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Description 

The  present  invention  relates  generally  to  semi- 
conductor  devices  and  more  particularly  to  a  lateral 
PNP  transistor  and  a  method  of  making  the  same. 

It  is  known  in  the  art  to  form  lateral  PNP  transis- 
tors  substantially  concurrently  with,  and  using  proc- 
esses  compatible  with,  vertical  NPN  tran-sistors.  Due 
primarily  to  previous  lithographic  limitations,  how- 
ever,  these  lateral  PNP  transistors  were  fabricated 
with  undesirably  wide  base  widths,  and  exhibited  poor 
operating  characteristics  relative  to  the  vertical  NPN 
transistors.  The  wide  base  widths  typically  resulted  in 
lateral  PNP  transistors  having  poor  frequency  re- 
sponse,  and  low  beta-gain. 

Recent  advances  in  lithographic  technology  now 
permit  the  fabrication  of  lateral  PNP  devices  having 
sub-micron  width  base  regions.  However,  these  later- 
al  transistors  are  typically  formed  on  a  low  concentra- 
tion  N-  epitaxial  layer,  the  epitaxial  layer  concentra- 
tion  being  dictated  by  the  vertical  NPN  transistor  re- 
quirements.  As  the  base  widths  of  the  lateral  PNP 
transistors  are  decreased  in  accordance  with  litho- 
graphic  technology  to  improve  frequency  response 
and  increase  beta-gain,  the  low  epitaxial  layer  con- 
centration  results  in  the  problems  of  PFET  collector 
current  leakage,  base  current  leakage,  and  emitter- 
collector  punch-through. 

IBM  Technical  Disclosure  Bulletin,  Vol.  13,  No.  6, 
page  1457,  November  1970,  shows  a  method  of  fab- 
ricating  a  lateral  PNP  transistor  wherein  an  N  type  dif- 
fusion  is  performed  in  an  N-  type  epitaxial  region  be- 
fore  emitter  and  collector  regions  are  formed.  The 
emitter  and  collector  regions  are  diffused  into  the  N 
diffused  epitaxial  region  so  as  to  form  a  graded  base 
region  there-between. 

U.S.-A-4.51  0.676  to  Anantha  et  al.  shows  a  meth- 
od  of  forming  a  lateral  PNP  transistor  on  an  integrated 
circuit  with  and  in  a  process  compatible  with  the  for- 
mation  of  a  vertical  NPN  transistor. 

IBM  Technical  Disclosure  Bulletin,  Vol.  22,  No.  7, 
pgs.  2939-2942,  December  1979,  shows  a  method  of 
forming  a  lateral  PNP  transistor  structure  wherein  a 
silicon  dioxide  sidewall  is  used  as  a  mask  to  form  a 
thin  base  region.  The  sidewall  is  grown  over  the  edge 
of  a  doped  polysilicon  layer.  One  electrode  is  formed 
by  out-diffusion  from  the  polysilicon  layer  into  an  un- 
derlying  epitaxial  region.  The  second  electrode  is 
formed  by  implantation,  diffusion,  or  out-diffusion 
into  the  epitaxial  region  using  the  sidewall  as  a  mask. 

U.S.-A-4.005.451  to  Martinelli  et  al.  shows  a  lat- 
eral  transistor  wherein  the  collector  and  emitter  re- 
gion  configurations  and  doping  profiles  are  selected 
to  promote  current  flow  at  a  location  spaced  away 
from  the  device  surface. 

U.S.-A-4.283.236  to  Sirsi  is  exemplary  of  "dou- 
ble-diffused"  type  lateral  transistors,  showing  a  later- 
al  PNP  transistor  formed  in  an  N-  epitaxial  region  and 

having  base  and  emitter  regions  both  diffused 
through  the  same  aperture.  The  region  between  the 
emitterand  collectordiffusions  is  counter-doped  with 
a  P  type  ion  implant. 

