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Description 

Background  of  the  Invention 

1  .  Technical  Field 

This  invention  relates  to  semiconductor  devices 
and  more  particularly,  to  improvements  in  the  pro- 
cess  for  fabricating  high  performance  semiconduc- 
tor  devices. 

2.  Background  Art 

In  the  prior  art,  high  performance  semiconduc- 
tor  devices,  as  shown  for  example  in  US-A- 
4,431,460  entitled  "Method  of  Producing  Shallow, 
Narrow-Based  Bipolar  Transistor  Structures  Via 
Dual  Implantations  of  Selected  Polycrystalline  Lay- 
ers";  Serial  Number  355,633,  filed  March  8,  1982 
and  assigned  to  the  assignee  of  the  present  inven- 
tion,  are  processed  in  a  sequence  of  steps  where- 
by  the  extrinsic  base  is  formed  before  a  poly 
emitter  structure.  This  sequence  has  a  significant 
disadvantage  insofar  as  the  surface  physics  of  the 
device  are  concerned.  In  particular,  the  emitter 
surface  is  exposed  to  a  variety  of  potentially  con- 
taminating  or  damaging  process  steps.  Among  the 
most  damaging,  is  a  reactive  ion  etching  (RIE)  step 
during  which  the  future  emitter  surface  is  exposed 
to  ion  bombardment  and  deposition  of  films  of 
hydrocarbons  and  heavy  metals.  These  conditions 
require  the  insertion  of  elaborate  cleaning  steps 
such  as  oxidation  in  oxygen  plasma,  cleaning  in  hot 
oxidizing  acids,  surface  conditioning  by  wet  etch- 
ing,  growth  of  sacrificial  oxide  films,  and  oxide 
removal  in  dilute  solutions  of  hydrofluoric  acid.  In 
addition,  the  need  to  overetch  during  the  RIE  step 
and  subsequent  sacrificial  oxide  growth  recess  the 
emitter  surface  below  that  of  the  surrounding  base 
junction  which  makes  control  of  the  impurity  con- 
centration  at  the  emitter-based  junction  more  dif- 
ficult.  The  process  steps  needed  to  restore  a  clean 
and  undamaged  surface  add  complexity  and  pro- 
cess  time  to  fabricating  sequences  which  are  al- 
ready  long  and  expensive.  Moreover,  the  restored 
surfaces  have  been  found  not  to  produce  contact 
resistances  as  low  as  are  obtained  on  surfaces  that 
have  never  been  exposed  to  RIE  conditions. 

It  is  also  known  to  fabricate  a  high  performance 
polysilicon  base  and  emitter  structure  by  deposit- 
ing  or  forming  a  surface  protective  layer  of  poly- 
silicon  or  other  material  for  an  emitter  before  for- 
ming  an  extrinsic  base  whereby  such  layer  serves 
to  protect  the  subsequently  formed  emitter  region. 
See,  for  example,  a  publication  entitled  "Self-Align- 
ing  Polysilicon  Base  and  Emitter  Transistor",  by 
S.F.  Chu,  B.  Hwang  and  W.  Hwang,  published  in 
the  IBM  Technical  Disclosure  Bulletin  ,  dated  Janu- 

ary  19,  1985,  at  pages  4899  through  4902.  The 
Chu  et  al.  process,  however,  does  expose  the 
surface  of  the  crystal  contiguous  to  the  emitter  area 
to  RIE  damaging.  Also,  the  process  of  interconnec- 

5  ting  the  extrinsic  and  intrinsic  base  of  the  transistor 
is  complicated,  tolerance  limited  and  prone  to  faul- 
ty  or  lack  of  interconnection  between  these  two 
areas  of  the  base  region.  Further,  the  degree  of 
planarity  required  for  high  performance  devices  is 

io  not  achieved  in  the  Chu  et  al.  process  which  has  a 
photoresist  or  polyimide  covering  etched  by  pro- 
cesses  which  are  not  readily  controllable. 

Objects  of  the  Invention 
75 

An  object  of  the  invention  is  a  process  for 
fabricating  a  high  performance  bipolar  device  that 
has  improved  performance  through  an  enhanced 
emitter  or  contact  surface  which  has  not  been 

20  subject  to  deleterious  process  steps. 
Another  object  is  a  process  for  fabricating  a 

bipolar  device  to  protect  a  surface  against  delete- 
rious  processes  and  subsequently  form  a  selected 
active  region  under  such  surface  after  other  active 

25  regions  of  the  device  have  been  formed. 
Another  object  is  a  planarization  and  self- 

aligned  masking  sequence  for  fabricating  emit- 
ter/base  regions  to  controllable  thicknesses  appro- 
priate  for  high  performance  bipolar  devices. 

