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vgy  Disclosed  is  a  method  of  forming  in  a  mon- 
ocrystalline  silicon  body  an  optimum  recessed  oxide 
isolation  structure  with  reduced  steepness  of  the 
bird's  neck.  Starting  from  a  monocrystalline  silicon 

3   
body  (20,21),  there  is  formed  thereon  a  layered 
structure  of  first  silicon  dioxide  (22),  poiycrystalline 
silicon  (23),  second  silicon  dioxide  (24)  and  silicon 

BO  nitride  (25),  in  that  order.  The  layers  are  patterned  to 
^Jform  openings  in  the  structure  at  the  areas  where  it 

is  desired  to  form  the  oxide  isolation  pattern  within 
" the   silicon  body.  The  exposed  areas  of  the  silicon 
£Jbody  are  anisotropically  reactive  ion  etched  to  an 

initial  portion  (27)  of  the  desired  depth  obtaining  the 
^   corresponding  portion  of  the  trench  (30)  having  sub- 
J.stantially  vertical  walls.  Then  by  chemical  etching 
JLJthe  trench  is  extended  to  a  final  portion  (28)  of  the 

desired  depth  obtaining  inwardly  sloped  walls  in  the 
final  portion.  The  body  is  then  thermally  oxidized 

jntii  the  desired  oxide  isolation  penetrates  to  the 
tesired  depth  within  the  silicon  body. 
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A  METHOD  OF  FORMING  RECESSED  OXIDE  ISOLATION  WITH  REDUCED  STEEPNESS  OF  THE  BIRDS' 
NECK 

The  invention  relates  to  the  manufacture  of  a 
semiconductor  structure  having  an  optimum  dielec- 
tric  isolation  and,  more  particularly,  to  a  method  of 
forming  recessed  oxide  isolation  structure  with  re- 
duced  steepness  of  the  bird's  neck  in  a  silicon 
substrate. 

In  the  semiconductor  integrated  circuit  produc- 
tion,  it  is  usually  necessary  to  isolate  various  active 
and/or  passive  devices  from  one  another  in  the 
integrated  circuit  structure.  These  devices  have 
been  isolated  by  back  biasing  PN  junctions,  partial 
dielectric  isolation  and  complete  dielectric  isolation. 
The  dielectric  materials  used  have  been  silicon 
dioxide  and  the  like.  The  preferred  isolation  for 
these  active  devices  and  circuits  is  some  form  of 
dielectric  isolation  which  may  include  a  combina- 
tion  with  PN  junction  isolation.  The  dielectric  isola- 
tion  has  the  substantial  advantage  over  the  PN 
junction  isolation  because  it  allows  the  butting  of 
the  circuit  elements  against  the  isolation  and  there- 
by  results  in  greater  density  of  packing  of  the 
active  and/or  passive  device  on  the  integrated  cir- 
cuit  chip. 

One  form  of  dielectric  isolation  is  the  Recessed 
Oxide  Isolation  (ROI).  This  approach  which  dates 
back  to  the  early  1970's,  involves  chemically  etch- 
ing  grooves  or  recesses  in  silicon  where  the  isola- 
tion  regions  are  to  be  formed.  During  the  groove 
formation,  the  remainder  of  the  silicon  surface  is 
protected  by  a  mask  called  the  ROI  mask  which  is 
substantially  unaffected  by  the  etchant  used  to 
form  the  grooves  in  the  silicon.  Following  the  for- 
mation  of  the  grooves  the  silicon  body  is  subjected 
to  thermal  oxidation  whereby  the  silicon  in  the 
groove  area  is  converted  to  silicon  dioxide  filling  up 
the  groove  as  well  as  oxidizing  further  into  the 
silicon  to  form  the  recessed  oxide  isolation  region. 
Thus,  in  ROI  formation,  the  ROI  mask  is  first  used 
as  an  etch  barrier  while  recesses  are  etched 
through  the  mask  openings  in  the  silicon  and  is 
then  used  as  an  oxidation  mask  during  thermal 
oxidation  of  the  recesses.  A  composite  silicon 
dioxide-silicon  nitride  mask  has  been  widely  used 
in  this  dual  role.  The  ROI  process  is  more  fully 
described  by  U.S.  Patents  3,970,486  to  E.  Kooi, 
3,534,234  to  Peltzer  and  U.S.  Patent  application 
Serial  No.  150,609  by  I.  Magdo  et  al.  filed  June  7, 
1971. 

