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Description 

This  invention  relates  to  the  fabrication  of  semi- 
conductor  integrated  circuits.  In  particular,  this  in- 
vention  is  directed  to  a  method  of  simultaneously 
forming  electrically  isolated  areas  and  conductive 
contact  areas  in  semiconductor  material. 

When  fabricating  integrated  circuits,  and  par- 
ticularly  highly  dense  dielectrically  isolated  de- 
vices,  narrow  trenches  are  formed  to  provide  isola- 
tion.  Also  points  where  substrate  contact  is  desired 
must  be  established  in  very  small  zones.  It  is 
known  that  undoped  polysilicon  and  epitaxial  sili- 
con  each  have  very  high  electrical  resistance. 
Thus,  a  defect  in  a  trench  sidewall  or  at  the  pas- 
sivation  layer  on  the  top  of  a  silicon  trench  fill  will 
not  impact  the  characteristics  of  electrical  circuits  if 
a  second  defect  is  positioned  a  few  mm  away  from 
the  first  defect.  Consequently,  the  use  of  undoped 
polysilicon  trench  isolation  as  used  typically  in 
known  RAM  chips  is  considered  a  very  low  risk 
isolation  scheme.  That  is,  so  long  as  defects  are 
disposed  far  enough  away,  the  presence  of  an 
electrical  short  giving  rise  to  a  particular  trench 
sidewall  defect  will  not  be  detrimental  to  operation 
of  that  device. 

The  use  of  undoped  polysilicon  trench  isolation 
also  does  not  require  the  step  of  passivation  layer 
removal  at  the  trench  bottom.  Consequently,  the 
trench  sidewall  is  not  exposed  to  etching  oper- 
ations  such  as  reactive  ion  etching  (RIE)  and, 
therefore,  does  not  need  additional  protective  lay- 
ers  such  as  ShNu  which  also  cause  additional 
problems  in  terms  of  forming  dislocations  near 
trenches  in  subsequent  heat  processing  steps. 

While  the  use  of  undoped  polysilicon  trench 
isolation  offers  certain  advantages,  it  is  considered 
disadvantageous  since  there  is  no  easy  technique 
within  that  methodology  for  forming  a  silicon  sub- 
strate  contact.  If,  for  example,  doped  polysilicon  or 
epitaxially  grown  silicon  is  employed,  the  presence 
of  one  defect  will  cause  device  and  circuit  failure. 
Within  the  art,  there  is  no  known  technique  for 
providing  a  doped  silicon  trench  area,  needed  to 
form  a  substrate  contact  in  device  processing,  yet 
within  the  same  process  utilize  undoped  polysilicon 
for  purposes  of  trench  isolation. 

The  prior  art  is  replete  with  a  number  of  exam- 
ples  which  illustrate  the  use  of  polysilicon  as  a 
trench  filling  material.  Reference  is  made  to  U.S. 
Patents  4,473,598;  4,140,558  and  4,252,579.  Var- 
ious  silicon  trench  filling  techniques  to  achieve 
isolation  are  also  disclosed  U.S.  Patent  4,526,631, 
and  in  IBM  Technical  Disclosure  Bulletin  Nos.:  Vol. 
25,  No.  2,  p.  558,  July  1982;  Vol.  25,  No.  6,  p. 
3105,  Nov.  1982;  Vol.  27,  No.  2,  p.  1313  et  seq., 
July  1984;  and  Vol.  27,  No.  3,  p.  1481,  Aug.  1984. 
EP-A-0  010  596  discloses  a  method  utilizing  isola- 

tion  trenches  that  are  shallower  than  the  contact 
trenches.  After  a  blanket  deposition  of  insulating 
material,  the  isolation  trenches  are  filled,  whereas 
only  the  side  walls  of  the  contact  trenches  are 

5  covered.  These  trenches  may  then  be  filled  with 
doped  polysilicon  prior  to  forming  contacts.  While 
the  prior  art,  as  exemplified  by  these  references, 
provides  a  number  of  solutions  of  providing  a  sili- 
con  trench  fill  scheme,  none  provide  for  the  si- 

io  multaneous  formation  of  doped  and  undoped  epi- 
taxial  silicon  fill.  Some  prior  art  devices  employ 
undoped  silicon  fill  for  device  trench  isolation  but 
are  encumbered  with  the  problems  of  providing 
substrate  contact  in  other  areas  where  a  doped 

