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0   A  method  for  eliminating  the  bird's  beak  from 
selective  oxidations  of  semiconductor  electronic  de- 
vices  having  a  semiconductor  substrate  (1)  which  is 
covered  by  an  oxide  layer  (2)  covered,  in  turn,  by  a 
first  layer  (3)  of  nitride,  and  wherein  at  least  one  pit 
(7,11)  is  defined  for  growing  an  isolation  region, 
comprises  the  sequential  steps  of, 

selectively  etching  the  oxide  layer  (2)  within 
said  pit  (7)  to  define  peripheral  recesses  (6,8) 
between  the  substrate  (1)  and  the  nitride; 
occluding  said  recesses  (6,8)  with  nitride;  and 
growing  oxide  in  said  pit  (7)  so  as  to  form  said 
isolation  region  contrasting  the  nitride  portions 
(9,10)  which  occlude  said  recesses  (6,8). 
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This  invention  relates  to  a  method  for  eliminat- 
ing  the  bird's  beak  from  selective  oxidations  of 
semiconductor  electronic  devices. 

More  particularly,  the  invention  relates  to  a 
method  applied  to  semiconductor  devices  having  a 
semiconductor  substrate  covered  by  an  oxide  layer 
which  is  covered,  in  turn,  by  a  first  layer  of  nitride, 
and  wherein  at  least  one  pit  is  opened  for  growing 
an  isolation  region  therein. 

As  it  is  well  known,  a  silicon  local  oxidation 
technology  known  as  LOCOS  has  been  extensively 
employed  to  provide  isolation  regions  between 
semiconductor  devices  or  elements  of  one  device, 
e.g.  to  create  field  oxide  regions. 

A  typical  sequence  of  the  operations  involved 
in  a  LOCOS  technique  is  shown  in  Figures  1,  2  and 
3  of  the  accompanying  drawings. 

An  oxide  layer  2  is  grown  over  a  substrate  1  of 
semiconductor  silicon.  The  oxide  2  is  then  covered 
with  a  nitride  layer  3,  and  a  subsequent  phototech- 
nique  step  results  in  the  active  areas  of  the  device 
being  defined. 

By  a  diffusion  process,  the  silicon  oxide  is 
grown  to  the  configuration  shown  in  Figure  2.  Sub- 
sequent  removal  of  the  nitride  yields  the  structure 
shown  in  Figure  3. 

The  above-outlined  LOCOS  technology  invari- 
ably  leaves  a  so-called  bird's  beak  whose  length  is 
approximately  85%  of  the  grown  oxide  thickness. 

This  reflects  in  a  loss  of  active  area  available 
for  making  the  device. 

Thus,  the  design  effort  devoted  to  lessening 
the  size  of  the  device,  that  is  the  occupied  semi- 
conductor  area,  is  almost  entirely  frustrated  by  the 
intruding  presence  of  the  bird's  beak. 

To  obviate  this  serious  drawback,  the  prior  art 
has  suggested  in  recent  years  a  number  of  ex- 
pedients  directed  to  reducing  the  size  of  the  bird's 
beak. 

It  is  well  recognized,  for  instance,  that  a  reduc- 
tion  in  length  of  the  beak  would  also  depend  on  the 
capability  of  the  nitride  to  seal  the  silicon  surface 
and  prevent  oxygen  from  diffusing  across  the 
nitride/silicon  oxide  interface. 

Reference  can  be  had  on  the  subject  to  an 
article  "Sealed-interface  local  oxidation  technol- 
ogy",  IEEE  Trans.  Electron  Devices,  vol.  ED-29, 
pages  644-561,  April  1982. 

In  order  to  reduce  the  size  of  the  beak,  one 
might  think  of  subjecting  the  silicon  surface  to  a 
nitriding  process,  but  such  an  approach  would  not 
be  practicable  because  it  introduces  defects  from 
thermal  stress. 

A  second  prior  art  is  known  by  the  acronym 
SWAMI  (Sidewall  Masked  Isolation  Technology) 
and  described,  for  example  in  an  article  "The 
SWAMI  -  a  defect-free  and  near-zero  bird's  beak 
local  oxidation  process  and  its  application  in  VLSI 

technology",  IEDM  Tech.  Dig.  1982,  pages  224- 
227.  While  being  advantageous  from  several  as- 
pects,  that  technique  is  beset  with  problems  of 
sidewall  profile  control  and  etching  depth.  In  addi- 

5  tion,  damage  may  be  caused  to  the  silicon  surface 
during  the  silicon  island  etching. 

