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©  Self-aligned  epitaxial  base  transistor  and  method  for  fabricating  same. 

©  A  self-aligned  epitaxial  base  transistor  compris- 
ing:  a  semiconductor  substrate  having  shallow  and 
deep  trench  isolation  regions  (18,  14,  16)  defining  a 
collector  region  (11,  12)  doped  with  a  first  conductiv- 
ity  type,  an  intrinsic  base  layer  (22)  of  epitaxial 
semiconductor  doped  with  a  second  conductivity 
type  formed  on  said  substrate,  a  thin  very  heavily 
doped  layer  (24)  of  semiconductor  formed  on  said 
intrinsic  base  layer  (22),  said  thin  heavily  doped 
layer  being  heavily  doped  with  said  second  con- 
ductivity  type,  an  extrinsic  base  layer  (26)  of  poly- 
crystalline  semiconductor  formed  on  said  thin  very 

heavily  doped  layer  (24),  said  extrinsic  base  layer 
being  doped  with  said  second  conductivity  type;  at 
least  one  layer  (30,  32)  of  an  insulating  material 
formed  on  said  extrinsic  base  layer  (26),  an  emitter 
region  (46)  of  polycrystalline  semiconductor  formed 
in  an  opening  (34)  in  said  at  least  one  layer  (30,  32) 
of  insulating  material,  said  extrinsic  base  layer  (26) 
and  said  thin  layer  (24)  of  very  heavily  doped  poly- 
crystalline  semiconductor,  said  emitter  region  (46) 
contacting  said  intrinsic  base  layer  (22)  through  said 
opening  (34). 
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The  present  invention  relates  to  the  fabrication 
of  very  small  integrated  bipolar  transistors  using 
double  polysilicon  deposition  technology  and  more 
particularly,  to  self-aligned  epitaxial  base  transistors 
formed  by  low  temperature  epitaxy. 

The  present  trend  in  semiconductor  technology 
is  toward  very  large  scale  integration  of  devices 
with  high  speed  and  low  power  dissipation.  To 
achieve  this,  it  is  essential  that  the  devices  be 
made  as  small  as  possible  by  making  the  vertical 
junction  structure  shallower  and  reducing  horizontal 
geometry.  Precise  shallow  junction  profiles  can  be 
achieved  with  ion  implantation  of  dopant  species 
and  their  subsequent  annealing  with  a  thermal  cy- 
cle.  Device  horizontal  geometry  depends  to  a  large 
extent  on  the  lithographic  tools  available.  U.S.  Pat- 
ent  3,929,528  to  Davidson  et  al.  discloses  a  con- 
ventional  non-self-aligned  process  which  uses  var- 
ious  selective  etching  and  deposition  techniques  to 
define  device  regions.  Davidson  et  al.  is  directed  to 
the  use  of  a  P+  etch  stop  layer  for  providing 
sufficiently  planar  surface  for  further  processing. 
Davidson  et  al.  indicate,  however,  that  a  P+  etch 
stop  layer  will  result  in  undesirable  effects  due  to 
out  diffusion  during  annealing  and  seek  to  solve 
this  problem  by  completely  removing  the  layer  by 
polishing  or  etching  prior  to  the  anneal. 

Within  a  given  lithographic  constraint,  the  use 
of  a  self-aligned  process  can  greatly  improve  de- 
vice  performance.  The  use  of  a  self-aligned  poly- 
silicon  base  is  a  powerful  technique  in  that  it  allows 
self  registration  of  the  emitter  implant  to  the  poly- 
silicon  base  contact  and  allows  the  base  contact  to 
be  moved  from  the  device  base  area  onto  the 
polysilicon  thus  reducing  the  device  base  area. 
Examples  of  prior  art  patents  describing  the  con- 
ventional  self-aligned  extrinsic  base  regions  for  for- 
ming  high  performance  bipolar  transistors  are:  U.S. 
Patents  4,381,953;  4,338,662;  4,641,416;  and 
4,703,554. 