75  silicon  material  is  required.  In  those  techniques 
where  doped  silicon  material  is  used  throughout, 
the  problem  of  complete  device  failure  given  prox- 
imity  of  defects  is  unsolved.  Moreover,  in  some 
devices  there  exists  no  simple  process  for  forming 

20  the  necessary  silicon  substrate  contact.  In  some 
known  devices,  the  wafer  back  cannot  be  em- 
ployed  as  a  silicon  substrate  contact  given  the 
presence  of  ancillary  structure.  Such  is  found  in 
thermal  conduction  modules  wherein  the  back  side 

25  of  the  wafer  is  used  for  purposes  of  heat  dissipa- 
tion  and  the  like. 

Given  the  deficiencies  of  the  prior  art,  this 
invention  defines  a  process  which  employs  un- 
doped  polysilicon  trench  isolation  and  doped  epi- 

30  taxially  grown  silicon  simultaneously  for  purposes 
of  substrate  contact.  In  accordance  with  the  inven- 
tion,  typically  a  borosilicate  glass  lining  is  formed 
on  the  sidewalls  of  the  trenches  in  the  non-device 
areas  and  epitaxially  grown  silicon  is  then  grown  in 

35  the  trenches.  Subsequent  heating  causes  the  dop- 
ing  of  the  epitaxially  grown  silicon  with  the  boron 
dopant  of  the  borosilicate  glass.  The  fill  tempera- 
ture  may  also  provide  for  dopant  movement. 

Thus,  in  a  first  preferred  embodiment  of  this 
40  invention,  a  monocrystalline  semiconductor  sub- 

strate  is  provided  having  a  pattern  of  substantially 
vertical  wall  trenches  extending  from  a  major  sur- 
face  of  the  substrate  into  the  substrate  material.  An 
insulator  layer  is  formed  on  the  walls  of  the  trench- 

45  es.  A  boron  ion  implantation  is  then  performed  to 
establish  the  channel  stop  layer  at  the  bottom  of 
the  trench.  A  borosilicate  glass  layer  is  then  formed 
on  the  walls  of  the  isolation  layer.  A  portion  of  the 
insulator  layer  is  removed  together  with  a  portion  of 

50  the  borosilicate  glass  layer  from  the  bottom  by 
etching  techniques.  One  technique  is  anisotropic 
etching.  Then,  by  lithography  and  etching  tech- 
niques,  borosilicate  glass  layer  is  removed  from  all 
portions  of  the  trenches  except  where  electrical 

55  contact  is  desired.  The  trenches  are  then  filled  with 
silicon  to  produce  a  pattern  of  isolation  trenches 
with  undoped  silicon  in  the  trenches  except  where 
the  borosilicate  layer  is  present  such  that  the  sili- 
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con  is  doped  to  provide  an  electrical  contact  to  the 
substrate. 

This  invention  will  be  discussed  in  greater  de- 
tail  by  referring  to  the  attached  drawings  and  the 
description  of  the  preferred  embodiment  that  fol- 
lows. 

Figs.  1  and  2 
are  cross-sectional  views  of  a  portion  of  a  semi- 
conductor  wafer  during  various  stages  in  the 
fabrication  of  an  integrated  circuit  in  accordance 
with  one  preferred  embodiment  of  this  invention; 
Figs.  3-6 
are  cross-sectional  views  of  a  portion  of  a  semi- 
conductor  wafer  during  various  stages  in  the 
fabrication  of  an  integrated  circuit  in  accordance 
with  an  embodiment  that  does  not  form  part  of 
the  claimed  invention;  and 
Figs.  7  A  and  7B 
are  cross-sectional  views  of  a  portion  of  a  semi- 
conductor  and  for  illustrating  overlapping  con- 
tacts. 

Referring  first  to  Figures  1  and  2,  a  first  pre- 
ferred  embodiment  of  this  invention  is  disclosed.  It 
is  understood  that  in  this  description  and  in  the 
drawings,  those  portions  of  the  semiconductor 
structure  not  needed  to  explain  this  invention,  or 
those  steps  which  are  superfluous  to  this  invention 
have  been  eliminated.  Such  are  well  known  in  the 
art.  In  the  first  preferred  embodiment  of  this  inven- 
tion,  chemical  vapor  deposition  (CVD)  of 
borosilicate  is  employed  to  line  the  inside  of  the 
trench  sidewall  layer  structure.  Such  is  illustrated  in 
Figure  1  . 