30  Still  another  object  is  an  integrated  process  for 
fabricating  the  NPN  and  PNP  devices  in  which 
selected  surfaces  of  the  devices  are  protected 
against  deleterious  processes  while  forming  active 
regions  of  the  device. 

35 
Summary  of  the  Invention 

These  and  other  objects,  features  and  advan- 
tages  of  the  invention  are  achieved  by  a  process  in 

40  which  a  polysilicon  layer  which  subsequently  be- 
comes  an  emitter  structure,  either  N  or  P-type,  is 
deposited  before  an  extrinsic  base  is  formed, 
whereby  the  sensitive  monocrystal  emitter  surface 
is  never  exposed  to  RIE. 

45  The  process  for  forming  an  NPN  transistor 
includes  the  step  of  depositing  successive  layers  of 
undoped  polysilicon  and  silicon  nitride  to  appro- 
priate  thicknesses.  A  photoresist  masking  step  pat- 
terns  the  layers  to  define  future  emitter  regions. 

50  The  patterned  layers  of  silicon  nitride  and  poly- 
silicon  protect  the  future  emitter  regions  against 
subsequent  process  steps  for  forming  an  extrinsic 
base  regions  and  an  intrinsic  base.  An  etching 
process,  typically,  RIE,  exposes  the  surface  of  the 

55  crystal  outside  the  protected  emitter  regions.  A 
thermal  oxide  is  grown  on  the  exposed  crystal 
surface  through  which  a  first  boron  implant  is  made 
in  the  crystal  to  serve  as  a  link  up  or  interconnec- 

2 
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tion  between  a  future  extrinsic  and  intrinsic  base 
regions.  A  chemical  vapor-deposited  layer  of  sili- 
con  oxide  is  deposited,  patterned  and  etched  to 
form  sidewalls  about  the  juxtaposed  nitride  and 
polysilicon  layers  protecting  the  future  emitter  re- 
gions.  A  second  layer  of  polysilicon,  either  intrinsic 
or  in  situ-doped,  is  formed  across  the  surface  of 
the  crystal  and  planarized  by  a  chemical-mechani- 
cal  polishing  process  using  the  nitride  areas  as 
polishing  stops.  The  silicon  dioxide  sidewalls  are 
exposed  and  serve  as  self-aligned  masks  for  the 
subsequent  formation  of  extrinsic/base  regions.  The 
planarized  polysilicon  is  oxidized  and,  if  intrinsic, 
an  implant  is  made  into  the  polysilicon  which  dif- 
fuses  into  the  underlying  epi-layers  to  form  an 
extrinsic  base  region  after  a  drive-in  heat  cycle.  If 
the  planarized  polysilicon  is  doped  only,  a  drive-in 
cycle  is  required  to  form  the  extrinsic  base  region. 
The  nitride  layer  is  etched  out  and  a  third  boron 
implant  is  made  into  the  first  polysilicon  layer.  A 
drive-in  cycle  is  performed  to  establish  an  intrinsic 
base  region.  The  intrinsic  base  is  connected  to  the 
extrinsic  base  through  the  link-up  or  interconnec- 
tion  diffusions  made  in  the  first  boron  implant.  An 
arsenic  or  phosphorous  implant  is  made  in  the  first 
polysilicon  and  a  drive-in  cycle  is  employed  to  out- 
diffuse  the  dopant  partially  into  the  intrinsic  base 
region  as  an  emitter.  The  process  is  completed  by 
forming  openings  in  the  oxide  to  contact  the  base 
and  collector  regions.  A  layer  of  metallization  is 
deposited  or  otherwise  formed  to  complete  the 
contacts  to  the  device.  The  wiring  pattern  is  formed 
by  either  subtractive  etching  or  by  a  "lift-off"  pro- 
cess. 

A  compatible  vertical  PNP  (VPNP)  may  be 
formed  by  starting  with  the  same  P-type  substrate 
and  N  epi  followed  by  an  implant  of  boron  to 
produce  a  P-layer  as  the  collector  for  the  VPNP 
transistor.  Alternatively,  a  heavily  or  moderately 
doped  P-type  epi-layer  may  be  grown  over  an  N 
epi,  whereby  the  P-type  epi-layer  serves  as  the 
collector  for  the  vertical  PNP.  A  lightly  doped  N 
region  (the  intrinsic  base  for  VPNP)  is  formed 
above  the  P  collector  region  by  ion  implanting 
phosphorus  or  arsenic  into  the  top  P  collector 
region.  The  process  for  forming  the  NPN  device  is 
initiated  in  which  the  N-type  diffusion  serves  as  the 
contact  to  the  N-type  base  region  of  the  VPNP  and 
similarly,  the  emitter  region  of  the  VPNP  is  formed 
at  the  time  the  extrinsic  base  region  is  formed  for 
the  NPN  device. 