A  further  trend  in  semiconductor  technology  is 
the  use  of  low  temperature  epitaxy  (LTE),  typically 
performed  in  an  ultra  high  vacuum  chemical  vapor 
deposition  (UHV/CVD)  process.  The  use  of  LTE  is 
very  advantageous  in  that  it  permits  the  deposition 
of  epitaxial  layers  at  low  temperatures  which  allows 
shallow  base  profiles  to  be  maintained  and  permits 
the  deposition  of  compound  semiconductor  layers 
such  as  SiGe  that  are  impossible  with  ion  implanta- 
tion. 

Several  different  types  of  self-aligned  base  pro- 
cesses  have  been  developed.  One  type  is  the 
single  polysilicon  process  in  which  the  extrinsic 
base  is  formed  of  polysilicon  and  the  emitter  is 
implanted.  A  second  is  the  double  polysilicon  layer 
process  in  which  both  the  extrinsic  base  and  the 
emitter  are  formed  from  polysilicon.  Both  pro- 

cesses  have  their  advantages  and  disadvantages 
and  the  selection  of  the  process  will  depend  on 
subsequent  end-use  of  the  transistor  being  formed. 

In  the  fabrication  of  bipolar  transistors,  it  would 
5  be  advantageous  to  use  the  LTE  process  in 

fabricating  a  double  polysilicon  self-aligned  device. 
However,  attempts  to  use  LTE  in  double  polysilicon 
technology  have  resulted  in  problems  because  the 
deposition  is  not  selective,  making  it  difficult  to 

io  fabricate  self-aligned  devices.  In  the  formation  of 
an  epitaxial  base  bipolar  transistor,  if  the  LTE  base 
layer  deposition  takes  place  after  the  formation  of 
the  extrinsic  base  stack,  several  approaches  have 
been  investigated  including  the  base  after  sidewall 

75  approach  and  the  high  pressure  oxidation  (HIPOX) 
removal  method.  However,  these  methods  are  not 
suitable  for  the  new  trend  towards  forming 
heterojunction  bipolar  transistors,  such  as  SiGe 
base  transistors,  because  the  success  of  these  two 

20  methods  depends  strongly  on  specific  diffusion  and 
oxidation  steps.  The  deposition  of  the  LTE  base 
layer  before  the  extrinsic  base  stack  was  heretofore 
impossible  because  of  its  lack  of  an  intrinsic  base 
etch  stop  when  patterning  the  polysilicon  stack. 

25  Thus,  there  is  a  need  for  a  method  for  forming  an 
LTE  base  transistor  using  the  double  polysilicon 
self-aligned  process  technology  with  a  minimum  of 
changes  that  is  suitable  for  both  homojunction  and 
heterojunction  base  transistors. 

30  The  present  invention  is  directed  to  a  method 
for  forming  a  self-aligned  epitaxial  base  transistor 
in  a  double  polysilicon  type  process  using  low 
temperature  epitaxy  to  form  the  base  layer.  The 
present  invention  utilizes  a  thin  very  heavily  doped 

35  LTE  layer  that  is  both  a  conductive  etch  stop  and  a 
diffusion  source  for  doping  the  extrinsic  base  of  the 
transistor.  The  very  thin  heavily  doped  LTE  layer 
acts  as  an  etch  stop  in  the  formation  of  the  emitter 
window.  The  conductive  etch  stop  layer  need  only 

40  be  selectively  removed  in  the  emitter  window,  be- 
cause  the  remaining  portion  is  a  conducting  layer 
for  contacting  the  intrinsic  base  to  the  extrinsic 
base. 

The  method  of  the  present  invention  involves 
45  depositing  by  LTE  a  base  layer  of  doped  semicon- 

ductor  on  a  semiconductor  substrate  followed  im- 
mediately  by  a  LTE  deposition  of  a  very  thin,  very 
heavily  doped  layer  of  semiconductor  forming  the 
conducting  etch  stop  layer.  A  layer  of  undoped 

50  polycrystalline  semiconductor  is  deposited  on  the 
conductive  etch  stop  layer  and  subsequently  ion 
implanted.  One  or  more  layers  of  insulating  ma- 
terial  are  deposited  and  the  structure  is  patterned 
using  a  highly  directional  reactive  ion  etch  (RIE)  to 