Figure  1  illustrates  an  intermediate  starting 
point  of  this  invention  wherein  the  substrate  10 
typically  comprises  a  three-tier  structure.  A  P-type 
substrate  material  12  has  an  N+  region  14  which 
typically  serves  as  a  low-resistance  contact  or  col- 
lector  region  beneath  an  epitaxial  layer.  The  third 
tier  is  an  N-type  epitaxial  layer  formed  over  the 
N  +  region.  This  layer  serves  as  the  active  region 
for  the  device.  It  is  in  this  three-tiered  structure  that 
the  problem  of  electrical  isolation  of  portions  of 
those  layers  occur.  This  specific  problem  is  solved 
by  this  invention. 

A  lining  of  thermal  Si02  22  covers  the  sub- 
strate  surface  in  the  interior  walls  of  the  trenches. 
On  top  of  the  thermal  Si02  layer,  a  layer  24  of 
Si3N+  is  deposited  followed  by  deposition  by  CVD 
of  a  Si02  layer  26.  In  accordance  with  known 
techniques,  trenches  18  and  20  are  opened  into  the 
substrate. 

In  accordance  with  this  invention,  by  CVD  a 
borosilicate  layer  is  formed  as  the  inside  lining  of 
the  trench  sidewalls.  This  layer  28  is  deposited  in 
both  trenches  18  and  20.  By  the  use  of  techniques 
such  as  RIE,  the  trench  bottom  30  is  opened,  that 
is,  removal  of  layers  22,  24  and  28  at  the  bottom  of 

the  trench,  and  a  channel  stop  layer  32  is  provided. 
The  channel  stop  may  be  formed  by  a  variety 

of  known  techniques.  For  example,  it  may  be 
formed  by  ion  implantation  of  the  bottom  surface 

5  30,  by  lining  the  inside  walls  with  borosilicate  with 
a  subsequent  heat  treatment  for  boron  out-diffusion 
or  by  a  combination  of  the  two. 

Referring  now  to  Figure  2,  subsequent  device 
processing  steps  are  illustrated.  As  illustrated  in 

io  Figure  2,  trench  20  will  ultimately  become  a  sub- 
strate  contact  while  trench  18  will  become  the 
isolation  trench.  While  two  trenches  are  illustrated, 
it  is  to  be  understood  that  on  the  substrate  10  an 
array  of  such  trenches  will  be  present.  It  is  also 

is  understood  that  trench  size  will  vary  and  may  be 
different  between  contact  and  non-contact  tech- 
niques.  Thus,  a  preferential  etch  step  is  performed 
to  remove  the  borosilicate  trench  sidewall  every- 
where  except  for  the  substrate  contact  areas.  As 

20  illustrated  in  Figure  2,  the  borosilicate  28  remains 
in  the  trench  20  while  it  is  removed  from  the 
sidewalls  of  trench  18.  This  is  accomplished  by  a 
photoalignment  step  with  a  preferential  etch  to  re- 
move  the  borosilicate  trench  lining  material.  Such 

25  etch  techniques  are  known  in  the  art.  Then,  trench- 
es  18  and  20  are  filled  completely  with  selectively 
deposited  epitaxial  silicon  (34).  This  undoped  fill 
material  completely  fills  the  trenches  18  and  20. 

During  the  fill  step,  the  boron,  outdiffusing  from 
30  the  previously  deposited  borosilicate  trench  lining 

into  the  undoped  epitaxial  silicon  in  the  substrate 
contact  area  32  dopes  the  epi.  However,  in  the 
trench  where  the  borosilicate  was  removed  prior  to 
filling  with  the  undoped  polysilicon  or  epitaxial  sili- 

35  con  fill,  doping  occurs  only  by  outdiffusion  of  the 
trench  channel  stop  boron  diffusion  32  into  the 
epitaxial  silicon  near  the  trench  bottom.  Conse- 
quently,  as  illustrated  in  Figure  2,  a  substrate  con- 
tact  area  36  is  created  in  the  trench  20  since  the 