In  Summary,  the  process  of  the  present  inven- 
tion  facilitates  the  fabrication  of  NPN  and  vertical 
PNP  devices  by  protecting  areas  or  regions  in  the 
crystal  for  subsequently  formed  emitters  and/or 
base  contacts. 

Brief  Description  of  the  Drawings 

Figs.  1A  through  1G  show  a  sequence  of  pro- 
cess  steps  for  forming  a  bipolar  NPN  transistor. 

5  Figs.  2A  and  2B  show  a  series  of  process 
steps,  compatible  with  the  process  steps  of  Figs. 
1A  through  1G,  to  integrate  a  vertical  PNP  device 
with  the  NPN  transistor. 

Fig.  3  shows  a  cross-section  of  the  NPN  and 
io  vertical  PNP  devices  fabricated  by  the  processes 

shown  in  Figs.  1A  through  1G  and  Figs.  2A  through 
2B. 

Description  of  the  Best  Mode  for  Carrying  Out  the 
is  Invention 

In  Fig.  1A,  an  N-type  epi-layer  10  is  shown. 
The  layer  10  may  be  formed  on  a  P-type  substrate 
having  an  N  +  region  (as  will  be  discussed  in 

20  connection  with  Fig.  2A)  to  serve  as  a  subcollector 
for  subsequently  formed  devices.  The  process  of 
the  invention  is  initiated  by  depositing  successive 
layers  of  undoped  polysilicon  12  and  silicon  nitride 
14.  The  layers  12  and  14  are  formed  to  thicknes- 

25  ses  of  the  order  of  180  nm  and  160  nm,  respec- 
tively,  although  different  thicknesses  will  also  work 
with  appropriate  modifications  in  the  process.  The 
polysilicon  may  be  deposited  at  a  temperature  in 
the  range  of  600-700  degrees  centigrade  at  a  rate 

30  of  the  order  of  10  nm  per  minute.  The  nitride  may 
be  deposited  at  a  temperature  in  the  range  of  600- 
850  °  C  at  a  rate  of  2  nm  per  minute.  A  photoresist 
masking  step  is  employed  to  form  patterned 
photoresist  regions  16  which  define  the  area  under 

35  which  emitter  regions  will  be  subsequently  formed 
in  a  bipolar  device.  The  layers  12  and  14  not 
covered  by  the  patterned  resist  16,  are  removed  by 
a  conventional  reactive  ion  etching  process.  The 
etch  is  timed  to  stop  at  the  surface  of  the  crystal 

40  10.  In  the  event  of  non-uniform  etch  rates,  removal 
of  a  residual  polysilicon  layer,  up  to  a  thickness  of 
20  nm,  is  acceptable  for  purposes  of  the  process. 

After  stripping  the  resist  region  16,  the  surface 
of  the  crystal  10  is  thermally  oxidized  to  grow  a 

45  layer  of  dioxide  18,  as  shown  in  Fig.  1B,  to  a 
thickness  of  50nm.  The  edge  of  polysilicon  layer 
12  is  also  converted  to  silicon  dioxide  during  the 
oxidation  process  to  form  an  enclosure  20,  sur- 
rounding  the  layer  12.  The  oxidation  takes  place  at 

50  a  temperature  in  the  range  of  800-1000  degrees 
centigrade  and  forms  at  the  rate  of  1.6  nm  per 
minute.  A  first  boron  implantation  is  performed 
through  the  layer  18.  The  implant  energy  and  dose 
is  adjusted  to  yield  after  all  annealing  processes,  a 

55  boron  concentration  of  the  order  of  1018  atoms/cm3 
where  the  emitter  and  extrinsic  base  intersect.  This 
interconnection  or  link-up  doping  region  22  extends 
beneath  the  oxide  to  serve  as  a  connection  be- 
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tween  future  extrinsic  and  intrinsic  base  regions. 
A  sidewall  24  is  formed  about  the  juxtaposed 

layers  12  and  14,  as  shown  in  Fig.  1C,  by  chemi- 
cally  vapor  depositing  silicon  dioxide  to  a  thickness 
of  the  order  of  200  nm  to  300  nm.  The  chemical 
vapor  process  may  take  place  at  a  temperature  in 
the  range  of  700-900  degrees  centigrade  at  deposi- 
tion  rates  of  1,2  to  15  nm  per  minute.  The  silicon 
dioxide  sidewall  24,  is  formed  around  the  defined 
polysilicon  ShN  ̂ region  by  reactive-ion-etching. 
The  plasma  conditions  are  so  chosen  as  to  attack 
the  silicon  dioxide  at  a  significantly  faster  rate  than 
the  silicon  in  the  crystal  10.  This  dielectric  sidewall 
24,  provides  selfaligned,  precise,  narrow  spacing 
between  future  extrinsic  base  and  emitter-intrinsic 
base  regions.  The  etching  process,  however,  re- 
sults  in  the  surface  of  the  crystal  adjacent  to  the 
sidewall  24  being  at  a  lower  level  than  the  surface 
of  the  interface  between  layers  the  12  and  the 
crystal  10.  This  step  like  feature  facilitates  both  the 
formation  of  thin  emitter  base  regions  and  the 
extrinsic-intrinsic  base  interconnection,  as  will  be- 
come  more  apparent  hereinafter. 