55  form  the  emitter  window.  The  RIE  etch  is  a  timed 
etch  that  is  stopped  before  reaching  the  etch  stop 
layer  thus  leaving  a  thin  layer  of  the  undoped 
polycrystalline  layer.  The  remaining  portion  of  the 
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undoped  polycrystalline  layer  exposed  in  the  emit- 
ter  window  is  selectively  removed  in  a  potassium 
hydroxide  (KOH)  solution.  The  heavy  doping  of  the 
etch  stop  layer  effectively  prevents  the  layer  from 
being  etched  because  the  etch  rate  of  heavily 
doped  material  is  much  smaller  than  undoped 
semiconductor.  The  exposed  portion  of  the  con- 
ductive  etch  stop  layer  in  the  emitter  window  is 
then  selectively  oxidized  to  effectively  remove  the 
layer.  The  oxidation  is  selective  because  the  oxida- 
tion  rate  of  heavily  doped  semiconductor  is  much 
faster  than  the  non-heavily  doped  base  layer. 
Thereafter,  conventional  double  polysilicon  pro- 
cessing  techniques  are  continued  to  form  insulator 
sidewalls  and  the  emitter  region  in  the  emitter 
window.  The  structure  is  then  subjected  to  an  an- 
nealing  step,  during  which  the  thin  heavily  doped 
layer  acts  as  an  additional  dopant  source  to  the 
extrinsic  base  and  remains  a  conductive  contact 
between  the  intrinsic  base  and  the  extrinsic  base  of 
the  transistor. 

Figs.  1-10  are  cross-sectional  views  disclosing 
the  fabrication  of  the  transistor  of  the  present  in- 
vention  at  successive  stages  in  accordance  with 
the  process  of  the  present  invention. 

In  accordance  with  the  present  invention,  a 
self-aligned  epitaxial  base  transistor  is  formed  us- 
ing  double  polycrystalline  semiconductor  process 
technology.  Referring  to  the  drawings,  Figs.  1-10 
will  be  described  in  connection  with  the  various 
steps  of  fabrication  of  the  self-aligned  epitaxial 
base  transistor  of  the  present  invention.  While  the 
process  will  be  described  in  connection  with  for- 
ming  an  NPN  transistor,  it  should  be  understood 
that  the  features  of  the  present  invention  may  be 
adapted  for  forming  a  PNP  transistor.  It  should  also 
be  understood  that  various  conventional  processes 
relating  to  applying,  exposing  and  developing 
photoresist  materials  to  form  desired  patterns  for 
masking  layers  are  not  specifically  described  here- 
in  but  are  well  known  in  the  art.  Moreover,  the 
invention  contemplates  the  use  of  recent  advances 
in  epitaxial  deposition  techniques  such  as  low  tem- 
perature  epitaxy  (LTE)  and  low  pressure  chemical 
vapor  deposition  (LPCVD)  that  are  known  and  are 
also  not  specifically  described  herein  except  to 
indicate  that  LTE  refers  to  an  epitaxy  process  per- 
formed  in  the  range  of  temperatures  between  500 
to  700  °  C  with  a  preferred  range  being  550-650  °  C. 
In  addition,  the  invention  is  described  with  silicon 
being  used  as  a  semiconductor  material,  however, 
any  other  suitable  semiconductor  material  may  be 
utilized.  Furthermore,  reference  will  be  made  to 
conventional  double  polysilicon  processing  technol- 
ogy  such  as  that  described  in  U.S.  Patent 
4,381,953,  assigned  to  the  same  assignee  as  the 
present  invention  and  incorporated  herein  by  refer- 
ence.  In  addition,  the  various  thicknesses  of  the 

layers  will  be  described  in  the  formation  of  an 
illustrative  embodiment  of  the  invention,  but  it 
should  be  understood  that  the  thicknesses  are  rela- 
tive  and  will  be  dependent  upon  the  application  for 

5  the  transistors  being  formed  by  the  present  meth- 
od. 

