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Description 

The  present  invention  relates  to  a  method  of 
manufacturing  a  semiconductor  device  having  a 
complementary  MOS  transistor  and  a  double-dif- 
fused  MOS  transistor  on  a  single  semiconductor 
substrate. 

A  semiconductor  device  having  a  complemen- 
tary  MOS  transistor  (to  be  referred  to  as  a  C-MOS 
hereinafter)  and  a  double-diffused  MOS  transistor 
(to  be  referred  to  as  a  D-MOS  hereinafter)  on  a 
single  substrate  has  been  anticipated  as  a  power 
IC  with  a  high  speed  logic  since  a  low  power 
consumption  logic  circuit  can  be  constituted  at  the 
C-MOS  and  a  high  output  can  be  obtained  from  the 
D-MOS. 

From  US  4.403.395  a  LSI  integrated  circuit 
comprising  a  P-MOS,  N-MOS  and  D-MOS  transis- 
tor  is  known.  The  method  of  making  such  a  mon- 
olythic  integrated  semiconductor  device  with  verti- 
cal  and  lateral  elements  includes  forming  these 
elements  on  the  surface  of  a  monocrystalline  P- 
conductive  substrate  by  selectively  forming  an  N  + 
zone.  An  upper  layer  of  N-conductive  semiconduc- 
tive  material  on  this  zone  at  each  point  where  a 
diffusion  MOS  element  or  a  lateral  NPN-element  is 
to  be  formed.  Insulating  NPN-transition  zones  are 
formed  between  P+  zones  through  the  epitaxial 
layer.  In  the  selected  zones  a  thin  doped  P-con- 
ductive  surface  is  formed  and  another  in  the  D- 
MOS  regions.  Further  zones  are  formed  for  source 
and  drain  source  and  for  the  collector  and  emitter 
contacts.  The  gate  insulators  are  selectively  formed 
and  the  concentrating  voltage  for  the  P-MOS  ele- 
ments  is  applied. 

Boron  iones  are  implanted  to  form  the  deple- 
tion  channels  for  P-MOS  and  P-JFET  elements  and 
contacts  are  added. 

Fig.  1  is  a  sectional  view  of  an  example  of  a 
similar  conventional  semiconductor  device  which 
consists  of  the  above-mentioned  C-MOS  and  D- 
MOS.  In  Fig.  1,  N-type  epitaxial  silicon  layer  2  is 
formed  on  P-type  silicon  substrate  1,  and  P+-type 
isolation  diffusion  layer  3  is  formed  in  layer  2  from 
its  surface  to  substrate  1,  so  that  element  regions 
for  C-MOS  and  D-MOS  are  isolated.  C-MOS  10 
and  D-MOS  20  are  respectively  formed  in  the 
isolated  element  regions.  Gate  electrodes  of  C- 
MOS  10  and  D-MOS  20  consist  of  a  polycrystalline 
silicon  layer  which  is  doped  with  high  concentration 
phosphorus  to  have  a  low  resistance.  Reference 
numeral  4  denotes  a  field  oxide  film. 

The  above  conventional  semiconductor  device 
is  manufactured  as  shown  in  Figs.  2A  to  2C. 

First,  by  a  process  normally  performed  in  man- 
ufacturing  a  bipolar  semiconductor  device,  layer  2 
is  formed,  and  then  layer  3  is  formed  to  isolate 
respective  element  regions.  Subsequently,  C-MOS 

10  and  D-MOS  20  are  formed  in  the  respective 
element  regions.  That  is,  using  the  process  per- 
formed  in  normal  C-MOS  processes,  P-type  well 
region  11  for  a  n-Channel  MOS  transistor  (to  be 

5  referred  to  as  an  N-MOS  hereinafter)  is  formed  in 
the  element  region  of  C-MOS  10.  At  the  same  time, 
P-type  well  region  21  for  withstand  voltage  com- 
pensation  is  formed  in  the  element  region  for  D- 
MOS  20.  P-type  back  gate  region  22  of  D-MOS  20 

io  is  formed  first,  and  field  oxide  film  4  is  formed 
second.  Then,  after  the  field  oxide  film  of  the 
element  region  is  removed  so  as  to  expose  a 
surface  of  the  epitaxial  silicon  layer,  the  exposed 
surface  is  thermally  oxidized  to  form  gate  oxide 

75  film  5. 
Thereafter.polycrystalline  silicon  layer  6,  as  a  gate 
electrode  material,  is  deposited  on  the  entire  sur- 
face. 

Then,  phosphorous  is  diffused  in  high  con- 
20  centration  in  layer  6  using  POCb  as  a  diffusion 

source,  so  that  layer  6  has  a  sufficiently  low  resis- 
tance  to  serve  as  a  gate  electrode  (Fig.  2A). 

Subsequently,  layer  6  is  patterned  to  form  gate 
electrodes  12  and  13  of  C-MOS  10  and  gate  elec- 

25  trade  23  of  D-MOS  20  (Fig.  2B). 
Then,  by  ion-implanting  arsenic,  n+-type  source 

region  14  and  drain  region  15  of  the  N-MOS  are 
formed,  and  at  the  same  time,  n+-type  source 
region  24  and  n+-type  drain  region  25  of  D-MOS  20 

30  are  formed.  Subsequently,  boron  is  ion-implanted 
to  form  p+-type  source  region  16  and  drain  region 
17  of  the  P-MOS.  After  CVD-Si02  film  7  is  depos- 
ited  as  an  insulating  interlayer,  a  contact  hole  is 
opened,  and  aluminium  is  deposited  and  patterned 

35  to  form  aluminium  wiring  8,  such  as  source  and 
drain  electroes  of  C-MOS  10  and  D-MOS  20  (Fig. 
2C). 

It  should  be  noted  that  gate  electrodes  12,  13 
and  23  in  the  above  conventional  semiconductor 

40  device  are  all  n-type,  because  they  are  doped  with 
phosphorus  to  obtain  a  low  resistance.  Therefore, 
boron  is  counterdoped  in  a  P-MOS  channel  region 
constituting  C-MOS  10  to  obtain  a  transistor  of  a 
so-called  buried  channel  type  for  the  following  rea- 

45  son.  That  is,  since  both  the  channel  region  of  the 
P-MOS  and  the  gate  electrode  are  n-type,  a  work 
function  difference  between  them  is  too  small  to 
invert  the  channel  region,  and  it  is  difficult  to  obtain 
a  threshold  voltage  of  1V  or  less  by  the  P-MOS 

50  consisting  of  a  normal  gate  oxide  film.  Thus,  coun- 
ter  doping  is  performed  to  obtain  a  lower  threshold 
voltage. 

In  addition,  in  the  manufacture  of  a  conven- 
tional  semiconductor  device,  since  P-type  back 

55  gate  electrode  22  of  D-MOS  20  is  formed  before 
the  formation  of  gate  electrode  23,  a  mask  align- 
ment  margin  between  them  must  be  made.  That  is, 
as  shown  in  Fig.  3,  length  c  of  the  back  gate  region 
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of  D-MOS  20  must  be  longer  by  length  a  of  the 
above  mask  alignment  margin  than  length  b  ob- 
tained  when  the  region  is  formed  by  self-alignment. 
For  this  reason,  the  element  size  is  increased  to 
prevent  high  packing  density,  and  the  ON  resis- 
tance  is  increased  by  an  elongated  amount  of  the 
channel  region  of  D-MOS  20.  For  example,  when 
mask  alignment  accuracy  is  within  1  urn,  alignment 
margin  a  of  2  urn  or  more  must  be  made  for  n+- 
type  source  region  24  to  be  formed  later.  Since  the 
diffusion  length  (b)  of  region  22  is  normally  4  urn, 
the  ON  resistance  in  this  case  is  increased  by  75% 
as  compared  with  the  case  in  which  the  region  is 
formed  by  the  self-alignment  method. 

Despite  the  above  disadvantages,  the  self- 
alignment  method  is  not  used  in  the  formation  of 
region  22  of  D-MOS  20  for  the  following  reason. 

That  is,  in  order  to  form  region  22  by  self- 
alignment,  boron  is  ion-implanted  using  electrode 
23  as  a  blocking  mask  and  then  diffused  and 
activated  by  annealing  at  a  high  temperature  for  a 
long  period  of  time.  However,  since  electrodes  12, 
13  and  23  are  already  doped  with  high  concentra- 
tion  phosphorus,  the  phosphorus  in  electrodes  12, 
13  and  23  is  diffused  to  reach  epitaxial  silicon  layer 
2,  if  such  annealing  is  performed  at  a  high  tem- 
perature  for  a  long  period  of  time.  For  this  reason, 
controllability  of  gate  threshold  voltage  Vth  is  sig- 
nificantly  degraded  in  D-MOS  20  and  C-MOS  10, 
and  it  is  practically  impossible  to  form  a  MOS 
transistor. 