5  U.S.-A-4  167  425  to  Herbst  describes  a  lateral  bi- 
polar  transistor  having  a  semiconductor  substrate  of 
first  conductivity  type  with  an  epitaxial  layer  arranged 
thereon  of  second  conductivity  type.  Collector  and 
emitter  zones  of  first  conductivity  type  are  laterally  ar- 

10  ranged  in  the  epitaxial  layer.  A  base  terminal  contact 
zone  connects  with  the  epitaxial  layer  and  a  buried 
layer  of  second  conductivity  type  is  placed  in  the  epi- 
taxial  layer  below  the  emitter  and  collector  zones.  The 
buried  layer  has  a  doping  concentration  higher  than 

15  the  epitaxial  layer  so  that  a  minority  carrier  current 
emanating  from  the  emitter  zone  in  a  vertical  direc- 
tion  is  minimized.  A  doping  profile  of  the  emitter  zone 
and  portions  of  the  base  adjacent  thereto  is  provided 
such  that  an  additional  potential  barrier  is  created  ad- 

20  jacent  to  and  directly  beneath  the  emitter  zone  in  or- 
der  to  further  minimize  minority  charge  carriers 
emanating  at  a  vertical  direction  from  the  emitter 
zone. 

The  principle  object  of  the  present  invention  is  to 
25  provide  a  lateral  PNP  transistor. 

Another  object  of  the  present  invention  is  to  pro- 
vide  a  lateral  PNP  transistor  of  the  above-described 
type  which  can  be  formed  on  an  N-  substrate. 

A  further  object  of  the  present  invention  is  to  pro- 
30  vide  a  lateral  PNP  transistor  of  the  above-described 

type  which  provides  improved  operating  characteris- 
tics,  including  increased  beta-gain  and  increased  fre- 
quency  response,  relative  to  the  prior  art. 

Yet  another  object  of  the  present  invention  is  to 
35  provide  a  method  of  forming  a  lateral  PNP  transis-tor 

which  is  compatible  with  the  generally  concurrent  for- 
mation  of  a  vertical  NPN  transistor. 

In  accordance  with  the  present  invention,  there  is 
provided  a  method  of  forming  a  lateral  PNP  transistor, 

40  the  method  comprising  the  steps  of:  providing  a  body 
of  semiconductor  material  including  an  isolated  N-  de- 
vice  region;  implanting  an  N  type  dopant  material  at 
a  first  power  and  first  dosage  into  a  selected  implant 
region  of  the  device  region;  implanting  N-type  dopant 

45  material  at  a  second  power  and  second  dosage  into 
the  implant  region;  wherein  the  first  power  is  lower 
than  the  second  power  and  the  first  dosage  is  lower 
than  the  second  dosage;  and  forming  P-type  emitter 
and  collector  regions  in  the  device  region  such  that  an 

so  intrinsic  base  region  is  defined  between  the  collector 
and  emitter  regions  in  the  implant  region  whereby  the 
implant  region  has  a  higher  N-type  dopant  concentra- 
tion  proximate  the  bottom  of  the  emitter  region  and  a 
lower  N-Type  dopant  concentration  proximate  the 

55  surface  of  the  base  region. 
Further  objects,  features,  and  advantages  of  the 

present  invention  will  become  apparent  from  a  con- 
sideration  of  the  following  detailed  description  of  the 
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invention  when  read  in  conjunction  with  the  drawing 
FIGs.,  in  which: 

FIG.  1  shows  a  cross-sectional  view  at  one  step 
in  the  process  of  constructing  a  lateral  PNP  tran- 
sis-tor  in  accordance  with  the  present  invention; 
FIG.  2  shows  a  cross-sectional  view  at  a  later 
step  in  the  fabrication  of  the  lateral  PNP  transistor 
of  FIG.  1;  and 
FIG.  3  is  a  top  view  of  the  device  of  FIG.  2. 
Referring  now  to  the  drawings,  FIG.  1  shows  a 

portion  10  of  a  semiconductor  chip  12  including  an 
isolated  device  region  14  formed  over  a  P  conductiv- 
ity  type  substrate  16.  Substrate  16  comprises,  for  ex- 
ample,  a  silicon  wafer  having  a  <100>  crystallograph- 
ic  orientation  and  a  resistivity  in  the  range  of  about  15 
ohm-cm. 

An  N+  buried  subcollector  region  18  is  formed  on 
the  surface  of  substrate  16,  and  pursuant  to  a  subse- 
quent  epitaxial  growth  step,  extends  upward  into  an 
overlying  N-epitaxial  layer  20.  Buried  subcollector  re- 
gion  18  is  formed,  for  example,  by  a  diffusion  or  ion 
implantation  of  arsenic  ions  into  the  surface  of  sub- 
strate  1  6  in  a  conventional  manner  during  the  fabrica- 
tion  process. 