Recently,  the  formation  of  grooves  in  silicon 
and  filling  them  with  a  dielectric  has  been  signifi- 
cantly  improved  by  using  other  materials  for  the 
ROI  mask  than  oxide-nitride  composite,  by  sub- 
stituting  wet  etching  with  dry  reactive  ion  etching  - 
(RIE)  technique  to  etch  the  grooves,  and  by  filling 

the  grooves  with  a  dielectric  material  other  than 
oxide  to  form  the  device  isolation.  In  this  context, 
reference  is  made  to  the  article  entitled 
"Elimination  of  Reactive  Ion  Etching  trench  induced 

5  defects",  by  G.  Das  et  al,  IBM  Technical  Disclosure 
Bulletin,  Vol.  23,  No.  12,  page  5344,  May  1981, 
and  U.S.  Patent  No.  4,104,086  to  J.  A.  Bondur  et 
al.  and  assigned  to  the  present  assignee. 

One  of  the  major  problems  associated  with  the 
70  above  ROI  process  is  what  is  known  as  "bird's 

beak".  The  "bird's  beak"  is  a  silicon  dioxide  forma- 
tion  at  the  top  periphery  of  the  groove  and  is 
caused  by  the  lateral  oxidation  underneath  the  sili- 
con  nitride  layer.  Since  the  oxidation  of  a  specific 

75  thickness  of  silicon  requires  an  almost  equivalent 
amount  of  free  space  to  expand  into,  and  since  the 
nitride  limits  the  unrestricted  expansion,  the  result 
is  an  up-pushing  of  the  silicon  nitride  at  the  edge  of 
the  groove.  Associated  with  the  bird's  beak  is  the 

20  bird's  head,  an  undesirable  bump  in  the  order  of 
400-500  nm  in  height  formed  in  the  edge  of  the 
thick  oxide  layer  adjoining  the  oxide-nitride  mask. 
For  a  more  complete  understanding  of  the  theory 
behind  the  bird's  head  and  bird's  beak  phenomena, 

25  reference  is  made  to  U.S.  Patent  No.  3,900,350  to 
J.  A.  Appeis  et  al.  Associated  sometimes  with  the 
bird's  head  is  an  excessively  steep  bird's  neck 
stemming  from  excessive  etching  of  the  planar 
surface  portions  of  the  ROI  during  removal  of  the 

30  ROI  mask. 
The  existence  of  the  bird's  head  or  bird's  beak 

incurs  many  disadvantages.  The  device  active  area 
is  reduced  and  the  isolation  area  is  increased  by 
the  bird'  beak.  This  is  disadvantageous  since  chip 

35  real  estate,  particularly  in  very  large  scale  inte- 
grated  (VLSI)  circuits,  is  at  a  premium.  Because  of 
the  bird's  beak,  it  is  difficult  to  achieve  well-defined 
lateral  isolation  boundaries.  Because  of  the  bird's 
head,  the  top  surface  of  the  resulting  ROI  structure 

40  will  not  be  substantially  planar  with  the  top  surface 
of  the  silicon.  As  a  result,  electrode  interconnec- 
tions  formed  on  the  ROI  regions  are  prone  to  be 
fractured  and  disconnected.  Another  drawback  of 
nonplanarity  is  poor  coverage  of  metal  lands  over 

45  the  comers  and  edges  of  the  surface  topography 
leading  to  unreliability  of  the  integrated  circuit.  Yet 
another  disadvantage  is  that  the  nonplanar  surface 
would  not  be  conducive  for  multi-level  conductive 
personalization  demanded  by  high  performance 

so  VLSI  circuits.  A  further  problem,  which  is  a  direct 
result  of  an  excessively  steep  bird's  neck  and 
which  is  discussed  more  fully  in  the  article  entitled 
"Preventing  Formation  of  Polysilicon  Rails"  by  C. 
G.  Jambotkar,  IBM  Technical  Disclosure  Bulletin, 

2 
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voi.  no.  iz,  pages  eeue-eeog,  May  1983,  is  the 
formation  of  polysilicon  rails  after  forming  a  poly- 
silicon  layer  on  the  nonplanar  surface  and  etching 
the  polysilicon  by  RIE  into  polysilicon  base  and/or 
emitter  contacts  of  a  bipolar  transistor.  The  poly- 
silicon  rails  tend  to  electrically  short-out  adjacent 
devices  destroying  the  benefit  of  the  ROI. 

The  foregoing  are  representative  of  the  nu- 
merous  disadvantages  associated  with  the  bird's 
beak  and  bird's  head.  Thus,  it  is  readily  apparent 
that  it  is  desirable  to  reduce  or  eliminate  the  bird's 
beak  and  bird's  head  associated  with  ROI.  Reduc- 
tion  in  bird's  head  may,  in  general,  result  in  some 
reduction  in  the  steepness  of  the  bird's  neck. 