In  Fig.  1D,  a  second  polysilicon  layer  26  is 
vapor  deposited  to  a  thickness  of  approximately 
300  to  400  nm.  The  layer  26  may  be  either  intrinsic 
or  in  situ-boron  doped  to  solid  solubility.  The  layer 
26  is  planarized  by  chemical-mechanical  polishing 
and  the  nitride  regions  14  serve  as  polishing  stops. 
A  typical  polishing  process  is  described  in  US-A- 
4,671,851  issued  June  9,  1987. 

In  Fig.  1E  the  layer  26  is  thermally  oxidized  to 
form  a  layer  28  to  a  thickness  of  100  to  150  nm.  If 
the  layer  26  was  intrinsic,  then  a  second  boron 
implant  of  about  1015  atoms/cm2  is  required.  De- 
pending  on  the  desired  depth  and  lateral  diffusion 
for  an  extrinsic  base  29,  including  the  link-up  or 
interconnecting  layer,  a  separate  drive-in  diffusion 
may  be  required.  If  omitted,  the  extrinsic  base  29 
receives  the  same  drive-in  as  the  intrinsic  base 
later  in  the  process,  but  it  will  diffuse  deeper  be- 
cause  of  the  higher  boron  concentration  at  the 
silicon  interface. 

In  Fig.  1F,  the  silicon  nitride  region  14  is 
etched  away  by  a  hot,  phosphoric/nitric  acid  pro- 
cess  to  expose  the  polysilicon  layer  12  under 
which  an  intrinsic  base  region  will  be  formed.  A 
third  boron  implant  is  performed  at  a  dosage  of 
about  2x1  0H  atoms/cm2.  This  is  a  low-energy  im- 
plant  such  that  the  entire  boron  stays  in  the  poly- 
silicon  layer  12.  A  diffusion  is  performed  at  a 
temperature  around  900  degrees  centigrade  to  dif- 
fuse  the  boron  into  the  single  crystal  10  as  an 
intrinsic  base  30  which  connects  to  the  extrinsic 
base  29  through  the  interconnect  22.  An  arsenic 
dosage  of  2x1  01G  cm-3  is  implanted  again  in  the 
layer  12  to  change  the  conductivity  type  from  P- 
type  to  N  +  .  The  energy  level  for  the  dosage  is 

selected  to  be  low  enough  to  avoid  implanting  the 
arsenic  into  the  underlying  crystal  10.  A  drive-in 
cycle  is  performed  for  about  twenty  minutes  at  880 
°  C  in  nitrogen  to  diffuse  the  arsenic  into  the  crystal 

5  to  form  an  emitter  region  32,  as  shown  in  Fig.  1G. 
The  implantation  of  the  emitter  and  base  regions 
through  the  self-aligned  mask  formed  by  the 
sidewall  24  facilitates  the  doping  of  these  regions 
to  controllable  thicknesses  in  appropriate  ranges 

io  for  high  performance  bipolar  devices. 
The  device  fabricated  by  the  described  pro- 

cess  has  an  intrinsic  base  30  at  a  higher  vertical 
level  than  the  extrinsic  base  29.  The  interconnec- 
ting  or  link-up  region  22  facilitates  the  interconnec- 

15  tion  between  the  extrinsic  and  intrinsic  base  re- 
gions.  The  region  22  makes  unnecessary  the  re- 
moval  of  sidewall  24  to  implant  a  link-up  or  inter- 
connection  path,  as  has  been  done  in  the  prior  art. 
Such  additional  processing  step  exposes  the  cry- 

20  stal  to  deleterious  etching  processes  and  because 
of  the  lack  of  precise  control,  offers  the  possibility 
of  etching  beneath  the  surface  of  the  crystal  to 
lessen  or  open  the  required  interconnection  be- 
tween  the  base  regions. 