Epitaxial  layer  20  is  then  grown,  in  a  conven-tio- 
nal  chemical  vapor  deposition  process,  over  the  sur- 
face  of  P  substrate  16  so  as  to  yield  a  concentration 
in  the  range  of  about  1x1016  atoms/cm3.  During  the 
epitaxial  growth  of  N-  region  20,  subcollector  region 
16  diffuses  upwards  into  the  overlying  region  to  pro- 
vide  a  subcollector  concentration  in  the  range  of 
about  1x1  020  atoms/cm3. 

An  isolation  trench  22  extends  from  the  surface 
of  chip  12  downward  to  substrate  16,  and  bounds  the 
edges  of  region  14  to  electrically  isolate  the  device 
formed  therein  from  other  devices  on  chip  12.  Trench 
22  is  formed  by  conventional  methods,  for  example  by 
photolithographic  masking,  etching,  filling,  and  pla- 
narizing.  An  N+  subcollector  reachthrough  region  26, 
formed,  for  example  by  deep  ion  implantation  of  phos- 
phorus  to  a  concentration  in  the  range  of  about  1x1  020 
atoms/cm3,  extends  along  the  rightmost  edge  (as 
viewed  in  the  figures)  of  region  14  from  the  surface 
of  the  device  downward  into  contact  with  subcollector 
region  18. 

Generally  concommitant  with  the  formation  of  the 
structure  in  device  region  14,  a  vertical  NPN  tran- 
sistor  (not  shown)  is  fabricated  in  adjacent,  electrical- 
ly  isolated  device  region  30. 

Continuing  with  respect  to  FIG.  1  ,  in  accordance 
with  the  present  invention,  a  two-step  N+  ion  implan- 
tation  process  is  used  to  form  an  N  implant  region  32 
within  layer  20  and  spaced  from  subcollector  reach- 
through  region  26.  The  implantations  are  performed 
with  a  relatively  light  N+  type  dopant,  preferably 
Phosphorus. 

The  present  inventors  have  determined  that, 
through  the  use  of  the  two  step  ion  implantation  proc- 

ess  described  herein,  it  is  possible  to  provide  lateral 
PNP  transistors  having  vastly  improved  operating 
characteristics,  without  affecting  the  concurrently 
formed  vertical  NPN  transistors. 

5  To  best  illustrate  the  present  invention,  it  will  be 
described  first  for  a  device  having  an  epitaxial  layer 
concentration  of  about  1x1  016  atoms/cm3  (layer  20  as 
described  above),  an  emitter  region  (the  formation  of 
which  is  shown  below)  having  a  depth  into  the  epitax- 

10  ial  region  of  about  0.4  ^m,  and  a  base  width  W,  as  de- 
scribed  below,  of  about  0.5  urn. 

The  first  ion  implantation  is  performed  with  a  rel- 
atively  high  dopant  concentration  in  the  range  of 
about  3x1  012  atoms/cm2,  and  at  a  relatively  high  en- 

15  ergy  in  the  range  of  about  350  KeV.  The  second  ion 
implantation  is  performed  with  a  relatively  lower  do- 
pant  concentration  in  the  range  of  about  8x1  011 
atoms/cm2,  and  at  a  relatively  low  energy  in  the  range 
of  about  100  KeV.  It  will  be  understood  that,  while  for 

20  purposes  of  explanation  the  ion  implanta-tions  have 
been  referred  to  as  first  and  second,  they  may  be  per- 
formed  in  either  order  with  the  same  result. 

Referring  now  to  FIGS.  2  and  3,  P  type  emitter 
and  collector  regions  34,  36,  respectively,  are  formed 

25  in  the  surface  of  layer  20  such  that  the  emitter  region 
is  contained  entirely  in  the  doped  region  32,  while  the 
collector  region  overlaps  at  least  a  portion  of  the  dop- 
ed  region.  Emitter  and  collector  regions  34,  36  are 
formed  by  conventional  methods,  such  as  masking 

30  and  ion  diffusion,  with  the  emitter  region  having  a 
depth  D  of  about  0.4  urn.  An  intrinsic  base  region  38 
is  defined  between  the  adjacent  edges  of  the  emitter 
and  collector  regions  34,  36,  proximate  the  device 
surface.  A  heat  anneal,  for  example  at  900  degrees  C 

35  and  for  40  minutes,  is  performed  to  activate  the  dou- 
ble  ion  implantation.  The  lateral  PNP  transistor  thus 
formed  in  region  14  can  be  straightforwardly  complet- 
ed  through  the  connections  of  conductive  terminals 
(not  shown). 