Attempts  have  been  made  in  the  prior  art  to 
reduce  the  bird's  beak  and  bird's  head  problems. 
For  example,  the  J.  A.  Appels  et  al.  U.S.  Patent 
cited  hereinabove  describes  a  method  to  overcome 
the  bird's  beak  problem.  This  patent  suggests  the 
substitution  of  a  layer  of  polycrystalline  silicon  for 
the  silicon  dioxide  layer  between  the  silicon  nitride 
masking  layer  and  the  monocrystalline  silicon 
body.  The  patent  states  that  the  oxidation  of  mon- 
ocrystalline  silicon  is  not  noticeably  different  from 
oxidation  of  polysilicon.  However,  the  bird's  beak  is 
greatly  reduced  by  introducing  the  polysilicon  as  a 
buffered  layer  between  the  oxide  and  the  nitride. 
This  polysilicon  layer  was  also  found  to  dampen 
the  mechanical  stress  caused  by  the  silicon  nitride 
when  directly  applied  to  the  silicon. 

U.S.  Patent  No.  4,272,308  to  R.  C.  Varshney 
discloses  deposition  on  the  oxide-nitride  dual  mask 
including  the  sidewalls  thereof,  prior  to  thermal 
oxidation,  a  second  nitride  layer.  The  second 
nitride  serves  to  seal  off  lateral  oxidation  under- 
neath  the  first  nitride  during  the  thermal  oxidation 
of  the  exposed  silicon  thereby  reducing  the  bird's 
beak. 

U.S.  Patent  No.  4,170,500  to  P.  A.  Crossley 
discloses  a  process  of  forming  dielectric  isolation 
by  first  forming  on  the  silicon  substrate  a  dual 
3xide-nitride  layer.  Then,  polysilicon  is  formed  on 
the  surface  of  the  nitride  layer  in  region  corre- 
sponding  to  where  device  isolation  is  required.  The 
xdysilicon  is  next  fully  oxidized  followed  by  etchi- 
ng  off  the  exposed  oxide-nitride  dual  mask  leaving 
i  stack  of  oxide-nitride-oxide  serving  as  dielectric 
solation  free  of  bird's  beak/head. 

European  Patent  Application  No.  82106651.1  - 
[publication  No.  0  071  203)  by  B.  M.  Kemlage  and 
assigned  to  the  present  assignee  discloses  a  meth- 
id  of  reducing  the  bird's  head.  In  this  method  the 
jxide  pad  in  the  oxide-nitride  dual  layer  is  replaced 
with  a  silicon  oxynitride  (SiO„  Ny)  layer.  The  ox- 
mitride  acts  as  a  barrier  to  rapid  oxidation  during 
he  thermal  oxidation  step,  thereby  reducing  the 
jird's  head. 

The  article  entitled  "Fabrication  of  Oxide  Isola- 
tion  Using  an  Oxynitride/Polysilicon  Mask"  by  B. 
M.  Kemlage  et  al.,  IBM  Technical  Disclosure  Bul- 
letin,  Vol.  24,  No.  9,  February  1982,  page  4756, 

5  proposes  an  oxynitride/polysilicon  stack  mask.  The 
oxynitride  while  serving  as  an  effective  oxidation 
mask  imposes  lesser  stress  on  the  silicon  than 
nitride  during  thermal  oxidation.  The  polysilicon 
serves  as  a  buffer  inhibiting  oxidation  under  the 

io  oxynitride  thereby  eliminating  the  bird's  beak  and 
excessive  bird's  head. 

The  article  entitled  "Method  of  Manufacturing 
Dielectrically  Isolated  Regions  of  Silicon  Utilizing 
High  Pressure  Steam"  by  D.  W.  Ormond,  IBM 

T5  Technical  Disclosure  Bulletin  Vol.  23,  No.  8,  Janu- 
ary  1981,  pp  3694-3697  discloses  use  of  a  poly- 
silicon  layer  sandwiched  between  the  pad  oxide 
and  nitride  layers  of  the  ROI  mask  in  the  context  of 
high  pressure  oxidation  of  the  silicon  to  form  ROI. 

so  The  polysilicon  is  believed  to  reduce  the  large 
stresses  caused  by  the  nitride  during  high  pressure 
oxidation  and  also  reduce  the  bird's  beak. 