Another  reason  why  the  self-alignment  method 
is  not  adopted  in  the  formation  of  region  22  in  D- 
MOS  20  is  that  the  P-MOS  constituting  C-MOS  10 
must  be  of  a  buried  channel  type  for  the  above 
reason. 

More  specifically,  like  so-called  channel-im- 
plantation,  boron  must  be  counter-doped  to  form 
P+-type  source  region  16  and  drain  region  17  of 
the  P-MOS  before  polycrystalline  silicon  layer  6  for 
gate  electrodes  12  and  13  ist  formed.  The  term 
"channel-implantation"  means  ion-implantation  of 
an  impurity  in  a  channel  region  to  control  the 
threshold  voltage,  because  the  impurity  is  segre- 
gated  into  gate  oxide  film  5  when  the  film  is 
formed.  Accordingly,  when  the  self-alignment  meth- 
od  is  adopted  for  formation  of  region  22,  high 
temperature  annealing  must  be  performed  after 
counter  doping.  Furthermore,  since  the  impurity 
concentration  of  layer  2  is  lower  than  that  of  normal 
C-MOS  10  without  D-MOS  20,  to  increase  a  with- 
stand  voltage  of  D-MOS  20,  counter-doped  boron 
is  diffused  deep  into  layer  2  by  the  above  anneal- 
ing.  As  a  result,  since  a  p-n  junction  is  formed  in  a 
channel  region  much  deeper  than  that  in  a  normal 
buried  channel  type,  it  is  either  impossible  or  very 
difficult  to  form  the  P-MOS. 

It  is  therefore  an  object  of  the  present  invention 
to  provide  an  economical  and  efficient  method  of 
manufacturing  a  semiconductor  device  ,  when  a  C- 
MOS  and  a  D-MOS  are  integrated  on  a  single 

5  substrate,  being  of  a  structure  capable  of  satisfac- 
torily  maintaining  the  characteristics  required  for 
the  respective  elements  even  when  a  back  gate 
region  of  the  D-MOS  is  formed  by  self-alignment. 

This  object  is  solved  by  a  method  for  manufac- 
io  turing  a  semiconductor  device  in  which  a  com- 

plementary  MOS  transistor  and  a  double-diffused 
MOS  transistor  are  formed  on  a  semiconductor 
substrate  of  a  first  conductivity  type,  comprising 
the  steps  of:  forming  a  first  element  region  of  a 

is  second  conductivity  type  for  said  complementary 
MOS  transistor  and  a  second  element  region  of  the 
second  conductivity  type  for  said  double-diffused 
MOS  transistor  on  said  semiconductor  substrate  to 
be  electrically  isolated  from  each  other;  forming  a 

20  first  well  diffusion  layer  of  the  first  conductivity  type 
and  a  second  well  diffusion  layer  of  the  second 
conductivity  type  in  said  first  element  region  of  the 
second  conductivity  type  for  said  complementary 
MOS  transistor  and  a  well  diffusion  layer  of  the  first 

25  conductivity  type  for  compensation  of  the  withstand 
voltage  in  said  second  element  region  of  the  sec- 
ond  conductivity  type  for  said  double-diffused  MOS 
transistor;  forming  undoped  gate  electrodes  in  said 
first  well  diffusion  layer  of  the  first  conductivity  type 

30  and  said  second  well  diffusion  layer  of  the  second 
conductivity  type  for  said  complementary  MOS 
transistor  on  a  gate  oxide  film  and  forming  an 
undoped  gate  electrode  in  said  second  element 
region  of  the  second  conductivity  type  on  said  gate 

35  oxide  film;  forming  a  back  gate  region  of  the  first 
conductivtity  type  to  be  self-aligned  with  said  gate 
electrode  formed  on  said  second  element  region  of 
the  second  conductivity  type  for  said  double-dif- 
fused  MOS  transistor,  whereby  said  back  gate  re- 

40  gion  is  contacting  said  well  diffusion  region  in  said 
second  element  region;  forming  source  and  drain 
regions  of  the  first  conductivity  type  in  said  second 
well  diffusion  layer  for  said  complementary  MOS 
transistors  whereby  the  gate  electrode  in  said  sec- 

45  ond  well  diffusion  layer  is  doped  to  be  of  the  first 
conductivity  type;  and  forming  source  and  drain 
regions  of  the  second  conductivity  type  in  said  first 
well  diffusion  layer  of  the  first  conductivity  type  for 
said  complementary  MOS  transistor  and  forming  a 

50  source  region  of  the  second  conductivity  type  in 
said  back  gate  region  and  a  drain  region  of  the 
second  conductivity  type  in  said  second  element 
region  of  the  second  conductivity  type  for  said 
double-diffused  MOS  transistor,  whereby  the  gate 

55  electrodes  in  said  first  well  diffusion  layer  and  said 
second  element  region  is  doped  to  be  of  the  sec- 
ond  conductivity  type. 
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In  the  manufacturing  method  according  to  the 
present  invention,  an  undoped  polycrystalline  sili- 
con  layer  is  deposited  for  gate  electrodes  of  a  C- 
MOS  and  a  D-MOS,  and  is  then  patterned  to  form 
gate  electrodes  of  a  P-MOS  and  N-MOS  constitut- 
ing  the  C-MOS  and  a  gate  electrode  of  the  D-MOS. 
Then,  an  impurity  of  the  first  conductivity  type  is 
ion-implanted  in  an  element  region  of  the  D-MOS 
using  an  end  of  the  gate  electrode  of  the  D-MOS 
as  a  blocking  mask.  Annealing  at  a  high  tempera- 
ture  is  performed  to  cause  slumping,  so  that  a  back 
gate  region  of  the  first  conductivity  type  is  formed 
by  self-alignment.  At  the  same  time,  a  polycrystal- 
line  silicon  layer  constituting  respective  gate  elec- 
trodes  is  annealed.  However,  in  this  stage,  the 
respective  gate  electrodes  are  still  undoped.  There- 
fore,  when  the  respective  source  and  drain  regions 
are  to  be  formed,  the  same  impurity  is  doped  in 
each  gate  electrode  to  obtain  low  resistance.  Ac- 
cordingly,  the  gate  electrode  of  the  P-MOS  con- 
stituting  the  C-MOS  is  p-type  (a  channel  region  is 
n-type),  and  the  gate  electrode  of  the  N-MOS  is  n- 
type  (a  channel  region  is  p-type). 

In  the  semiconductor  device  obtained  by  the 
method  of  manufacturing  according  to  the  present 
invention,  a  C-MOS  and  a  D-MOS  are  formed  in  a 
single  substrate,  and  conductivity  types  of  poly- 
crystalline  silicon  gate  electrodes  of  the  P-MOS 
and  the  N-MOS  which  constitute  the  C-MOS  op- 
pose  those  of  the  respective  channel  regions  there- 
of.  For  this  reason,  both  the  MOS  transistors  con- 
stituting  the  C-MOS  are  of  a  surface  channel  type. 
Therefore,  a  well-balanced  and  satisfactory  com- 
plementary  operation  characteristic  can  be  ob- 
tained.  In  addition,  since  counter  doping  needs  not 
be  performed  for  the  C-MOS,  a  process  of  forming 
a  back  gate  region  of  the  D-MOS  by  self-alignment 
can  be  adopted  without  degrading  the  characteris- 
tic  of  the  C-MOS  to  be  described  later. 

In  the  manufacturing  method  according  to  the 
present  invention,  unlike  in  the  conventional  meth- 
od,  no  mask  alignment  margin  is  required  because 
the  back  gate  region  of  the  D-MOS  is  formed  by 
self-alignment,  thereby  contributing  to  improve- 
ments  in  micropatterning  of  elements  and  high 
packing  density.  In  this  self-alignment  process,  an 
impurity  ion-implanted  using  the  gate  electrode  of 
the  D-MOS  as  a  mask  is  slumped,  and  annealing  is 
performed  at  a  high  temperature  for  a  long  period 
of  time  to  form  the  back  gate  region.  However, 
because  thegate  electrode  of  both  the  D-MOS  and 
the  C-MOS  are  still  undoped  in  this  stage,  a  con- 
ventional  problem  in  which  the  impurity  in  the  gate 
electrode  is  diffused  through  the  gate  oxide  film  to 
disable  threshold  value  control  of  the  MOS  transis- 
tor  can  be  eliminated.  In  addition,  according  to  the 
present  invention,  since  both  the  MOS  transistors 
constituting  the  C-MOS  are  of  a  surface  channel 

type,  counter  doping  is  not  required.  Accordingly, 
even  when  annealing  is  performed  at  a  high  tem- 
perature  for  a  long  period  of  time,  a  conventional 
problem  does  not  occur  in  which  the  counter-dop- 

