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)escription 

This  invention  generally  relates  to  a  method  of 
nanufacturing  semiconductor  devices  and  more 
jarticularly  to  a  method  of  forming  wide  deep  5 
iielectric  filled  isolation  trenches  in  the  surface  of 
\  silicon  semiconductor  substrate. 

As  is  well  known  to  those  having  skill  in  the 
semiconductor  art,  large  scale  integrated  circuit 
:hips  require  a  large  number  of  surface  conduc-  10 
ors  for  the  distribution  of  operating  voltages/ 
:urrents  and  digital  signals  from  device  to  device. 
Mthough  these  surface  conductors  are  insulated 
rom  the  semiconductor  substrate  upon  which 
hey  lie,  a  certain  amount  of  capacitive  coupling  is  is 
^resent  between  the  insulated  conductors  and  the 
substrate  through  the  intervening  insulating 
naterial.  This  capacitive  coupling  degrades  the 
signals  carried  by  the  surface  conductors. 

Capacitive  coupling  between  the  surface  con-  20 
ductors  and  the  substrate  can  be  minimized  by 
ncreasing  the  thickness  of  the  dielectric  material 
separating  the  conductors  from  the  substrate.  In 
Drder  to  maintain  the  planarity  of  the  surface 
conductors  it  is  desirable  to  recess  the  dielectric  25 
naterial  below  the  surface  of  the  substrate  rather 
than  adding  the  dielectric  material  above  the 
surface  of  the  substrate.  It  is  therefore  highly 
desirable  to  have  the  plurality  of  surface  conduc- 
tors  lie  on  a  wide  deep  dielectric  filled  isolation  30 
trench  in  the  surface  of  the  silicon  semiconductor 
substrate. 

Methods  of  forming  narrow  deep  dielectric  filled 
isolation  trenches  in  a  semiconductor  substrate 
are  well  known  in  the  art.  In  one  method  disclosed  35 
in  U.  S.  Patent  4,139,442  narrow  deep  recessed 
oxide  regions  are  formed  in  a  silicon  substrate  by 
reactive  ion  etching  narrow  trenches  in  the  silicon 
substrate  and  thermally  oxidizing  the  trench  walls 
to  completely  fill  in  the  narrow  trenches.  In  another  40 
method  disclosed  in  IBM  Technical  Disclosure 
Bulletin,  Vol.  21,  No.  5,  p.  1868  to  Bartush  et  al, 
narrow  deep  recessed  oxide  regions  are  produced 
by  chemical  vapor  depositing  a  layer  of  silicon 
dioxide  over  a  silicon  substrate  having  a  narrow  45 
trench,  and  then  uniformly  etching  back  to  the 
surface  of  the  silicon  substrate,  leaving  the  silicon 
dioxide  filled  narrow  trench. 

Neither  of  the  above  methods  for  forming 
narrow  deep  dielectric  filled  trenches  may  be  used  50 
to  form  wide  deep  dielectric  filled  trenches.  The 
method  of  U.S.  Patent  4,139,442  may  not  be  used, 
as  a  layer  of  thermal  oxide  thick  enough  to  fill  in  a 
wide  trench  cannot  be  grown  without  excessive 
heat  cycle  time.  The  method  of  Bartush  in  IBM  ss 
Technical  Disclosure  Bulletin  may  not  be  used,  as  a 
chemical  vapor  deposited  silicon  dioxide  layer 
does  not  planarize  across  a  wide  trench  as  it  does 
across  a  narrow  trench.  Thus,  when  deposited,  the 
silicon  dioxide  will  be  the  same  thickness  at  the  so 
bottom  of  the  wide  trench  as  it  is  on  the  semicon- 
ductor  surface.  The  silicon  dioxide  in  the  wide 
trench  will  then  be  etched  away  when  the  silicon 
dioxide  on  the  surface  is  etched,  leaving  a  partially 
filled  wide  trench.  65 

