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Description 

The  present  invention  pertains  in  general  to  a 
BICMOS  process  for  forming  bipolar  and  MOS 
transistors  and,  more  particularly,  to  the  process  for 
forming  the  base  of  an  NPN  device  and  the 
source/drain  of  an  MOS  device  with  shallow  silicid- 
ed  junctions. 

This  application  is  related  to  U.  S.  Patent  Ap- 
plications  Serial  Number  032836  filed  March  31, 
1987,  Serial  Number  045978  files  May  1,  1987,  and 
Serial  Numbers  008906  and  008910,  both  filed 
January  30,  1987;  all  of  these  applications  are 
assigned  to  Texas  Instruments  Incorporated. 

The  integration  of  FET  structures,  using  p- 
channel  transistors  (PMOS)  and  n-channel  transis- 
tors  (NMOS),  with  bipolar  transistors  has  seen  in- 
creasing  use  in  recent  years.  These  devices  are 
referred  to  as  BICMOS  devices.  The  use  of  the 
bipolar  transistors  as  driving  elements  for  the  MOS 
devices  improves  the  speed  characteristics  of  the 
overall  device.  The  bipolar  transistors  are  char- 
acterized  by  high  transconductance  which  is  well 
suited  for  driving  capacitive  loads. 

One  disadvantage  of  integrating  an  MOS  de- 
vice  and  a  bipolar  device  in  the  same  circuit  is  that 
the  steps  in  fabricating  the  bipolar  device  differ 
somewhat  from  the  steps  required  to  fabricate 
MOS  devices.  This  may  necessitate  separate  fab- 
rication  steps  for  the  bipolar  devices  and  the  MOS 
devices  which  could  result  in  an  overly  complex 
process  since  numerous  thermal  cycles  would  be 
required.  In  order  to  accommodate  these  two  pro- 
cesses,  there  has  been  a  trend  towards  combining 
fabrication  steps  to  form  various  elements  of  the 
two  devices. 

One  of  the  more  important  structures  in  both 
the  bipolar  device  and  the  MOS  device  are  the 
semiconductor  junctions  which  form  the  emitter 
and  the  extrinsic  base  of  the  bipolar  transistor  and 
the  source/drains  of  the  MOS  device.  With  present 
technology,  these  structures  are  formed  by  im- 
planting  impurities  into  the  substrate  to  provide  a 
relatively  thin  region  of  impurities  of  the  proper 
conductivity  type  and  then  the  impurities  driven 
down  into  the  substrate  with  subsequent  annealing 
steps  to  form  a  metallurgical  junction  at  a  predeter- 
mined  depth.  However,  formation  of  both  the  MOS 
device  and  the  bipolar  device  requires  these  junc- 
tions  to  be  accurately  aligned  with  respect  to  other 
structures  on  the  substrate.  This  alignment  be- 
comes  somewhat  difficult  when  junctions  are 
formed  at  different  steps  in  the  process  and  when 
interceded  by  thermal  cycles. 

In  view  of  the  above  disadvantages,  there  ex- 
ists  a  need  for  an  improved  process  for  forming 
BICMOS  devices  wherein  the  emitter  and  base 
junctions  in  the  bipolar  device  and  the  source/drain 

junctions  of  the  MOS  devices  are  fabricated  with  a 
minimum  number  of  process  steps  and  are  ex- 
posed  to  a  minimum  number  of  thermal  cycles  in 
the  process. 

5  The  present  invention  disclosed  and  claimed 
herein  comprises  the  process  for  forming  a  BIC- 
MOS  device  with  shallow  silicided  junctions  with  a 
poly  emitter  formed  in  the  bipolar  transistor.  Bipolar 
and  MOS  regions  are  first  defined  in  the  substrat 

io  and  then  a  doped  polysilicon  emitter  and  poly 
gates  are  formed  in  the  bipolar  and  MOS  regions, 
respectfully.  A  layer  of  refractory  metal  is  disposed 
over  the  poly  emitter  and  gates  and  a  protective 
cap  then  formed  thereover.  A  second  layer  of  re- 

75  fractory  metal  is  then  disposed  over  the  substrate 
to  cover  the  extrinsic  base  region  of  the  bipolar 
transistor  and  the  source/drain  regions  of  the  MOS 
transistor.  The  refractory  metal  of  the  first  and 
second  layers  is  then  reacted  to  form  a  silicide  with 

20  the  exposed  silicon  and  polysilicon  surfaces  fol- 
lowed  by  an  implant  step  to  introduce  impurities 
into  the  silicide  layers  in  the  intrinsic  base  region  of 
the  bipolar  transistor  and  the  source/drain  regions 
of  the  MOS  transistor.  The  impurities  in  the  silicide 

25  layer  are  then  driven  down  into  the  substrate  to 
form  metallurgical  junctions  and  the  doped  impuri- 
ties  in  the  emitter  of  the  bipolar  transistor  are 
driven  down  into  the  substrate  to  form  the  emitter 
junction  of  the  bipolar  transistor.  The  protective  cap 

30  over  the  emitter  prevents  impurities  from  being 
introduced  therein  during  implanting  of  the  silicide 
for  the  extrinsic  base  region. 

In  another  embodiment  of  the  present  inven- 
tion,  a  lateral  PNP  transistor  is  formed  by  forming  a 

35  spacer  of  polycrystalline  silicon  over  one  of  the 
bipolar  regions  during  the  formation  of  the  emitter 
electrode  40  and  NPN  bipolar  transistor.  The  poly- 
silicon  spacer  defines  the  spacing  between  the 
emitter  and  collector.  The  polysilicon  spacer  is 

40  separated  from  the  substrate  by  an  oxide  layer  with 
the  emitter  and  collector  of  the  PNP  transistor 
formed  on  either  side  thereof  during  the  formation 
of  the  extrinsic  base  region  of  the  NPN  bipolar 
transistor. 

45  A  technical  advantage  is  provided  by  the 
present  invention  in  that  a  doped  poly  emitter  elec- 
trode  is  formed  with  a  protective  cap  disposed 
thereover  prior  to  forming  the  extrinsic  base  re- 
gions  adjacent  the  emitter  electrode  and  the 

50  source/drain  junctions  of  the  MOS  transistors.  The 
protective  cap  over  the  poly  emitter  prevents  in- 
troduction  of  opposite  conductivity  type  of  impuri- 
ties  during  formation  of  silicided  junctions.  A  further 
technical  advantage  is  provided  in  that  the 

55  source/drain  junctions  of  the  MOS  transistor  are 
formed  at  the  same  time  the  extrinsic  base  regions 
are  formed  in  the  bipolar  transistor  with  the  refrac- 
tory  layer  metal  providing  an  offset  between  the 
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edges  of  the  source/drain  regions  and  the  channel 
region  and  also  providing  an  offset  between  the 
edge  of  the  emitter  electrode  and  the  extrinsic 
base  region.  A  yet  further  technical  advantage  is 
provided  by  forming  a  layer  of  refractory  metal 
between  the  surface  of  the  poly  emitter  and  the 
protective  cap. 

For  a  more  complete  understanding  of  the 
present  invention  and  the  advantages  thereof,  refer- 
ence  is  now  made  to  the  following  description 
taken  in  conjunction  with  the  accompanying  Draw- 
ings  in  which: 

FIGURE  1  illustrates  a  cross-sectional  diagram 
of  a  silicon  substrate  after  forming  MOS  and 
bipolar  regions  with  a  buried  collector; 
FIGURE  2  illustrates  a  cross-sectional  diagram 
illustrating  the  step  of  implanting  the  intrinsic 
base; 
FIGURE  3  illustrates  a  cross-sectional  diagram 
after  formation  of  the  poly  silicon  layer  utilized 
to  form  the  gates  and  the  emitters; 
FIGURE  4  illustrates  the  step  of  forming  a  pro- 
tective  cap  over  the  poly  layer; 
FIGURE  5  illustrates  the  step  of  patterning  the 
protective  cap  to  form  the  gate  electrodes  and 
the  emitter  of  a  bipolar  transistor. 
FIGURE  6  illustrates  the  step  of  forming  a 
sidewall  oxide  on  the  MOS  gate  electrode  and 
the  bipolar  emitter  and  forming  the  second  layer 
of  titanium  over  the  substrate; 
FIGURE  7  illustrates  the  step  of  reacting  the 
titanium  and  implanting  impurities  into  the 
titanium  disilicide; 
FIGURE  7a  illustrates  a  detail  view  of  the  gate 
electrode  of  the  MOS  transistor  of  FIGURE  8; 
FIGURE  7b  illustrates  a  detail  view  of  the  emit- 
ter  and  the  bipolar  transistor  of  FIGURE  8. 
FIGURE  8  illustrates  the  step  of  driving  the 
impurities  into  the  substrate  to  form  the  junc- 
tions  and  patterning  the  local  interconnects; 
FIGURE  9  illustrates  the  step  of  forming  the 
interlevel  oxide  and  contacts; 
FIGURE  10  illustrates  a  cross-sectional  diagram 
of  one  step  in  the  formation  of  a  lateral  PNP 
transistor  at  the  stage  of  processing  illustrated  in 
FIGURE  5; 
FIGURE  11  illustrates  a  cross-sectional  diagram 
of  the  lateral  PNP  transistor  at  the  processing 
stage  illustrated  in  FIGURE  7; 
FIGURE  12  illustrates  the  lateral  PNP  transistor 
at  the  stage  of  processing  illustrated  in  FIGURE 
8  wherein  local  interconnects  are  formed; 
FIGURE  13  illustrates  formation  of  the  emitter  of 
the  bipolar  transistor  without  the  lateral  spacing; 
and 
FIGURES  14  and  15  illustrate  the  process  for 
forming  the  emitter  and  gate  electrodes  with  a 
refractory  metal. 