5  ed  impurity  is  diffused  too  deep  to  disable  opera- 
tion  of  the  MOS  transistor  of  a  buried  channel  type. 
On  the  other  hand,  since  an  impurity  with  a  high 
concentration  is  not  doped  in  the  polycrystalline 
silicon  layer  which  serves  as  the  gate  electrode  as 

io  described  above,  a  means  for  forming  the  gate 
electrode  with  a  very  low  resistance  is  important  in 
the  present  invention.  For  this  purpose,  in  the 
present  invention,  when  an  impurity  is  doped  using 
respective  gate  electrodes  as  masks  to  form 

is  source  and  drain  regions  of  the  C-MOS  and  the  D- 
MOS  by  self-alignment,  the  same  impurity  is  dop- 
ed  in  the  gate  electrode,  thereby  achieving  the 
above  object.  This  is  because,  in  the  present  inven- 
tion,  the  polycrystalline  silicon  layer  is  annealed  by 

20  high  temperature  annealing  which  is  performed 
when  the  above  D-MOS  channel  region  is  formed, 
and  crystal  grains  are  grown  to  reduce  a  potential 
barrier  of  intergranular  boundaries,  so  that  the  gate 
electrode  has  a  very  low  resistance  by  doping  the 

25  impurity  during  source  and  drain  diffusion. 
The  above  method  of  forming  the  gate  elec- 

trode  with  a  low  resistance  according  to  the 
present  invention  is  not  carried  out  if  the  gate 
electrode  is  not  annealed  as  in  the  conventional 

30  method.  That  is,  since  the  gate  electrode  cannot 
have  enough  conductivity  by  the  dose  applied  in  a 
normal  source/drain  diffusion,  the  concentration  in 
the  source/drain  diffusion  must  be  significantly  in- 
creased  to  obtain  enough  conductivity,  resulting  in 

35  a  long  diffusion  length.  Especially,  since  boron 
normally  used  as  a  P-type  impurity  has  a  large 
diffusion  coefficient,  not  only  is  micropatterning  of 
the  P-MOS  prevented,  but  also  a  short  channel 
effect  significantly  appears.  Thus,  the  manufactur- 

40  ing  method  according  to  the  present  invention  ef- 
fectively  utilizes  annealing  at  a  high  temperature  for 
a  long  period  of  time  for  forming  the  back  gate 
region  of  the  D-MOS  by  self-alignment,  i.e.,  the 
step  which  has  been  an  obstacle  in  adopting  a  self- 

45  alignment  process  in  a  conventional  method,  there- 
by  achieving  the  above  method  of  obtaining  a  low 
resistance. 

This  invention  can  be  more  fully  understood 
from  the  following  detailed  description  when  taken 

50  in  conjunction  with  the  accompanying  drawings,  in 
which: 

Fig.  1  is  a  sectional  view  of  a  conventional 
semiconductor  device  consisting  of  a  C-MOS 
and  a  D-MOS; 

55  Figs.  2A  to  2C  are  sectional  views  of  a  process 
of  manufacturing  the  conventional  semiconduc- 
tor  device  consisting  of  the  C-MOS  and  the  D- 
MOS  as  shown  in  Fig.  1,  in  which: 

5 



7 EP  0  242  623  B1 8 

Fig.  2A  is  a  sectional  view  in  which  a  P-type 
well  region  is  formed  in  an  element  region  of  the 
C-MOS,  a  P-type  region  is  formed  in  an  element 
region  of  the  D-MOS,  a  field  oxide  film  is 
formed,  a  portion  of  an  element  region  of  the  5 
field  oxide  film  is  removed,  a  surface  of  an 
epitaxial  silicon  layer  is  exposed  and  thermally 
oxidized  to  form  a  gate  oxide  film,  and  then  a 
polycrystalline  silicon  layer,  as  a  gate  electrode 
material,  is  deposited;  10 
Fig.  2B  is  a  sectional  view  in  which  phosphorus 
is  diffused  at  high  concentration  in  the  poly- 
crystalline  silicon  layer  and  then  patterned  to 
form  gate  electrodes  of  the  C-MOS  and  the  D- 
MOS;  75 
Fig.  2C  is  a  sectional  view  in  which  arsenic  is 
ion-implanted  to  form  n+-type  source  and  drain 
regions  of  the  N-MOS  and  n+-type  source  and 
drain  regions  of  the  D-MOS,  boron  is  ion-im- 
planted  to  form  p+-type  source  and  drain  re-  20 
gions  of  the  P-MOS,  a  CVD-Si02  film  is  depos- 
ited,  and  then  source  electrodes,  drain  elec- 
trodes,  and  aluminum  wirings  of  the  C-MOS  and 
the  D-MOS  are  formed; 
Fig.  3  is  a  sectional  view  showing  a  length  of  a  25 
channel  region  of  the  D-MOS  according  to  the 
conventional  method  of  manufacturing  a  semi- 
conductor  device  as  shown  in  Figs.  2A  to  2C; 
Figs.  4A  to  40  are  sectional  views  of  a  process 
of  manufacturing  a  semiconductor  device,  in  30 
which, 
Fig.  4A  is  a  sectional  view  in  which  a  surface  of 
an  epitaxial  silicon  layer  is  oxidized  to  form  a 
thermal  oxide  film,  a  P-MOS  formation  portion, 
an  N-MOS  formation  portion  of  the  C-MOS  ele-  35 
ment  region  and  a  withstand  voltage  compensa- 
tion  region  formation  portion  of  the  D-MOS  ele- 
ment  region  are  opened  by  photolithography, 
and  the  exposed  surface  of  the  epitaxial  silicon 
layer  is  thermally  oxidized  to  form  a  buffer  oxide  40 
film; 
Fig.  4B  is  a  sectional  view  in  which  the  P-MOS 
formation  portion  is  covered  with  a  resist  pattern 
and  boron  is  ion-implanted  in  the  N-MOS  forma- 
tion  portion  and  the  withstand  voltage  compen-  45 
sation  region  formation  portion  of  the  D-MOS 
using  the  resist  pattern  and  the  thermal  oxide 
film  as  blocking  masks; 
Fig.  4C  is  a  sectional  view  in  which  the  N-MOS 
formation  region  and  the  withstand  voltage  com-  50 
pensation  region  formation  portion  of  the  D-MOS 
are  covered  with  a  resist  pattern  and  phos- 
phorus  is  ion-implanted  in  the  P-MOS  formation 
portion  using  the  resist  pattern  and  the  thermal 
oxide  film  as  blocking  masks;  55 
Fig.  4D  is  a  sectional  view  in  which  the  resist 
pattern  is  removed,  ion-implanted  boron  and 
phosphorus  are  slumped  to  form  a  P-type  well 

diffusion  layer  for  the  N-MOS  and  an  N-type 
well  diffusion  layer  for  the  P-MOS  in  the  C-MOS 
element  region  and  to  form  a  P-type  well  diffu- 
sion  layer  in  the  D-MOS  element  region,  and 
then  the  thermal  oxide  film  and  the  buffer  oxide 
film  are  removed; 
Fig.  4E  is  a  sectional  view  in  which  the  entire 
surface  of  the  epitaxial  silicon  layer  is  thermally 
oxidized  to  form  a  field  oxide  film; 
Fig.  4F  is  a  sectional  view  in  which  the  P-MOS 
formation  portion,  the  N-MOS  formation  portion, 
and  the  D-MOS  formation  portion  are  opened  in 
the  field  oxide  film  by  photolithography  to  form 
a  gate  oxide  film; 
Fig.  4G  is  a  sectional  view  in  which  an  undoped 
polycrystalline  silicon  layer  is  deposited  on  the 
entire  surface  of  the  wafer; 
Fig.  4H  is  a  sectional  view  in  which  the  poly- 
crystalline  silicon  layer  is  patterned  to  form  gate 
electrodes  of  the  C-MOS  and  the  D-MOS; 
Fig.  41  is  a  sectional  view  in  which  boron  is  ion- 
implanted  to  form  a  back  gate  region  of  the  D- 
MOS  using  the  resist  pattern  as  a  mask; 
Fig.  4J  is  a  sectional  view  in  which  the  resist 
pattern  is  removed,  and  then  boron  is  thermally 
diffused  to  form  a  P-type  back  gate  region; 
Fig.  4K  is  a  sectional  view  in  which  a  resist 
pattern  having  opening  on  the  P-type  well  region 
of  the  C-MOS  and  having  opening  on  the  D- 
MOS  is  formed,  the  gate  oxide  film  is  removed 
using  the  resist  pattern,  the  gate  electrode,  and 
the  field  oxide  film  as  masks,  and  then  arsenic 
is  ion-implanted; 
Fig.  4L  is  a  sectional  view  in  which  the  resist 
pattern  is  removed,  and  then  thermal  annealing 
is  performed  for  activating  the  ion-implanted  ar- 
senic  to  form  n+-type  source  and  drain  regions 
of  the  N-MOS  and  n+-type  source  and  drain 
regions  of  the  D-MOS; 
Fig.  4M  is  a  sectional  view  in  which  a  resist 
pattern  having  an  opening  on  the  N-type  well 
region  is  formed,  and  then  boron  is  ion-im- 
planted  in  the  N-type  well  region  using  the  resist 
pattern,  the  gate  electrode,  and  the  field  oxide 
film  as  blocking  masks; 
Fig.  4N  is  a  sectional  view  in  which  the  resist 
pattern  is  removed,  a  CVD-Si02  film  is  depos- 
ited  on  the  entire  surface  of  the  wafer,  and  at 
the  same  time,  the  ion-implanted  boron  is  dif- 
fused  and  activated  by  annealing  in  steps  of 
forming  and  annealing  the  CVD-Si02  film  to 
form  p+-type  source  and  drain  regions  of  the  P- 
MOS;  and 
Fig.  40  is  a  sectional  view  in  which  a  contact 
hole  is  opened,  aluminum  is  deposited  and  pat- 
terned  to  form  an  Al  wiring,  and  then  a 
phosphosilicate  glass  film  is  deposited  on  the 
entire  surface; 
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Fig.  5  is  a  sectional  view  of  a  P-type  back  gate 
region  manufactured  by  a  method  of  manufac- 
turing  a  semiconductor  device  according  to  the 
present  invention;  and 
Figs.  6,  7,  8,  and  9  are  sectional  views  of  5 
semiconductor  devices  formed  by  another  em- 
bodiment  of  the  method  of  manufacturing  a 
semiconductor  device  according  to  the  present 
invention. 
A  semiconductor  device  according  to  the  10 