Various  methods  nave  oeen  proposea  Tonorm- 
ng  wide  deep  dielectric  isolation  trenches  all  of 
vhich  have  various  shortcomings  as  described 
)elow.  One  general  way  the  prior  art  has  sought  to 
orm  wide  deep  dielectric  filled  isolation  trenches 
s  by  forming  a  plurality  of  closely  spaced  narrow 
ranches  and  then  converting  them  into  a  single 
vide  trench.  For  example,  in  Fig.  2  of  the  above 
:ited  U.  S.  Patent  4  139  442,  a  wide  deep  dielectric 
Hied  isolation  trench  is  formed  by  reactive  ion 
jtching  a  plurality  of  closely  spaced  narrow  tren- 
:hes  in  the  surface  of  a  semiconductor  substrate 
and  thermally  oxidizing  the  trench  walls  to  com- 
jletely  fill  in  the  trenches  with  oxide  and  convert 
:he  silicon  between  the  trenches  to  silicon  dioxide, 
n  Fig.  3  of  the  above  cited  U.S.  Patent  a  plurality  of 
:losely  spaced  narrow  trenches  are  formed  and 
:hen  thermally  oxidized  to  partially  fill  in  the 
:renches.  The  filling  of  the  trenches  is  then  corn- 
Dieted  by  deposition  of  suitable  material  such  as 
ayrolitically  deposited  silicon  oxide. 

Unfortunately,  the  method  of  forming  a  wide 
deep  dielectric  filled  isolation  trench  by  forming  a 
Dlurality  of  closely  spaced  narrow  trenches 
according  to  U.S.  Patent  4,1  39,442  requires  the  use 
Df  state  of  the  art  electron  beam  lithography 
techniques  for  defining  the  plurality  of  closely 
spaced  narrow  trenches.  U.  S.  Patent  4,211,582 
attempts  to  reduce  the  required  lithography  preci- 
sion  by  producing  closely  spaced  narrow  shallow 
trenches  and  reactive  ion  etching  to  convert  the 
shallow  trenches  to  a  succession  of  narrow  deep 
trenches.  Again,  however,  the  tolerances  required 
For  masking  are  state  of  the  art,  while  the  number 
of  processing  steps  is  increased.  In  addition,  the 
thermal  oxidation  thickness  required  may  produce 
a  significant  number  of  crystalographic  defects 
within  the  silicon  substrate. 

Another  general  way  the  prior  art  has  sought  to 
form  a  wide  deep  dielectric  filled  isolation  trench 
involves  forming  a  wide  trench  in  the  substrate 
surface  and  forming  a  wide  organic  material  plug 
in  the  trench  leaving  only  a  narrow  unfilled  area  to 
be  subsequently  filled  by  a  second  layer  of  organic 
material.  For  example,  the  above  cited  IBM  Techni- 
cal  Disclosure  Bulletin  discloses  forming  a  wide 
resist  plug  over  a  silicon  dioxide  layer  in  the  wide 
trench  and  forming  a  second  resist  layer  over  the 
plug.  The  resist  and  silicon  dioxide  layers  are  then 
reactive  ion  etched  down  to  the  top  of  the  sub- 
strate  at  an  etch  rate  ratio  of  l:l  to  planarize  the 
trench.  Unfortunately,  when  a  resist  layer  is  heated 
during  a  resist  reflow  or  reactive  ion  etch  step  the 
resisttends  to  form  waves  or  ripples  on  the  surface 
thereof.  The  resist  will  then  etch  in  a  rippled 
manner,  producing  a  wide  dielectric  isolation 
trench  having  a  rippled  surface,  unsuitable  for 
carrying  a  plurality  of  surface  conductors. 

A  second  example  of  a  prior  art  method  for 
forming  a  deep  wide  dielectric  filled  isolation 
trench  by  means  of  a  wide  organic  material  plug  is 
disclosed  in  U.S.  Patent  4,222,792.  In  this  patent  a 
wide  trench  is  formed  in  the  surface  of  a  silicon 
substrate,  and  a  layer  of  organic  resin  glass  in  a 
solvent  is  spin  coated  over  the  surface  of  the 
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semiconductor  substrate  and  within  the  trench. 
The  resin  glass  within  the  trench  is  exposed  to  an 
electron  beam  to  render  the  resin  glass  within  the 
trench  impervious  to  a  developing  solvent.  The 
remainder  of  the  resin  glass  is  stripped  away  by 
developing  in  a  solvent,  and  the  resin  glass  plug 
within  the  trench  is  converted  to  silicon  dioxide 
by  heating  in  an  oxygen  ambient  Finally,  a  layer 
of  silicon  dioxide  is  deposited  over  the  entire 
surface  of  the  semiconductor  substrate  and 
etched  away  to  planarize  the  trench. 