Referring  now  to  Fig.  1,  there  is  shown  a  P- 
type  substrate  10  of  monocrystalline  silicon  which 
is  heavily  doped  N-type  for  forming  the  subcollec- 

io  tor  region  12.  The  impurity  can  be  any  suitable  N- 
type  impurity,  as  for  example,  arsenic,  and  can  be 
introduced  into  the  substrate  by  any  suitable  tech- 
nique,  as  for  example,  diffusion  or  ion  implantation. 
A  layer  of  lightly  doped  N-typed  silicon  is  depos- 

15  ited  on  the  layer  12  for  forming  collector  region  11. 
Conventional  well  known  processing  techniques  are 
used  to  form  deep  trench  isolation  regions  14  and 
16  and  shallow  trench  isolation  region  18.  The 
deep  trench  isolation  regions  are  used  to  isolate 

20  the  device  being  formed  from  other  devices  on  the 
wafer  while  the  shallow  isolation  region  is  used  to 
separate  the  collector  reach-through  region  from 
the  base  region  of  the  transistor.  The  structure 
shown  in  Fig.  1,  having  a  substantially  planar  sur- 

25  face  20,  is  the  starting  point  for  the  method  of  the 
present  invention. 

As  shown  in  Fig.  2,  a  base  layer  22  of  silicon  is 
epitaxially  deposited  on  surface  20  by  UHV/CVD. 
As  is  well  known,  monocrystalline  silicon  will  form 

30  on  the  silicon  region  12  and  polycrystalline  silicon 
will  form  on  the  isolation  regions.  Base  layer  22  is 
in  situ  doped  P-type,  typically  in  the  range  of  1017- 
1019  cm-3.  Layer  22  is  deposited  using  a  low 
temperature  epitaxy  (LTE)  process.  The  deposition 

35  of  layer  22  is  immediately  followed  by  the  deposi- 
tion  by  LTE  of  a  very  thin  heavily  doped  (p  +  +  ) 
layer  of  polysilicon  24.  Layer  24  is  typically  doped 
to  a  carrier  concentration  of  1021  cm-3  or  greater. 
Layer  22  may  be  in  the  range  of  50  nm  thick  and 

40  layer  24  may  be  deposited  in  the  range  of  10  to  20 
nm  thick.  The  deposition  of  layers  22  and  24  may 
be  performed  in  a  single  deposition  process  in 
which  the  dopant  level  is  abruptly  increased  after 
the  desired  thickness  for  layer  22  is  reached. 

45  As  shown  in  Fig.  3,  a  layer  of  undoped  poly- 
silicon  26  is  epitaxially  deposited  typically  by 
LPCVD.  Layer  26  has  a  thickness  typically  in  the 
range  of  about  180  nm.  Layer  26  is  ion  implanted 
with  boron  using  known  implantation  techniques. 

50  The  boron  implant  is  indicated  at  28. 
Next,  one  or  more  layers  of  insulating  material 

is  deposited  on  layer  26.  As  shown  in  Fig.  4, 
typically  a  first  layer  of  oxide  30  is  deposited  on 
layer  28  followed  by  a  layer  32  of  nitride.  Layers  30 

55  and  32  may  be  deposited  by  any  well  known  wet 
or  dry  deposition  process.  Layer  30  may  typically 
be  in  the  range  of  100  nm  thick  and  layer  32  may 
typically  be  in  the  range  of  80  nm  thick. 

3 
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Thereafter,  the  wafer  is  patterned  and  etched 
typically  by  using  a  highly  directional  reactive  ion 
etch  (RIE)  to  form  emitter  window  34  as  shown  in 
Fig.  5.  The  base  layer  22  must  not  be  etched 
during  this  step  and  therefore,  the  etch  is  timed  so 
that  the  depth  of  the  etch  into  layer  26  will  be 
several  10's  of  nanometers  above  layer  24.  This 
remaining  portion  36  of  layer  26  provides  an  etch 
stop  tolerance  so  that  in  the  worst  case  a  portion  of 
layer  24  will  be  etched  but  layer  22  will  not  be 
etched. 

Fig.  6  shows  an  optional  step  in  which  a  very 
thin  nitride  layer  38  is  subsequently  deposited  on 
layer  32  and  the  sidewalls  and  bottom  wall  of 
emitter  window  34.  The  thin  nitride  layer  38  acts  to 
preserve  the  integrity  of  the  sidewalls  of  the  emitter 
window  during  further  processing  of  the  transistor. 
The  thickness  of  the  nitride  layer  38  may  be  any- 
where  in  the  range  from  5  to  100  nm.  As  stated, 
this  step  is  optional  and  would  be  necessary  only 
where  extreme  accuracy  is  necessary  because  of  a 
particular  transistor  application. 