present  invention  and  a  method  of  manufacturing 
the  same  will  now  be  described  below. 

(1)  According  to  a  method  performed  in  a  nor- 
mal  bipolar  process,  N-type  epitaxial  silicon  lay- 
er  31  is  grown  on  a  P-type  silicon  substrate  and  is 
P+-type  isolation  diffusion  layer  6  is  formed 
therein  to  isolate  element  regions  for  C-MOS 
101  and  D-MOS  201. 

Then,  a  surface  of  layer  31  is  wet-oxidized 
in  an  H20  atmosphere  at  1,000°C  to  form  500  20 
nm  (5,000  A)  thick  thermal  oxide  film  32  which 
serves  as  a  mask  when  a  well  diffusion  layer  is 
formed.  Subsequently,  photolithography  of  film 
32  is  performed  to  open  a  P-MOS  formation 
portion  and  an  N-MOS  formation  portion  of  the  25 
element  region  of  C-MOS  101  and  a  withstand 
voltage  compensation  formation  portion  of  the 
element  region  for  D-MOS  201.  Thereafter,  an 
exposed  surface  of  layer  31  is  wet-oxidized  in 
an  H20  atmosphere  at  1,000°C  to  form  100  nm  30 
(1,000  A)  thick  buffer  oxide  film  33  as  a  buffer 
film  for  ion-implantation  (Fig.  4A). 

It  should  be  noted  that  a  P-type  substrate 
and  an  isolation  diffusion  layer  are  omitted  and 
only  the  element  regions  for  C-MOS  101  and  D-  35 
MOS  201  are  shown  in  Fig.  4A. 
(2)  As  shown  in  Fig.  4B,  the  P-MOS  formation 
portion  is  covered  with  resist  pattern  40a,  and 
then  boron  is  selectively  ion-implanted  in  the  N- 
MOS  formation  portion  and  the  withstand  volt-  40 
age  compensation  region  formation  portion  of  D- 
MOS  201  using  resist  pattern  40a  and  film  32  as 
blocking  masks.  Then,  as  shown  in  Fig.  4C,  the 
N-MOS  formation  portion  and  the  formation  re- 
gion  of  D-MOS  201  for  the  withstand  voltage  45 
compensation  region  are  covered  with  resist  pat- 
tern  40b.  Phosphorus  is  selectively  ion-implant- 
ed  in  the  P-MOS  formation  portion  using  resist 
pattern  40b  and  thermal  oxide  film  32  as  bloc- 
king  masks.  so 

Then,  after  removing  pattern  40b,  annealing 
is  performed  in  an  N2  atmosphere  at  1,200°C 
for  5  hours  to  slump  the  ion-implanted  boron 
and  phosphorus.  By  slumping  the  above  ion- 
implanted  boron  and  phosphorus,  P-type  well  55 
diffusion  layer  34  for  the  N-MOS  and  N-type 
well  diffusion  layer  35  for  the  P-MOS  are  formed 
in  the  element  region  of  C-MOS  101,  P-type 

well  diffusion  layer  36  for  compensation  of  a 
withstand  voltage  is  formed  in  the  element  re- 
gion  of  D-MOS  201,  and  then  films  32  and  33 
are  removed  (Fig.  4D). 
(3)  The  entire  surface  of  layer  31  is  wet-oxidized 
in  an  H20  atmosphere  at  1,000°C  to  form  800 
nm  (8,000  A)  thick  field  oxide  film  37,  as  shown 
in  Fig.  4E. 

Subsequently,  photolithography  of  film  37  is 
performed  to  open  the  P-MOS  formation  portion, 
the  N-MOS  formation  portion,  and  the  D-MOS 
201  formation  portion,  and  then  exposed  sur- 
faces  of  the  epitaxial  silicon  layer  located  at  the 
openings  are  wet-oxidized  in  an  H20  atmo- 
sphere  at  1,000°C  to  form  gate  oxide  film  38 
(Fig.  4F). 
(4)  As  shown  in  Fig.  4G,  SihU  is  pyrolytically 
decomposed  by  a  CVD  method  at  640  °C  to 
deposit  400  nm  (4,000  A)  thick  undoped  poly- 
crystalline  silicon  layer  39  on  the  entire  surface, 
and  then  undoped  film  39  is  patterned  to  form 
gate  electrodes  41  and  42  of  C-MOS  101  and 
gate  electrode  43  of  D-MOS  201  (Fig.  4H). 
(5)  In  order  to  form  a  back  gate  region  of  D- 
MOS  201  ,  boron  is  selectively  ion-implanted  us- 
ing  resist  pattern  44  as  a  blocking  mask  (Fig. 
41). 

As  shown  in  Fig.  41,  an  opening  of  pattern 
44  is  formed  so  that  end  43a  at  a  source  side  of 
gate  electrode  43  of  D-MOS  201  is  exposed. 
Accordingly,  exposed  end  43a  of  electrode  43 
serves  as  a  blocking  mask  for  ion-implantation 
of  boron.  Boron  is  not  doped  in  other  portions  of 
electrode  43  because  they  are  covered  with 
pattern  44. 
(6)  After  removing  pattern  44,  annealing  is  per- 
formed  in  an  N2  atmosphere  at  1,200°C  for  2 
hours.  With  this  annealing,  the  ion-implanted 
boron  is  thermally  diffused  to  form  P-type  back 
gate  region  45.  Since  boron  is  isotropically  dif- 
fused  by  slumping  of  this  annealing,  region  45 
extends  below  electrode  43  (Fig.  4J). 

As  described  above,  since  region  45  is 
formed  by  self-alignment,  extending  length  c  of 
region  45  below  electrode  43  substantially 
equals  to  diffusion  length  b  of  boron,  as  shown 
in  Fig.  5.  As  is  apparent  from  Fig.  5,  each 
element  can  be  made  smaller  than  in  the  con- 
ventional  device,  by  mask-alignment  margin  a. 

In  addition,  since  gate  electrodes  41  and  42 
remain  undoped  and  boron  contained  in  elec- 
trode  43  is  minimal,  unlike  in  the  conventional 
method,  an  impurity  is  not  diffused  to  the  chan- 
nel  region  through  film  38,  even  when  annealing 
is  performed  at  a  high  temperature  of  1,200°C 
for  2  hours. 

Furthermore,  by  annealing  at  a  high  tem- 
perature  for  a  long  period  of  time,  polycrystalline 
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silicon  layers  constituting  electrodes  41  ,  42,  and 
43  are  thermally  annealed,  and  crystal  grains 
grow  to  reduce  a  potential  barrier  of  interg- 
ranular  boundaries,  so  that  a  low  resistance  val- 
ue  is  obtained  for  the  polycrystalline  silicon  lay- 
ers. 
(7)  Resist  pattern  46  having  openings  on  layer 
34  of  C-MOS  101  and  on  D-MOS  201  is  formed, 
and  then  film  38  is  etched  by  NhUF  using  pat- 
tern  46,  electrode  42,  and  film  37  as  masks.  It 
should  be  noted  that  film  37  retains  a  sufficient 
thickness  because  its  thickness  is  larger  than 
that  of  film  38.  Similarly,  arsenic  is  ion-implanted 
using  pattern  46,  electrode  42,  and  film  37  as 
blocking  masks  (Fig.  4K). 