The  method  according  to  U.S.  Patent  4,222,792 
involves  two  primary  disadvantages.  First,  the 
resin  glass  used  to  form  the  resin  glass  plug  is 
impure,  and  adds  contaminants  to  the  semicon- 
ductor  substrate  through  diffusion  and  migration. 
In  order  to  prevent  these  contaminants  from 
affecting  semiconductor  device  operation,  a  con- 
taminant  barrier  layer,  e.g.,  chemical  vapor 
deposited  silicon  nitride,  must  be  added  prior  to 
trench  filling  and  then  removed  from  the  surface 
of  the  substrate  after  trench  filling,  thus  com- 
plicating  the  process.  Moreover,  it  is  difficult  to 
properly  form  both  wide  and  narrow  dielectric 
filled  trenches  with  this  method,  because  the 
liquid  resin  glass  will  remain  planar  over  the 
narrow  trench  but  follow  the  contours  of  the  wide 
trench.  Thus  the  resin  glass  will  be  much  thicker 
over  the  narrow  trench  than  it  is  over  the  wide 
trench.  When  the  resin  glass  in  the  narrow  and 
wide  trenches  are  electron  beam  exposed,  and 
the  unexposed  resin  glass  is  stripped  away,  a 
mound  of  resin  glass  will  remain  over  the  narrow 
trench  above  the  surface  of  the  semiconductor 
substrate.  This  mound  of  resin  glass  must  be 
removed  to  planarize  the  narrow  trench. 

EP—  A—  0,073,025  relates  to  a  method  of  manu- 
facturing  dielectric  isolation  regions  which  com- 
prises  forming  a  first  groove  in  a  semiconductor 
layer,  filling  said  first  groove  with  a  first  insulating 
film,  selectively  etching  said  first  insulating  film  in 
said  first  groove  until  the  semiconductor  layer  is 
exposed  to  form  at  least  one  second  groove  of 
small  width,  and  filling  said  second  groove  with  a 
second  insulating  film  to  form  an  isolation  layer 
having  a  large  width  and  being  substantially 
planar  with  the  semiconductor  layer.  This  prior  art 
may  comprise  a  thermally  grown  silicon  dioxide 
lining  in  the  trenches. 

In  conclusion,  the  prior  art  has  heretofore  not 
provided  a  wholly  deep  dielectric  filled  isolation 
trench  in  the  surface  of  a  silicon  semiconductor 
substrate.  Such  a  method  is  provided  by  the 
present  invention. 

Object  of  this  invention  is  to  provide  an 
improved  method  of  forming  a  wide  deep  dielec- 
tric  filled  isolation  trench  in  the  surface  of  a  silicon 
semiconductor  substrate. 

The  object  of  the  invention  is  achieved  by  a 
method  according  to  claim  1. 

The  method  of  the  invention  allows  to  provide 
trenches  without  using  state  of  the  art  fine  line 
electron  beam  lithography  techniques. 

Further  trenches  are  provided  using  dielectric 
materials  which  will  not  form  ripples  on  the 

surface  of  the  filled  trench  and  which  do  not 
contain  contaminants  and  necessitate  using  a 
contaminant  barrier. 

Using  the  processes  and  materials  of  the 
s  present  invention  both  wide  and  narrow  dielectric 

filled  isolation  trenches  can  be  formed. 
The  object  of  the  invention  is  accomplished  by 

forming  a  wide  deep  trench  in  the  surface  of  a 
silicon  substrate  using  etching  or  other  well 

w  known  techniques.  Next,  a  thin  layer  of  thermal 
Si02  is  grown  on  the  wails  and  floors  of  the 
trenches  to  ensure  a  good  quality  Si02/Si  inter- 
face.  A  first  layer  of  silicon  dioxide  (Si02)  is 
chemical  vapor  deposited  (CVD)  on  the  surface  of 

15  the  silicon  substrate  including  the  trench.  A  wide 
oxide  plug  is  formed  in  the  wide  trench  by 
masking  at  least  a  portion  of  the  CVD  Si02  surface 
within  the  trench  and  reactive  ion  etching  the  CVD 
Si02  down  to  the  silicon  substrate,  leaving  a 

20  narrow  unfilled  portion  at  each  end  of  the  trench. 
The  unfilled  portions  are  filled  by  depositing  a 
second  layer  of  CVD  SiOz  and  then  etching  back 
this  layer. 