Despite  the  improvement  in  suppressing  the 
bird's  beak  and  bird's  head  exemplified  by  the 

w  above  prior  art,  there  is  need  for  further  improve- 
ment  since  these  prior  art  attempts  have  been 
basically  deficient.  The  deficiencies  arise  because 
the  prior  art  attempts  either  to  not  completely  solve 
the  problem  or  else  introduce  additional  problems 

jo  such  as  defects  at  the  silicon  surface  under  the 
ROI  mask  or  give  rise  to  difficulties  in  implement- 
ing  the  processes  in  a  high  volume  manufacturing 
environment,  the  latter  principally  due  to  lack  of 
controllability  of  the  process. 

as  Reference  is  now  made  to  U.S.  Patent  No. 
4,508,757  to  K  A.  Fabricius,  et  al.  and  assigned  to 
the  present  assignee  which  discloses  a  method  for 
reducing  the  bird's  beak.  In  accordance  with  the 
Fabricius  et  al.  process,  which  in  relevant  part,  can 

to  be  understood  with  reference  to  Fig.  1,  ROI  with 
reduced  beak  formation  is  obtained  by  starting  with 
a  P-type  monocrystalline  silicon  body  10  having  an 
N-type  epitaxial  layer  1  1  on  the  top  surface  thereof. 
A  layered  structure  of  silicon  dioxide  12,  polysilicon 

ts  13  and  silicon  nitride  14  are  formed,  in  that  order, 
on  the  epitaxial  layer  11.  The  thickness  of  the  oxide 
layer  12  is  about  2-10  nm,  polysilicon  13  is  about 
5-500  nm  and  nitride  14  is  about  10-500  nm.  The 
layers  12-13-14  are  then  patterned  by  conventional 

<o  lithography  and  RIE  to  form  openings  in  the  struc-. 
ture  at  the  areas  where  it  is  desired  to  form  an 
oxide  isolation  pattern  within  the  body  10.  Then, 
grooves  are  formed  in  the  epi  layer  11,  preferably, 
by  continuing  the  RIE  process  utilized  to  define  the 

is  openings  in  the  layers  12-13-14.  The  resulting 
structure  is  now  subjected  to  a  high  temperature 
oxidizing  treatment  forming  the  ROI  regions  15. 
The  nitride  14  is  then  removed  by  a  hot  phosphoric 
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acid  dip  etching  solution.  The  polysilicon  13  is  then 
either  etched  off  in  full  or  partially  etched  followed 
by  conversion  of  the  remaining  polysilicon  into  an 
oxide  layer  (not  shown)  atop  the  oxide  12. 

The  Fabricius  et  al.  process,  although  substan- 
tially  reduces  the  beak  length  16  and  bird's  head  or 
crest  height  17,  requires  arduous  process  control 
lest  a  rather  pointed  bird's  head  or  steep  bird's 
neck  18  is  obtained  which  would  lead,  among  other 
things,  to  the  polysilicon  rail  problem  previously 
discussed.  The  reason  for  this  undesirably  steep 
neck  18  is  the  formation  of  a  thin  silicon  oxynitride 
layer  (not  shown)  on  the  top  of  the  polysilicon  13 
during  the  initial  phase  of  the  nitride  14  deposition. 
The  oxynitride  does  not  lend  itself  to  easy  removal, 
following  the  ROI  15  formation,  causing  the  thin- 
ning  and  consequent  steepening  of  the  bird's  neck. 
Also,  the  oxynitride  inhibits  oxidation  of  the  poly- 
silicon  13  during  the  final  process  step  to  convert 
the  polysilicon  13  into  an  oxide  layer. 

It  is  an  object  of  the  invention  to  provide  a 
method  of  forming  ROI  regions  having  reduced 
bird's  beak  and  bird's  head. 

It  is  an  object  of  the  invention  to  provide  a 
controllable  method  of  forming  ROI  regions  having 
bird's  neck  of  a  reduced  steepness. 

The  above  objects  and  other  related  objects 
and  advantages  are  achieved  through  the  use  of  a 
novel  ROI  mask  and  novel  combination  of  etch 
steps. 

In  accordance  with  the  present  invention  a 
method  of  making  a  monocrystalline  integrated  cir- 
cuit  structure  having  ROI  regions  of  a  profoundly 
reduced  steepness  of  the  bird's  neck  is  provided. 
Starting  with  a  monocrystalline  silicon  body,  there 
is  formed  thereon  a  layered  structure  of  a  first 
silicon  dioxide,  polycrystalline  silicon,  second  sili- 
con  dioxide  and  silicon  nitride  in  the  specified 
order.  The  provision  of  the  second  oxide  layer 
between  the  polycrystalline  silicon  and  the  nitride 
eliminates  a  tanacious  silicon  oxynitride  film  on  the 
polycrystalline  silicon  which  would  otherwise  be 
formed  during  the  initial  stages  of  formation  of 
nitride.  The  layers  are  then  patterned  to  form  open- 
ings  in  the  structure  corresponding  to  the  areas 
where  it  is  desired  to  form  an  oxide  isolation  pat- 
tern  within  the  silicon  body.  To  form  a  fully  re- 
cessed  oxide  isolation,  initially  the  exposed  silicon 
is  etched  by  RIE  to  a  first  depth  obtaining  trenches 
having  substantially  vertical  walls.  The  body  is  then 
subjected  to  a  wet  chemical  etching  process  to 
extend  the  trenches  to  a  second  depth  and  obtain 
inwardly  sloped  walls  in  the  extended  portion.  The 
exposed  body  is  then  thermally  oxidized  until  the 
desired  oxide  isolation  pattern  penetrates  to  the 
desired  depth  within  the  silicon  body.  The  layer 
structure  is  then  readily  and  controllably  removed 
obtaining  ROI  defined  regions  with  reduced  steep- 

ness  of  the  bird's  neck.  Easy  and  controlled  re- 
moval  of  the  layered  structure  is  facilitated  because 
of  the  absence  of  silicon  oxynitride  in  the  structure. 
Since  the  ROI  regions  are  not  excessively  etched 