Referring  now  to  FIGURE  1,  there  is  illustrated 
a  cross-sectional  diagram  of  one  step  in  the  fab- 
rication  process  for  a  BICMOS  device  illustrating 
the  fabrication  of  a  NPN  transistor  and  a  PMOS 

5  transistor.  However,  it  should  be  understood  that  an 
NMOS  transistor  can  also  be  fabricated  in  conjunc- 
tion  with  the  NPN  transistor,  as  will  be  described  in 
more  detail  hereinbelow. 

In  conventional  fabrication  of  bipolar  integrated 
io  circuits,  a  thin  wafer  of  P-type  semiconductor  ma- 

terial,  such  as  that  identified  by  reference  numeral 
10  in  FIGURE  1,  is  provided  and  two  n+  semicon- 
ductor  areas  12  and  14  are  formed  by  implanting 
an  impurity  such  as  antimony  into  the  substrate 

is  with  a  dose  of  about  5  x  1015  ions/cm2  at  an  implant 
energy  of  approximately  40  Kev.  The  substrate  is 
then  subjected  to  an  annealing  step  to  drive  the 
implanted  areas  12  and  14  downward,  followed  by 
an  implant  of  p-type  impurities  to  form  p-type  re- 

20  gions  16,  18  and  20.  The  p-type  regions  are 
formed  by  implanting  boron  to  a  dosage  of  about 
1.0  x  1013ions/cm2  at  an  energy  of  60  Kev.  After 
formation  of  the  n-  and  p-buried  layers,  an  n-type 
epitaxial  layer  is  formed  on  top  of  the  substrate  into 

25  which  the  tanks  of  the  bipolar  and  MOS  transistors 
will  be  formed.  The  epitaxial  layer  is  implanted  with 
an  n-type  impurity  such  as  phosphorus  to  a  dosage 
of  approximately  1.5-2.5  x  1012ions/cm2  at  an  en- 
ergy  of  about  80  Kev  and  annealed  to  form  an  n- 

30  tank  22  which  will  be  utilized  for  the  bipolar  transis- 
tor  and  an  n-  tank  24  to  be  utilized  for  the  MOS 
transistor.  Thick  field  oxide  regions  26  and  28  are 
formed  to  isolate  the  bipolar  transistor  region  with 
the  thick  field  oxide  region  28  and  a  thick  field 

35  oxide  region  30  operable  to  isolate  the  MOS  tran- 
sistor  region.  An  additional  thick  field  oxide  layer 
32  is  provided  between  the  field  oxide  regions  26 
and  28  to  define  a  collector  region  of  the  bipolar 
transistor  region. 

40  The  field  oxide  is  formed  by  subjecting  the 
substrate  to  a  steam  oxidization  step  at  approxi- 
mately  900  °  Centigrade  to  form  an  oxide  thickness 
of  approximately  8000  angstroms.  Nitride  selec- 
tively  prevents  growth  of  oxide  over  the  n-regions 

45  22  and  24  and  also  in  a  collector  region  34.  The 
substrate  10  is  subjected  to  a  threshold  adjust 
implant  over  the  entire  surface  to  establish  a  de- 
sired  threshold  voltage  by  which  the  MOS  transis- 
tors  can  be  turned  on,  these  MOS  transistors  are 

50  formed  in  the  n-  tank  24.  The  collector  region  is 
selectively  implanted  with  phosphorus  to  a  dosage 
of  approximately  2-3  x  101G  ions/cm2  at  an  energy 
level  of  about  100  Kev  to  make  the  collector  region 
34  n  +  ,  which  region  is  referred  to  as  a  deep 

55  collector.  The  region  34  is  a  heavily  doped  region 
that  extends  into  the  n+  buried  collector  12.  Al- 
though  not  shown,  a  p-  region  can  be  formed 
adjacent  to  the  n-  region  24  and  separated  there- 

3 
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from  by  a  region  of  thick  field  oxide.  An  NMOS 
device  can  be  formed  in  the  p-  region.  For  simplic- 
ity  purposes,  only  the  PMOS  device  will  be  de- 
scribed  herein. 

After  the  formation  of  the  structure  illustrated  in 
FIGURE  1,  the  silicon  surface  in  the  n-  tank  22  and 
the  n-tank  24  are  subjected  to  a  wet  etch  to  expose 
the  silicon,  and  then  the  substrate  10  resubjected 
to  an  oxidation  environment,  wherein  a  gate  oxide 
layer  36  is  formed  over  the  n-  region  24  and  n- 
region  22,  as  illustrated  in  FIGURE  2.  The  oxide 
layer  36  is  formed  to  a  thickness  of  approximately 
200-300  angstroms  and  forms  the  insulator  that  will 
be  disposed  between  the  gate  electrode  and  the 
underlying  silicon  surface,  which  region  will  form 
the  channel  of  the  PMOS  transistor. 

After  formation  of  the  gate  oxide  layer  36,  a 
layer  40  of  polycrystalline  silicon  is  deposited  over 
the  entire  surface  of  the  to  a  thickness  of  approxi- 
mately  1000  angstroms.  It  is  important  to  deposit 
the  polysilicon  layer  40  as  soon  as  possible  after 
formation  of  the  gate  oxide  layer  36  since  the 
integrity  of  this  layer  is  important  with  respect  to 
the  operating  characteristics  of  the  PMOS  device. 
A  layer  of  resist  42  is  formed  on  the  substrate  10 
and  then  patterned  to  expose  only  the  n-  tank 
region  22  in  the  bipolar  transistor.  The  substrate  10 
is  then  subjected  to  an  ion  implant  step  to  implant 
an  intrinsic  p-  base  region  44.  This  implant  is 
conducted  with  a  boron  dosage  of  approximately  1- 
2  x  10H  ions/cm2  at  an  energy  level  of  about  80 
Kev.  The  implanted  region  44  is  initially  a  relatively 
thin  region  which  becomes  thicker  with  subsequent 
thermal  processing  steps.  The  photoresist  layer  42 
is  then  stripped  and  the  substrate  subjected  to  a 
threshold  adjust  implant  which  is  a  relatively  light 
implant.  However,  for  simplicity  purposes,  the  re- 
gion  44  is  shown  in  its  final  thickness  relative  to  the 
n-  tank  22. 

After  formation  of  the  intrinsic  p-  base  44  and 
threshold  implant,  the  poly  layer  40  is  patterned 
and  etched  to  form  a  first  opening  to  expose  the 
surface  of  the  silicon  proximate  to  the  n  +  deep 
collector  34  and  a  second  opening  45  in  the  bipolar 
region  to  define  the  emitter  of  the  bipolar  transistor. 
A  second  and  thicker  layer  of  polycrystalline  silicon 
is  then  deposited  to  a  thickness  of  approximately 
3000  angstroms  which  merges  with  the  already 
deposited  layer  40  to  form  a  resultant  layer  46 
which  is  approximately  4000  angstroms  in  thick- 
ness.  The  result  of  the  structure  is  illustrated  in 
FIGURE  3.  The  layer  46  is  then  implanted  with  n- 
type  impurity  such  as  arsenic  at  a  dosage  of  ap- 
proximately  1.0  x  101G  ions/cm2  at  an  energy  of  100 
Kev  to  provide  a  doped  polysilicon  layer.  This  is 
then  annealed  at  approximately  1000°C  for  twenty 
minutes.  After  implantation  of  the  poly  layer  46,  a 
layer  48  of  titanium,  which  is  refractory  metal,  is 

sputtered  onto  the  substrate  10  in  a  vacuum  ap- 
paratus  to  a  thickness  of  approximately  1000  ang- 
stroms.  This  is  a  conformal  layer  which  will  overlie 
the  exposed  surface  of  poly  layer  46.  A  layer  of 

5  oxide  49  is  then  deposited  over  the  top  of  the 
titanium  layer  48  to  provide  a  protective  cap.  This 
structure  is  illustrated  in  FIGURE  4. 

After  formation  of  the  poly  layer  with  the  over- 
lying  titanium  and  oxide  layers  48  and  49,  the 

io  substrate  is  patterned  and  etched  to  form  a  poly 
gate  electrode  50  having  a  titanium  layer  52  and  an 
oxide  layer  54  disposed  on  the  upper  surface 
thereof,  and  n  +  emitter  56  having  a  titanium  layer 
58  and  an  oxide  layer  60  disposed  on  the  upper 

is  surface  thereof  and  a  collector  electrode  62  having 
a  layer  of  titanium  64  and  a  layer  of  oxide  66 
disposed  on  the  upper  surface  thereof.  The 
titanium  layers  52,  64  and  58  were  originally  a  part 
of  the  titanium  layer  48  and  the  oxide  layers  54,  66 

20  and  60  were  originally  part  of  the  oxide  layer  49. 
After  formation  of  gate  electrode  50,  emitter 

electrode  56  and  collector  electrode  62,  a  con- 
formal  oxide  layer  68  is  deposited  over  the  entire 
substrate  to  a  thickness  of  approximately  300-500 

25  angstroms  thereby  encapsulating  the  gate  elec- 
trode  50,  emitter  electrode  56  and  collector  elec- 
trode  62  to  form  the  structure  of  FIGURE  5.  This 
deposition  is  performed  with  a  low  pressure  chemi- 
cal  vapor  deposition  process  (LPCVD)  which  oc- 

30  curs  at  a  relatively  low  temperature,  preferably 
below  700  °  .  At  temperatures  above  700  °  ,  the 
titanium  layers  52,  58  and  64  will  react  to  some 
extent  with  the  underlying  polysilicon  to  form 
titanium  disilicide,  which  is  a  refractory  material. 