Since  the  process  of  the  present  invention 
25  employs  a  CVD  Si02  plug  rather  than  a  photo- 

resist  plug,  the  formation  of  ripples  on  the  surface 
of  the  plug  during  subsequent  high  temperature 
processing  steps  is  precluded.  Thus,  the  wide 
deep  dielectric  filled  trenches  formed  by  the 

30  method  of  present  invention  will  be  planar  and 
not  rippled.  Moreover,  since  glass  resin  is  not 
employed,  contamination  of  the  silicon  substrate 
is  eliminated.  The  method  of  the  present  inven- 
tion  will  also  simultaneously  fill  narrow  dielectric 

35  isolation  trenches,  without  additional  processing 
steps. 

Figs.  1  —  5  are  cross  sectional  views  of  a  portion 
of  a  semiconductor  substrate  at  successive  stages 
of  practicing  the  method  of  the  present  invention. 

40  Referring  now  to  Fig.  1,  there  is  illustrated  a 
silicon  semiconductor  substrate  in  which  a 
number  of  solid  state  devices  such  as  transistors, 
diodes  or  FETs  (not  shown)  may  be  fabricated.  A 
narrow  trench  and  a  wide  trench  are  shown  in  the 

45  surface  of  the  silicon  substrate.  Both  trenches  are 
approximately  4  urn  deep.  In  the  semiconductor 
manufacturing  art,  trenches  wider  than  about  15 
urn  are  referred  to  as  wide,  although  more 
typically  narrow  trenches  are  about  2  urn  wide 

so  while  wide  trenches  are  about  50  um  wide.  The 
wide  and  narrow  trenches  may  be  formed  by 
reactive  ion  etching  through  a  suitable  mask.  The 
reactive  ion  etching  may  be  done,  for  example,  in 
a  plasma  containing  a  mixture  of  SF6  +  Cl2  +  He. 

55  Other  techniques  for  forming  wide  and  narrow 
trenches  are  well  known  to  those  having  skill  in 
the  art. 

A  thin  (approximately  850  nm)  layer  of  polysili- 
con  over  a  thin  (approximately  100  nm)  layer  of 

60  thermal  Si02  may  be  grown  on  the  surface  of  the 
silicon  substrate  prior  to  trench  etching  to  act  as 
an  etch  stop.  After  trench  etching,  a  thin  (approxi- 
mately  100  nm)  layer  of  thermal  Si02  is  grown  on 
the  walls  and  floors  of  the  trenches  to  insure  a 

65  good  quality  Si02/Si  interface.  The  thermal  oxide 
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nay  be  grown,  for  example,  by  heating  the 
lubstrate  in  an  02  atmosphere.  In  Fig.  1,  a  con- 
inuous  layer  of  thermal  Si02  (formed  on  the 
iilicon  substrate  prior  to  trench  etching  and 
vithin  the  trench  after  trench  etching)  and  a 
>olysilicon  layer,  are  both  shown. 

Referring  now  to  Fig.  2,  a  CVD  Si02  layer  is 
ormed  over  the  surface  of  the  substrate  including 
n  the  wide  and  narrow  trenches.  The  Si02  layer 
nay  be  formed  using  the  well  known  CVD  pro- 
;ess  in  Silane  +  N20  at  800  °C.  The  thickness  of 
he  CVD  Si02  layer  is  approximately  equal  to  the 
otal  depth  of  the  wide  trench  so  that  the  top  of 
he  CVD  Si02  layer  in  the  trench  is  approximately 
jven  with  the  top  layer  on  the  silicon  substrate, 
rhus,  if  the  optional  thermal  Si02  and  polysilicon 
ayers  are  added  to  the  substrate  prior  to  trench 
itching,  the  top  of  the  CVD  Si02  layer  in  the  wide 
rench  should  be  approximately  even  with  the  top 
jf  the  polysilicon  layer. 

As  will  be  seen  from  an  examination  of  Fig.  2, 
:he  CVD  Si02  layer  planarizes  over  the  narrow 
xench  but  does  not  planarize  over  the  wide 
rench.  Thus,  with  regard  to  the  narrow  trench, 
:he  CVD  Si02  may  be  etched  back  down  to  the 
substrate  surface  to  provide  a  planar  Si02  filled 
narrow  trench.  With  regard  to  the  wide  trench,  the 
"VD  Si02  roughly  follows  the  contour  of  the  wide 
xench  so  that  the  thickness  of  the  CVD  Si02  in  the 
xench  is  the  same  as  the  thickness  of  the  CVD 
3i02  outside  the  trench.  If  the  wide  trench  is 
stched  back  down  to  the  substrate  surface,  most 
sf  the  CVD  Si02  within  the  wide  trench  will  also  be 
3-tched  away,  leaving  the  trench  unfilled. 