Turning  now  to  Fig.  7,  after  the  emitter  window 
is  formed,  the  etch  stop  tolerance  region  36  of 
layer  26  is  selectively  removed  in  a  potassium 
hydroxide  (KOH)  solution  etch.  The  KOH  etch 
makes  use  of  the  etch  selectivity  of  layer  24  in  that 
because  the  etch  rate  of  undoped  polysilicon  is 
much  greater  than  heavily  doped  silicon,  the  layer 
24  will  effectively  not  be  etched  by  the  KOH  solu- 
tion. 

In  the  next  step  in  accordance  with  the  method 
of  the  present  invention,  the  portion  40  as  shown  in 
Fig.  8,  of  layer  24  immediately  below  the  emitter 
window  34  is  in  effect  selectively  removed  by  oxi- 
dizing  that  portion  by  thermal  oxidation.  The  por- 
tion  40  can  be  selectively  oxidized  due  to  the 
enhanced  oxidation  rate  of  the  heavily  doped  layer. 
The  heavily  doped  layer  24  oxidizes  about  10 
times  faster  than  the  lesser  doped  silicon  layer  22. 
The  effective  removal  of  layer  24  below  the  emitter 
window  34  by  oxidation  results  in  the  layer  24 
remaining  below  the  layer  26.  Layer  26  will  form 
the  extrinsic  base  of  the  transistor  and  as  will  be 
described  further  hereinbelow,  the  remaining  por- 
tion  of  layer  24  acts  as  a  conductive  contact  be- 
tween  the  extrinsic  base  and  the  intrinsic  base  of 
the  transistor  and  also  as  additional  dopant  source 
for  the  extrinsic  base.  A  portion  of  the  P-type 
dopant  will  also  diffuse  into  layer  26  during  the 
thermal  oxidation  step. 

At  this  point,  conventional  double  polysilicon 
processing  techniques  are  used  to  form  oxide 
sidewall  42  and  nitride  sidewall  44  and  to  deposit 
the  emitter  region  46  of  N-doped  polysilicon.  As 
stated  previously,  well  known  photolithographic 
masking  and  etching  steps  are  used  to  form  the 
sidewalls  and  emitter  region  and  need  not  be  de- 

scribed  here.  The  wafer  is  then  subjected  to  a 
thermal  cycle  to  out  diffuse  the  emitter  region  48 
into  a  portion  of  base  layer  22,  and  to  drive  in  the 
boron  implant  28  into  layer  26  and  the  arsenic  into 

5  the  emitter  region.  During  this  thermal  cycle,  the 
P  +  +  dopant  in  layer  24  is  also  driven  into  layer 
26  and  thereby  serves  as  an  additonal  P  +  source. 

As  shown  in  Fig.  10,  thereafter,  conventional 
photolithographic  masking  and  etching  steps  are 

io  utilized  to  form  metallic  contact  50  to  the  base  54, 
and  metal  contact  52  to  the  collector  56.  Thus,  an 
NPN  transistor  is  formed  having  a  self-aligned  epi- 
taxial  extrinsic  base  26,  and  an  intrinsic  base  54 
sandwiched  between  emitter  48  and  collector  56. 

is  Layer  24  acts  as  a  conductive  contact  between  the 
intrinsic  base  54  and  extrinsic  base  26. 

In  forming  the  transistor  shown  in  Fig.  10,  it 
should  be  understood  that  sufficient  boron  doping 
must  be  provided  at  the  edge  of  the  shallow  isola- 

20  tion  region  18.  The  deposition  of  the  non-selective 
epitaxial  base  layer  22  before  formation  of  the 
extrinsic  base  stack  provides  good  doping  at  the 
corners  of  the  isolation  region  to  eliminate  any 
potential  leakage  path.  Essentially  no  overlay  is 

25  required  for  the  emitter  opening  because  of  the 
good  link  provided  by  the  heavily  doped  layer  24 
between  the  extrinsic  base  26  and  intrinsic  base 
54.  The  total  active  device  area  can  therefore  be 
limited  to  the  minimum  emitter  window  dimension 

30  plus  the  worst  case  overlay.  Because  of  the  com- 
bination  of  the  use  of  the  double  polysilicon  pro- 
cess  and  the  non-selective  LTE  base,  the  worst 
case  overlay,  which  is  the  horizontal  spacing  be- 
tween  the  inner  edge  of  the  emitter  opening 

35  sidewall  and  the  inner  edge  of  the  isolation  region, 
can  be  as  low  as  .2  microns.  The  emitter  opening 
can  continue  to  be  smaller  than  the  minimum  di- 
mension  by  the  width  of  the  sidewall. 