40  epi  is  doped.  In  the  isolation  trench  18  the  outdif- 
fusion  of  the  channel  stop  boron  is  only  into  the 
epitaxial  silicon  near  the  trench  bottom.  Such  is 
shown  by  shallow  zone  38  in  Figure  2.  Conse- 
quently,  by  this  technique  a  series  of  isolation 

45  trenches  and  a  series  of  substrate  contact  trenches 
may  be  simultaneously  formed.  The  structure  is 
completed  by  Si02  insulation  19  above  trench  18 
and  metal  contact  23  above  the  contact  trench  20. 

hln  accordance  with  the  embodiment  just  de- 
50  scribed,  thermal  Si02/Si3N4/CVD  borosilicate  is 

used  as  a  trench  sidewall  for  doping  an  undoped 
epitaxial  fill.  These  materials  form  a  permanent 
sidewall  structure  that  reduces  the  probability  of 
dislocations  which  are  caused  by  subsequent  heat 

55  treatment  of  a  conventional  sidewall  structure.  For 
example,  this  structure  can  be:  thermal  Si02  ap- 
proximately  50  nm,,  Si3N+  approximately  50  nm  and 
CVD  borosilicate  approximately  400  nm  in  thick- 

3 
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ness.  Other  relative  thicknesses  are  within  the 
scope  of  this  invention.  Also,  other  insulation  layers 
may  be  used  in  place  of  this  structure. 

Referring  now  to  Figures  3-6,  a  second  em- 
bodiment,  which  does  not,  however,  form  part  of 
the  claimed  invention,  will  be  described.  To  the 
extent  that  this  embodiment  utilizes  the  same 
structure,  it  will  be  identified  with  the  same  nu- 
merals.  Thus,  the  same  tiered  substrate  structure 
comprising  the  P-layer  12,  N+  layer  14  and  N 
layer  16  are  provided  together  with  trenches  18 
and  20.  The  thermal  Si02  layer  22  and  ShN  ̂ layer 
24  with  the  CVD  Si02  layer  26  form  a  common 
starting  point  as  in  the  first  preferred  embodiment. 
Other  insulation  layers  may  be  used.  Also,  boron 
ions  are  implanted  into  the  trench  bottoms  for  the 
formation  of  a  p-doped  channel  stop  32. 

This  embodiment  differs  from  the  first  embodi- 
ment  in  that  the  next  step  is  the  application  of  a 
photoresist  40  completely  covering  the  substrate 
surface  and  filling  each  of  the  trenches.  Using 
known  techniques  the  resist  40  is  opened  over 
trenches  where  contact  is  desired.  Figure  4  illus- 
trates  the  structure  after  an  RIE  step  has  opened 
the  trench  bottom  and  removed  some  of  the  top 
oxide  layer.  Typically  RIE,  in  a  timed  etch  step  to 
remove  oxide  from  the  trench  20  to  form  the 
"future"  silicon  substrate  contact.  That  is,  Figure  4 
illustrates  a  structure  having  trench  20  with  oxide 
removed  such  that  the  trench  is  opened  for  contact 
while  trench  18  remains  filled  with  photoresist  ma- 
terial.  This  timed  etching  also  opens  the  area 
above  trench  20  by  selective  removal  of  the  CVD 
oxide  26.  The  photoresist  40  is  then  removed. 

Referring  now  to  Figure  5,  subsequent  steps 
and  the  next  intermediate  stage  of  the  device  are 
illustrated.  In  Figure  5,  a  selective  epitaxial  p-doped 
silicon  zone  44  has  been  deposited  and  grown  in 
the  substrate  contact  trench  20.  This  epitaxial  sili- 
con  refill  can  be  made  to  slightly  overfill  trench  20 
as  illustrated.  The  epitaxial  silicon  is  allowed  to 
grow  upward  and  outward,  to  completely  encap- 
sulate  and  seal  the  trench  20.  Such  is  illustrated  in 
Figure  5  (structure  46).  This  selective  growth  oc- 
curs  only  in  trenches  where  a  substrate  contact 
opening  has  been  provided  at  the  trench  bottom. 
Application  of  a  blanket  growth  of  undoped  poly- 
silicon  follows  the  selective  epitaxial  refill.  This  lay- 
er  48  completely  fills  the  trench  18  and  covers  the 
CVD  oxide  layer  26.  It  also  covers  and  encap- 
sulates  the  dome  46  and  the  epitaxially  grown  p- 
doped  silicon  layer. 