According  to  the  present  invention  the  wide 
trench  may  be  filled  by  forming  a  wide  Si02  plug 
From  the  CVD  Si02  layer  within  the  trench  whose 
width  is  slightly  less  than  the  width  of  said  trench, 
as  shown  in  Fig.  2.  Formation  of  a  wide  CVD  Si02 
plug  within  the  trench  is  accomplished  by 
applying  a  photoresist  over  at  least  a  portion  of 
the  flat  area  of  the  CVD  Si02  within  the  wide 
dielectric  trench.  In  the  preferred  embodiment, 
the  photoresist  is  formed  over  the  entire  width  of 
the  flat  CVD  Si02  region  within  the  wide  trench,  so 
as  to  achieve  as  wide  an  Si02  plug  as  possible. 
The  CVD  Si02  layer  is  then  reactive  ion  etched 
(RIE)  in  an  environment  of  CF4  +  H2.  In  such  an 
environment,  the  etch  rate  ratio  (E:R:R:)  of 
Si02:  photoresist  is  approximately  81  and  the 
E:R:R:  of  Si02:Si  approximately  10:1.  Moreover, 
the  RIE  process  effectively  etches  only  in  the 
vertical  direction.  The  CVD  Si02  layer  of  Fig.  2  is 
reactive  ion  etched  down  to  the  polysilicon  buffer 
and  the  photoresist  removed,  resulting  in  the 
structure  of  Fig.  3. 

Referring  now  to  Fig.  3,  it  will  be  seen  that  the 
narrow  trench  has  been  filled  with  CVD  Si02  and 
has  been  planarized.  The  masked  CVD  Si02  has 
formed  a  wide  CVD  Si02  plug  in  the  wide  trench 
leaving  a  narrow  unfilled  trench  at  either  end  of 
the  wide  Si02  plug.  The  RIE  process  also  pro- 
duces  a  pair  of  CVD  Si02  abuttments  on  the  wide 
trench  sidewalls  further  reducing  the  size  of  the 
narrow  unfilled  trenches.  The  narrow  trenches 

may  then  oe  Tinea  Dy  uvu  aeposiung  a  secunu 
Si02  layer  as  shown  in  Fig.  4. 

Referring  now  to  Fig.  4,  a  second  CVD  Si02 
layer  (approximately  2  urn  thick)  is  deposited  over 

5  the  semiconductor  substrate  including  the  trench 
areas.  As  will  be  seen  from  Fig.  4,  the  surface  of 
the  second  CVD  Si02  layer  is  substantially  planar 
with  the  possible  exception  of  a  pair  of  cusps 
formed  over  the  narrow  unfilled  trenches.  The 

o  second  CVD  Si02  layer  is  reactive  ion  etched 
down  to  the  polysilicon  buffer.  Alternatively,  a 
layer  of  photoresist  (shown  in  Fig.  4)  may  be  spun 
on  the  second  CVD  Si02  layer,  and  the  photoresist 
and  second  CVD  Si02  layer  reactive  ion  etched  in 

<5  an  ambient  of  CF4  wherein  the  E.R.R.  of 
Si:Si02:photoresist  is  about  1:1:1.  Alternatively, 
the  photoresist  and  second  CVD  Si02  layer  may 
be  reactive  ion  etched  in  an  ambient  of  H2  or  an 
ambient  of  CF4  +  H2.  The  etch  is  stopped  at  the 

>.o  polysilicon  buffer.  The  polysilicon  buffer  and 
thermal  Si02  layer  may  then  be  chemically  etched 
from  the  substrate  surface,  resulting  in  the  struc- 
ture  of  Fig.  5. 

Referring  now  to  Fig.  5,  the  wide  Si02  filled 
>.5  trench  is  illustrated  as  a  unitary  structure,  since  it 

is  entirely  composed  of  Si02.  However,  from  the 
above  description  of  Figs.  1  —  4,  it  will  be  recog- 
nized  that  the  Si02  within  the  wide  trench  came 
from  three  sources,  i.e.,  the  thin  thermal  layer  of 

30  Fig.  1,  the  first  CVD  Si02  layer  of  Fig.  2  and  the 
second  CVD  Si02  layer  of  Fig.  4. 

It  will  be  recognized  by  those  having  skill  in  the 
art  that  the  above  described  process  used  a  wide 
CVD  Si02  plug  to  planarize  a  wide  trench.  By 