40  When  formed  using  the  double  ion  implantation 
described  above,  N  region  32  yields  a  surface  con- 
centration  of  about  5x1  016  atoms/cm3,  a  concentra- 
tion  sufficient  to  provide  adequate  punch-through 
protec-tion  for  a  device  having  a  base  width  W  of 

45  about  0.50  urn.  N  region  32  further  yields  a  higher 
concen-tration,  of  about  7x1  016  atoms/cm3,  proxi- 
mate  the  bottom  of  emitter  region  34.  This  higher  con- 
centration  along  the  emitter-extrinsic  base  junction 
functions  to  inhibit  the  problems  of  base  current  leak- 

so  age  and  PFET  collector  current  leakage  described 
above. 

It  is  to  be  understood  that  the  steps  of  forming  the 
emitter,  base,  and  N  implant  regions  34,  36,  32,  re- 
spectively,  can  be  performed  in  any  selected  order. 

55  The  present  inventors  have  determined  that,  for 
a  lateral  PNP  transistor  formed  in  an  N-  region  having 
a  concentration  of  about  1x1016  atoms/cm3,  and  an 
emitter  depth  D  of  about  0.4  microns,  base  widths  W 
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of  from  0.10  to  1.0  can  be  achieved  through  ap- 
propriate  selections  within  the  following  ranges:  a  first 
ion  implantation  having  a  relatively  high  energy  level 
of  about  350  KeV  and  a  relatively  high  dose  in  the 
range  of  about  1x1012-2x1013  atoms/cm2,  and  a  sec- 
ond  ion  implantation  having  a  relatively  low  energy 
level  of  about  100  KeV  and  a  relatively  low  dose  in  the 
range  of  about  2x1011-3x1012  atoms/cm2. 

It  will  be  appreciated  that  if  the  concentration  of 
epitaxial  layer  20,  the  desired  base  width  W,  or  the 
depth  D  of  emitter  region  32  are  varied,  the  parame- 
ters  of  the  two  ion  implantations  must  be  varied  ac- 
cordingly.  The  desired  ion  implantations  will,  of 
course,  provide  a  doping  profile  which  is  greater  prox- 
imate  the  bottom  of  the  emitter  region  than  at  the  sur- 
face.  The  doping  concentration  proximate  the  sur- 
face  of  the  base  region  is  selected  to  be  sufficient  to 
inhibit  an  emitter-collector  punch-through  breakdown 
of  about  2  V  at  1  nA/micron-meter  of  emitter  surface 
junction  length  L,  but  not  so  high  as  to  unacceptably 
depress  the  transistor  beta-gain.  The  doping  concen- 
tration  proximate  the  bottom  of  the  emitter  region  is 
select-ed  to  be  equal  to  or  greater  than  about  7x1  016 
atoms/cm3. 

There  is  thus  provided  a  method  for  forming  a  lat- 
eral  PNP  transistor  which  exhibits  substantially  im- 
proved  operating  characteristics  in  comparison  to 
similar  prior  art  devices.  The  relatively  narrow  base 
width,  e.g.,  0.5  urn  in  the  embodiment  shown,  yields 
a  device  having  a  beta-gain  on  the  order  of  50  for  a 
collector  current  of  1  nA/p.m,  and  a  frequency  re- 
sponse  in  the  range  of  about  300  MHz.  The  dopant 
concentration  in  the  intrinsic  base  region  proximate 
the  device  surface  is  sufficient  to  inhibit  emitter-col- 
lector  punch-through,  while  the  relatively  higher  do- 
pant  concentration  in  the  vicinity  of  the  bottom  of  the 
emitter  region,  i.e.  along  the  emitter-extrinsic  base 
junction,  is  sufficient  to  decreases  base  current  and 
PFET  collector  current  leakage. 

The  present  invention  provides  these  substantial 
benefits  while  requiring  only  one  additional  masking 
step;  the  masking  step  required  to  form  implant  region 
32. 

The  invention  is  particularly  applicable  in  the  for- 
mation  of  lateral  PNP  transistors  on  semiconductor 
chips  concurrently  with  the  formation  of  vertical  NPN 
transistors. 