Subsequently,  pattern  46  is  removed,  and 
then  thermal  annealing  for  activating  the  ion- 
implanted  arsenic  is  performed  in  an  N2  at- 
mosphere  for  30  minutes  to  form  n+-type  source 
and  drain  regions  47  and  48  of  the  N-MOS  and 
n+-type  source  and  drain  regions  49  and  50  of 
D-MOS  201  (Fig.  4L).  By  the  above  thermal 
annealing,  arsenic  is  doped  in  electrodes  42  and 
43,  and  a  polycrystalline  silicon  layer  constitut- 
ing  these  electrodes  becomes  n-type  and  has  a 
low  resistance.  In  addition,  since  the  gate  elec- 
trode  is  formed  to  have  a  low  resistance  by 
thermal  annealing,  the  gate  electrode  obtains  a 
sufficient  conductivity  by  arsenic  doping.  Thus, 
the  surface  channel  type  N-MOS  and  D-MOS 
201  are  formed. 
(8)  As  shown  in  Fig.  4M,  resist  pattern  51  having 
an  opening  on  layer  35  is  formed,  and  then 
boron  is  ion-implanted  in  layer  35  using  pattern 
51  ,  electrode  41  ,  and  film  37  as  blocking  masks. 

Subsequently,  after  pattern  51  is  removed, 
CVD-Si02  film  52  is  deposited  on  the  entire 
surface  as  an  insulating  interlayer.  By  annealing 
in  an  annealing  step  after  deposition  step  of  film 
52,  the  ion-implanted  is  diffused  and  activated  to 
form  p+-type  source  and  drain  regions  53  and 
54  of  the  P-MOS  (Fig.  4N). 

Boron  is  doped  in  electrode  41  in  this  step 
and  the  polycrystalline  silicon  layer  constituting 
electrode  41  becomes  p-type.  In  addition,  since 
annealing  has  already  been  performed,  conduc- 
tivity  that  is  sufficient  for  the  gate  electrode  can 
be  obtained  by  boron  doping.  Thus,  the  surface 
channel  type  P-MOS  is  formed. 
(9)  A  contact  hole  is  opened  according  to  a 
normal  process,  and  then  aluminum  is  deposited 
and  patterned  to  form  Al  wiring  55.  In  addition, 
phosphosilicate  glass  film  56  is  deposited  on  the 
entire  surface  as  a  passivation  film  to  complete 
the  device  (Fig.  40). 
As  described  in  the  above  steps,  in  the  present 

invention,  both  gate  electrodes  of  C-MOS  101  and 
D-MOS  201  consist  of  a  polycrystalline  silicon  layer 

of  a  conductivity  type  opposite  to  that  of  the  chan- 
nel  region.  For  this  reason,  none  of  the  MOS  tran- 
sistors  need  to  be  of  a  buried  channel  type,  and  a 
very  low  threshold  voltage  can  be  obtained  by 

5  those  of  a  surface  channel  type.  In  addition,  in  the 
above  embodiment,  since  a  well  structure  of  a  twin 
tub  system  is  adopted  for  C-MOS  101,  substrate 
region  concentration  in  both  the  P-MOS  and  the  N- 
MOS  can  be  freely  set,  and  the  characteristics  can 

io  be  controlled.  This  can  decrease  the  concentration 
of  N-type  epitaxial  silicon  layer  31  so  that  a  with- 
stand  voltage  of  D-MOS  201  is  improved.  In  addi- 
tion,  the  twin  tub  system  can  reduce  a  distance 
between  the  P-MOS  and  the  N-MOS,  thereby  con- 

15  tributing  to  micropatterning  of  the  elements. 
In  the  manufacturing  method  of  the  above  em- 

bodiment,  micropatterning  is  possible  because  P- 
type  channel  region  45  of  P-MOS  201  is  formed  by 
self-alignment.  As  a  result,  packing  density  is  im- 

20  proved  and  an  ON  resistance  of  P-MOS  201  is 
reduced  by  a  reduction  in  an  amount  of  a  channel 
length.  This  can  improve  the  characteristics  such 
as  high  speed  operation  and  can  reduce  the  con- 
centration  of  layer  31  together  with  the  twin  tub 

25  system  of  C-MOS  101,  thereby  improving  the  with- 
stand  voltage.  Furthermore,  the  characteristics  of 
C-MOS  101  (especially  P-MOS)  and  micropatter- 
ning  are  not  adversely  affected  at  all. 
Fig.  6  shows  another  semiconductor  device  in 

30  which  element  isolation  of  a  so-called  "refill  epitax- 
ial  growth"  has  been  adopted,  and  D-MOS  201  is 
formed  vertically.  In  Fig.  6,  two  element  regions  58 
and  59,  obtained  by  burying  an  N-type  epitaxial 
silicon  layer  in  a  recess  formed  by  isotropic  etch- 

35  ing,  are  formed  in  an  element  formation  portion  of 
P-type  silicon  substrate  57.  Regions  58  and  59  are 
electrically  isolated  from  each  other  by  p-n  junc- 
tions  between  regions  58  and  59  and  substrate  57 
interposed  therebetween.  Respective  element  re- 

40  gions  60  and  61  are  surrounded  by  N+-type  buried 
regions  and  61.  C-MOS  101  having  the  same  struc- 
ture  as  that  of  the  first  embodiment  shown  in  Figs. 
4A  to  40  is  formed  in  region  58.  Vertical  D-MOS 
201  is  formed  in  region  59.  In  D-MOS  201,  p-type 

45  well  region  36a  for  compensation  of  the  withstand 
voltage,  P-type  back  gate  region  45a,  and  n+-type 
source  region  49a  are  formed  concentrically  in  an 
annular  manner,  and  gate  electrode  43  is  formed 
across  annular  back  gate  channel  region  45a.  n+- 

50  type  drain  region  50a  is  connected  to  region  61. 
The  other  structure  is  substantially  the  same  as 
that  of  the  first  device  shown  in  Figs.  4A  to  40,  i.e., 
gate  electrodes  41,  42,  and  43  of  C-MOS  101  and 
D-MOS  201  consist  of  a  polycrystalline  silicon  layer 

55  which  is  formed  so  as  to  have  a  low  resistance  by 
an  impurity  of  a  conductivity  type  opposite  to  that 
of  the  channel  regions,  and  all  the  MOS  transistors 
are  of  a  surface  channel  type. 
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The  semiconductor  device 
shown  in  Fig.  6  is  manufactured  as  follows. 

First,  element  regions  58  and  59  of  the  "refill 
epitaxial  growth  structure"  are  formed  by  a  known 
method.  That  is,  isotropic  etching  is  selectively 
performed  on  a  surface  of  P-type  silicon  substrate 
57  to  form  a  recess  at  a  portion  which  serves  as  an 
element  region,  using  Si02  as  a  mask.  An  n-type 
impurity  such  as  phosphorus  is  diffused  in  high 
concentration  from  a  surface  of  the  recess  to  form 
N+-type  buried  regions  60  and  61  . 

Then,  after  removing  Si02,  an  N-type  epitaxial 
silicon  layer  is  selectively  epitaxially  grown  in  the 
recess  surface  by  decomposition  of  SiCU,  and  the 
surface  is  polished  to  obtain  a  flat  mirror  surface. 
After  the  "refill  epitaxial  growth  structure"  element 
region  is  formed  in  the  above  manner,  the  semi- 
conductor  device  shown  in  Fig.  6  can  be  manufac- 
tured  by  substantially  the  same  process  as  that  of 
the  embodiment  shown  in  Figs.  4A  to  40.  It  is  a 
matter  of  course  that  patterns  of  P-type  well  region 
36a  for  compensation  of  the  withstand  voltage,  P- 
type  back  gate  region  45,  n+-type  source  region 
49a,  and  gate  electrode  43a  of  D-MOS  201  are 
different. 

As  described  above,  the  withstand  voltage  of 
D-MOS  201  can  be  improved  and  a  high  current 
output  can  be  obtained  because  it  is  formed  verti- 
cally.  N+-type  buried  region  61  in  the  refill  epitaxial 
growth  structure  reduces  drain  resistance  and  ON 
resistance.  For  this  reason,  the  concentration  in  N- 
type  epitaxial  silicon  layer  59  can  be  reduced  to 
improve  the  withstand  voltage. 

Fig.  7  shows  another  semiconductor  device 
manufactured  according  to  the  invention  in  which  a 
D-MOS  is  an  open  drain  type.  That  is,  a  source 
back  gate  region  in  the  same  structure  as  that  of 
the  device  shown  in  Figs.  4A  to  40  is  short- 
circuited  to  the  underlying  substrate  by  the  same 
diffusion  as  that  used  for  element  isolation.  Al- 
though  the  source  potential  is  always  short-cir- 
cuited  to  GND,  the  withstand  voltage  can  be  im- 
proved. 