35  using  CVD  Si02,  the  introduction  of  impurities 
into  the  semiconductor  substrate  is  avoided.  Such 
impurities  were  present  when  a  glass  resin  plug 
was  used.  Moreover,  the  CVD  Si02  plug  did  not 
ripple  during  reactive,  ion  etching,  as  would  a 

40  photoresist  plug.  Finally,  the  first  CVD  Si02  layer 
effectively  filled  any  narrow  trenches  on  the 
semiconductor  substrate  while  forming  a  wide 
Si02  plug  in  the  wide  trench.  It  will  also  be 
recognized  by  those  having  skill  in  the  art  that 

45  suitable  dielectrics  other  than  Si02,  e.g.,  Phos- 
phorous  Silicate  Glass,  may  be  used  in  practicing 
the  above  described  process. 

Whereas  we  have  illustrated  and  described  the 
preferred  embodiment  of  the  invention,  it  is  to  be 

so  understood  that  we  do  not  limit  ourselves  to  the 
precise  construction  herein  disclosed  and  the 
right  is  reserved  to  all  changes  and  modifications 
coming  within  the  scope  of  the  invention  as 
defined  by  the  appended  claims. 

55 
Claims 

1.  Method  of  forming  a  wide  deep  dielectric 
filled  isolation  trench  in  the  surface  of  a  silicon 

60  semiconductor  substrate  comprising  the  steps  of: 
forming  a  wide  deep  trench  in  the  surface  of  the 

silicon  substrate, 
thermally  growing  a  thin  layer  of  silicon  dioxide 

on  the  walls  and  floor  of  said  trench, 
65  forming  a  dielectric  plug  in  said  trench  by 
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chemical  vapor  depositing  a  first  layer  of  dielec- 
tric  material  on  the  surface  of  the  silicon  substrate 
including  said  trench,  said  layer  following  the 
contour  of  the  wide  trench  and  being  of  the  same 
thickness  in  said  trench  as  on  the  surface  of  said 
substrate, 

masking  said  first  layer  by  applying  a  photo- 
resist  over  at  least  a  portion  of  the  flat  area  of  said 
first  layer  within  said  trench,  and 

etching  said  first  layer  down  to  the  top  of  said 
trench, 

leaving  a  narrow  unfilled  portion  at  each  end  of 
said  trench, 

chemical  vapor  depositing  a  second  layer  of 
dielectric  material  on  the  surface  of  the  silicon 
substrate  including  said  trench,  and 

etching  said  second  layer  down  to  the  top  of 
said  trench. 

2.  Method  of  claim  1  wherein  said  first  layer  is 
of  silicon  dioxide,  with  its  thickness  being  equal  to 
the  depth  of  said  trench. 

3.  Method  of  claims  1  and  2  wherein  said  first 
layer  is  removed  by  reactive  ion  etching  in  an 
ambient  of  CF4  and  H2. 

4.  Method  of  claims  1  and  2  wherein  the 
chemical  vapor  deposited  first  layer  of  silicon 
dioxide  has  a  flat  surface  within  said  trench  and 
wherein  the  entire  flat  surface  of  said  first  layer  in 
said  trench  is  masked. 

5.  Method  of  claim  1  wherein  the  step  of 
forming  a  wide  deep  trench  is  carried  out  by 
reactive  ion  etching,  through  a  suitable  mask,  in  a 
plasma  containing  a  mixture  of  SF6,  Cl2  and  He. 

6.  Method  of  claims  1  and  2  wherein  said  first 
layer  and  said  second  layer  of  silicon  dioxide  are 
chemical  vapor  deposited  at  800°C  in  an  ambient 
of  Silane  and  N20. 

7.  Method  of  claims  1  and  6  wherein  said 
second  layer  of  silicon  dioxide  is  etched  down  to 
the  top  of  said  trench  by  reactive  ion  etching  in  an 
ambient  of  CF4  and  H2. 

8.  Method  of  claim  1  wherein  the  second 
chemical  vapor  depositing  step  is  followed  by  the 
step  of  depositing  a  layer  of  photoresist  on  said 
second  layer  and  wherein  the  final  etching  step 
includes  etching  the  layer  of  photoresist  and  said 
second  layer  down  to  the  top  of  said  trench. 

9.  Method  of  one  or  several  claims  1  to  8 
wherein  narrow  and  wide  deep  dielectric  filled 
isolation  trenches  are  formed  in  the  surface  of  a 
silicon  semiconductor  substrate. 