5  during  the  layered  structure  removal,  a  reduction  in 
the  steepness  of  the  bird's  neck  will  result. 

The  novel  features,  individual  process  steps 
and  their  combination  are  set  forth  in  the  appended 
claims.  The  invention  itself,  however,  will  be  best 

70  understood  by  reference  to  the  detailed  description 
which  follows  in  conjunction  with  the  accompanying 
drawings,  wherein: 

Fig.1  is  a  cross  sectional  view  of  a  semicon- 
ductor  structure  fabricated  in  accordance  with  the 

75  prior  art  showing  obtained  shape  for  the  ROI  re- 
gions  together  with  their  associated  bird's  head, 
bird's  beak  and  bird's  neck. 

Figs.  2-4  are  flow  diagrams  illustrating  by 
sequential  cross-sectional  representation  the  pro- 

20  cess  steps  of  the  present  invention  culminating  in  a 
ROI  structure  having  reduced  steepness  of  bird's 
neck. 

Referring  now  more  particularly  to  Figs.  2-4, 
the  process  steps  for  an  ROI  structure  utilizing  the 

25  present  method  is  described.  Referring  now  to  Fig. 
2  in  particular,  the  present  method  is  initiated  by 
starting  from  a  P-type  substrate  of  a  monocrystal- 
line  silicon  20  having  grown  on  top  thereof  an  re- 
type  epitaxial  layer  21.  The  substrate  20  is  typically 

30  a  <100>  crystallographic  orientation  silicon  wafer 
having  a  resistance  of  the  order  of  10-20  Ohm-cm. 
The  epitaxial  layer  21  growth  process  may  be  by 
conventional  techniques  such  as  the  use  of  SiCL/H2 
or  Sim  gases  at  a  temperature  of  about  1000°C  to 

35  1200°C.  The  thickness  of  the  epi  layer  21  for 
dense  VLSI-type  circuits  is  of  the  order  of  about 
2000  nm  or  less. 

The  next  series  of  process  steps  form  the 
masking  pattern  for  the  oxidation  procedure  which 

40  forms  the  ROI  pattern.  The  ROI  mask  structure  is 
formed  of  layers  of  silicon  dioxide  22,  polycrystal- 
line  silicon  23,  silicon  dioxide  24  and  silicon  nitride 
25  formed  in  that  order  upon  the  monocrystalline 
silicon  body  20,  21.  It  is  preferred  that  the  silicon 

45  dioxide  layer  22  is  composed  of  a  thermal  silicon 
dioxide  layer  of  between  about  5  and  10  nm  in 
thickness.  The  silicon  dioxide  layer  22  is  typically 
grown  at  a  temperature  between  about  700°C  and 
900oC  in  dry  oxygen  ambient.  The  preferred  tem- 

50  perature  is  about  800  °C  for  this  oxidation.  The 
polycrystalline  silicon  23  has  a  thickness  in  the 
range  of  approximately  30-80  nm.  The  polycrystal- 
line  silicon  layer  23  is  deposited  by  chemical  vapor 
deposition  at  a  fixed  temperature  in  the  range  of 

55  about  550  °C  to  800  °C.  The  preferred  polysilicon 
deposition  temperature  is  about  625°C.  Reactants 
for  this  deposit  are  silane  in  a  carrier  gas  such  as 
hydrogen  or  nitrogen. 

4 



0  215  218 8 

me  secona  silicon  aioxiae  layer  24  is  rather 
thin,  typically  of  a  thickness  in  the  range  3-7  nm 
and  preferably  about  5  nm.  The  oxide  24  is  ob- 
tained  by  thermally  oxidizing  the  upper  surface  of 
the  polysilicon  23  at  a  temperature  in  the  range  of 
approximately  800°C  to  1000°C  in  a  dry  oxygen 
ambient.  Alternatively,  the  silicon  dioxide  layer  24 
may  be  formed  by  chemical  vapor  deposition  using 
well-known  techniques. 