Fig.  8  shows  another  semiconductor  device 
manufactured  according  to  the  invention  in  which  a 
buried  layer  is  used.  With  this  structure,  ON  resis- 
tance  of  the  D-MOS  can  be  reduced  and  a  latch  up 
amount  of  the  C-MOS  can  be  increased. 

Fig.  9  shows  still  another  semiconductor  device 
manufactured  according  to  the  invention  in  which 
the  above  structure  is  adopted  and  the  same 
buried  layer  is  used  to  obtain  a  vertical  D-MOS.  In 
this  cae,  VDSS  of  the  D-MOS  can  be  improved. 

Claims 

1.  A  method  for  manufacturing  a  semiconductor 
device  in  which  a  complementary  MOS  transis- 

tor  (101)  and  a  double-diffused  MOS  transistor 
(201)  are  formed  on  a  semiconductor  substrate 
of  a  first  conductivity  type,  comprising  the 
steps  of: 

5  forming  a  first  element  region  of  a  second 
conductivity  type  for  said  complementary  MOS 
transistor  (101)  and  a  second  element  region 
of  the  second  conductivity  type  for  said  dou- 
ble-diffused  MOS  transistor  (201)  on  said 

io  semiconductor  substrate  to  be  electrically  iso- 
lated  from  each  other; 
forming  a  first  well  diffusion  layer  (34)  of  the 
first  conductivity  type  and  a  second  well  diffu- 
sion  layer  (35)  of  the  second  conductivity  type 

is  in  said  first  element  region  of  the  second  con- 
ductivity  type  for  said  complementary  MOS 
transistor  (101)  and  a  well  diffusion  layer  (36) 
of  the  first  conductivity  type  for  compensation 
of  the  withstand  voltage  in  said  second  ele- 

20  ment  region  of  the  second  conductivity  type 
for  said  double-diffused  MOS  transistor  (201); 
forming  undoped  gate  electrodes  (41,  42)  in 
said  first  well  diffusion  layer  (34)  of  the  first 
conductivity  type  and  said  second  well  diffu- 

25  sion  layer  (35)  of  the  second  conductivity  type 
for  said  complementary  MOS  transistor  (101) 
on  a  gate  oxide  film  (38)  and  forming  an  un- 
doped  gate  electrode  (43)  in  said  second  ele- 
ment  region  of  the  second  conductivity  type  on 

30  said  gate  oxide  film  (38); 
forming  a  back  gate  region  (45)  of  the  first 
conductivtity  type  to  be  self-aligned  with  said 
gate  electrode  (43)  formed  on  said  second 
element  region  of  the  second  conductivity  type 

35  for  said  double-diffused  MOS  transistor  (201), 
whereby  said  back  gate  region  is  contacting 
said  well  diffusion  region  (36)  in  said  second 
element  region; 
forming  source  and  drain  regions  (53,  54)  of 

40  the  first  conductivity  type  in  said  second  well 
diffusion  layer  (35)  for  said  complementary 
MOS  transistors  (101)  whereby  the  gate  elec- 
trode  (41)  in  said  second  well  diffusion  layer  is 
doped  to  be  of  the  first  conductivity  type;  and 

45  forming  source  and  drain  regions  (47,  48)  of 
the  second  conductivity  type  in  said  first  well 
diffusion  layer  (34)  of  the  first  conductivity  type 
for  said  complementary  MOS  transistor  (101) 
and  forming  a  source  region  (49)  of  the  second 

50  conductivity  type  in  said  back  gate  region  (45) 
and  a  drain  region  (50)  of  the  second  con- 
ductivity  type  in  said  second  element  region  of 
the  second  conductivity  type  for  said  double- 
diffused  MOS  transistor,  whereby  the  gate 

55  electrodes  (42,  43)  in  said  first  well  diffusion 
layer  and  said  second  element  region  are  dop- 
ed  to  be  of  the  second  conductivity  type. 

9 
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2.  A  method  according  to  claim  1  , 
wherein  the  step  of  forming  said  first  well  diffu- 
sion  layer  (34)  of  the  first  conductivity  type  and 
said  second  well  diffusion  layer  (35)  of  the 
second  conductivity  type  in  said  first  element 
region  of  the  second  conductivity  type  for  said 
complementary  MOS  transistor  (101)  and  for- 
ming  said  well  diffusion  layer  (36)  of  the  first 
conductivity  type  for  compensation  of  the  with- 
stand  voltage  in  said  second  element  region  of 
the  second  conductivity  type  for  said  double- 
diffused  MOS  transistor  (201)  includes  a  pro- 
cess  of  oxidizing  surfaces  of  said  first  and 
second  element  regions  of  the  second  con- 
ductivity  type  to  form  an  oxide  film  (32);  selec- 
tively  removing  and  opening  said  oxide  film  by 
photolithography;  oxidizing  said  exposed  por- 
tions  of  said  first  and  second  element  regions 
so  as  to  form  a  buffer  oxide  film  (33);  and 
ion-implanting  an  impurity  of  a  predetermined 
conductivity  type  through  said  buffer  oxide  film 
(33);  and  then  annealing. 

3.  A  method  according  to  claim  1  , 
wherein  the  step  of  forming  said  gate  elec- 
trodes  (41,  42,  43)  for  said  complementary 
MOS  transistor  (101)  and  said  double-diffused 
MOS  transistor  (201)  includes  a  process  of 
exposing  entire  surfaces  of  said  first  and  sec- 
ond  element  regions  of  the  second  conductiv- 
ity  type  for  said  complementary  MOS  transis- 
tor  (101)  and  said  double-diffused  MOS  tran- 
sistor  (201)  and  forming  a  field  oxide  film  (37); 
selectively  removing  and  opening  said  field 
oxide  film  (37)  by  photolithography;  forming 
said  gate  oxide  film  (38)  at  the  opened  por- 
tions  and  depositing  a  poly-crystalline  silicon 
layer  (39)  on  the  entire  surface;  and  then  pat- 
terning  said  polycrystalline  silicon  layer  (39). 

4.  A  method  according  to  claim  1  , 
wherein  the  step  of  forming  said  back  gate 
region  (45)  for  said  double-diffused  MOS  tran- 
sistor  (201)  includes  a  process  of  coating  a 
resist  pattern  (44)  on  the  entire  surfaces  of 
said  first  and  second  element  regions,  said 
resist  pattern  having  an  opening  exposing  a 
region  extending  from  an  end  of  said  gate 
electrode  (43)  to  a  portion  of  said  well  diffusion 
layer  or  the  double-diffused  MOS  transistor; 
ion-implanting  an  impurity  of  the  first  conduc- 
tivity  type  in  said  second  element  region  of  the 
second  conductivity  type  of  said  double-dif- 
fused  MOS  transistor  (201)  through  said  gate 
oxide  film  (38);  and  then  annealing. 

5.  A  method  according  to  claim  4, 
wherein  an  end  (43a)  at  a  source  region  (49) 

side  of  said  gate  electrode  (43)  of  said  double- 
diffused  MOS  transistor  (201)  is  exposed  at  the 
opened  portion  of  said  resist  pattern  (44). 

5  6.  A  method  according  to  claim  1  , 
wherein  the  step  of  forming  source  and  drain 
regions  (47,  48)  in  said  first  well  diffusion  layer 
(34)  of  the  first  conductivity  type  for  said  com- 
plementary  MOS  transistor  (201)  and  forming  a 

io  source  region  (49)  of  the  second  conductivity 
type  in  said  back  gate  region  (45)  for  said 
double-diffused  MOS  transistor  (201)  and  a 
drain  region  (50)  of  the  first  conductivity  type 
in  said  second  element  region  of  the  second 

is  conductivity  type  includes  a  process  of  ion- 
implanting  an  impurity  of  the  second  conduc- 
tivity  type  under  the  condition  in  which  the 
gate  electrode  (42)  formed  on  said  first  well 
diffusion  layer  (34)  of  the  first  conductivity  type 

20  for  said  complementary  MOS  transistor  (101) 
and  the  gate  electrode  (43)  for  said  double- 
diffused  MOS  transistor  (201)  are  exposed; 
then  annealing  is  performed. 