Patentanspruche 

1.  Verfahren  zur  Ausbildung  eines  breiten,  tie- 
fen,  dielektrisch  gefuilten  Isolationsgrabens  in  der 
Oberfiache  eines  Siliciumhalbleitersubstrats  mit 
folgenden  Schritten: 

Ausbildung  eines  breiten,  tiefen  Grabens  in  der 
Oberfiache  des  Siliciumsubstrats, 

thermisches  Aufwachsen  einer  diinnen  Sili- 
ciumdioxidschicht  auf  den  Wanden  und  dem 
Boden  des  Grabens, 

Ausbildung  einer  dielektrischen  Fullung  im 
genannten  Graben  durch  chemisches  Aufdamp- 

fen  einer  ersten  Schicht  dielektrischen  Materials 
auf  der  den  Graben  enthaltenden  Oberfiache  des 
Siliciumsubstrats,  wobei  die  genannte  Schicht 
der  Kontur  des  breiten  Grabens  folgt  und  im 

5  Graben  die  gleiche  Dicke  wie  auf  der  Oberfiache 
des  Substrats  aufweist, 

Maskierung  der  genannten  ersten  Schicht 
durch  Auftragen  eines  Photolacks  auf  mindestens 
einen  Teil  des  flachen  Bereiches  der  genannten 

10  ersten  Schicht  im  Graben,  und 
Atzen  der  ersten  Schicht  bis  zur  Oberkante  des 

Grabens, 
wobei  an  jedem  Grabenende  ein  schmaler, 

ungefullter  Teil  iibrigbleibt, 
15  chemisches  Aufdampfen  einer  zweiten  Schicht 

dielektrischen  Materials  auf  der  Oberfiache  des 
den  Graben  enthaltenden  Siliciumsubstrats,  und 

Atzen  der  zweiten  Schicht  bis  zur  Oberkante  des 
Grabens. 

20  2.  Verfahren  nach  Anspruch  1,  wobei  die 
genannte  erste  Schicht  aus  Siliciumdioxid 
besteht,  deren  Dicke  der  Tiefe  des  Grabens  ent- 
spricht. 

3.  Verfahren  nach  den  Anspruchen  1  und  2, 
25  wobei  die  erste  Schicht  durch  reaktives  lonenat- 

zen  in  einer  CF4  und  H2  enthaltenden  Atmosphare 
entfernt  wird. 

4.  Verfahren  nach  den  Anspruchen  1  und  2, 
wobei  die  chemisch  aufgedampfte  erste  Schicht 

30  aus  Silicium-dioxid  innerhalb  des  Grabens  eine 
ebene  Oberfiache  aufweist,  und  wobei  die 
gesamte  ebene  Oberfiache  der  ersten  Schicht  im 
Graben  durch  eine  Maske  abgedeckt  ist. 

5.  Verfahren  nach  Anspruch  1,  wobei  der  Aus- 
35  bildungsschritt  des  breiten,  tiefen  Grabens  durch 

reaktives  lonenatzen  mittels  einer  geeeigneten 
Maske  in  einem  eine  Mischung  von  SF6,  Cl2  and 
He  enthaltenden  Plasma  erfolgt. 

6.  Verfahren  nach  den  Anspruchen  1  und  2, 
40  wobei  die  erste  Schicht  und  die  zweite  Schicht 

aus  Siliciumdioxid  bei  800°  C  in  einer  Silan  und 
N20  enthaltenden  Atmosphare  chemisch  aufge- 
dampft  werden. 

7.  Verfahren  nach  den  Anspruchen  1  und  6, 
45  wobei  die  zweite  Schicht  aus  Siliciumdioxid  durch 

reaktives  lonenatzen  in  einer  CF4  und  H2 
enthaltenden  Atmosphare  bis  zur  Oberkante  des 
Graben  heruntergeatzt  wird. 

8.  Verfahren  nach  Anspruch  1,  wobei  sich  an 
so  den  zweiten  chemischen  Aufdampfschritt  ein 

Schritt  anschlieBt,  in  dem  eine  Photolackschicht 
auf  der  zweiten  Schicht  aufgetragen  wird,  und 
wobei  in  dem  abschlielSenden  Atzschritt  die  Pho- 
tolackschicht  und  die  zweite  Schicht  bis  zur  Ober- 

55  kante  des  Grabens  heruntergeatzt  werden. 
9.  Verfahren  nach  einem  oder  mehreren  der 

Anspriiche  1  bis  8,  wobei  schmale  und  breite, 
tiefe,  dielektrisch  gefullte  Isolationsgraben  in  der 
Oberfiache  eines  Siliciumhalbleitersubstrats 

60  gebildet  werden. 