35  The  substrate  could  be  subjected  to  a  temperature 
of  approximately  800  °  Centigrade  for  approximate- 
ly  thirty  minutes  to  complete  this  reaction.  How- 
ever,  this  is  performed  later  in  the  process,  as  will 
be  described  hereinbelow,  to  minimize  the  number 

40  of  thermal  cycles.  Although  some  of  the  titanium 
may  react  to  form  titanium  disilicide,  the  process  is 
incomplete  at  this  step  in  the  process,  and,  as 
such,  it  is  not  shown. 

After  deposition  of  the  oxide  layer  68,  the  oxide 
45  layer  is  then  subjected  to  an  anisotropic  etch  in  a 

vertical  direction  to  clear  the  oxide  from  flat  sur- 
faces.  This  etch  leaves  a  sidewall  oxide  70  on  one 
side  of  the  gate  electrode  50  and  a  sidewall  oxide 
72  on  the  other  side  of  the  gate  electrode  50.  A 

50  sidewall  oxide  74  is  also  formed  on  one  side  of  the 
emitter  electrode  56  and  sidewall  oxide  76  is 
formed  on  the  opposite  side  of  the  emitter  elec- 
trode  56.  Since  the  oxide  layer  68  in  FIGURE  5 
was  300  angstroms  thick,  the  resultant  thickness  of 

55  the  sidewall  oxide  is  approximately  300  angstroms. 
The  purpose  of  the  sidewall  oxide  layers  70-76  is 
to  seal  the  vertical  surfaces  of  the  gate  electrode 
50  and  the  emitter  electrode  56,  as  will  be  more 

4 
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clearly  described  hereinbelow.  Further,  a  sidewall 
oxide  is  also  formed  on  the  collector  electrode  62. 
The  process  for  forming  sidewalls  oxides  is  de- 
scribed  in  U.S.  Patent  No.  4,356,040  issued  to 
Hornq-sen  Fu  et  al.,  on  October  26,  1982  and 
assigned  to  Texas  Instruments,  Inc. 

After  forming  the  sidewall  oxide  layers  70-76,  a 
layer  78  of  titanium  is  sputtered  onto  the  top  of  the 
substrate  to  a  thickness  of  approximately  1000 
angstroms.  This  layer  is  formed  in  a  similar  manner 
to  the  layer  48  in  FIGURE  4.  This  is  a  conformal 
layer  that  will  overlie  the  exposed  silicon  surfaces 
on  either  side  of  the  gate  electrode  50  exterior  to 
the  sidewall  oxide  layers  70  and  72  and  on  either 
side  of  the  emitter  electrode  56  exterior  to  the 
sidewall  oxide  layers  74  and  76.  Typically,  sputter- 
ing  of  the  titanium  layer  78  is  preceded  by  a  wet 
etch  in  1.0%  hydrochloric  acid  to  insure  that  no 
residual  oxide  remains  on  any  of  the  exposed 
silicon  surfaces.  This  resulting  structure  is  illus- 
trated  in  FIGURE  6. 

After  formation  of  the  titanium  layer  78,  the 
titanium  is  reacted  at  a  temperature  of  approxi- 
mately  675  °C  in  an  atmosphere  of  argon  and 
nitrogen  for  approximately  thirty  minutes.  This  will 
result  in  any  unreacted  titanium  in  the  titanium 
layers  52,  58  and  60  for  overlying  the  gate  elec- 
trode  50,  the  emitter  electrode  56  and  collector 
electrode  62,  respectively,  to  also  be  reacted.  This 
reaction  allows  the  portions  of  the  titanium  that  are 
adjacent  silicon  or  polysilicon  to  consume  silicon 
and  form  titanium  disilicide.  This  reaction  will  result 
in  a  silicide  layer  being  formed.  In  the  MOS  transis- 
tor,  a  silicide  layer  78  is  formed  in  the  n-  tank  24 
between  the  sidewall  oxide  layer  70  and  the  field 
oxide  layer  30.  A  silicide  layer  80  is  formed  be- 
tween  the  sidewall  oxide  layer  72  and  the  field 
oxide  layer  28.  Silicide  layers  78  and  80  are 
formed  in  areas  generally  referred  to  as  the 
source/drain  of  the  MOS  transistor.  In  a  similar 
manner,  a  silicide  layer  82  is  formed  on  the  upper 
surface  of  the  gate  electrode  50.  A  silicide  layer  84 
is  formed  in  the  p-  intrinsic  base  region  44  between 
the  sidewall  oxide  layer  74  and  the  field  oxide  layer 
32.  A  silicide  layer  86  is  formed  in  the  p-  intrinsic 
base  44  between  the  sidewall  oxide  layer  76  and 
the  field  oxide  layer  26.  A  silicide  layer  88  is 
formed  on  the  upper  surface  of  emitter  electrode 
56  and  a  silicide  layer  90  is  formed  on  the  upper 
surface  of  collector  electrode  62.  The  silicide  layers 
84  and  86  define  the  emitter  region  of  the  bipolar 
transistor. 

During  reaction,  the  titanium  layers  52,  58  and 
64  are  converted  to  titanium  disilicide  only  on  the 
surface  adjacent  the  polysilicon,  which  reaction 
consumes  both  the  titanium  and  the  silicon.  The 
surface  adjacent  to  the  oxide  layers  54,  60  and  66 
will  be  converted  to  titanium  oxide.  With  respect  to 

the  titanium  layer  78,  the  only  portions  of  this  layer 
which  remain  overlie  the  oxide.  Since  the  titanium 
in  layer  78  was  reacted  in  an  argon  and  nitrogen 
atmosphere,  a  portion  of  the  exposed  surface  of 

5  the  titanium  layer  will  be  converted  to  titanium 
nitride.  In  addition,  a  portion  of  the  unsilicided 
titanium  in  the  layers  78  adjacent  the  underlying 
oxide  will  be  converted  to  titanium  oxide.  The  re- 
sultant  structure  is  illustrated  in  FIGURE  7. 

io  After  the  titanium  is  reacted  with  the  exposed 
silicon  and  polysilicon  surfaces  to  form  titanium 
disilicide,  the  substrate  is  then  subjected  to  an 
implant  of  p-type  impurities  through  the  surface  of 
the  exposed  portion  of  the  titanium  layer  78  and 

is  into  the  silicide  layers  78,  80,  84  and  86.  Although 
not  shown,  if  an  NMOS  transistor  were  being 
formed  with  n-type  source/drains,  it  would  be  nec- 
essary  to  mask  off  the  NMOS  transistor  region  and 
implant  n-type  impurities.  It  is  important  to  note 

20  that  the  p-type  impurities  are  not  implanted  into  the 
silicide  layers  82,  88  and  90  which  will  form  the 
first  titanium  layer  since  the  presence  of  p-type 
impurities  in  the  n-  doped  emitter  electrode  56 
would  result  in  counter  doping  and  would  affect 

25  any  subsequent  diffusion  downward  into  the  sub- 
strate  and  formation  of  the  emitter  region,  as  will 
be  described  hereinbelow.  The  implanted  p-type 
impurities  can  be  any  basic  source/drain  implant, 
and,  in  the  preferred  embodiment,  the  implant  uti- 

30  lizes  boron  which  is  implanted  at  an  energy  of 
approximately  50  kev  with  a  dosage  of  approxi- 
mately  5  x  1015  ion/cm2.  If  an  NMOS  transistor  is 
utilized,  this  will  require  masking  off  the  bipolar 
region  and  PMOS  transistor  regions  to  prevent  n- 

35  type  impurities  entering  the  source/drain  regions  or 
base  regions.  The  dosage  of  the  p-type  impurities 
and  the  depth  to  which  they  are  implanted  is  a 
function  of  the  desired  characteristics  of  both  the 
bipolar  and  MOS  transistors  and  may  be  adjusted 

40  accordingly. 
A  detail  of  the  sidewall  oxide  layers  70  and  72 

is  illustrated  in  FIGURE  7a.  As  described  above, 
after  formation  of  the  silicide  layers  78  and  80,  a 
portion  of  the  titanium  layer  78  is  not  reacted  to 

45  form  titanium  disilicide.  This  results  in  a  portion  90 
overlapping  the  sidewall  oxide  layer  70,  a  portion 
94  overlying  the  sidewall  oxide  layer  72  and  a 
portion  96  overlying  the  field  oxide  layer  30.  As 
described  above,  the  portions  92-96  react  to  form 

50  titanium  nitride  and/or  titanium  oxide.  Since  the 
unreacted  portions  of  the  titanium  layers  remain  on 
the  substrate  during  the  ion  implantation  step,  the 
implanted  impurities  are  spaced  away  from  the 
edge  of  the  sidewall  oxide  layer  70  and  the  edge  of 

55  the  field  oxide  layer  30.  The  impurities  are  only 
implanted  into  the  substrate  10  between  a  point  98 
and  a  point  100  in  the  surface  of  the  silicide  layer 
78.  The  point  98  is  spaced  from  the  vertical  side  of 

5 
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the  gate  electrode  50  by  a  distance  equal  to  the 
combined  thickness  of  the  sidewall  oxide  layer  70 
and  the  portion  92  of  the  titanium  layer  78. 