25  In  Fig.  1G,  the  process  may  be  completed  by 
another  photoresist  masking  step  to  open  base, 
collector  and  to  form  Schottky  barrier  diode  con- 
tacts,  if  so  desired.  Subsequently,  a  thin  platinum 
film  34  is  either  evaporated  or  sputtered  to  form 

30  platinum  silicide  over  the  bare  silicon  in  the  device 
contact  regions.  The  unreached  platinum  over  the 
silicon  dioxide  is  etched  off  in  aqua  regia.  A  first 
level  aluminum  wiring  pattern  36  is  formed,  either 
by  subtractive  etching  or  by  a  lift-off  process,  to 

35  complete  connections  to  the  device. 
To  form  a  vertical  PNP  device  in  the  same 

crystal  with  the  NPN  device  described  in  Figs.  1A 
through  1G,  the  following  preliminary  steps  are 
required  before  formation  of  the  NPN  device.  In 

40  Fig.  2A,  the  N-  epi-layer  10  is  grown  on  a  P- 
substrate  50  with  an  N  +  layer  52.  Trench  isolation 
regions  54,  are  established  to  isolate  the  NPN  and 
vertical  PNP  devices.  The  formation  of  such  re- 
gions  is  well  known  in  the  prior  art.  Alternatively, 

45  other  isolation  may  be  employed  in  the  crystal.  A 
photoresist  layer  54  is  formed  across  the  surface  of 
layer  10  and  patterned  to  define  openings  56.  A 
boron  ion  implant  is  made  in  the  opening  56  to 
serve  as  a  P+  collector  region  58  for  the  vertical 

50  PNP  device.  The  photoresist  layer  54  is  removed 
and  a  second  layer  of  photoresist  60,  as  shown  in 
Fig.  2B,  is  deposited  on  the  surface  of  the  layer  10 
and  patterned  to  form  openings  62.  A  phosphorous 
or  arsenic  implant  is  made  through  the  openings  62 

55  to  create  a  lightly  doped  N  intrinsic  base  region  64 
above  the  P  +  collector  region  58.  A  typical  dosage 
of  phosphorous  ions  is  about  4x1  013  cm-2  at  130 
Kev.  In  order  to  avoid  inversion  near  the  surface,  a 

4 
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second  phosphorous  dosage  of  4x1  013  cm-2  at  a 
lower  energy  in  the  range  of  60-80  Kev  may  be 
required. 

Following  the  preliminary  process  steps,  the 
process  steps  described  in  Figs.  1A-1G  are  per- 
formed  to  form  both  the  NPN  and  PNP  devices  in 
the  same  crystal  10.  In  Fig.  1A,  the  resist  16  is 
patterned  for  the  NPN  10  device  to  define  a  region 
for  a  future  extrinsic  base  29  (see  Fig.  1E)  and  a 
region  for  a  future  emitter  32  intrinsic  base  30  (see 
Fig.  IF).  Simultaneously,  the  resist  16  is  patterned 
for  the  PNP  device  to  define  a  future  base  contact 
66  and  emitter  68  (see  Fig.  3).  The  extrinsic  base 
29  for  the  NPN  device  and  the  emitter  68  for  the 
PNP  device  are  simultaneously  formed  by  the  pro- 
cesses  described  in  conjunction  with  Fig.  1E.  The 
emitter  32  for  the  NPN  device  and  base  contact  66 
for  the  PNP  device  are  simultaneously  formed  by 
the  processes  described  in  conjunction  with  Fig.  IF. 
In  connection  with  the  base  contact,  the  low  dose 
boron  implant  for  the  intrinsic  base  of  the  NPN  will 
be  completely  compensated  by  the  background 
phosphorous  or  arsenic  ion  implant  for  the  base  of 
the  vertical  PNP.  Thus,  the  subsequent  arsenic 
implant  for  the  NPN  emitter  can  be  used  as  the 
base  contact  for  the  vertical  PNP  transistor. 

Fig.  3  shows  a  cross  section  of  the  NPN  and 
vertical  PNP  devices  made  by  the  compatible  pro- 
cess  of  the  present  invention.  A  base  contact  70 
and  a  reach  through  72  are  shown  as  the  contact 
structures  for  the  base  region  29  and  collector  10 
and  subcollector  region  52,  respectively,  of  the 
NPN  device.  An  emitter  contact  74  and  collector 
contact  76  are  shown  for  the  PNP  device.  The 
contacts  70,  72,  74  and  76  may  be  made  by 
standard  metallization  processes. 

The  present  invention  provides  an  improved 
process  for  fabricating  high  performance,  the  NPN 
bipolar  devices  using  only  two  masking  steps  for 
the  entire  emitter/base  and  an  additional  2  masking 
steps  prior  to  forming  the  other  active  areas  of  the 
device  for  an  entirely  integrated  PNP  and  NPN 
devices. 