To  overcome  such  problems,  the  FUROX  (FUI- 
ly  Recessed  OXide)  method  has  been  proposed  as 
described  in  "A  new  fully  recessed-oxide  field  iso- 

io  lation  technology  for  scaled  VLSI  Circuit  fabrica- 
tion",  IEEE  Electron  Device  Letters,  vol.  EDL-7,  No. 
2,  February  1986,  pages  124-126. 

The  last-mentioned  process  involves  at  least 
two  separate  oxidation  steps,  of  which  the  first  still 

75  results  in  the  development  of  a  bird's  beak  of 
significant  size. 

Other  approaches  employ  variations  of  the 
aforesaid  methods,  but  still  fall  short  of  solving  the 
problem. 

20  The  underlying  technical  problem  of  this  inven- 
tion  is  to  provide  a  method  for  eliminating  the  so- 
called  bird's  beak  from  local  oxidations,  while  over- 
coming  the  limitations  of  current  approaches  based 
on  prior  art  techniques. 

25  The  solutive  idea  on  which  this  invention 
stands  is  one  of  only  providing  a  pure  nitride/silicon 
interface  in  the  area  where  the  oxide  is  to  be 
grown.  This  avoids  the  introduction  of  any  defects 
due  to  deposition  stress  into  the  active  areas  of  the 

30  semiconductor  device. 
Based  on  this  solutive  idea,  the  technical  prob- 

lem  is  solved  by  a  method  as  indicated 
hereinabove  and  defined  in  the  characterizing  part 
of  Claim  1  . 

35  The  features  and  advantages  of  the  inventive 
method  will  become  apparent  from  the  following 
detailed  description  of  some  embodiments  thereof, 
given  by  way  of  example  and  not  of  limitation  with 
reference  to  the  accompanying  drawings. 

40  In  the  drawings: 
-  Figures  1  to  3  are  respective  views  showing 

schematically  the  production  of  a  local  oxida- 
tion  on  a  semiconductor  device; 

-  Figures  4  to  9  are  enlarged  scale,  vertical 
45  section  views  showing  schematically  a  mono- 

lithic  semiconductor  device  having  a  planar 
structure,  to  which  the  method  of  this  inven- 
tion  has  been  applied; 

-  Figures  9  to  14  show  schematically  a  second 
50  exemplary  application  of  the  inventive  meth- 

od,  specifically  to  non-planar  structures;  and 
-  Figures  15  to  19  show  schematically  a  third 

embodiment  of  the  method  according  to  the 
invention. 

55  With  reference  to  the  drawing  views,  the  steps 
of  the  method  according  to  the  invention  are  illus- 
trated  therein  in  schematic  form  through  succes- 
sive  modifications  to  the  morphology  of  a  mono- 

2 
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lithic  semiconductor  device. 
The  device  comprises  a  monocrystalline  silicon 

substrate  1  over  which  a  layer  2  of  silicon  thermal 
oxide  has  been  grown.  The  oxide  2  is  covered  by  a 
first  layer  3  of  silicon  nitride. 

Using  conventional  techniques,  a  pit  7  is 
opened  through  the  layers  2  and  3  to  the  substrate 
1.  This  pit  7  is  intended  to  provide  an  isolation 
region,  such  as  a  field  oxide  region. 

The  method  of  this  invention  provides  for 
selective  wet  etching,  using  diluted  hydrofluoric 
acid,  with  removal  of  the  thermal  oxide  2  from 
around  the  sides  of  the  pit  7,  between  the  substrate 
1  and  the  nitride  3,  as  shown  in  Figure  5. 

The  etching  only  affects  that  area  of  the  pit 
which  is  unprotected  by  the  nitride  and  defines 
opposing  recesses  6  and  8  at  the  pit  7  sides.  The 
etching  depth  will  depend  on  its  duration. 

At  this  point,  the  device  is  deposited  a  second 
layer  5  of  nitride.  The  thickness  of  this,  the  second, 
layer  5  is  slightly  greater  than  one  half  the  thick- 
ness  of  the  thermal  oxide  2. 

The  deposition  of  nitride  also  extends  to  the 
interior  of  the  pit  7. 

This  process  step  is  directed  to  occupy  the 
recesses  6  and  8,  dug  in  the  oxide  2  at  the  sides  of 
the  pit  7  in  the  previous  wet  etching  step,  with 
nitride. 

Each  recess,  6  or  8,  may  be  regarded  as  a 
small  trench  which  requires  planarization,  following 
deposition  of  the  second  layer  5  of  nitride. 

The  second  layer  5  of  nitride  is  then  removed, 
as  by  etching  with  orthophosphoric  acid,  excepting 
from  the  recesses  6  and  8  underlying  the  first  layer 
3  of  nitride.  Said  recesses  will  be  obstructed,  there- 
fore,  by  the  nitride  5. 