Figure  5  illustrates  that  when  the  undoped 
polysilicon  48  is  deposited  discontinuities  in  planar- 
ity  occur  in  those  areas  where  trench  filling  occurs. 
Ridges  are  also  formed  in  the  vicinity  of  the  cap 
46.  In  order  to  planarize  the  device,  both  the  p- 
doped  epitaxial  dome  46  and  the  polysilicon  un- 

doped  material  48  filling  the  trench  18  are  planariz- 
ed.  Thus,  by  chemical/mechanical  polishing  tech- 
niques,  the  CVD  oxide  layer  is  removed  and  the 
domed  structure  46  is  polished  such  that  planariza- 

5  tion  of  the  top  surface  50  of  the  substrate  occurs. 
Such  is  illustrated  in  Figure  6.  The  structure  is 
completed  by  an  Si02  layer  19  over  trench  18  and 
a  metal  contact  23  over  trench  20. 

As  can  be  appreciated,  by  this  technique  an 
io  isolation  trench  18  is  formed  filled  with  undoped 

polysilicon  while,  as  a  function  of  simultaneous 
processing,  a  substrate  contact  trench  20  is  formed 
having  a  p-doped  epitaxial  silicon  deposited  and 
grown  therein. 

is  Turning  now  to  Figures  7A  and  7B,  examples 
of  overlapping  contacts  are  illustrated.  In  the  pre- 
vious  embodiments  the  Si02  cover  19  on  the  in- 
sulative  trench  18  was  centered  over  that  trench. 
Likewise,  the  contact  23  over  the  substrate  contact 

20  trench  20  was  aligned  with  that  trench.  In  accor- 
dance  with  this  invention,  the  contacts  may  overlap 
the  trench  fill  and  the  trench  sidewall. 

Figure  7A  illustrates  an  isolation  trench  having 
a  polysilicon  refilled  trench  48.  The  insulative  struc- 

25  ture  22  is  opened  such  that  an  opening  25  encom- 
passes  a  portion  of  trench  18,  its  sidewall  and  the 
substrate  surface.  Into  that  opening  polysilicon,  epi- 
taxial  silicon  or  a  combination  is  selectively  depos- 
ited.  By  overgrowth  of  the  trench  fill  and  the  sub- 

30  strate  material,  a  contact  (27)  is  formed  in  the 
opening.  Such  structures  may  be  used  for  forming 
contacts  to  trench  capacitor  cells  as  in  C-MOS 
dynamic  RAM  technology. 

Figure  7B  illustrates  a  substrate  contact  trench 
35  having  a  selectively  epitaxially  refilled  trench  20.  As 

in  the  case  of  the  embodiment  of  Figure  7A,  the 
insulative  structure  is  opened  to  partially  overlie  the 
trench  20  and  a  portion  of  the  substrate.  The 
opening  25  overlaps  the  doped  epitaxially  refilled 

40  trench  20,  the  insulative  trench  sidewall  and  the  epi 
surface  of  the  substrate.  This  zone  is  selectively 
filled  with  epitaxial  silicon,  polysilicon  or  a  com- 
bination  thereof.  By  overgrowth  of  the  silicon  filled 
trench  and  substrate  material  a  contact  (27)  is 

45  formed  in  the  opening. 
This  contact  structure  is  advantageous  in  that  it 

saves  space  on  the  substrate  surface  and  reduces 
the  space  between  adjacent  devices.  This  tech- 
nique  saves  processing  steps  and  allows  the  con- 

50  tacts  to  be  precisely  positioned.  That  is,  the  depo- 
sition  of  the  highly  doped  material  occurs  precisely 
where  the  contact  is  desired.  This  technique  also 
results  in  a  more  planar  surface  since  the  over- 
growth  is  nearly  co-planar  with  the  overlying  oxide. 

55  This  contact  formation  technique  is  not  limited 
to  the  insulator  structure  (Si02,  Si3N+)  of  Figures  1- 
6.  The  insulator  may  be  oxide,  nitride  or  a  com- 
bination  thereof.  Moreover,  while  the  contact  is 

4 
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illustrated  extending  across  the  top  of  trench,  it 
may  be  buried  along  the  sidewall. 