A  detail  of  the  silicide  layers  84  and  86  formed 
in  the  bipolar  transistor  region  is  illustrated  in  FIG- 
URE  7b.  The  titanium  layer  78,  after  reaction  there- 
of  to  form  titanium  disilicide  layers  84  and  86, 
leaves  an  unreacted  portion  102  overlying  the 
sidewall  oxide  74  and  an  unreacted  portion  104 
overlying  the  field  oxide  layer  32.  This  results  in 
impurities  being  implanted  into  the  silicide  layer  84 
only  between  a  point  106  and  a  point  108.  The 
point  106  is  effectively  spaced  away  from  the  edge 
of  the  emitter  electrode  56  by  a  distance  equal  to 
the  thickness  of  the  sidewall  oxide  layer  74  and  the 
portion  102  of  the  titanium  layer  78. 

In  order  to  prevent  impurities  from  passing 
through  the  portion  of  the  titanium  layer  78  that 
overlies  the  emitter  electrode  56  and  passing 
through  the  protective  oxide  layer  60  into  the  sili- 
cide  layer  88  on  the  upper  surface  of  the  emitter 
electrode  56,  the  energy  of  the  p-implant  is  such 
that  it  will  be  located  within  the  silicide  layers  84 
and  86  and,  as  such,  the  energy  will  be  insufficient 
to  drive  a  significant  portion  of  the  impurities  into 
the  unreacted  titanium  layer  over  the  emitter  elec- 
trode  56.  Once  the  majority  of  the  impurities  are 
implanted  into  the  portion  of  the  titanium  layer  78 
overlying  the  protective  oxide  cap  60,  subsequent 
diffusion  due  to  thermal  cycling  will  be  blocked  in 
the  downward  direction  by  the  oxide  layer  60,  since 
the  diffusion  coefficient  of  oxide  is  very  low.  In  this 
manner,  the  protective  oxide  cap  60  performs  the 
function  of  a  mask.  Although  oxide  was  utilized,  an 
oxide/nitride  mask  can  also  be  utilized  which  would 
require  an  additional  processing  step  after  forma- 
tion  of  the  titanium  layer  48  with  reference  to 
FIGURE  4. 

After  implanting  the  p-type  impurities  into  the 
silicide  layers  78,  80,  84  and  86,  the  substrate  is 
then  patterned  to  form  local  interconnects  and  then 
etched  in  an  acid  solution  to  remove  the  unreacted 
portions  of  the  titanium  layer  78  that  are  not  pat- 
terned  for  local  interconnects.  The  titanium  dis- 
ilicide  is  not  removed  by  this  process  and  the 
portions  of  the  titanium  nitride  also  remain  in  accor- 
dance  with  a  predetermined  pattern.  For  example, 
a  suitable  etching  in  the  case  of  titanium  is  a  wet 
etch  comprising  a  solution  of  H2SO4  and  H2O2. 
Since  titanium  only  reacts  with  silicon  or  poly- 
crystalline  silicon  to  form  a  silicide,  the  unpatterned 
portions  covering  the  field  oxide  layers  have  un- 
silicided  titanium  removed  therefrom.  The  wet  etch 
will  attack  both  titanium  nitride  and  titanium  oxide, 
such  that  no  conductive  layer  remains  behind  other 
than  the  patterned  titanium  nitride  or  titanium  dis- 
ilicide.  The  resultant  structure  after  removing  the 
unpatterned  portions  of  the  unreacted  titanium  is 

illustrated  in  FIGURE  8.  The  titanium  disilicide  pro- 
cess  is  described  in  U.S.-A-4,545,1  16  issued  to 
C.K.  Lau  on  October  8,  1985,  assigned  to  Texas 
Instruments,  Inc. 

5  The  patterned  titanium  nitride  will  result  in  a 
local  interconnect  110  connected  at  one  end  to  the 
silicide  layer  78  and  the  other  end  overlying  the 
field  oxide  layer  30.  A  local  interconnect  112  will  be 
formed  having  one  end  thereof  connected  to  the 

10  silicide  layer  80  and  the  other  end  thereof  overlying 
the  field  oxide  layer  28.  A  local  interconnect  114 
will  be  formed  in  the  bipolar  transistor  for  connec- 
tion  to  the  base  having  one  end  thereof  connected 
to  the  silicide  layer  86  and  the  other  end  thereof 

15  overlying  the  field  oxide  layer  26. 
After  the  impurities  are  implanted  in  the  silicide 

layers  78,  80,  84  and  86,  and  the  unreacted  and 
unpatterned  titanium  removed,  the  substrate  is  then 
annealed  for  thirty  minutes  at  a  temperature  of 

20  approximately  800  0  C  in  an  atmosphere  of  argon  to 
stabilize  and  further  lower  the  resistivity  of  the 
titanium  disilicide.  Titanium  disilicide  increases  the 
conductivity  of  all  silicon  or  polysilicon  areas  over 
which  it  was  formed  and  constitutes  a  self-aligned 

25  process.  In  addition,  the  impurities  are  driven  down 
into  the  silicon  of  the  substrate  to  form  a  metallur- 
gical  junction  beneath  the  silicide  layer  78,  80,  84 
and  86. 

When  the  dopant  that  was  originally  implanted 
30  into  the  silicide  layers  78,  80,  84  and  86  adjacent 

the  lowermost  junction  is  diffused  outward  and 
downward  into  the  substrate  by  the  annealing  step, 
there  will  be  diffusion  in  two  directions.  The  first 
direction  will  be  downward  into  the  substrate  and 

35  the  second  direction  will  be  lateral.  The  downward 
diffusion  is  termed  the  "depth".  In  the  preferred 
embodiment,  and  after  all  thermal  cycling  in  the 
substate  is  complete,  this  will  result  in  a  junction 
which  is  approximately  1500  angstroms  deep  with 

40  a  lateral  diffusion  of  approximately  1000  angstroms. 
This  forms  a  p+  region  116  beneath  the  silicide 
layer  78  and  the  p+  region  118  beneath  the  sili- 
cide  layer  80.  A  p+  region  120  is  formed  beneath 
the  silicide  layer  84  and  a  p+  region  122  is  formed 

45  beneath  the  silicide  layer  86.  The  p+  regions  116 
and  118  form  the  source  drains  of  the  MOS  transis- 
tor  and  the  p+  regions  120  and  122  form  the 
extrinsic  base  of  the  bipolar  transistor. 

With  further  reference  to  FIGURE  8,  it  can  be 
50  seen  that  the  edges  of  the  p+  regions  116  and 

118  adjacent  the  channel  region  underlying  the 
gate  electrode  50  are  offset  from  the  edge  of  the 
gate  by  a  dimension  which  is  determined  by  the 
thickness  of  the  sidewall  oxide  layers  70  and  72 

55  and  the  thickness  of  the  titanium  layer  78  that  was 
sputtered  onto  the  substrate.  The  offset  is  a  matter 
of  design  choice  and  is  utilized  to  account  for  the 
lateral  diffusion  of  the  p+  regions  116  and  118. 

6 



11 EP  0  293  731  B1 12 

The  edge  of  the  p+  regions  116  and  118  are 
nominally  aligned  with  the  edges  of  the  channel 
region  underlying  the  gate  electrode  50. 

In  the  NPN  bipolar  transistor,  the  emitter  elec- 
trode  56  is  heavily  doped.  Since  it  contacts  the 
substrate,  the  dopants  will  diffuse  downward  into 
the  substrate  as  a  result  of  thermal  cycling.  With 
the  process  of  the  present  invention,  the  thermal 
cycling  is  minimized  such  that  the  dopants  are  not 
initially  driven  down  into  the  substrate  after  the 
step  of  patterning  of  the  second  poly  layer  46  and 
subsequent  patterning  of  the  emitter  electrode  56. 
However,  some  thermal  cycling  exists,  and  as 
such,  there  will  be  some  downward  diffusion.  Since 
there  are  going  to  be  a  number  of  thermal  cycles 
involved  in  forming  the  various  levels  of  oxide  and 
titanium  disilicide,  arsenic  is  the  preferred  dopant. 
Arsenic  requires  a  thermal  cycle  at  approximately 
1000°C  for  fifteen  minutes  to  provide  the  appro- 
priate  drive  downward  into  the  substrate  to  form 
the  desired  metallurgical  junction.  The  result  of  the 
thermal  cycling  is  an  n+  region  124  that  forms  the 
emitter  of  the  bipolar  transistor  contacting  the  emit- 
ter  electrode  56. 

With  respect  to  the  p+  region  120  and  122 
and  the  n  +  region  124  in  the  bipolar  transistor,  it  is 
only  that  the  distance  between  the  edges  of  the 
p+  regions  120  and  122  and  the  edges  of  the  n  + 
region  124  are  proximate  to  each  other  and  spaced 
approximately  1600-2500  angstroms  apart.  The 
sidewall  oxide  layers  74  and  76  adjacent  the  sides 
of  the  emitter  electrode  56  provide  this  spacing 
and  constitute  a  self-aligned  process. 