This  sequence  protects  the  surface  of  the  cry- 
stal  during  deleterious  etching  steps  which  are 
prone  to  introduce  contaminants  and/or  crystal 
damage.  In  particular,  the  absence  of  ion  etching  in 
the  emitter  regions  has  been  found  to  reduce  emit- 
ter  contact  resistance  and  emitter  base  leakage 
due  to  silicon  surface  modifications  by  shallow 
implanted  impurity  ions.  The  chemical-mechanical 
polishing  process  with  the  nitride  regions  serving 
as  etch  stops  and  the  oxide  sidewalls  provide  a 
self-alignment  mechanism  for  forming  emitter  and 
base  regions  at  narrow  controllable  spacings  for 
high  performance  devices. 

Claims 

1.  A  process  for  forming  a  bipolar  device  having 
a  selfaligned  emitter  region  which  includes  a 

5  surface  not  subjected  to  deleterious  processes 
during  the  formation  of  other  active  regions  in 
the  device  comprising  the  steps  of, 
forming  an  epi-layer  (10)  of  a  first  conductivity 
type  (N)  suitable  as  a  collector  region  on  a 

io  substrate  to  define  a  structure, 
sequentially  forming  a  first  semiconductor  lay- 
er  (12)  and  an  overlying  first  insulating  layer 
(14),  on  the  epi-layer,  patterning  these  layers 
(12,  14)  at  the  location  of  the  future  emitter 

is  region  of  the  said  device, 
forming  and  controlling  a  first  region  (22)  of  a 
second  conductivity  type  (P)  in  the  epi-layer 
having  a  portion  adjacent  to  the  future  emitter 
region; 

20  thermally  oxidizing  the  structure  to  have  the 
side  walls  of  said  first  semiconductor  layer  (12) 
and  the  exposed  surface  of  the  epi-layer  (10) 
coated  by  a  first  thermal  oxide  layer  (20); 
forming  a  second  insulating  layer  (24)  onto  the 

25  structure; 
etching  said  thermal  oxide  layer  (20)  and  said 
second  insulating  layer  (24)  leaving  a  dual 
insulating  sidewall  (20,  24)  ; 
depositing  a  second  semiconductor  layer  (26) 

30  and  planarizing  the  structure  until  the  first  in- 
sulating  layer  (14)  at  the  location  of  the  future 
emitter  region  is  exposed; 
thermally  oxidizing  the  exposed  top  of  the  re- 
maining  portions  of  said  second  semiconductor 

35  layer  (26)  to  convert  it  in  a  thermal  oxide  layer 
(28)  ; 
blanket  implanting  dopants  of  the  second  con- 
ductivity  type  to  form  an  extrinsic  base  region 
(29)  below  said  remaining  portion  of  said  sec- 

40  ond  semiconductor  layer  (26); 
removing  the  exposed  first  insulating  layer  (14) 
to  expose  the  first  semiconductor  layer  (12) 
overlying  the  future  emitter  region; 
implanting  impurities  of  the  second  conductiv- 

45  ity  type  into  the  exposed  first  semiconductor 
layer  (12),  and  heating  the  substrate  to  drive 
the  said  impurities  into  the  epi-layer  to  serve 
as  an  intrinsic  base  region  (30)  which  is  con- 
nected  to  the  extrinsic  base  region  (29) 

50  through  a  linking  region  (22)  disposed  beneath 
said  dual  insulating  sidewall; 
implanting  dopants  of  the  first  conductivity 
type  into  the  first  semiconductor  layer  and 
heating  the  structure  to  drive-in  the  said  dop- 

55  ants  to  form  an  emitter  region  (32)  disposed 
within  the  intrinsic  base  region  (30);  and, 
forming  metal  contact  connections  to  the  emit- 
ter,  base  and  collector  regions  to  terminate  the 

5 
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device  construction. 

2.  The  process  of  Claim  1  wherein  a  chemical- 
mechanical  process  planarizes  the  second  in- 
sulating  material  while  the  first  insulating  layer 
serves  as  a  polishing  stop. 

3.  The  process  of  Claim  2  wherein  prior  to  for- 
ming  the  contact  connections  a  schottky  bar- 
rier  diode  contact  (34)  is  formed  with  the  first 
semiconductor  layer  (12).. 

4.  The  process  of  Claim  3  wherein  the  steps  of 
forming  a  sidewall  including  defining  the 
sidewall  to  overly  the  linking  region. 