The  silicon  nitride  25  is  typically  of  a  thickness 
between  about  30-70  nm  and  preferably  about  50 
nm  thickness.  It  may  be  deposited  by,  for  example, 
low  pressure  chemical  vapor  deposition  in  the  tem- 
perature  range  of  about  700°  C  to  1200°C.  Reac- 
tants  for  this  deposit  are  silicon  containing  gas 
such  as  SiH,,  SiCIH,.  SiCUH,,  SiCI,H  or  SiCI,  and 
ammonia  either  with  or  without  a  carrier  gas  such 
as  nitrogen. 

The  thin  silicon  dioxide  layer  24  sandwiched 
between  the  polycrystalline  silicon  23  and  silicon 
nitride  25  serves  an  important  function  and  is  criti- 
cal  to  the  invention.  It  prevents  nitrogenation  of  the 
top  surface  of  the  polycrystalline  silicon  layer  23 
and  consequent  formation  of  silicon  oxynitride  layer 
(not  shown)  during  the  initial  phase  of  the  subse- 
quent  silicon  nitride  25  deposition.  Formation  of 
silicon  oxynitride  is  disadvantageous  since  it  ren- 
ders  the  ROI  fabrication  process  totally  uncontrolla- 
ble.  The  uncontrollability  stems  from  the  uncertain- 
lies  associated  with  the  thickness,  uniformity  and 
homogeneity  of  the  silicon  oxynitride  which  will 
ead  to  excessive  etching  of  the  recessed  oxide 
eolation  during  removal  of  the  ROI  mask  which 
will,  due  to  the  tenacious  nature  of  the  oxynitride  to 
conventional  wet  etchants,  lead  to  thinning  of  the 
ROI  regions  and  undesirably  increase  the  steep- 
ness  of  the  bird's  neck. 

The  layers  22,  23,  24  and  25  are  now  required 
o  be  patterned  to  form  the  mask  pattern  for  the 
ormation  of  the  recessed  oxide  isolation.  The  pat- 
eming  is  done  by  conventional  lithographic  and 
rtching  techniques.  A  photoresist  layer  (not 
shown)  is  deposited  over  the  top  silicon  nitride 
ayer  25  of  the  four-layered  structure.  The  resist  is 
Jxposed  using  conventional  photolithographic  tech- 
liques  and  developed  having  the  desired  patterns 
)f  openings  therein.  The  resist  mask  is  then  utilized 
o  first  etch  the  silicon  nitride  layer  25,  then  the  thin 
silicon  dioxide  layer  24,  the  polycrystalline  silicon 
ayer  23  and  finally  the  silicon  dioxide  layer  22 
town  to  the  monocrystalline  silicon  epitaxial  layer 
51  as  illustrated.  The  remaining  resist  layer  is  then 
amoved  obtaining  the  structure  shown  in  Fig.  2. 

Next,  referring  to  Fig.  3,  using  the  four-layer 
structure  22-23-24-25  as  a  mask,  the  exposed  por- 
ions  of  the  epitaxial  monocrystalline  silicon  layer 
!1  is  subjected  to  anisotropic  RIE  to  etch  a  portion 
if  trenches  or  grooves  into  the  layer  21.  The  pre- 

ferred  method  is  to  continue  the  reactive  ion  etch 
in  a  fluorinated  gas  such  as  carbon  tetrafluoride 
which  is  used  to  etch  the  silicon  nitride  layer  25, 
the  thin  oxide  layer  24,  the  polycrystalline  silicon 

5  layer  23  and  the  silicon  dioxide  layer  22.  The  RIE 
of  the  silicon  21  is  continued  until  a  depth  des- 
ignated  by  numeral  26  is  reached.  The  depth  26  of 
the  trench  is  determined  by  the  desired  final  depth 
of  the  trench  in  the  silicon  layer  21  which,  in  turn, 

w  is  determined  by  the  desired  silicon  dioxide  isola- 
tion  thickness  to  be  grown  and  the  desired  planar- 
ity  with  the  adjacent  silicon  structure.  For  a  final 
trench  depth  of  400  nm  the  depth  26  is  approxi- 
mately  200-300  nm.  In  other  words,  the  RIE  step  is 

75  continued  until  the  monocrystalline  silicon  layer  21 
is  etched  to  about  50-75%  of  the  intended  final 
depth  of  the  trenches  therein.  The  partially-defined 
trench,  as  indicated  in  Fig.  2,  will  have  substantially 
vertically  walls  27  and  substantially  horizontal  floor 

20  (not  shown). 
Following  the  RIE  step  to  etch  a  substantial 

portion  of  the  trench,  wet  chemical  etching  is  em- 
ployed  to  not  only  complete  the  etching  of  the 
trench,  but  also  obtain  a  bottom  portion  of  the 

