  the  oxygen  concentration  in  a  por- 
tion  of  the  region  below  a  bottom  portion  of  the 
trench. 

4.  The  method  recited  in  claim  3  including  the  reduc- 
ing  step  comprises  heating  the  substrate  to  reduce 
the  oxygen  concentration  within  the  portion  of  the 
region  below  the  bottom  portion  of  the  trench. 

5.  The  method  recited  in  claim  1  including  forming  an 
epitaxial  layer  prior  to  the  formation  of  the  trench. 

6.  The  method  recited  in  claim  2  including  forming  an 
epitaxial  layer  prior  to  the  formation  of  the  trench. 

7.  The  method  recited  in  claim  3  including  forming  an 
epitaxial  layer  prior  to  the  formation  of  the  trench. 

8.  The  method  recited  in  claim  4  including  forming  an 
epitaxial  layer  prior  to  the  formation  of  the  trench. 

9.  The  method  recited  in  claim  1  including,  addition- 
ally,  reducing  the  oxygen  concentration  within  a  first 
portion  of  the  region  prior  to  formation  of  the  trench, 
such  first  portion  of  the  region  being  disposed  con- 
tiguous  to  the  substrate  and  wherein  the  first-men- 
tioned  reduction  of  the  oxygen  is  in  a  portion  of  the 
region  disposed  beneath  a  bottom  portion  of  the 
trench. 

10.  The  method  recited  in  claim  9  including  the  reduc- 
ing  step  comprises  heating  the  substrate  to  reduce 
the  oxygen  concentration  within  the  region. 

11.  The  method  recited  in  claim  10  wherein  the  trench 
forming  step  comprises  forming  the  trench  through 
the  region  and  wherein  the  reducing  step  com- 
prises  reducing  the  oxygen  concentration  in  a  por- 
tion  of  the  region  below  a  bottom  portion  of  the 
trench. 

12.  The  method  recited  in  claim  1  1  including  the  reduc- 
ing  step  comprises  heating  the  substrate  to  reduce 
the  oxygen  concentration  within  the  portion  of  the 
region  below  the  bottom  portion  of  the  trench. 

13.  The  method  recited  in  claim  9  including  forming  an 
epitaxial  layer  prior  to  the  formation  of  the  trench. 

14.  The  method  recited  in  claim  10  including  forming  an 
5  epitaxial  layer  prior  to  the  formation  of  the  trench. 

15.  The  method  recited  in  claim  1  1  including  forming  an 
epitaxial  layer  prior  to  the  formation  of  the  trench. 

10  1  6.  The  method  recited  in  claim  1  2  including  forming  an 
epitaxial  layer  prior  to  the  formation  of  the  trench. 

1  7.  A  method  for  processing  a  semiconductor  substrate 
to  form  a  denuded  zone  therein,  such  method  com- 

15  prising: 

providing  a  semiconductor  substrate  having  an 
oxygen  concentration  in  a  region  of  the  sub- 
strate  adjacent  to  a  surface  of  such  substrate; 

20  forming  a  trench  in  the  surface  of  the  substrate 
with  sidewalls  of  the  trench  passing  through  the 
oxygen  concentration  region  and  a  bottom  por- 
tion  of  the  trench  terminating  in  the  oxygen 
concentration  region;  and 

25  subsequent  to  the  formation  of  the  trench, 
processing  the  sidewalls  and  bottom  portion  of 
the  trench  to  reduce  the  oxygen  concentration 
within  the  region  adjacent  to  such  sidewalls 
and  bottom  portion. 

30 
18.  The  method  recited  in  claim  17  including  the  reduc- 

ing  step  comprises  heating  the  substrate  to  reduce 
the  oxygen  concentration  within  the  region. 

35  1  9.  The  method  recited  in  claim  1  7  including  forming  an 
epitaxial  layer  prior  to  the  formation  of  the  trench. 

20.  The  method  recited  in  claim  18  including  forming  an 
epitaxial  layer  prior  to  the  formation  of  the  trench. 

40 
21.  The  method  recited  in  claim  17  including,  addition- 

ally,  reducing  the  oxygen  concentration  within  a  first 
portion  of  the  region  prior  to  formation  of  the  trench, 
such  first  portion  of  the  region  being  disposed  con- 

45  tiguous  to  the  substrate  and  wherein  the  first-men- 
tioned  reduction  of  the  oxygen  is  in  a  portion  of  the 
region  disposed  beneath  a  bottom  portion  of  the 
trench. 
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