After  the  p  +  regions  68  and  70  which  form  the 
source/drain  junctions  of  the  MOS  transistor  are 
formed  and  the  p+  extrinsic  base  regions  120  and 
122  of  the  bipolar  transistor  are  formed,  an  inter- 
level  of  oxide  is  deposited  over  the  surface  of  the 
substrate  and  then  patterned  to  form  openings  for 
metal  transistor  contacts.  This  is  illustrated  in  FIG- 
URE  9.  This  results  in  a  layer  of  interlevel  oxide 
126  being  formed  over  the  substrate.  A  base  con- 
tact  128  is  then  formed  contacting  the  local  inter- 
connect  114,  an  emitter  contact  130  is  formed 
contacting  the  silicide  layer  88  overlying  the  elec- 
trode  56  and  a  collector  contact  132  is  formed  to 
contact  the  silicide  layer  90  overlying  the  collector 
electrode  62  of  the  bipolar  transistor.  In  the  MOS 
transistor,  a  gate  contact  134  is  formed  contacting 
the  silicide  layer  82  overlying  the  gate  electrode 
50,  a  source/drain  contact  136  is  formed  contacting 
the  local  interconnect  110  and  a  source/drain  con- 
tact  138  is  formed  contacting  the  local  interconnect 
112. 

Referring  now  to  FIGURE  10  there  is  illustrated 
a  cross-sectional  diagram  of  a  lateral  PNP  transis- 
tor  at  the  processing  stage  illustrated  in  FIGURE  5. 
Like  numerals  refer  to  like  structures  in  the  various 

figures.  An  N+  region  142,  similar  to  the  N  + 
region  12,  is  formed  in  the  substrate  and  bounded 
on  either  side  thereof  by  a  p+  region  144  and  146, 
p+  regions  144  and  146  being  similar  to  p  + 

5  regions  16-20.  An  n-  epitaxial  region  148  is  formed 
above  the  n+  region  142  and  is  similar  to  the  n- 
regions  22  and  24.  Field  oxide  is  then  grown  on  the 
substrate  10  to  form  a  field  oxide  region  150  and 
152  on  either  side  of  the  n-  region  148  and  n  + 

io  region  154  is  formed  and  separated  from  the  re- 
maining  circuitry  by  field  oxide  layer  156.  The  n  + 
region  154  is  formed  in  a  manner  similar  to  that  of 
the  deep  collector  34.  This  will  result  in  a  structure 
similar  to  the  bipolar  transistor  of  FIGURE  2  with 

is  the  exception  of  the  intrinsic  base  44.  During  im- 
planting  of  the  intrinsic  base  44,  as  illustrated  in 
FIGURE  2,  the  mask  42  is  extended  to  overly  the 
n-region  148  to  prevent  impurities  from  being  im- 
planted  in  the  n-  region  148. 

20  After  formation  of  the  n-  region  148  and  n  + 
region  154,  the  doped  poly  layer  46,  a  layer  of 
oxide  158  is  formed  over  n-  region  148  to  a  thick- 
ness  equal  to  oxide  layer  38  in  FIGURE  2.  The 
attending  titanium  layer  48  and  oxide  mask  49  are 

25  then  disposed  on  the  substrate  10.  However,  it  is 
important  to  note  that  no  opening  was  disposed  in 
the  oxide  layer  158  similar  to  the  opening  45  in 
oxide  layer  38  of  the  NPN  bipolar  transistor.  There- 
fore,  the  dopant  that  was  implanted  into  the  poly 

30  layer  46  will  not  diffuse  downward  into  the  sub- 
strate  through  the  oxide  layer  158.  This  is  an 
important  difference  between  the  lateral  PNP  tran- 
sistor  and  the  NPN  transistor  formation. 

The  resulting  structure  is  then  patterned  to 
35  form  the  gate  electrode  50  of  the  MOS  transistor 

and  the  emitter  electrode  56  of  the  NPN  transistor 
as  illustrated  in  FIGURE  5.  However,  a  spacer  160 
is  also  patterned  over  the  N-  region  148  which  is 
separated  therefrom  by  the  oxide  layer  158.  The 

40  spacer  160  has  a  layer  of  titanium  162  and  an 
oxide  cap  164  formed  on  the  upper  surface  thereof 
which  are  similar  to  the  titanium  layer  58  and  oxide 
cap  60  of  FIGURE  5  over  the  emitter  electrode  56. 
In  a  similar  manner,  a  base  electrode  166  is 

45  formed  overlying  the  N+  region  154  and  in  contact 
therewith. 

A  titanium  layer  168  and  an  oxide  cap  170  are 
disposed  over  the  base  electrode  166.  Base  elec- 
trode  166  is  similar  to  collector  electrode  162  and 

50  the  overlying  structure  64  and  66  of  FIGURE  5. 
The  layer  of  oxide  68  is  then  disposed  over  the 
substrate  for  purposes  of  forming  sidewall  oxides. 
This  results  in  sidewall  oxides  172  being  formed  on 
either  side  of  the  spacer  160.  The  titanium  layer  78 

55  is  then  deposited  over  the  substrate  and  reacted 
with  the  exposed  silicon  or  polysilicon  to  form 
titanium  disilicide,  as  illustrated  in  the  process  step 
of  FIGURE  7.  This  is  followed  by  implanting  of  P- 
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type  impurities  into  the  titanium  disilicide  layers, 
which  results  in  a  layer  of  titanium  disilicide  174 
and  a  layer  of  titanium  disilicide  176  being  formed 
on  either  side  of  the  spacer  160.  In  addition,  a 
silicide  layer  178  is  formed  over  the  base  electrode 
166  and  a  titanium  disilicide  layer  180  is  formed 
over  the  spacer  160.  The  spacer  160  and  its  over- 
lying  layers,  as  will  be  described  hereinbelow,  per- 
form  no  function,  as  the  spacer  160  functions 
merely  acts  as  a  mask  which  is  formed  during  the 
processing  of  the  emitter  electrode  56  of  the  NPN 
transistor.  The  spacer  116  is  fabricated  identical  to 
the  gate  electrode  50  and  the  underlying  gate 
oxide  36  with  the  exception  that  the  oxide  layer 
158  is  thicker,  as  it  was  formed  during  the  step  of 
formation  of  the  oxide  layer  38.  The  sidewall  oxide 
layers  172  function  in  a  similar  manner  to  the 
sidewall  oxide  layer  70  and  72  to  provide  an  offset 
function,  with  the  thickness  of  the  titanium  layer  78 
overlying  the  spacer  of  160  and  the  sidewalls 
thereof  also  performing  a  spacing  function. 

After  formation  of  the  titanium  disilicide  layers 
176  and  174  and  the  implanting  of  impurities  there- 
in,  the  impurities  are  driven  down  into  the  substrate 
to  form  P+  junctions  182  beneath  the  titanium 
disilicide  layer  178  and  P+  region  184  beneath  the 
titanium  disilicide  layer  176.  These  are  similar  to 
P+  regions  120  and  122  of  FIGURE  8. 

After  formation  of  the  P+  regions  182  and  184 
by  subsequent  thermal  cycling  processes  de- 
scribed  above  with  reference  to  FIGURE  8,  local 
interconnects  are  then  patterned  to  provide  a  local 
interconnect  186  for  connection  to  the  P+  region 
182  and  a  local  interconnect  188  for  connection  to 
the  P+  region  184.  The  P+  regions  182  and  184 
provide  the  collector  and  emitter  of  the  NPN  bi- 
polar  transistor  with  the  N+  region  158  and  the 
base  contact  164  providing  the  base  of  the  PNP 
transistor.  Thereafter,  contacts  are  formed  similar 
to  the  contacts  128-138  of  FIGURE  9  in  the  same 
processing  step. 

Referring  now  to  FIGURE  13  there  is  illustrated 
an  alternate  embodiment  of  the  present  invention 
wherein  the  emitter  electrode  is  patterned  directly 
onto  the  substrate  without  requiring  the  opening  45 
to  be  formed  in  the  oxide  layer  38.  The  structure  of 
FIGURE  13  is  formed  by  removing  any  oxide  over 
the  intrinsic  base  region  44  and  then  patterning  the 
layers  46,  48  and  49  in  the  same  manner  as 
described  above  with  reference  to  FIGURES  4  and 
5.  This  results  in  electrode  56'  being  formed  on  the 
substrate  with  the  vertical  wall  of  the  emitter  elec- 
trode  56'  contacting  the  substrate.  After  formation 
thereof  with  the  layers  58  and  60  overlying  the 
emitter  electrode  56',  sidewall  oxide  layers  74'  and 
76'  are  formed  on  the  vertical  walls  thereof  in  a 
similar  manner  to  formation  of  the  sidewall  oxide 
layers  74  and  76  of  FIGURE  6.  However,  these 

sidewall  oxide  layers  74'  and  76'  are  thicker  to 
account  for  the  overlap  provided  by  the  oxide  layer 
38  in  FIGURES  4-6.  Thereafter,  silicide  layers  84' 
and  86'  are  formed  similar  to  silicide  layers  84  and 

5  86  of  FIGURES  4-6  and  doped  to  form  P+  junc- 
tions  120'  and  122'.  By  making  sidewall  oxide  lay- 
ers  74'  and  76'  thicker,  this  effectively  spaces  out- 
ward  the  edge  of  the  silicide  layers  120'  and  122'. 
The  result  is  that  the  lateral  movement  of  the 

io  doping  materials  implanted  into  the  silicide  layers 
84'  and  86'  is  further  removed  from  the  resulting 
N  +  junction  formed  beneath  the  electrode  56'. 
This,  of  course,  can  be  adjusted  by  providing  a 
thicker  layer  of  titanium  prior  to  formation  and 

is  implanting  of  the  silicide  layers  84'  and  86'. 
In  order  to  ensure  that  the  edges  of  the 

source/drain  junctions  formed  in  the  MOS  transistor 
are  sufficiently  close  to  the  edges  of  the  channel 
region,  it  is  necessary  to  provide  some  type  of 

20  contact  between  the  edge  of  the  source/drain  re- 
gion  and  the  edge  of  the  channel  region.  This  is 
due  to  the  fact  that  the  edge  of  the  P  +  region  has 
been  disposed  further  away  from  the  vertical  edge 
of  the  gate  electrode,  since  the  sidewall  oxide  layer 

25  formed  around  the  gate  of  the  MOS  transistor  is 
the  same  thickness  as  that  of  the  sidewall  oxide 
layers  74'  and  76'  formed  on  the  vertical  walls  of 
the  emitter  electrode  56'.  Since  these  sidewall  ox- 
ide  layers  have  been  increased  in  thickness  to 

30  account  for  the  lack  of  overlapping  of  emitter  elec- 
trode  56',  it  is  necessary  to  provide  a  reach-through 
implant  prior  to  depositing  the  titanium  layer.  The 
implant  is  a  light  P-type  implant  which  is  typically 
made  after  formation  of  the  sidewall  oxide  layers. 