Claims 

1.  A  method  of  forming  an  integrated  circuit 
structure  having  an  isolation  pattern  and  a  con- 
tact  pattern  comprising  the  steps  of: 
providing  a  semiconductor  substrate  (10)  hav- 
ing  a  pattern  of  substantially  vertical-walled 
trenches  (18,  20)  extending  downward  from  a 
major  surface  of  said  substrate; 
forming  an  insulator  layer  (22,  24)  on  the  walls 
of  said  trenches; 
forming  a  borosilicate  glass  layer  (28)  on  said 
insulator  layer; 
removing  by  anisotropic  etching  a  portion  of 
said  insulator  layer  and  said  borosilicate  glass 
layer  from  the  bottom  (30)  of  said  trenches; 
removing  said  borosilicate  glass  layer  (28) 
from  all  portions  of  trenches  (18)  where  isola- 
tion  is  to  be  established  and  maintaining  the 
remaining  borosilicate  glass  layer  in  trenches 
(20)  where  electrical  contact  with  said  sub- 
strate  is  to  be  made;  and 
filling  all  of  said  trenches  with  undoped  silicon 
(34)  to  simultaneously  produce  a  pattern  of 
isolation  trenches  (18)  filled  with  undoped  sili- 
con  and  a  pattern  of  substrate  contacts  in 
those  trenches  (20)  where  the  silicon  is  doped 
by  the  borosilicate  layer. 

2.  The  method  as  claimed  in  claim  1,  character- 
ized  in  that  after  filling  said  trenches  with  un- 
doped  silicon  the  following  steps  are  provided: 
planarizing  the  major  surface  of  said  substrate 
to  simultaneously  form  a  pattern  of  substrate 
contact  trenches  (20)  and  a  pattern  of  isolation 
trenches  (18). 

3.  The  method  of  claims  1  or  2,  further  compris- 
ing  the  step  of  implanting  boron  into  said 
trenches  (18,  20)  after  the  step  of  anisotropic 
etching  to  provide  a  channel  stop  layer  (32). 

4.  The  method  of  anyone  of  the  claims  1  to  3, 
wherein  said  Step  of  providing  an  insulator 
layer  comprises  the  steps  of  depositing  a  layer 
(22)  of  thermal  Si02  on  said  substrate  (10)  and 
the  major  surface  walls  of  said  trenches  and 
depositing  on  said  SiCfe  layer  a  layer  (24)  of 
Si3IV 

5.  The  method  of  anyone  of  the  claims  1  to  3, 
wherein  the  Step  of  forming  an  insulator  layer 
comprises  the  steps  of  depositing  a  layer  of 
thermal  SiCfe  on  said  substrate  major  surface 
and  the  walls  of  said  trenches. 

6.  The  method  of  anyone  of  the  claims  2  to  5, 
wherein  said  step  of  planarization  comprises 
chemical/mechanical  polishing  of  said  sub- 
strate  major  surface. 

5 
7.  The  method  of  claim  1  to  6  further  comprising 

the  step  of  placing  contacts  above  trenches 
having  said  pattern  of  substrate  contacts. 

io  8.  The  method  of  claim  7,  wherein  said  contacts 
overlap  said  trenches  and  the  major  surface  of 
said  substrate. 

9.  The  method  of  anyone  of  the  claims  1  to  8, 
is  wherein  said  doped  silicon  is  highly  doped 

polysilicon. 

10.  The  method  of  anyone  of  the  claims  1  to  8, 
wherein  said  doped  silicon  is  highly  doped 

20  epitaxial  silicon. 

11.  The  method  of  anyone  of  the  claims  1  to  8, 
wherein  said  doped  silicon  is  a  combination  of 
highly  doped  epitaxial  silicon  and  polysilicon. 