25  trench  which  has  inwardly  sloped  walls  28  as  in- 
dicated  in  Fig.  3.  The  depth  of  the  bottom  portion 
of  the  trench  having  sloped  sides  is  designated  by 
numeral  29.  Typically,  the  angle  of  inclination  of 
the  sloped  sides  with  respect  to  the  vertical  is  in 

»  the  range  of  approximately  40°-50°.  The  exact 
angle  of  inclination  is  governed  by  the  degree  of 
derivation  of  the  trench  walls  27  from  verticality  of 
the  completion  of  the  trench  RIE  step.  When  the 
walls  27  are  vertical,  the  angle  of  inclination  of  the 

is  sloped  walls  28  would  be  approximately  45°  from 
the  vertical.  One  example  of  the  chemical  etchant 
which  can  provide  these  sloped  walls  is 
pyrocatechol.  Another  wet  etchant  is  a  mixture  of 
chromium  trioxide,  hydrogen  fluoride  and  deionized 

io  water.  The  trenches  or  grooves  30  formed  in  this 
manner  typically  extend  to  the  top  of  the  mon- 
ocrystalline  silicon  body  20. 

The  resulting  structure  is  now  subjected  to  an 
oxidizing  treatment  which  is,  for  example,  by  heat- 

s  ing  the  body  to  a  temperature  of  about  1000°  C  in  a 
ramped  furnace  using  a  steam  atmosphere.  The 
result  of  this  process  step  is  given  in  Fig.  4 
wherein  the  recessed  oxide  isolation  regions  31  are 
shown.  Since  the  oxidation  process  will  consume 

o  the  silicon,  at  the  bottom  of  the  grooves  30  in  the 
formation  of  the  silicon  dioxide  dielectric  regions 
31  ,  these  regions  31  will  extend  down  into  the  body 
of  the  silicon  20. 

Following  the  oxidation  process  growing  the 
5  ROI  regions  31,  the  four-layer  mask  stack  22-23- 

24-25  is  removed  obtaining  the  structure  shown  in 
Fig.  4.  The  silicon  nitride  layer  25  is  removed,  for 
example,  by  first  dipping  in  a  7:1  buffered  hy- 
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drogen  fluoride  (BHF)  solution  for  a  short  period  of 
time  followed  by  etching  in  hot  phosphoric  acid. 
The  thin  silicon  dioxide  layer  24  is  removed  by 
using  BHF.  The  polycrystalline  silicon  layer  23  is 
then  removed  by  using  pyrocatechol.  Finally,  the 
silicon  dioxide  layer  22  is  removed  by  BHF.  Alter- 
natively,  the  oxide  layer  22  may  be  left  in  place  for 
utilization  in  subsequent  processing  of  the  struc- 
ture.  If  the  oxide  layer  22  is  removed,  a  fresh  new 
layer  of  oxide  32  may  be  grown  on  the  exposed 
epitaxial  silicon  21  by  thermal  oxidation  thereof. 

As  is  clear  from  Fig.  4,  the  recessed  oxide 
isolation  structure  obtained  in  accordance  with,  the 
present  process  is  an  optimum  dielectric  isolation 
structure  having  a  substantially  flattened  bird's 
head  33  and  a  bird's  neck  34  of  substantially  lower 
steepness  compared  to  the  structures  obtained  by 
prior  art  processes.  The  resulting  structure  is  with- 
out  the  problems  of  defects  in  the  epitaxial  layer 
21.  Since  the  slope  of  the  bird's  neck  is  substan- 
tially  reduced,  the  ROI  structure  will  be  free  of  the 
polysilicon  rail  problems.  Since  the  process  elimi- 
nates  silicon  oxynitride  formation  atop  the  poly- 
crystalline  silicon,  it  offers  controllability  which  is 
vital  to  high  volume  manufacturing. 

Thus,  there  has  been  provided  in  accordance 
with  the  invention,  a  process  that  fully  satisfies  the 
objects  and  advantages  set  forth  above. 

While  the  invention  has  been  described  in  con- 
junction  with  a  specific  preferred  embodiment,  it  is 
evident  that  many  alternatives,  modifications  and 
variations  will  be  apparent  to  those  skilled  in  the  art 
in  light  of  the  foregoing  description.  It  is  therefore 
contemplated  that  the  appended  claims  will  em- 
brace  any  such  alternatives,  modifications  and  vari- 
ations  as  fall  within  the  true  scope  and  spirit  of  the 
invention. 