35  This  implant  will  be  relatively  shallow  and  will  dif- 
fuse  laterally  toward  the  edge  of  the  channel  re- 
gion.  The  subsequent  source/drain  implant  into  the 
silicide  layers  will  merge  with  this  reach-through 
implant  with  the  reach-through  implant  providing 

40  the  contact  with  the  edge  of  the  channel  region. 
This  is  a  conventional  process.  The  resulting  struc- 
ture  removes  the  need  for  a  patterning  step  by 
which  the  opening  45  is  formed  in  the  oxide  layer 
38,  as  illustrated  in  FIGURE  4. 

45  Referring  now  to  FIGURES  14  and  15,  there  are 
illustrated  the  steps  of  forming  a  refractory  metal 
gate  for  the  MOS  transistor  and  a  refractory  metal 
electrode  for  the  bipolar  transistor.  The  process  for 
forming  the  BICMOS  device  is  the  same  up  to  the 

50  step  of  FIGURE  3  wherein  a  layer  of  refractory 
metal  is  deposited  on  the  substrate  in  place  of  the 
poly  layer  46.  This  refractory  metal  layer  is  tung- 
sten  which  is  then  doped  with  impurities  to  approxi- 
mately  the  level  of  the  poly  layer  46.  A  protective 

55  cap  is  then  disposed  over  the  substrate  similar  to 
the  protective  cap  49  of  FIGURE  4.  The  resulting 
layer  of  refractory  metal  and  protective  cap  are 
then  patterned  to  form  an  emitter  electrode  188 
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and  a  gate  electrode  190  with  a  protective  cap  192 
overlying  the  emitter  electrode  188  and  a  protec- 
tive  cap  194  overlying  the  gate  electrode  190.  In 
addition,  the  refractory  metal  layer  196  is  formed 
over  the  collector  with  the  protective  cap  198 
formed  over  the  collector  electrode  196.  Sidewall 
oxide  layers  200  are  then  formed  on  the  emitter 
electrode  188  and  sidewall  oxide  layers  202  are 
formed  on  the  vertical  walls  of  the  gate  electrode 
190.  Thereafter,  a  layer  of  titanium  is  disposed  over 
the  substrate  similar  to  the  process  illustrated  in 
FIGURE  7  resulting  in  the  formation  of  silicide 
layers  78-86  in  the  MOS  and  bipolar  regions  re- 
spectively.  In  this  reaction,  the  refractory  metal 
formed  in  the  emitter  electrode  188  is  reacted  with 
the  underlying  silicon  to  form  a  silicide  emitter 
electrode  196  and  a  silicide  collector  electrode  199. 
Thereafter,  the  unreacted  titanium  is  removed  leav- 
ing  behind  the  silicide  layers  78-86  and  the  silicide 
emitter  electrode  196. 

In  summary,  there  is  provided  a  process 
whereby  two  regions  are  defined  in  the  substrate, 
one  for  forming  an  MOS  transistor  and  one  for 
forming  an  NPN  or  PNP  bipolar  transistor.  After  the 
regions  are  defined,  a  gate  electrode  is  formed  in 
the  MOS  transistor  region  separated  from  the  sili- 
con  surface  by  a  gate  oxide  and  an  emitter  elec- 
trode  is  formed  in  the  NPN  bipolar  region  contact- 
ing  the  silicon  surface  spacer  formed  in  the  PNP 
bipolar  region.  The  electrodes  are  formed  from 
polycrystalline  silicon  and  doped  with  n-type  impu- 
rities  and  then  a  layer  of  oxide  formed  on  the 
sidewalls  thereof.  The  upper  surfaces  thereof  are 
sealed  with  a  layer  of  titanium  and  then  a  layer  of 
oxide.  Another  layer  of  titanium  is  then  sputtered 
over  the  entire  surface  contacting  the  source/drain 
regions  of  the  MOS  transistor  and  the  base  regions 
on  either  side  of  the  emitter  electrode  in  the  bipolar 
transistor.  The  titanium  is  then  reacted  to  form 
titanium  disilicide  on  the  exposed  silicon  and  poly- 
silicon  surfaces.  Thereafter,  n-type  impurities  are 
implanted  into  the  extrinsic  base  region  of  the  NPN 
bipolar  transistor,  the  emitter  and  collector  of  the 
PNP  bipolar  transistor  and  the  source/drain  regions 
of  the  MOS  transistors.  The  protective  oxide  cap 
over  the  gate  electrode  and  emitter  electrode  pre- 
vent  p-type  impurities  from  entering  the  emitter 
electrode.  The  unreacted  titanium,  in  addition  to  the 
sidewall  oxide  surrounding  the  gate  of  the  MOS 
transistor  and  the  emitter  electrode  of  the  NPN 
bipolar  transistor,  functions  to  offset  the  implanted 
impurities  from  the  edges  thereof.  A  subsequent 
annealing  step  drives  the  impurities  from  the  sili- 
cide  down  into  the  substrate  to  form  a  metallurgical 
junction  to  form  the  source/drain  junctions  and  the 
extrinsic  base.  In  addition,  the  implanted  impurities 
in  the  emitter  electrode  are  driven  down  into  the 
substrate  to  form  the  emitter  of  the  bipolar  transis- 

tor. 
Although  the  preferred  embodiment  has  been 

described  in  detail,  it  should  be  understood  that 
various  changes,  substitutions  and  alterations  can 

5  be  made  therein  without  departing  from  the  spirit 
and  scope  of  the  invention  as  defined  by  the  ap- 
pending  Claims. 

Claims 
10 

1.  A  method  for  forming  a  bipolar  transistor  in  a 
semiconductor  body,  comprising: 

forming,  in  a  first  area  of  a  surface  of  the 
semiconductor  body,  an  intrinsic  base  (44)  of  a 

is  first  conductivity  type; 
forming  an  emitter  electrode  (56)  in  con- 

tact  with  the  intrinsic  base,  the  emitter  elec- 
trode  doped  with  second  conductivity  type  im- 
purities; 

20  forming  a  first  layer  of  refractory  metal  (58) 
on  the  surface  of  the  emitter  electrode;  char- 
acterized  by: 

forming  a  protective  cap  (60)  upon  the 
refractory  metal  layer  (58)  on  the  emitter  elec- 

25  trade  (56); 
exposing  a  portion  of  the  intrinsic  base 

(44)  at  a  location  adjacent  said  capped  emitter 
electrode  (56); 

forming  a  second  layer  of  refractory  metal 
30  (78)  over  the  exposed  portion  of  said  intrinsic 

base  (44)  and  said  capped  emitter  electrode 
(56); 

reacting  the  refractory  metal  to  form  a 
silicide  film  (84,  86,  88)  at  said  exposed  por- 

35  tion  of  said  intrinsic  base  (44)  and  said  emitter 
electrode  (56); 

implanting  impurities  of  the  first  conductiv- 
ity  type  into  the  exposed  portion  of  said  intrin- 
sic  base  (44);  and 

40  driving  the  impurities  implanted  into  the 
exposed  portion  of  the  intrinsic  base. 

2.  The  method  of  claim  1,  further  comprising: 
depositing  a  layer  of  oxide  (68)  over  the 

45  said  first  area,  after  said  step  of  forming  the 
protective  cap  (60)  upon  the  emitter  electrode 
(56);  and 

anisotropically  etching  the  oxide  layer  to 
leave  the  sidewall  oxide  filaments  (74,  76)  on 

50  the  capped  emitter  electrode  (56),  prior  to  said 
step  of  forming  the  second  layer  of  refractory 
metal  (78). 

3.  The  method  of  claim  1,  further  comprising: 
55  forming  a  layer  of  gate  oxide  (36)  over  a 

second  area  of  the  surface  of  the  semiconduc- 
tor  body; 

and  wherein  said  step  of  forming  the  emit- 

9 
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ter  electrode  comprises: 
depositing  a  layer  of  polycrystalline  silicon 

(46)  over  the  first  and  second  areas; 
implanting  impurities  of  a  second  conduc- 

tivity  type  into  the  layer  of  polycrystalline  sili-  5 
con  (46);  and 

removing  selected  portions  of  the  layer  of 
polycrystalline  silicon  to  define  a  gate  elec- 
trode  (50)  in  the  second  area  and  the  emitter 
electrode  (56)  in  the  first  area.  10 

4.  The  method  of  claim  3  wherein  the  step  of 
forming  the  first  refractory  metal  layer  (58) 
comprises: 

depositing  a  layer  of  titanium  (48)  over  the  is 
polycrystalline  silicon  layer  (46)  prior  to  the 
step  of  removing  the  selected  portions  thereof; 

and  wherein  said  step  of  forming  the  pro- 
tective  cap  comprises: 

forming  an  oxide  layer  (49)  over  the  20 
titanium  layer  (48)  prior  to  said  step  of  remov- 
ing  selected  portions  of  the  polycrystalline  sili- 
con  layer  (46)  such  that  the  layer  of  titanium 
(48)  and  the  oxide  layer  (49)  are  patterned  with 
the  gate  electrode  (50)  and  emitter  electrode  25 
(56). 