25 
Revendicatlons 

1.  Procede  pour  former  une  structure  de  circuit 
integre  possedant  une  configuration  isolante  et 

30  une  configuration  de  contacts,  comprenant  les 
etapes  consistant  a  : 

prevoir  un  substrat  semiconducteur  (10) 
possedant  une  configuration  de  sillons  (18,20), 
qui  possedent  des  parois  sensiblement  vertica- 

35  les  et  s'etendent  vers  le  bas  a  partir  d'une 
surface  principale  dudit  substrat; 

former  une  couche  isolante  (22,24)  sur  les 
parois  desdits  sillons; 

former  une  couche  de  verre  au  borosilicate 
40  (28)  sur  ladite  couche  isolante; 

eliminer  par  corrosion  anisotrope  une  par- 
tie  de  ladite  couche  isolante  et  de  ladite  cou- 
che  de  verre  au  borosilicate,  a  partir  du  fond 
(30)  desdits  sillons; 

45  eliminer  ladite  couche  de  verre  au  borosili- 
cate  (28)  de  I'ensemble  des  parties  des  sillons 
(18),  dans  lesquelles  une  isolation  doit  etre 
etablie,  et  conserver  la  couche  restante  de 
verre  au  borosilicate  dans  des  sillons  (20), 

50  dans  lesquels  un  contact  electrique  avec  ledit 
substrat  doit  etre  etabli;  et 

remplir  I'ensemble  desdits  sillons  avec  du 
silicium  non  dope  (34)  pour  produire  simulta- 
nement  une  configuration  de  sillons  isolants 

55  (18)  remplis  par  du  silicium  non  dope  et  une 
configuration  de  contacts  de  substrat  dans  les 
sillons  (20)  dans  lesquels  le  silicium  est  dope 
par  la  couche  de  verre  au  borosilicate. 

5 
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2.  Precede  selon  la  revendication  1,  caracterise 
en  ce  qu'apres  un  remplissage  desdits  sillons 
avec  du  silicium  non  dope,  on  met  en  oeuvre 
les  etapes  suivantes  : 
planarisation  de  la  surface  principale  dudit 
substrat  pour  former  simultanement  une  confi- 
guration  de  sillons  (20)  de  contact  de  substrat 
et  une  configuration  de  sillons  isolants  (18). 

3.  Procede  selon  la  revendication  1  ou  2,  com- 
prenantenoutre  les  etapes  consistant  a  implan- 
ter  du  bore  dans  lesdits  sillons  (18,20)  apres 
I'etape  de  corrosion  anisotrope,  pour  former 
une  couche  d'arret  de  canal  (32). 

4.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  3,  selon  lequel  ladite  etape  de 
formation  d'une  couche  isolante  comprend  les 
etapes  consistant  a  deposer  une  couche  (21) 
de  Si02  thermique  sur  ledit  substrat  (10)  et  sur 
les  parois  de  la  surface  principale  dudit  sillon, 
et  a  deposer,  sur  ladite  couche  de  Si02,  une 
couche  (24)  de  Si3lV 

5.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  3,  selon  lequel  I'etape  de  formation 
d'une  couche  isolante  comprend  les  etapes  de 
depot  d'une  couche  de  Si02  thermique  sur 
ladite  surface  principale  du  substrat  et  sur  les 
parois  desdits  sillons. 

6.  Procede  selon  I'une  quelconque  des  revendi- 
cations  2  a  5,  selon  lequel  ladite  etape  de 
planarisation  comprend  le  polissage 
chimique/mecanique  de  ladite  surface  principa- 
le  du  substrat. 

7.  Procede  selon  les  revendications  1  a  6  com- 
prenant  en  outre  I'etape  de  mise  en  place  de 
contacts  au-dessus  de  sillons  comportant  ladi- 
te  configuration  de  contacts  du  substrat. 

8.  Procede  selon  la  revendication  7,  selon  lequel 
lesdits  contacts  recouvrent  lesdits  sillons  et  la 
surface  principale  dudit  substrat. 

9.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  8,  selon  lequel  ledit  silicium  dope 
est  du  polysilicium  fortement  dope. 

10.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  8,  selon  lequel  ledit  silicium  dope 
est  du  silicium  epitaxial  fortement  dope. 

11.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  8,  selon  lequel  ledit  silicium  dope 
est  une  combinaison  de  silicium  epitaxial  et  de 
polysilicium  fortement  dopes. 