Revendications 

1.  Procede  de  formation  d'un  sillon  d'isolement 
65  profond  et  large  rempli  de  dielectrique  dans  la 

6 
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jrface  d'un  substrat  semiconducteur  en  swcium 
smprenant  les  etapes  suivantes: 
former  un  sillon  profond  et  large  dans  la  sur- 
ice  du  substrat  de  silicium, 
faire  crottre  thermiquement  une  couche  mince  5 

e  dioxyde  de  silicium  sur  les  parois  et  le  fond  du 
Hon, 
former  un  plot  dielectrique  dans  le  sillon  en 

eposant  par  voie  chimique  en  phase  vapeur  une 
remiere  couche  de  materiau  dielectrique  sur  la  10 
urface  du  substrat  de  silicium  comprenant  le 
illon,  ladite  couche  suivant  le  contour  du  sillon 
irge  et  etant  de  meme  epaisseur  que  le  sillon  a 
artir  de  la  surface  du  substrat, 
masquer  la  premiere  couche  en  appliquant  un  75 

roduit  photosensible  sur  au  moins  une  partie  de 
i  surface  plane  de  la  premiere  couche  dans  le 
illon, 
graver  la  premiere  couche  jusqu'au  fond  du 

illon,  laisser  une  partie  etroite  non  remplie  a  20 
haque  extremite  du  sillon, 
deposer  par  voie  chimique  en  phase  vapeur 

ine  seconde  couche  de  materiau  dielectrique  sur 
3  surface  du  substrat  de  silicium  comprenant  le 
illon,  et  25 
graver  la  seconde  couche  jusqu'au  sommet  du 

illon. 
2.  Procede  selon  la  revendication  1,  dans  lequel 

a  premiere  couche  est  du  dioxyde  de  silicium 
I'epaisseur  egale  a  la  profondeur  du  sillon.  30 

3.  Procede  selon  les  revendications  1  et  2,  dans 
equel  la  premiere  couche  est  enlevee  par  gravure 
onique  reactive  dans  une  atmosphere  de  CF4  et 
ie  H2. 

rroceue  seion  itss  reveiiuiuauiuiio  i  ei  t.,  uauo 
squel  la  premiere  couche  deposee  par  voie  chi- 
lique  en  phase  vapeur  de  dioxyde  de  silicium  a 
ne  surface  plane  dans  le  sillon  et  dans  lequel  la 
jrface  plane  complete  de  la  premiere  couche 
ans  le  sillon  est  masquee. 
5.  Procede  selon  la  revendication  1,  dans  lequel 

etape  de  formation  d'un  sillon  profond  et  large 
st  realisee  par  gravure  ionique  reactive,  par  un 
lasque  approprie,  dans  un  plasma  contenant  un 
lelange  de  SF6,  Cl2  et  He. 
6.  Procede  selon  la  revendication  1,  dans  lequel 

i  premiere  couche  et  la  seconde  couche  de 
ioxyde  de  silicium  sont  deposees  par  voie  chimi- 
ue  en  phase  vapeur  a  800°C  dans  une  atmos- 
here  de  silane  et  de  N20. 
7.  Procede  selon  les  revendications  1  et  6,  dans 

jquel  la  seconde  couche  de  dioxyde  de  silicium 
st  gravee  jusqu'au  sommet  du  sillon  par  gravure 
Dnique  reactive  dans  une  atmosphere  de  CF4  et 
l2. 
8.  Procede  selon  la  revendication  1,  dans  lequel 

3  seconde  etape  de  depot  chimique  en  phase 
apeur  est  suivie  de  I'etape  consistant  a  deposer 
me  couche  de  produit  photosensible,  sur  la 
econde  couche  et  dans  lequel  I'etape  de  gravure 
inaie  comprend  une  gravure  de  la  couche  de 
iroduit  photosensible  et  de  la  seconde  couche 
usqu'au  sommet  du  sillon. 

9.  Procede  selon  une  plusieurs  des  revendica- 
ions  1  a  8,  dans  lequel  des  sillons  d'isolement 
empiis  de  dielectrique,  profonds,  etroits  et 
arges,  sont  formes  dans  la  surface  d'un  substrat 
iemiconducteur  en  silicium. 

DO 
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