Claims 

1.  Method  of  forming  a  recessed  oxide  isolation 
with  reduced  steepness  of  the  bird's  neck  in  a 
silicon  substrate  comprising: 

providing  a  semiconductor  silicon  substrate; 

forming  on  said  substrate  surface  a  mask  stack  of 
first  silicon  dioxide  layer,  polycrystalline  silicon  lay- 
er,  second  silicon  dioxide  layer  and  silicon  nitride 
layer  in  that  order; 

patterning  said  mask  stack  to  form  openings  at  the 
areas  where  it  is  desired  to  form  an  oxide  isolation 
pattern  within  said  semiconductor  substrate; 

anisotropically  reactive  ion  etching  the  silicon  sub- 
strate  exposed  by  the  openings  in  said  stack  to  a 

first  portion  of  the  desired  depth  obtaining  therein 
trenches  having  substantially  vertical  walls; 

chemically  etching  said  silicon  substrate  to  extend 
5  the  trenches  to  a  second  portion  of  the  desired 

depth  and  obtain  inwardly  sloped  walls  in  the  sec- 
ond  portion;  and 

thermally  oxidizing  the  exposed  silicon  in  said 
70  trenches  to  form  said  isolation  with  reduced  steep- 

ness  of  the  bird's  neck. 
2.  The  process  as  recited  in  claim  1  wherein 

said  patterning  is  achieved  by  anisotropic  reactive 
ion  etching. 

75  3.  The  process  as  recited  in  claim  1  wherein 
said  first  silicon  dioxide  layer  is  grown  by  thermal 
oxidation  of  said  substrate. 

4.  The  process  as  recited  in  claim  1  wherein 
said  second  silicon  dioxide  layer  is  obtained  by 

20  thermal  oxidation  of  said  polycrystalline  silicon  lay- 
er. 

5.  The  process  as  recited  in  claim  1  wherein 
said  depth  of  said  first  portion  is  about  50%  to 
75%  of  said  desired  depth. 

25  6.  The  process  as  recited  in  claim  1  wherein 
the  slope  of  said  inwardly  sloped  walls  is  about  45° 
with  respect  to  the  vertical. 

7.  The  process  as  recited  in  claim  1  further 
comprising  removing  said  mask  stack  by  chemh 

30  cally  etching. 
8.  The  process  as  recited  in  claim  1  wherein 

said  first  silicon  dioxide  layer  thickness  is  between 
about  5  to  10  nm. 

9.  The  process  as  recited  in  claim  1  wherein 
35  said  second  silicon  dioxide  layer  thickness  is  be- 

tween  about  3-7  nm. 
10.  The  process  as  recited  in  claim  1  wherein 

the  thickness  of  said  polycrystalline  silicon  is  be- 
tween  about  30-80  nm. 

40  11.  The  process  as  recited  in  claim  1  wherein 
the  thickness  of  the  silicon  nitride  is  between  about 
30-70  nm. 

12.  The  process  as  recited  in  claim  7  wherein 
said  polycrystalline  silicon  is  removed  by  using 

45  pyrocatechol. 
13.  Method  for  manufacturing  a  monolithic  in- 

tegrated  circuit  structure  comprising: 

provid'ng  a  monocrystalline  silicon  body; 
50 

forming  on  said  silicon  body  a  mask  stack  of  first 
silicon  dioxide,  polycrystalline  silicon,  second  sili- 
con  dioxide  and  silicon  nitride  layers,  in  that  order; 

55  anisotropically  reactive  ion  etching  through  said 
mask  stack  in  the  area  of  said  silicon  body  where  it 
is  desired  to  form  an  oxide  isolation  pattern  within 
said  body; 

6 
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i*uiiuiiuiiiy  a«uu  eiuiuny  iruo  saia  silicon  DOay  TO  a 
portion  of  the  desired  depth; 

chemically  etching  said  silicon  body  to  the  said 
desired  depth  whereby  the  sides  of  the  trench  in 
said  silicon  body  are  sloped;  and 

thermally  oxidizing  the  exposed  silicon  in  said 
trench  to  form  recessed  oxide  isolation  with  re- 
duced  steepness  of  the  bird's  neck. 

14.  The  process  as  in  claim  13  wherein  the 
sides  of  said  trench  are  sloped  inward. 

15.  The  process  as  in  claim  13  wherein  said 
second  silicon  dioxide  layer  is  relatively  thin  com- 
pared  to  said  first  silicon  dioxide  layer. 

16.  The  process  as  in  claim  13  further  compris- 
ing  the  following  said  thermal  oxidation  step,  the 
steps  of: 

removing  said  silicon  nitride  by  using  hot  phos- 
phoric  acid; 

chemically  removing  said  second  silicon  dioxide 
5  layer  by  using  buffered  hydrofluoric  acid;  and 

chemically  removing  said  polycrystalline  silicon 
layer  by  using  pyrocatechol  solution. 

17.  The  process  as  in  claim  14  wherein  the 
m  angle  of  inclination  with  the  vertical  of  said  sloped 

sides  is  in  the  range  of  approximately  40-50  de- 
grees. 

18.  The  process  as  in  claim  17  wherein  said 
portion  is  about  50%  to  70%  of  said  desired  depth. 
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