Patentanspruche 

1.  Verfahren  zur  Bildung  eines  bipolaren  Bauele- 
mentes  mit  einer  selbstjustierten  Emitterzone, 
die  eine  Oberflache  beinhaltet,  die  keinen 
schadlichen  Prozessen  wahrend  der  Bildung 
anderer  aktiver  Bereiche  in  dem  Bauelement 
unterworfen  ist,  das  die  folgenden  Schritte  auf- 
weist: 
Bilden  einer  als  Kollektorzone  geeigneten  Epi- 
Schicht  (10)  eines  ersten  Leitfahigkeitstyps  (n) 
auf  einem  Substrat,  urn  eine  Struktur  zu  defi- 
nieren, 
aufeinanderfolgendes  Bilden  einer  ersten  Halb- 
leiterschicht  (12)  und  einer  daruberliegenden 
ersten  isolierenden  Schicht  (14)  auf  der  Epi- 
Schicht  sowie  Strukturieren  dieser  Schichten 
(12,  14)  an  der  Stelle  der  spateren  Emitterzone 
des  Bauelementes, 
Bilden  und  Kontrollieren  eines  ersten  Berei- 
ches  (22)  eines  zweiten  Leitfahigkeitstyps  (p) 
in  der  Epi-Schicht  mit  einem  an  die  spatere 
Emitterzone  angrenzenden  Abschnitt; 
thermisches  Oxidieren  der  Struktur,  urn  die 
Seitenwande  der  ersten  Halbleiterschicht  (12) 
und  die  freiliegende  Oberflache  der  Epi- 
Schicht  (10)  mit  einer  ersten  Schicht  (20)  aus 
einem  thermischen  Oxid  zu  beschichten; 
Bilden  einer  zweiten  isolierenden  Schicht  (24) 
auf  der  Struktur; 
Atzen  der  Schicht  (20)  aus  dem  thermischen 
Oxid  und  der  zweiten  isolierenden  Schicht 
(24),  wobei  eine  isolierende  doppelte  Seiten- 
wand  (20,  24)  verbleibt; 
Aufbringen  einer  zweiten  Halbleiterschicht  (26) 
und  Planarisieren  der  Struktur,  bis  die  erste 
isolierende  Schicht  (14)  an  der  Stelle  der  spa- 
teren  Emitterzone  freigelegt  ist; 
thermisches  Oxidieren  der  freiliegenden  Ober- 
seite  der  restlichen  Teile  der  zweiten  Halblei- 
terschicht  (26),  urn  sie  in  eine  thermische 
Oxidschicht  (28)  umzuwandeln; 

deckendes  Implantieren  von  Dotierstoffen  des 
zweiten  Leitfahigkeitstyps,  urn  eine  storstellen- 
leitende  Basiszone  (29)  unter  dem  verbliebe- 
nen  Teil  der  zweiten  Halbleiterschicht  (26)  zu 

5  bilden; 
Entfernen  der  freiliegenden  ersten  isolierenden 
Schicht  (14),  urn  die  uber  der  spateren  Emit- 
terzone  liegende  erste  Halbleiterschicht  (12) 
freizulegen; 

io  Implantieren  von  Storstellen  des  zweiten  Leit- 
fahigkeitstyps  in  die  freiliegende  erste  Halblei- 
terschicht  (12)  und  Erwarmen  des  Substrats 
zur  Eindiffusion  der  Storstellen  in  die  Epi- 
Schicht,  urn  als  eigenleitende  Basiszone  (30) 

is  zu  dienen,  die  mit  der  storstellenleitenden  Ba- 
siszone  (29)  uber  einen  unterhalb  der  isolieren- 
den  doppelten  Seitenwand  angeordneten  Ver- 
knupfungsbereich  (22)  verbunden  ist; 
Implantieren  von  Dotierstoffen  des  ersten  Leit- 

20  fahigkeitstyps  in  die  erste  Halbleiterschicht  und 
Erwarmen  der  Struktur,  urn  die  Dotierstoffe  zur 
Bildung  einer  Emitterzone  (32)  einzudiffundie- 
ren,  die  innerhalb  der  eigenleitenden  Basiszo- 
ne  (30)  angeordnet  ist;  und 

25  Bilden  von  Metallkontaktverbindungen  zu  den 
Emitter-,  Basis-  und  Kollektorzonen,  urn  den 
Bauelementaufbau  abzuschlieBen. 

2.  Verfahren  nach  Anspruch  1,  wobei  ein  che- 
30  misch-mechanischer  ProzeB  das  zweite  isolie- 

rende  Material  planarisiert,  wahrend  die  erste 
isolierende  Schicht  als  Polierstopp  dient. 

3.  Verfahren  nach  Anspruch  2,  wobei  vor  der 
35  Bildung  der  Kontaktverbindungen  ein  Schottky- 

barrieren-Diodenkontakt  (34)  mit  der  ersten 
Halbleiterschicht  (12)  gebildet  wird. 

4.  Verfahren  nach  Anspruch  3,  wobei  die  Schritte 
40  zur  Bildung  einer  Seitenwand  das  Festlegen 

der  Seitenwand  dergestalt  beinhalten,  dal3  sie 
uber  dem  Verknupfungsbereich  liegt. 