25  Patentanspruche 

1.  Verfahren  zur  Herstellung  einer  Halbleitervor- 
richtung,  bei  der  ein  komplementarer  MOS 
Transistor  (101)  und  eine  doppelt  diffundierter 

30  MOS  Transistor  (201)  gebildet  werden  auf  ei- 
nem  Halbleitersubstrat  eines  ersten  Leitungs- 
typs,  mit  den  Schritten: 
Bilden  eines  ersten  Elementenbereichs  eines 
zweiten  Leitungstyps  fur  den  komplementaren 

35  MOS  Transistor  (101)  und  eines  zweiten  Ele- 
mentenbereichs  des  zweiten  Leitungstyps  fur 
den  doppelt  diffundierten  MOS  Transistor  (201) 
auf  dem  Halbleitersubstrat,  welche  elektrisch 
voneinander  isoliert  sind; 

40  Bilden  einer  ersten  Walldifffusionsschicht  (34) 
des  ersten  Leitungstyps  und  einer  zweiten 
Walldiffusionsschicht  (35)  des  zweiten  Lei- 
tungstyps  in  dem  ersten  Elementenbereich  des 
zweiten  Leitungstyps  fur  den  komplentaren 

45  MOS  Transistor  (101)  und  einer  Walldiffusions- 
schicht  (36)  des  ersten  Leitungstyps  zur  Kom- 
pensation  der  Durchbruchsspannung  in  dem 
zweiten  Elementbereich  des  zweiten  Leitungs- 
typ  fur  den  doppelt  diffundierten  MOS  Transi- 

50  stor(201); 
Bilden  undotierter  Gateelektroden  (41,  42)  in 
der  ersten  Walldiffusionsschicht  (34)  des  er- 
sten  Leitungstyps  und  der  zweiten  Walldiffu- 
sionsschicht  (35)  des  zweiten  Leitungstyps  fur 

55  den  komplementaren  MOS  Transistor  (101)  auf 
einem  Gateoxydfilm  (38)  und  Bilden  einer  un- 
dotierten  Gateelektrode  (43)  in  dem  zweiten 
Elementenbereich  des  zweiten  Leitungstyps 
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auf  dem  Gateoxydfilm  (38); 
Bilden  eines  Ruckseitengatebereichs  (45)  des 
ersten  Leitungstyps,  urn  selbstausgerichtet  zu 
sein  mit  der  Gateelektrode  (43),  gebildet  auf 
dem  zweiten  Elementenbereich  des  zweiten  5 
Leitungstyps,  fur  den  doppelt  diffundierten 
MOS  Transistor  (201),  wodurch  der  Rucksei- 
tengatebereich  den  Walldiffusionsbereich  (36) 
in  dem  zweiten  Elementenbereich  kontaktiert; 
Bilden  von  Source  und  Drainbereichen  (53,  54)  10 
des  ersten  Leitungstyps  in  der  zweiten  Walldif- 
fusionsschicht  (35)  fur  die  komplentaren  MOS 
Transistor  (101),  wodurch  die  Elektrode  (41)  in 
der  zweiten  Walldiffusionsschicht  dotiert  wird, 
urn  vom  ersten  Leitungstyp  zu  sein;  und  is 
Bilden  von  Source-  und  Drainbereichen  (47, 
48)  des  zweiten  Leitungstyps  in  der  ersten 
Walldiffusionsschicht  (34)  des  ersten  Leitungs- 
typs  fur  den  komplentaren  MOS  Transitor 
(101)  und  Bilden  eines  Sourcebereichs  (49)  20 
des  zweiten  Leitungstyps  in  dem  Ruckseiten- 
gatebereiche  (45)  und  eines  Drainbereichs  (50) 
des  zweiten  Leitungstyps  in  dem  zweiten  Ele- 
mentenbereich  des  zweiten  Leitungstyps  fur 
den  doppelt  diffundierten  MOS  Transistor,  wo-  25 
durch  die  Gateelektroden  (42,  43)  in  der  ersten 
Walldiffusionsschicht  und  der  zweite  Elemen- 
tenbereich  dotiert  sind,  urn  vom  zweiten  Lei- 
tungstyp  zu  sein. 

30 
2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 

zeichnet,  dal3  der  Schritt  des  Bildens  der  er- 
sten  Walldiffusionsschicht  (34)  des  ersten  Lei- 
tungstyps  und  der  zweiten  Walldiffusions- 
schicht  (35)  des  zweiten  Leitungstyps  in  dem  35 
ersten  Elementenbereich  des  zweiten  Lei- 
tungstyps  fur  den  komplementaren  MOS  Tran- 
sistor  (101)  und  Bilden  der  Walldiffusions- 
schicht  (36)  des  ersten  Leitungstyps  zur  Kom- 
pensation  der  Durchbruchsspannung  in  dem  40 
zweiten  Elementenbereich  des  zweiten  Lei- 
tungstyps  fur  den  doppelt  diffundierten  MOS 
Transistor  (201)  einen  Prozess  des  Oxydierens 
der  Oberflachen  der  ersten  und  zweiten  Ele- 
mentenbereiche  des  zweiten  Leitungstyps  zum  45 
Bilden  eines  Oxydfilms  (32);  selektives  Entfer- 
nen  und  Offnen  des  Oxydfilms  durch  Photolit- 
hographic;  Oxydieren  der  freigelegten  Ab- 
schnitte  des  ersten  und  zweiten  Elementenbe- 
reichs,  urn  so  einen  Pufferoxydfilm  (33)  zu  so 
bilden;  und  lonenimplantieren  einer  Verunreini- 
gung  eines  vorbestimmten  Leitungstyps  durch 
den  Pufferoxydfilm  (33);  und  dann  Annealen 
beinhaltet. 

55 
3.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 

zeichnet,  dal3  der  Schritt  des  Bildens  der  Ga- 
teelektroden  (41,  42,  43)  fur  den  komplementa- 

ren  MOS  Transistor  (101)  und  den  doppelt 
diffundierten  MOS  Transistor  (201)  einen  Pro- 
zess  des  Freilegens  der  gesamten  Oberflache 
der  ersten  und  zweiten  Elementenbereich  des 
zweiten  Leitungstyps  fur  den  komplementaren 
MOS  Transistor  (101)  und  den  doppelt  diffun- 
dierten  MOS  Transistor  (201)  und  Bilden  eines 
Feldoxydfilms  (37);  selektives  Entfernen  und 
Offnen  des  Feldoxydfilms  (37)  durch  Photolit- 
hographic;  Bilden  des  Gateoxydfilms  (38)  an 
den  geoffneten  Abschnitten  und  Abscheiden 
an  einer  polykristallinen  Siliziumschicht  (39) 
auf  der  gesamten  Oberflache;  und  dann  Struk- 
turieren  der  polykristallinen  Siliziumschichten 
(39)  umfaBt. 

4.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dal3  der  Schritt  des  Bildens  des 
Ruckseitengatebereichs  (45)  fur  den  doppelt 
diffundierten  MOS  Transistor  (201)  einen  Pro- 
zess  des  Beschichtens  eines  Photolackmusters 
(44)  auf  die  gesamten  Oberflachen  der  ersten 
und  zweiten  Elementenbereiche,  wobei  das 
PHotolackmuster  eine  Offnung  hat  zum  Freile- 
gen  eines  Bereichs,  der  sich  erstreckt  von 
einem  Ende  der  Gateelektrode  (43)  zu  einem 
Abschnitt  der  Walldiffusionsschicht  oder  dem 
doppelt  diffundierten  MOS  Transistor;  lonenim- 
plantieren  einer  Verunreinigung  des  ersten  Lei- 
tungstyps  in  den  zweiten  Elementenbereich 
des  zweiten  Leitungstyps  des  doppelt  diffun- 
dierten  MOS  Transistors  (201)  durch  den  Gate- 
oxydfilm  (38);  und  dann  Annealen  beinhaltet. 

5.  Verfahren  nach  Anspruch  4,  dadurch  gekenn- 
zeichnet,  dal3  ein  Ende  (43a)  an  einer  Source- 
bereichseite  (49)  der  Gateelektrode  (43)  des 
doppelt  diffundierten  MOS  Transistors  (101) 
freigelegt  ist  an  dem  geoffneten  Abschnitt  des 
Photolackmusters  (44). 

6.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dal3  der  Schritt  des  Bildens  von  Sour- 
ce-  und  Drainbereichen  (47,  48)  in  der  ersten 
und  zweiten  Diffusionsschicht  (34)  des  ersten 
Leitungstyps  fur  den  komplementaren  MOS 
Transistor  (201)  und  Bilden  eines  Sourcebe- 
reichs  (49)  des  zweiten  Leitungstyps  in  den 
Ruckseitengatebereich  (45)  fur  den  doppelt  dif- 
fundierten  MOS  Transistor  (201)  und  eines 
Drainbereichs  (50)  des  ersten  Leitungstyps  in 
dem  zweiten  Elementbereich  des  zweiten  Lei- 
tungstyps  einen  Prozess  des  lonenimplantie- 
rens  einer  Verunreinigung  des  zweiten  Lei- 
tungstyps  unter  der  Bedingung  beinhaltet,  wo- 
bei  die  Gateelektrode  (42),  gebildet  auf  der 
ersten  Walldiffusionsschicht  (34)  des  ersten 
Leitungstyps  fur  den  komplementaren  MOS 
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Transistor  (101),  und  die  Gateelektrode  (43)  fur 
den  doppelt  diffundierten  MOS  Transistor 
(201)  freigelegt  werden;  und  dann  Annealen 
durchgefuhrt  wird. 