5.  The  method  of  claim  1  wherein  the  step  of 
selectively  implanting  the  impurities  of  the  first 
conductivity  type  comprises  implanting  the  im-  30 
purities  into  the  silicide  film  (84,  86)  formed 
from  the  second  refractory  layer  (78). 

6.  The  method  of  claim  1  wherein  the  refractory 
metal  (58,  78)  comprises  titanium  and  the  sili-  35 
cide  (84,  86,  88)  comprises  titanium  disilicide. 

7.  The  method  of  claim  1  wherein  the  step  of 
driving  the  impurities  comprises  annealing  the 
semiconductor  body.  40 

8.  The  method  of  claim  1  wherein  the  step  of 
implanting  impurities  of  the  first  conductivity 
type  comprises: 

exposing  a  portion  of  the  first  area  of  the  45 
surface  of  the  semiconductor  body  including 
the  exposed  portion  of  the  intrinsic  base  (44) 
and  the  emitter  electrode  (56)  to  an  ion  beam 
of  impurities  of  the  first  conductivity  type  such 
that  the  impurities  are  implanted  into  the  sili-  so 
cide  film  (84,  86)  at  said  exposed  portion  of 
the  intrinsic  base  (44)  but  are  blocked  from 
being  implanted  into  the  silicide  film  (88)  on 
the  emitter  electrode  (56). 

55 
9.  The  method  of  claim  1  and  further  comprising: 

forming,  in  said  first  area  of  the  surface  of 
the  semiconductor  body,  a  buried  collector 

(12)  of  the  second  conductivity  type  connected 
to  the  surface  of  the  silicon  with  a  deep  collec- 
tor  contact  (34)  of  the  second  conductivity 
type; 

forming  a  collector  electrode  (62)  in  con- 
tact  with  the  deep  collector  contact  (34)  so 
that,  during  the  step  of  forming  the  first  refrac- 
tory  metal  layer  (58)  on  the  emitter  electrode 
(56),  a  layer  of  refractory  metal  (64)  is  also 
formed  on  said  collector  electrode  (62)  and  so 
that,  during  the  step  of  forming  the  protective 
cap  (60)  overlying  the  refractory  metal  layer 
(58)  on  the  emitter  electrode  (56),  a  protective 
cap  (66)  is  also  formed  overlying  the  refractory 
metal  layer  (64)  on  the  collector  electrode  (62). 

10.  The  method  of  claim  1  and  further  comprising: 
forming  a  layer  of  field  oxide  (26,  32)  at 

the  boundary  of  the  first  area  of  the  surface  of 
the  semiconductor  body. 

Patentanspruche 

1.  Verfahren  zum  Herstellen  eines  bipolaren  Tran- 
sistors  in  einem  Halbleiterkorper,  enthaltend: 
Bilden  einer  eigenleitenden  Basis  (44)  eines 
ersten  Leitungstyps  in  einer  ersten  Zone  einer 
Flache  des  Halbleiterkorpers; 
Bilden  einer  Emitterelektrode  (56)  in  Kontakt 
mit  der  eigenleitenden  Basis,  wobei  die  Emit- 
terelektrode  mit  Storstoffen  eines  zweiten  Lei- 
tungstyps  dotiert  ist; 
Bilden  einer  ersten  Schicht  (58)  aus  schwer- 
schmelzendem  Metall  auf  der  Flache  der  Emit- 
terelektrode;  gekennzeichnet  durch: 
Bilden  einer  Schutzkappe  (60)  auf  der  Schicht 
(58)  aus  schwerschmelzendem  Metall  auf  der 
Emitterelektrode  (56); 
Freilegen  eines  Abschnitts  der  eigenleitenden 
Basis  (44)  an  einer  Stelle  angrenzend  an  die 
mit  einer  Kappe  versehenen  Emitterelektrode 
(56); 
Bilden  einer  zweiten  Schicht  (78)  aus  schwer- 
schmelzendem  Metall  uber  dem  freigelegten 
Abschnitt  der  eigenleitenden  Basis  (44)  und 
der  mit  einer  Kappe  versehenen  Emitterelek- 
trode  (56); 
Erzeugen  einer  Reaktion  des  schwerschmel- 
zenden  Metalls  zur  Bildung  eines  Silizid-Films 
(84,  86,  88)  bei  dem  freiliegenden  Abschnitt 
der  eigenleitenden  Basis  (44)  und  der  Emitter- 
elektrode  (56); 
Implantieren  von  Storstoffen  des  ersten  Lei- 
tungstyps  in  den  freiliegenden  Abschnitt  der 
eigenleitenden  Basis  (44);  und 
Treiben  der  implantierten  Storstoffe  in  den  frei- 
liegenden  Abschnitt  der  eigenleitenden  Basis. 
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2.  Verfahren  nach  Anspruch  1,  ferner  enthaltend: 
Aufbringen  einer  Oxidschicht  (68)  auf  der  er- 
sten  Zone  nach  dem  Schritt  der  Bildung  der 
Schutzkappe  (60)  auf  der  Emitterelektrode 
(56);  und  5 
anisotropisches  Atzen  der  Oxidschicht,  damit 
die  Seitenwandoxidfaden  (74,  76)  auf  der  mit 
einer  Kappe  versehenen  Emitterelektrode  (56) 
zuruckbleiben,  bevor  der  Schritt  des  Bildens 
der  zweiten  Schicht  (78)  aus  schwerschmel-  10 
zendem  Metall  ausgefuhrt  wird. 

3.  Verfahren  nach  Anspruch  1,  ferner  enthaltend: 
Bilden  einer  Gate-Oxidschicht  (36)  uber  einer 
zweiten  Zone  der  Oberflache  des  Halbleiter-  is 
korpers; 
und  wobei  der  Schritt  des  Bildens  der  Emitter- 
elektrode  enthalt: 
Aufbringen  einer  Schicht  (46)  aus  polykristalli- 
nem  Silizium  uber  den  ersten  und  zweiten  20 
Zonen; 
Implantieren  von  Storstoffen  eines  zweiten  Lei- 
tungstyps  in  die  Schicht  (46)  aus  polykristalli- 
nem  Silizium;  und 
Entfernen  ausgewahlter  Abschnitte  der  Schicht  25 
aus  polykristallinem  Silizium  zur  Bildung  einer 
Gateelektrode  (50)  in  der  zweiten  Zone  und 
der  Emitterelektrode  (56)  in  der  ersten  Zone. 

4.  Verfahren  nach  Anspruch  3,  bei  welchem  der  30 
Schritt  des  Bildens  der  ersten  Schicht  (58)  aus 
schwerschmelzendem  Metall  enthalt: 
Aufbringen  einer  Titanschicht  (48)  uber  der 
Schicht  (46)  aus  polykristallinem  Silizium  vor 
dem  Schritt  des  Entfernens  ausgewahlter  Ab-  35 
schnitte  davon; 
und  wobei  der  Schritt  des  Bildens  der  Schutz- 
kappe  enthalt: 
Bilden  einer  Oxidschicht  (49)  uber  der  Titan- 
schicht  (48)  vor  dem  Schritt  des  Entfernens 
ausgewahlter  Abschnitte  der  Schicht  (46)  aus 
polykristallinem  Silizium,  so  dal3  die  Titan- 
schicht  (48)  und  die  Oxidschicht  (49)  mit  der 
Gateelektrode  (50)  und  der  Emitterelektrode 
(56)  gemustert  werden. 

7.  Verfahren  nach  Anspruch  1,  bei  welchem  der 
Schritt  des  Treibens  der  Storstoffe  das  Tern- 
pern  des  Halbleiterkorpers  umfaBt. 

5  8.  Verfahren  nach  Anspruch  1,  bei  welchem  der 
Schritt  des  Implantierens  von  Storstoffen  des 
ersten  Leitungstyps  enthalt: 
Freilegen  eines  Abschnitts  der  ersten  Zone  auf 
der  Oberflache  des  Halbleiterkorpers  ein- 

io  schlieBlich  des  freiliegenden  Abschnitts  der  ei- 
genleitenden  Basis  (44)  und  der  Emitterelektro- 
de  (56)  fur  einen  lonenstrahl  aus  Storstoffen 
des  ersten  Leitungstyps,  so  dal3  die  Storstoffe 
in  den  Silizid-Film  (84,  86)  an  dem  freigelegten 

is  Abschnitt  der  eigenleitenden  Basis  (44)  implan- 
tiert  werden,  jedoch  auf  der  Emitterelektrode 
(56)  gegen  ein  Implantieren  in  den  Silizid-Film 
(88)  gesperrt  sind. 