Revendicatlons 
45 

1.  Procede  pour  former  un  composant  bipolaire 
ayant  une  zone  emettrice  auto-alignee  qui 
comprend  une  surface  non  soumise  aux  pro- 
cessus  adverses  au  cours  de  la  formation  des 

50  autres  zones  actives  du  composant,  compre- 
nant  les  etapes  consistant  a  : 
former  une  couche  epitaxiale  (10)  d'un  premier 
type  de  conductivity  (N)  pouvant  jour  le  role 
de  zone  du  collecteur  sur  un  substrat  pour 

55  definir  une  structure; 
former  sequentiellement  une  premiere  couche 
semiconductrice  (12)  et  une  premiere  couche 
isolante  sus-jacente  (14),  sur  la  couche  epi- 

6 
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taxiale,  et  appliquer  des  motifs  sur  ces  cou- 
ches  (12,  14)  sur  I'emplacement  de  la  future 
zone  emettrice  du  dit  composant; 
former  et  controler  une  premiere  zone  (22) 
d'un  deuxieme  type  de  conductivite  (P)  dans  la  5 
couche  epitaxiale,  dont  une  portion  est  adja- 
cente  a  la  future  zone  emettrice; 
oxyder  thermiquement  la  structure  afin  d'en- 
duire  les  parois  laterales  de  ladite  premiere 
couche  semiconductrice  (12)  et  la  surface  ex-  10 
posee  de  la  couche  epitaxiale  (10)  d'une  pre- 
miere  couche  d'oxyde  thermique  (20); 
former  une  deuxieme  couche  isolante  (24)  sur 
la  structure; 
attaquer  chimiquement  ladite  couche  d'oxyde  is 
thermique  (20)  et  ladite  deuxieme  couche  iso- 
lante  (24)  pour  laisser  une  double  paroi  laterale 
isolante  (20,  24); 
deposer  une  deuxieme  couche  semiconductri- 
ce  (26)  et  planariser  la  structure  jusqu'a  ce  20 
que  la  premiere  couche  isolante  (14)  sur  I'em- 
placement  de  la  future  zone  emettrice  soit 
exposee; 
oxyder  thermiquement  la  surface  superieure 
exposee  des  portions  restantes  de  ladite  25 
deuxieme  couche  semiconductrice  (26)  pour  la 
convertir  en  une  couche  d'oxyde  thermique 
(28); 
implanter  par  couverture  des  impuretes  du 
deuxieme  type  de  conductivite  pour  former  30 
une  zone  de  base  dopee  (29)  sous  ladite  por- 
tion  restante  de  ladite  deuxieme  couche  semi- 
conductrice  (26); 
oter  la  premiere  couche  isolante  exposee  (14) 
pour  exposer  la  premiere  couche  semiconduc-  35 
trice  (12)  sus-jacente  a  la  future  zone  emettri- 
ce; 
implanter  des  impuretes  du  deuxieme  type  de 
conductivite  dans  la  premiere  couche  semicon- 
ductrice  exposee  (12),  et  chauffer  le  substrat  40 
pour  diffuser  les  dites  impuretes  dans  la  cou- 
che  epitaxiale  pour  servir  de  zone  de  base 
intrinseque  (30)  connectee  a  la  zone  de  base 
dopee  (29),  via  une  zone  de  liaison  (22)  dispo- 
see  sous  ladite  double  paroi  laterale  isolante;  45 
implanter  des  impuretes  du  premier  type  de 
conductivite  dans  la  premiere  couche  semicon- 
ductrice,  et  chauffer  la  structure  pour  diffuser 
les  dites  impuretes  apres  implantation  pour 
former  une  zone  emettrice  (32)  disposee  dans  so 
la  zone  de  base  intrinseque  (30);  et 
former  des  connexions  par  contacts  metalli- 
ques  avec  les  zones  de  I'emetteur,  de  la  base 
et  du  colleteur  pour  parachever  la  construction 
du  composant.  55 

2.  Procede  selon  la  revendication  1,  dans  lequel 
un  procede  chimicomecanique  est  applique 

pour  planariser  le  deuxieme  corps  isolant,  tan- 
dis  que  la  deuxieme  couche  isolante  sert  d'ar- 
ret  de  polissage. 

3.  Procede  selon  la  revendication  2,  dans  lequel 
avant  de  former  les  connexions  par  contacts, 
un  contact  de  diode  Schottky  (34)  est  forme 
avec  la  premiere  couche  semiconductrice  (12). 

4.  Procede  selon  la  revendication  3,  dans  lequel 
les  etapes  de  formation  d'une  paroi  laterale 
comprend  I'etape  consistant  a  definir  la  paroi 
pour  recouvrir  la  zone  de  liaison. 

7 
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