Claims 

1.  A  method  of  forming  a  lateral  PNP  transistor,  said 
method  comprising  the  steps  of: 
providing  a  body  of  semiconductor  material  in- 
cluding  an  isolated  N-type  device  region  (14); 
implanting  an  N  type  dopant  material  at  a  first 
power  and  first  dosage  into  a  selected  implant  re- 
gion  (32)  of  said  device  region  (14); 

implanting  N-type  dopant  material  at  a  second 
power  and  second  dosage  into  said  implant  re- 
gion  (32); 
wherein  said  first  power  is  lower  than  said  second 

5  power  and  said  first  dosage  is  lower  than  said 
second  dosage;  and 
forming  P-type  emitter  (34)  and  collector  (36)  re- 
gions  in  said  device  region  (14)  such  that  an  in- 
trinsic  base  region  (38)  is  defined  between  said 

10  collector  (36)  and  emitter  (34)  regions  in  said  im- 
plant  region  (32),  whereby  said  implant  region 
(32)  has  a  higher  N-type  dopant  concentration 
proximate  the  bottom  of  said  emitter  region  (34) 
and  a  lower  N-type  dopant  concentration  proxi- 

15  mate  the  surface  of  said  base  region  (38). 

2.  A  method  in  accordance  with  claim  1  wherein  said 
body  comprises  silicon  semiconductor  material. 

20  3.  A  method  in  accordance  with  claim  1  or  2  wherein 
said  device  region  is  selected  to  have  a  concen- 
tration  of  about  1x1016  atoms/cm3. 

4.  A  method  in  accordance  with  claim  3  wherein: 
25  the  ions  used  for  said  first  and  second  implanting 

steps  are  phosphorus  ions; 
one  of  said  implanting  steps  is  selected  to  have 
a  dosage  in  the  range  of  about  1x1011-3x1012 
atoms/cm2  and  an  energy  of  about  1  00  KeV;  and 

30  the  other  of  said  implanting  steps  is  selected  to 
have  a  dosage  in  the  range  of  about  1x1012- 
2x1  013  atoms/cm2  and  an  energy  of  about  350 
KeV. 

35  5.  A  method  in  accordance  with  claim  1  wherein  said 
emitter  region  is  formed  entirely  in  said  implant 
region  and  the  concentration  in  said  implant  re- 
gion  proximate  the  bottom  of  said  emitter  region 
is  selected  to  be  equal  to  or  greater  than  about 

40  7x1  01  6  atoms/cm3. 

Patentanspruche 

45  1.  Verfahren  zur  Herstellung  eines  lateralen  pnp- 
Transistors,  wobei  das  Verfahren  folgende 
Schritte  beinhaltet: 
Bereitstellen  eines  Korpers  aus  Halbleitermateri- 
al  mit  einer  isolierten  n-leitenden 

so  Bauelementzone  (14)  ; 
Implantieren  eines  n-leitenden  Dotierstoffmateri- 
als  bei  einer  ersten  Leistung  und  mit  einer  ersten 
Dosierung  in  eine  gewahlte  Implantationszone 
(32)  der  Bauelementzone  (14)  ; 

55  Implantieren  eines  n-leitenden  Dotierstoffmateri- 
als  bei  einer  zweiten  Leistung  und  mit  einer  zwei- 
ten  Dosierung  in  die  Implantationszone  (32), 
wobei  die  erste  Leistung  niedriger  als  die  zweite 

4 
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Leistung  und  die  erste  Dosierung  niedriger  als 
die  zweite  Dosierung  ist;  und 
Erzeugen  von  p-leitenden  Emitter(34)-  und  Kol- 
lektor(36)-  Zonen  in  der  Bauelementzone  (14) 
derart,  dali  eine  eigenleitende  Basiszone  (38)  5 
zwischen  der  Kollektor(36)-  und  der  Emitter(34)- 
Zone  in  der  Implantationszone  (32)  festgelegt 
wird,  wodurch  die  Implantationszone  (32)  in  der 
Nahe  des  Bodens  der  Emitterzone  (34)  eine  ho- 
here  Konzentration  des  n-leitenden  Dotierstoffes  10 
und  in  der  Nahe  der  Oberflache  der  Basiszone 
(38)  eine  niedrigere  Konzentration  des  n-leiten- 
den  Dotierstoffes  aufweist. 

mier  dosage  est  inferieur  audit  deuxieme  dosage; 
et 

former  des  regions  de  collecteur  (36)  et 
d'emetteur  (34)  de  type  P-  dans  ladite  region  de 
dispositif  (14)  pour  que  soitdefinie  une  region  de 
base  intrinseque  (38)  entre  lesdites  regions  de 
collecteur  36  et  d'emetteur  (34)  dans  ladite  region 
d'implantation  (32),  ce  qui  fait  que  ladite  region 
d'implantation  (32)  a  une  concentration  de  do- 
pant  de  type  N-  pres  du  bas  de  ladite  region 
d'emetteur  (34)  et  une  concentration  de  dopant 
de  type  N-  plus  faible  pres  de  la  surface  de  ladite 
region  de  base  (38). 