The  net  outcome  of  this  operation  is  illustrated 
schematically  by  Figure  7,  where  9  and  10  des- 
ignate  the  nitride  portions  that  have  gone  to  fill,  and 
substantially  occlude,  the  recesses  6  and  8. 

At  this  point,  field  oxide  4  is  grown  in  the  pit  7. 
Advantageously,  the  presence  of  the  occlu- 

sions  9  and  10  of  nitride  will  oppose  formation  of 
the  bird's  beak  while  the  field  oxide  is  grown.  This 
is  due  to  that  the  pure  nitride/silicon  interface, 
created  at  the  recesses  6  and  8,  prevents  migration 
of  the  oxygen,  and  hence  formation  of  the 
bird'beak,  as  has  been  confirmed  by  experimental 
observation. 

Final  removal  of  the  nitride  layers  5  (and, 
therefore,  of  portions  9-10)  and  3  enables  the  pecu- 
liar  beak-less  profile  of  the  field  oxide  4  yielded  by 
the  inventive  method  to  be  appreciated  from  Figure 
9. 

A  second  example  of  the  application  of  the 
method  according  to  the  invention  will  now  be 
described.  In  this  embodiment,  details  of  the  semi- 
conductor  device  having  the  same  construction  or 

function  as  in  the  previously  described  embodi- 
ment  are  denoted  by  the  same  reference  numerals. 

Shown  in  Figure  10  is  a  semiconductor  device 
which  comprises  the  substrate  1  ,  layer  2  of  thermal 

5  oxide  and  first  upper  layer  3  of  nitride. 
The  device  has  been  formed  with  an  pit  11 

which  is  deeper  than  the  pit  7  previously  de- 
scribed. 

In  fact,  this  pit  1  1  is  also  dug  in  the  substrate  1 
io  to  define  a  seat  12  for  receiving  an  isolation  region 

4  consisting  of  field  oxide. 
The  inventive  method  again  provides,  in  this 

variation  thereof,  for  selective  wet  etching,  using 
diluted  hydrofluoric  acid.  This  etching  only  causes 

is  the  thermal  oxide  2  to  be  dug  laterally  of  the  pit  1  1  , 
as  shown  in  Figure  1  1  . 

The  etching  is  only  effective  in  the  pit  area 
unprotected  by  the  nitride  3  and  defines  opposing 
recesses  6  and  8  at  the  pit  1  1  sides.  The  digging 

20  depth  will  depend  on  the  etching  duration. 
The  next  step  consists  of  depositing  a  second 

layer  5  of  silicon  nitride.  This  second  layer  of 
nitride  has  a  thickness  slightly  greater  than  one  half 
that  of  the  thermal  oxide  layer  2. 

25  The  nitride  of  the  layer  5  also  penetrates  the 
recesses  6  and  8,  obstructing  them. 

A  subsequent  etching  step  enables  the  nitride 
layer  5  to  be  removed,  except  from  the  recesses  6 
and  8  which  will  remain  occluded  by  residues  9 

30  and  10. 
At  this  point,  the  field  oxide  4  is  grown  in  the 

seat  12. 
Similarly  as  mentioned  before,  the  presence  of 

nitride  occlusions  is  effective  to  resist  formation  of 
35  the  bird's  beak  while  the  field  oxide  4  is  grown. 

It  has  been  observed  experimentally,  in  fact, 
that  the  profile  of  the  field  oxide  4  grown  in  the 
seat  12  is  free  of  the  intrusive  bird's  beak,  as  can 
be  appreciated  from  Figure  14. 

40  Lastly,  a  third  example  of  the  application  of  the 
inventive  method  will  be  described. 

This  example  relates  specifically  to  a  possible 
embodiment  of  the  inventive  method  directed  to 
allow  the  formation  of  sidewall  oxide  in  a  trench- 

45  type  structure. 
For  this  purpose,  a  semiconductor  substrate  1 

is  provided  as  in  the  previous  embodiments  which 
is  covered  by  a  layer  2  of  thermal  oxide,  in  turn 
covered  by  a  first  layer  3  of  nitride. 

50  The  semiconductor  is  formed  with  a  deep  pit 
13,  or  so-called  trench  pit  (Figure  15),  defining  a 
seat  15  whereinto  the  so-called  sidewall  oxide  is 
received. 

A  first  selective  wet  etching  step,  using  diluted 
55  hydrofluoric  acid,  results  in  just  the  thermal  oxide  2 

being  dug  laterally  of  the  pit  13,  as  shown  in  Figure 
16. 

3 
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The  etching  is  only  effective  in  the  uncovered 
area,  unprotected  by  the  nitride  3,  and  defines 
oppositely  located  recesses  6  and  8  at  the  sides  of 
the  pit  13.  The  digging  depth  will  depend  on  the 
duration  of  the  etching  applied. 