20  9.  Verfahren  nach  Anspruch  1,  ferner  enthaltend: 
Bilden  eines  mit  der  Oberflache  des  Siliziums 
mit  einem  tiefen  Kollektorkontakt  (34)  des 
zweiten  Leitungstyps  verbundenen  vergrabe- 
nen  Kollektor  (12)  des  ersten  Leitungstyps  in 

25  der  ersten  Zone  der  Oberflache  des  Halbleiter- 
korpers; 
Bilden  einer  in  Kontakt  mit  dem  tiefen  Kollek- 
torkontakt  (34)  stehenden  Kollektorelektrode 
(62)  in  der  Weise,  dal3  wahrend  des  Schritts 

30  der  Bildung  der  ersten  Schicht  (58)  aus 
schwerschmelzendem  Metall  auf  der  Emitter- 
elektrode  (56)  auch  eine  Schicht  (64)  aus 
schwerschmelzendem  Metall  auf  der  Kollektor- 
elektrode  (62)  gebildet  wird  und  ferner  so,  dal3 

35  wahrend  des  Schritts  der  Bildung  der  Schutz- 
kappe  (60)  uber  der  Schicht  (58)  aus  schwer- 
schmelzendem  Metall  auf  der  Emitterelektrode 
(56)  auch  eine  Schutzkappe  (66)  uber  der 
Schicht  (64)  aus  schwerschmelzendem  Metall 

40  auf  der  Kollektorelektrode  (62)  gebildet  wird. 

10.  Verfahren  nach  Anspruch  1,  ferner  enthaltend: 
Bilden  einer  Feldoxidschicht  (26,  32)  an  den 
Grenzen  der  ersten  Zone  auf  der  Oberflache 

45  des  Halbleiterkorpers. 

5.  Verfahren  nach  Anspruch  1,  bei  welchem  der 
Schritt  des  selektiven  Implantierens  von  Stor- 
stoffen  des  ersten  Leitungstyps  das  Implantie- 
ren  der  Storstoffe  in  den  Silizid-Film  (84,  86) 
enthalt,  der  aus  der  zweiten  schwerschmelzen- 
den  Schicht  (78)  gebildet  ist. 

6.  Verfahren  nach  Anspruch  1,  bei  welchem  das 
schwerschmelzende  Metall  (58,  78)  Titan  urn- 
faBt  und  das  Silizid  (84,  86,  88)  Titandisilizid 
umfaBt. 

Revendicatlons 

1.  Procede  de  formation  d'un  transistor  bipolaire 
50  dans  un  corps  semiconducteur,  comprenant 

les  etapes  suivantes: 
formation,  dans  une  premiere  zone  d'une 

surface  du  corps  semiconducteur,  d'une  base 
intrinseque  (44)  d'un  premier  type  de  conducti- 

55  vite; 
formation  d'une  electrode  d'emetteur  (56) 

en  contact  avec  la  base  intrinseque,  I'electrode 
d'emetteur  etant  dopee  avec  des  impuretes 
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d'un  second  type  de  conductivity 
formation  d'une  premiere  couche  de  metal 

refractaire  (58)  sur  la  surface  de  I'electrode 
d'emetteur;  caracterise  par  les  etapes  suivan- 
tes:  5 

formation  d'un  couvercle  protecteur  (60) 
par  dessus  la  couche  (58)  de  metal  refractaire 
sur  I'electrode  d'emetteur  (56); 

exposition  d'une  partie  de  la  base  intrinse- 
que  (44)  en  un  emplacement  adjacent  a  ladite  10 
electrode  d'emetteur  (56)  recouverte  d'un  cou- 
vercle; 

formation  d'une  seconde  couche  de  metal 
refractaire  (78)  sur  la  partie  exposee  de  ladite 
base  intrinseque  (44)  et  ladite  electrode  is 
d'emetteur  (56)  recouverte  d'un  couvercle; 

reaction  du  metal  refractaire  pour  former 
un  film  de  siliciure  (84,  86,  88)  a  ladite  partie 
exposee  de  ladite  base  intrinseque  (44)  et  ladi- 
te  electrode  d'emetteur  (56);  20 

implantation  d'impuretes  du  premier  type 
de  conductivite  dans  la  partie  exposee  de  ladi- 
te  base  intrinseque  (44);  et 

entraTnement  des  impuretes  implantees 
dans  la  partie  exposee  de  la  base  intrinseque.  25 

Procede  selon  la  revendication  1,  comprenant 
en  outre  les  etapes  suivantes: 

depot  d'une  couche  d'oxyde  (68)  sur  ladite 
premiere  zone,  apres  ladite  etape  de  formation  30 
du  couvercle  protecteur  (60)  sur  I'electrode 
d'emetteur  (56);  et 

attaque  anisotropique  de  la  couche  d'oxy- 
de  pour  laisser  les  filaments  (74,  76)  d'oxyde 
sur  les  parois  laterales  de  I'electrode  d'emet-  35 
teur  (56)  recouverte  d'un  couvercle,  avant  ladi- 
te  etape  de  formation  de  la  seconde  couche 
de  metal  refractaire  (78). 

Procede  selon  la  revendication  1,  comprenant  40 
en  outre  les  etapes  suivantes: 

formation  d'une  couche  d'oxyde  de  grille 
(36)  sur  une  seconde  zone  de  la  surface  du 
corps  semiconducteur; 

et  dans  lequel  ladite  etape  de  formation  de  45 
I'electrode  d'emetteur  consiste  a: 

deposer  une  couche  de  silicium  polycris- 
tallin  (46)  sur  les  premiere  et  seconde  zones; 

implanter  des  impuretes  d'un  second  type 
de  conductivite  dans  la  couche  de  silicium  so 
polycristallin  (46);  et 

retirer  des  parties  selectionnees  de  la  cou- 
che  de  silicium  polycristallin  afin  de  definir  une 
electrode  de  grille  (50)  dans  la  seconde  zone 
et  I'electrode  d'emetteur  (56)  dans  la  premiere  55 
zone. 

4.  Procede  selon  la  revendication  3  dans  lequel 
I'etape  de  formation  de  la  premiere  couche  de 
metal  refractaire  (58)  comporte: 

le  depot  d'une  couche  de  titane  (48)  sur  la 
couche  de  silicium  polycristallin  (46)  avant 
I'etape  de  retrait  de  ses  parties  selectionnees; 

et  dans  lequel  ladite  etape  de  formation  du 
couvercle  protecteur  comporte: 

la  formation  d'une  couche  d'oxyde  (49)  sur 
la  couche  de  titane  (48)  avant  ladite  etape  de 
retrait  de  parties  selectionnees  de  la  couche 
(46)  de  silicium  polycristallin  de  telle  sorte  que 
la  couche  de  titane  (48)  et  la  couche  d'oxyde 
(49)  sont  configurees  avec  I'electrode  de  grille 
(50)  et  I'electrode  d'emetteur  (56). 

8.  Procede  selon  la  revendication  1  dans  lequel 
I'etape  d'implantation  d'impuretes  du  premier 
type  de  conductivite  comporte: 

I'exposition  d'une  partie  de  la  premiere 
zone  de  la  surface  du  corps  semiconducteur 
incluant  la  partie  exposee  de  la  base  intrinse- 
que  (44)  et  I'electrode  d'emetteur  (56)  a  un 
faisceau  ionique  d'impuretes  du  premier  type 
de  conductivite  de  telle  sorte  que  les  impure- 
tes  sont  implantees  dans  le  film  de  siliciure 
(84,  86)  a  ladite  partie  exposee  de  la  base 
intrinseque  (44)  mais  sont  empechees  d'etre 
implantees  dans  le  film  de  siliciure  (88)  sur 
I'electrode  d'emetteur  (56). 

9.  Procede  selon  la  revendication  1  comportant 
en  outre: 

la  formation,  dans  ladite  premiere  zone  de 
la  surface  du  corps  semiconducteur,  d'un  col- 
lecteur  enterre  (12)  du  second  type  de 
conductivite  connecte  a  la  surface  du  silicium 
avec  un  contact  de  collecteur  (34)  profond  du 
second  type  de  conductivite; 

la  formation  d'une  electrode  de  collecteur 
(62)  en  contact  avec  le  contact  de  collecteur 
(34)  profond  de  telle  sorte  que,  au  cours  de 

5.  Procede  selon  la  revendication  1  dans  lequel 
I'etape  d'implantation  selective  des  impuretes 
du  premier  type  de  conductivite  comporte  I'im- 

20  plantation  des  impuretes  dans  le  film  de  siliciu- 
re  (84,  86)  forme  a  partir  de  la  seconde  cou- 
che  refractaire  (78). 

6.  Procede  selon  la  revendication  1  dans  lequel 
25  le  metal  refractaire  (58,  78)  comporte  du  titane 

et  le  siliciure  (84,  86,  88)  comporte  du  disiliciu- 
re  de  titane. 

7.  Procede  selon  la  revendication  1  dans  lequel 
30  I'etape  d'entraTnement  des  impuretes  compor- 

te  le  recuit  du  corps  semiconducteur. 

12 



23  EP  0  293  731  B1  24 

I'etape  de  formation  de  la  premiere  couche  de 
metal  refractaire  (58)  sur  I'electrode  d'emetteur 
(56),  une  couche  de  metal  refractaire  (64)  est 
aussi  formee  sur  ladite  electrode  de  collecteur 
(62)  et  de  telle  sorte  que,  au  cours  de  I'etape  5 
de  formation  du  couvercle  protecteur  (60)  re- 
couvrant  la  couche  de  metal  refractaire  (58) 
sur  I'electrode  d'emetteur  (56),  un  couvercle 
protecteur  (66)  est  aussi  forme  recouvrant  la 
couche  de  metal  refractaire  (64)  sur  I'electrode  10 
de  collecteur  (62). 

10.  Procede  selon  la  revendication  1  comprenant 
en  outre: 

la  formation  d'une  couche  d'oxyde  de  is 
champ  (26,  32)  en  bordure  de  la  premiere 
zone  de  la  surface  du  corps  semiconducteur. 
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