2.  Verfahren  nach  Anspruch  1  ,  wobei  der  Korper  Si- 
licium-Halbleitermaterial  beinhaltet. 

3.  Verfahren  nach  Anspruch  1  oder  2,  wobei  die 
Bauelementzone  so  gewahlt  ist,  daft  sie  eine 
Konzentration  von  etwa  1  x  1016  Atome/cm3  auf- 
weist. 

4.  Verfahren  nach  Anspruch  3,  wobei: 
die  fur  den  ersten  und  den  zweiten  Implantations- 
schritt  verwendeten  lonen  Phosphorionen  sind; 
einer  der  Implantationsschritte  so  gewahlt  ist, 
dali  er  eine  Dosierung  im  Bereich  von  etwa  1  x 
1011  Atome/cm2  bis  3  x  1012  Atome/cm2  sowie  ei- 
ne  Energie  von  etwa  100  keV  beinhaltet;  und 
der  andere  der  Implantationsschritte  so  gewahlt 
ist,  dali  er  eine  Dosierung  im  Bereich  von  1  x  1  012 
Atome/cm2,  bis  2  x  1013  Atome/cm2  sowie  eine 
Energie  von  etwa  350  keV  beinhaltet. 

5.  Verfahren  nach  Anspruch  1  ,  wobei  die  Emitterzo- 
ne  vollstandig  in  der  Implantationszone  ausgebil- 
det  ist  und  die  Konzentration  in  der  Implantati- 
onszone  in  der  Nahe  des  Bodens  der  Emitterzo- 
ne  so  gewahlt  ist,  dali  sie  gleich  oder  grolier  als 
etwa  7  x  1016  Atome/cm3  ist. 

Revendications 

15  2.  Procede  selon  la  revendication  1  ,  dans  lequel  le- 
dit  corps  est  un  materiau  semiconducteur  de  sili- 
cium. 

3.  Procede  selon  les  revendications  1  ou  2,  dans  le- 
20  quel  ladite  region  de  dispositif  est  selectionnee 

pour  avoir  une  concentration  d'environ  1  x  1016 
atomes/cm3. 

4.  Procede  selon  la  revendication  3,  dans  lequel: 
25  les  ions  utilises  pour  lesdites  premiere  et 

deuxieme  etapes  d'implantation  sont  des  ions  de 
phosphore; 

une  desdites  etapes  d'implantation  est  se- 
lectionnee  pour  avoir  un  dosage  dans  la  gamme 

30  situee  entre  environ  1  x  1011  -  3  x  1012  ato- 
mes/cm2  et  une  energie  d'environ  100  keV;  et 

I'autre  desdites  etapes  d'implantation  est 
selectionnee  pour  avoir  un  dosage  dans  la  gam- 
me  situee  entre  environ  1  x  1012  -  2  x  1013  ato- 

35  mes/cm2  et  une  energie  d'environ  350  kev. 

5.  Procede  selon  la  revendication  1  ,  dans  lequel  la- 
dite  region  d'emetteur  est  formee  entierement 
dans  ladite  region  d'implantation  et  la  concentra- 

40  tion  dans  ladite  region  d'implantation  proche  du 
bas  de  ladite  region  d'emetteur  est  selectionnee 
pour  etre  egale  ou  superieure  a  environ  7  x  1016 
atomes/cm3. 

1.  Procede  pourformerun  transistor  PNP  lateral,  le-  45 
dit  procede  comprenant  les  etapes  de: 

fournir  un  corps  de  materiau  semiconduc- 
teur  comprenant  une  region  de  dispositif  de  type 
N-  isolee  (14); 

implanter  un  materiau  dopant  de  type  N  a  so 
une  premiere  energie  et  un  premier  dosage  dans 
une  region  d'implantation  selectionnee  (32)  de  la- 
dite  region  de  dispositif  (14); 

implanter  un  materiau  dopant  de  type  N-  a 
une  deuxieme  energie  et  un  deuxieme  dosage  55 
dans  ladite  region  d'implantation  (32); 

dans  lequel  ladite  premiere  energie  est  in- 
ferieure  a  ladite  deuxieme  energie  et  le  dit  pre- 

5 
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