The  next  step  in  the  method  consists  of  depos- 
iting  a  second  layer  5  of  silicon  nitride.  This,  the 
second,  layer  of  nitride  slightly  exceeds  in  thick- 
ness  one  half  of  the  thermal  oxide  layer  2  thick- 
ness. 

The  layer  5  nitride  is  deposited  isotropically 
across  the  side  walls  of  the  pit  13  and  also  pene- 
trates  the  recesses  6  and  8,  obstructing  them. 

Similarly  as  in  the  previous  embodiments,  a 
subsequent  etching  step  enables  the  nitride  layer  5 
to  be  removed,  excepting  from  the  recesses  6  and 
8  which  remain  occluded  by  residues  9  and  10. 

At  this  point,  the  sidewall  oxide  14  is  grown  on 
the  inner  walls  of  the  seat  15. 

It  can  be  appreciated  from  the  example  shown 
in  Figure  19  that  the  resultant  profile  of  the  sidewall 
oxide  14  from  the  inventive  method  exhibits  no 
bird's  beak. 

Understandably,  the  semiconductor  structure 
may  be  completed  with  the  addition  of  active  areas 
within  the  region  bounded  by  the  sidewall  oxide. 

The  major  advantages  afforded  by  the  method 
of  this  invention  include  the  possibility  of  enhancing 
the  degree  of  integration  of  semiconductor  elec- 
tronic  devices. 

Claims 

1.  A  method  for  eliminating  the  bird's  beak  from 
selective  oxidations  of  semiconductor  electron- 
ic  devices  having  a  semiconductor  substrate 
(1)  which  is  covered  by  an  oxide  layer  (2) 
covered,  in  turn,  by  a  first  layer  (3)  of  nitride, 
and  wherein  at  least  one  pit  (7,11)  is  defined 
for  growing  an  isolation  region,  characterized  in 
that  it  comprises  the  steps  of, 

-  selectively  etching  the  oxide  layer  (2) 
within  said  pit  (7)  to  define  peripheral 
recesses  (6,8)  between  the  substrate  (1) 
and  the  nitride; 

-  occluding  said  recesses  (6,8)  with  nitride; 
and 

-  growing  oxide  in  said  pit  (7)  so  as  to 
form  said  isolation  region  contrasting  the 
nitride  portions  (9,10)  which  occlude  said 
recesses  (6,8). 

2.  A  method  according  to  Claim  1,  characterized 
in  that  the  occlusion  of  the  recesses  (6,8)  is 
obtained  by  depositing  a  second  surface  layer 
(5)  of  nitride  which  extends  into  the  interior  of 
the  pit  (7). 

3.  A  method  according  to  Claim  2,  characterized 
in  that  said  second  layer  (5)  of  nitride  is  re- 
moved  before  growing  the  oxide,  except  the 
nitride  portions  (9,10)  occluding  said  recesses 

5  (6,8). 

4.  A  method  according  to  Claim  1,  characterized 
in  that  said  isolation  region  (4)  comprises  field 
oxide. 

10 
5.  A  method  according  to  Claim  1,  characterized 

in  that  the  thickness  of  the  second  nitride  layer 
(5)  is  only  slightly  greater  than  that  of  the 
oxide  layer  (2). 

15 
6.  A  method  for  eliminating  the  bird's  beak  from 

selective  oxidations  of  semiconductor  electron- 
ic  devices  having  a  semiconductor  substrate 
(1)  which  is  covered  by  an  oxide  layer  (2) 

20  covered,  in  turn,  by  a  first  layer  (3)  of  nitride, 
and  wherein  at  least  one  trench  (13)  is  defined 
for  growing  a  sidewall  oxide  region,  character- 
ized  in  that  it  comprises  the  steps  of, 

-  selectively  etching  the  oxide  layer  (2) 
25  within  said  trench  pit  (13)  to  define  pe- 

ripheral  recesses  (6,8)  between  the  sub- 
strate  (1)  and  the  nitride; 

-  occluding  said  recesses  (6,8)  with  nitride; 
and 

30  -  growing  oxide  in  said  trench  (13)  so  as  to 
form  respective  sidewall  (14)  sections 
abutting  nitride  portions  (9,10)  which  oc- 
clude  said  recesses  (6,8). 

35  7.  A  method  according  to  Claim  6,  characterized 
in  that  the  occlusion  of  the  recesses  (6,8)  is 
obtained  by  depositing  a  second  surface  layer 
(5)  of  nitride  which  extends  into  the  interior  of 
the  trench  (13). 

40 
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