In  summary,  the  present  invention  provides  a 
40  conductive  etch  stop  using  two  unique  properties 

of  very  heavily  doped  LTE,  namely,  etch  selectivity 
in  KOH  solutions,  and  enhanced  oxidation  rate  at 
very  low  temperatures.  The  present  invention  re- 
sults  in  the  fabrication  of  minimum  size,  self- 

45  aligned  double  polysilicon  transistors.  In  addition, 
the  present  invention  is  well  suited  for  the  forma- 
tion  of  heterojunction  bipolar  transistors  utilizing  a 
compound  semiconductor  of  silicon  germanium 
(SiGe)  as  a  base  layer  22. 

50  This  is  possible  because  of  the  early  deposi- 
tion  by  LTE  of  the  non-selective  epitaxial  base 
layer,  which  is  suitable  for  the  deposition  of  SiGe. 
The  collector  layer  12  is  silicon  and  the  emitter 
region  46  is  polysilicon  thereby  forming  a 

55  heterojunction  bipolar  transistor. 
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Claims 

1.  A  method  for  forming  a  self-aligned  epitaxial 
base  transistor  comprising  the  steps  of: 

(a)  depositing  an  intrinsic  base  layer  (22)  of 
epitaxial  semiconductor  on  a  substrate 
structure  having  shallow  and  deep  trench 
isolation  regions  (18,  14,  16)  defining  a  col- 
lector  region  (11,  12)  doped  with  a  first 
conductivity  type,  said  base  layer  being 
doped  with  a  second  conductivity  type; 
(b)  depositing  a  thin  conductive  etch  stop 
layer  (24)  of  heavily  doped  epitaxial  semi- 
conductor  on  said  base  layer  (22),  said  thin 
conductive  etch  stop  layer  being  heavily 
doped  with  said  second  conductivity  type; 
(c)  depositing  an  extrinsic  base  layer  (26)  of 
undoped  polycrystalline  semiconductor  on 
said  thin  conductive  etch  stop  layer  (24), 
and  implanting  a  dopant  (28)  of  said  second 
conductivity  type  in  an  upper  surface  of 
said  extrinsic  base  layer  (26); 
(d)  depositing  an  oxide  layer  (30)  on  said 
extrinsic  base  layer  (26); 
(e)  depositing  a  nitride  layer  (32)  on  said 
oxide  layer  (30); 
(f)  forming  an  emitter  window  (34)  vertically 
through  said  nitride  and  oxide  layers  (30, 
32)  and  a  portion  of  said  extrinsic  base 
layer  (26); 
(g)  selectively  removing  the  remaining  por- 
tion  (36)  of  said  extrinsic  base  layer  (26) 
within  said  emitter  window  (34); 
(h)  selectively  oxidizing  said  thin  conductive 
etch  stop  layer  (24)  within  said  emitter  win- 
dow  (34); 
(i)  forming  oxide  and  nitride  sidewalls  (42, 
44)  within  said  emitter  window  (34);  and 
(j)  forming  an  emitter  region  (46)  of  poly- 
crystalline  semiconductor  within  said  emitter 
window  (34),  said  emitter  region  being  dop- 
ed  with  said  first  conductivity  type. 

2.  The  method  of  claim  1  further  including  the 
step  of  depositing  a  very  thin  nitride  sidewall 
layer  (38)  in  said  emitter  window  (34)  prior  to 
the  selective  removal  of  the  remaining  portion 
(36)  of  the  extrinsic  base  layer  (26)  within  said 
emitter  window. 

3.  The  method  of  claim  1  or  2  wherein  said 
intrinsic  base  layer  (22),  said  thin  conducting 
etch  stop  layer  (24)  and  said  extrinsic  base 
layer  (26)  are  each  formed  of  silicon. 