Patentanspruche 

1.  Verfahren  zur  Herstellung  einer  integrierten 
Schaltungsstruktur  mit  einem  Isolations-  und 

5  einem  Kontaktmuster,  folgende  Schritte  umfas- 
send: 
Herstellen  eines  Halbleitersubstrats  (10)  mit  ei- 
nem  Muster  von  im  wesentlichen  mit  vertikalen 
Wanden  versehenen  Graben  (18,  20),  die  sich 

io  von  einer  Hauptflache  des  Substrats  nach  un- 
ten  erstrecken; 
Ausbilden  einer  Isolationsschicht  (22,  24)  auf 
den  Wanden  der  Graben; 
Ausbilden  einer  Borosilikatglasschicht  (28)  auf 

is  der  Isolationsschicht; 
anisotropisches  Abatzen  eines  Teils  der  Isola- 
tionsschicht  und  der  Borosilikatglasschicht  vom 
Boden  (30)  der  Graben; 
Entfernen  der  Borosilikatglasschicht  (28)  von 

20  alien  Teilen  der  Graben  (18),  in  denen  eine 
Isolation  erfolgt,  und  Beibehaltung  der  verblei- 
benden  Borosilikatglasschicht  in  den  Graben 
(20),  in  denen  das  Substrat  elektrisch  kontak- 
tiert  wird;  und 

25  Fullen  der  Graben  mit  undotiertem  Silizium 
(34),  urn  gleichzeitig  ein  Muster  von  mit  undo- 
tiertem  Silizium  gefullten  Isolationsgrabern  (18) 
und  ein  Muster  von  Substratkontakten  in  den 
Graben  (20)  herzustellen,  in  denen  das  Silizi- 

30  urn  durch  die  Borosilikatschicht  dotiert  wird. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  da/S  nach  Fullen  der  Graben  mit  un- 
dotiertem  Silizium  folgender  Schritt  vorgese- 

35  hen  ist: 
Planarisieren  der  Hauptflache  des  Substrats, 
urn  gleichzeitig  ein  Muster  von  Substratkon- 
taktgraben  (20)  und  ein  Muster  von  Isolations- 
graben  (18)  herzustellen. 

40 
3.  Verfahren  nach  Anspruch  1  oder  2,  das  weiter- 

hin  den  Schritt  des  Implantierens  von  Bor  in 
die  Graben  (18,  20)  nach  dem  anisotropischen 
Atzschritt  umfa/St,  urn  eine  Kanalsperrschicht 

45  (32)  herzustellen. 

4.  Verfahren  nach  einem  der  Anspruche  1  bis  3, 
in  dem  der  Schritt  zur  Herstellung  einer  Isola- 
tionsschicht  die  Schritte  des  Aufbringens  einer 

50  Schicht  (22)  aus  thermischem  SiCfe  auf  dem 
Substrat  (10)  und  den  Hauptwandflachen  der 
Graben  sowie  des  Aufbringens  einer  Schicht 
(24)  aus  Si3N+  auf  die  Si02  -Schicht  umfafit. 

55  5.  Verfahren  nach  einem  der  Anspruche  1  bis  3, 
in  dem  der  Schritt  der  Herstellung  einer  Isola- 
tionsschicht  die  Schritte  des  Aufbringens  einer 
thermischen  SiCfe-Schicht  auf  der  Hauptflache 

6 
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des  Substrats  und  den  Wanden  der  Graben 
umfa/St. 

6.  Verfahren  nach  einem  der  Anspruche  2  bis  5, 
in  dem  der  Planarisierungsschritt  das  5 
chemisch/mechanische  Polieren  der  Hauptfla- 
che  des  Substrats  umfa/St. 

7.  Verfahren  nach  den  Anspruchen  1  bis  6,  das 
au/Serdem  den  Schritt  der  Anbringung  von  10 
Kontakten  uber  Graben  umfafit,  die  mit  dem 
Substratkontaktmuster  versehen  sind. 

8.  Verfahren  nach  Anspruch  7,  in  dem  die  Kon- 
takte  die  Graben  und  die  Hauptflache  des  is 
Substrats  uberlappen. 

9.  Verfahren  nach  einem  der  Anspruche  1  bis  8, 
in  dem  das  dotierte  Silizium  hochdotiertes  Po- 
lysilizium  ist.  20 

10.  Verfahren  nach  einem  der  Anspruche  1  bis  8, 
in  dem  das  dotierte  Silizium  hochdotiertes  epit- 
aktisches  Silizium  ist. 

25 
11.  Verfahren  nach  einem  der  Anspruche  1  bis  8, 

in  dem  das  dotierte  Silizium  eine  Kombination 
hochdotierten  epitaktischen  Siliziums  und  Poly- 
siliziums  ist. 

30 
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