4.  The  method  of  claim  1  or  2  wherein  the  intrin- 
sic  base  layer  (22)  is  formed  of  a  compound 
semiconductor,  and,  said  thin  conducting  etch 
stop  layer  (24)  and  said  extrinsic  base  layer 

5  (26)  are  formed  of  silicon. 

5.  The  method  of  claim  4  wherein  the  compound 
semiconductor  is  silicon  germanium. 

io  6.  The  method  of  anyone  of  the  claims  1  to  5 
wherein  the  intrinsic  base  layer  (22)  is  depos- 
ited  by  low  temperature  epitaxy. 

7.  The  method  of  anyone  of  the  claims  1  to  6 
is  wherein  the  conductive  etch  stop  layer  (24)  is 

deposited  by  low  temperature  epitaxy. 

8.  The  method  of  claim  6  or  7  wherein  the  low 
temperature  epitaxy  is  performed  using  an  ul- 

20  tra  high  vacuum  chemical  vapor  deposition 
process. 

9.  The  method  of  anyone  of  the  claims  1  to  8 
wherein  said  thin  conductive  etch  stop  layer 

25  (24)  is  deposited  to  a  thickness  in  the  range  of 
10  to  20  nm. 

10.  The  method  of  anyone  of  the  claims  1  to  9 
wherein  the  extrinsic  base  layer  (26)  is  depos- 

30  ited  by  low  pressure  chemical  vapor  deposi- 
tion. 

11.  The  method  of  anyone  of  the  claims  1  to  10 
wherein  the  intrinsic  base  layer  and  the  thin 

35  conductive  etch  stop  layer  are  deposited  in  a 
single  deposition  process  in  which  the  dopant 
concentration  is  abruptly  increased  from  about 
1017-1019  cm-3  to  deposit  said  intrinsic  base 
layer  to  about  1021  cm-3  to  deposit  said  thin 

40  conductive  etch  stop  layer. 

12.  The  method  of  anyone  of  the  claims  1  to  11 
wherein  the  step  of  forming  said  emitter  region 
further  includes  the  step  of  annealing,  said  thin 

45  conductive  etch  stop  layer  (24)  being  a  dopant 
source  for  said  extrinsic  base  layer  (26)  during 
said  annealing. 

13.  A  self-aligned  epitaxial  base  transistor  compris- 
50  ing: 

a  semiconductor  substrate  having  shallow  and 
deep  trench  isolation  regions  (18,  14,  16)  de- 
fining  a  collector  region  (11,  12)  doped  with  a 

55  first  conductivity  type; 

an  intrinsic  base  layer  (22)  of  epitaxial  semi- 
conductor  doped  with  a  second  conductivity 

5 
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type  formed  on  said  substrate; 

a  thin  very  heavily  doped  layer  (24)  of  semi- 
conductor  formed  on  said  intrinsic  base  layer 
(22),  said  thin  heavily  doped  layer  being  heav-  5 
ily  doped  with  said  second  conductivity  type; 

an  extrinsic  base  layer  (26)  of  polycrystalline 
semiconductor  formed  on  said  thin  very  heav- 
ily  doped  layer  (24),  said  extrinsic  base  layer  10 
being  doped  with  said  second  conductivity 
type; 

at  least  one  layer  (30,  32)  of  an  insulating 
material  formed  on  said  extrinsic  base  layer  is 
(26); 

an  emitter  region  (46)  of  polycrystalline  semi- 
conductor  formed  in  an  opening  (34)  in  said  at 
least  one  layer  (30,  32)  of  insulating  material,  20 
said  extrinsic  base  layer  (26)  and  said  thin 
layer  (24)  of  very  heavily  doped  polycrystalline 
semiconductor,  said  emitter  region  (46)  con- 
tacting  said  intrinsic  base  layer  (22)  through 
said  opening  (34).  25 

14.  The  transistor  of  claim  13  wherein  the  intrinsic 
base  layer  is  formed  of  one  of  Si  and  SiGe. 

15.  The  transistor  of  claim  13  where  the  intrinsic  30 
base  layer  is  formed  of  SiGe,  and,  the  thin 
very  heavily  doped  layer  and  the  extrinsic 
base  layer  are  formed  of  Si. 

35 

40 

45 

50 
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