Revendicatlons 

1.  Procede  de  fabrication  d'un  dispositif  de  semi- 
conducteur  selon  lequel  un  transistor  MOS 
complementaire  (101)  et  un  transistor  MOS  a 
double  diffusion  (201)  sont  formes  sur  un  sup- 
port  de  semi-conducteur  d'un  premier  type  de 
conductivite,  procede  comprenant  les  etapes 
suivantes  : 

-  la  formation  d'une  premiere  zone  d'ele- 
ment  d'un  second  type  de  conductivite 
pour  ledit  transistor  MOS  complementai- 
re  (101)  et  d'une  seconde  zone  d'ele- 
ment  du  second  type  de  conductivite 
pour  ledit  transistor  MOS  a  double  diffu- 
sion  (201)  sur  ledit  support  de  semi- 
conducteur  pour  une  isolation  electrique 
I'une  de  I'autre; 

-  la  formation  d'une  premiere  couche  de 
diffusion  en  puits  (34)  du  premier  type 
de  conductivite  et  d'une  seconde  couche 
de  diffusion  en  puits  (35)  du  second  type 
de  conductivite  dans  ladite  premiere 
zone  d'element  du  second  type  de 
conductivite  pour  ledit  transistor  MOS 
complementaire  (101)  et  d'une  couche 
de  diffusion  en  puits  (36)  du  premier 
type  de  conductivite  pour  une  compen- 
sation  de  la  tension  de  regime  dans  ladi- 
te  seconde  zone  d'element  du  second 
type  de  conductivite  pour  ledit  transistor 
MOS  a  double  diffusion  (201); 

-  la  formation  d'electrodes  de  grille  non 
dopees  (41,  42)  dans  ladite  premiere 
couche  de  diffusion  en  puits  (34)  du  pre- 
mier  type  de  conductivite  et  dans  ladite 
seconde  couche  de  diffusion  en  puits 
(35)  du  second  type  de  conductivite  pour 
le  transistor  MOS  complementaire  (101) 
sur  un  film  d'oxyde  de  grille  (38)  et  la 
formation  d'une  electrode  de  grille  non 
dopee  (43)  dans  ladite  seconde  zone 
d'element  du  second  type  de  conductivi- 
te  sur  ledit  film  d'oxyde  de  grille  (38); 

-  la  formation  d'une  zone  de  grille  de  sup- 
port  (45)  du  premier  type  de  conductivite 
en  auto-alignement  avec  ladite  electrode 
grille  (43)  formee  sur  ladite  seconde 
zone  d'element  du  second  type  de 
conductivite  pour  ledit  transistor  MOS  a 
double  diffusion  (201),  ladite  zone  de 
grille  du  support  etant  ainsi  en  contact 
avec  ladite  zone  de  diffusion  en  puits 

(36)  dans  ladite  seconde  zone  d'element; 
-  la  formation  de  zones  de  source  et  de 

drain  (53,  54)  du  premier  type  de 
conductivite  dans  ladite  seconde  couche 

5  de  diffusion  en  puits  (35)  pour  ledit  tran- 
sistor  MOS  complementaire  (101),  I'elec- 
trode  grille  (41)  dans  ladite  seconde  cou- 
che  de  diffusion  en  puits  etant  ainsi  do- 
pee  pour  etre  du  premier  type  de 

io  conductivite;  et 
-  la  formation  de  zones  de  source  et  de 

drain  (47,  48)  du  second  type  de 
conductivite  dans  ladite  premiere  couche 
de  diffusion  en  puits  (34)  du  premier 

is  type  de  conductivite  pour  ledit  transistor 
MOS  complementaire  (101)  et  la  forma- 
tion  d'une  zone  de  source  (49)  du  se- 
cond  type  de  conductivite  dans  ladite 
zone  de  grille  de  support  (45)  et  d'une 

20  zone  de  drain  (50)  du  second  type  de 
conductivite  dans  ladite  seconde  zone 
d'element  du  second  type  de  conductivi- 
te  pour  ledit  transistor  MOS  a  double 
diffusion  (201),  les  electrodes  de  grille 

25  (42,  43)  dans  ladite  premiere  couche  de 
diffusion  en  puits  et  dans  ladite  seconde 
zone  d'element  etant  ainsi  dopees  pour 
etre  du  second  type  de  conductivite. 

30  2.  Procede  selon  la  revendication  1,  selon  lequel 
I'etape  de  formation  de  ladite  premiere  couche 
de  diffusion  en  puits  (34)  du  premier  type  de 
conductivite  et  de  ladite  seconde  couche  de 
diffusion  en  puits  (35)  du  second  type  de 

35  conductivite  dans  ladite  premiere  zone  d'ele- 
ment  du  second  type  de  conductivite  pour  ledit 
transistor  MOS  complementaire  (101)  et  de 
formation  de  ladite  couche  de  diffusion  en 
puits  (36)  du  premier  type  de  conductivite  pour 

40  une  compensation  de  la  tension  de  regime 
dans  ladite  seconde  zone  d'element  du  second 
type  de  conductivite  pour  ledit  transistor  MOS 
a  double  diffusion  (201),  comprend  un  traite- 
ment  de  surfaces  oxydantes  desdites  premiere 

45  et  seconde  zones  d'element  du  second  type 
de  conductivite  afin  de  former  un  film  d'oxyde 
(32),  I'enlevement  selectif  et  I'ouverture  dudit 
film  d'oxyde  par  photo-lithographie,  I'oxydation 
desdites  parties  exposees  desdites  premiere  et 

50  seconde  zones  d'element  de  fagon  a  former 
un  film  d'oxyde  tampon  (33),  I'implantation  io- 
nique  d'une  impurete  d'un  type  predetermine 
de  conductivite  a  travers  ledit  film  d'oxyde 
tampon  (33)  puis  un  recuit. 

55 
3.  Procede  selon  la  revendication  1,  selon  lequel 

I'etape  de  formation  desdites  electrodes  de 
grille  (41,  42,  43)  pour  ledit  transistor  MOS 

12 
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complementaire  (101)  et  pour  ledit  transistor 
MOS  a  double  diffusion  (201)  comprend  un 
processus  d'exposition  de  toutes  les  surfaces 
desdites  premiere  et  seconde  zones  d'element 
du  second  type  de  conductivite  pour  ledit  tran- 
sistor  MOS  complementaire  (101)  et  pour  ledit 
transistor  MOS  a  double  diffusion  (201)  et  la 
formation  d'un  film  d'oxyde  de  champ  (37), 
I'enlevement  selectif  et  I'ouverture  dudit  film 
d'oxyde  de  champ  (37)  par  photo-lithographie, 
la  formation  dudit  film  d'oxyde  de  grille  (38) 
sur  les  parties  ouvertes  et  le  depot  d'une  cou- 
che  de  silicium  polycristallin  (39)  sur  toute  la 
surface  puis  la  formation  d'un  motif  sur  ladite 
couche  de  silicium  polycristallin  (39). 

pour  ledit  transistor  MOS  complementaire 
(101)  et  I'electrode  de  grille  (43)  pour  ledit 
transistor  MOS  a  double  diffusion  (201)  soient 
exposees;  un  recuit  est  alors  effectue. 

5 

10 

4.  Procede  selon  la  revendication  1,  selon  lequel 
I'etape  de  formation  de  ladite  zone  de  grille  de 
support  (45)  pour  ledit  transistor  MOS  a  dou- 
ble  diffusion  (201)  comprend  un  processus  de  20 
depot  d'un  motif  de  reserve  (44)  sur  toutes  les 
surfaces  desdites  premiere  et  seconde  zones 
d'element,  ledit  motif  de  reserve  possedant 
une  ouverture  exposant  une  zone  s'etendant 
d'une  extremite  de  ladite  electrode  de  grille  25 
(43)  vers  une  partie  de  ladite  couche  de  diffu- 
sion  en  puits  du  transistor  MOS  a  double  diffu- 
sion,  I'implantation  ionique  d'une  impurete  du 
premier  type  de  conductivite  dans  ladite  se- 
conde  zone  d'element  du  second  type  de  30 
conductivite  dudit  transistor  MOS  a  double  dif- 
fusion  (201)  a  travers  ledit  film  d'oxyde  de 
grille  (38)  puis  un  recuit. 

5.  Procede  selon  la  revendication  4,  selon  lequel  35 
une  extremite  (43a)  sur  un  cote  zone  de  sour- 
ce  (49)  de  ladite  electrode  de  grille  (43)  dudit 
transistor  MOS  a  double  diffusion  (201)  est 
exposee  a  la  partie  decouverte  dudit  motif  de 
reserve  (44).  40 

6.  Procede  selon  la  revendication  1,  selon  lequel 
I'etape  de  formation  des  zones  de  source  et 
de  drain  (47,  48)  dans  ladite  premiere  couche 
de  diffusion  en  puits  (34)  du  premier  type  de  45 
conductivite  pour  ledit  transistor  MOS  comple- 
mentaire  (101)  et  de  formation  d'une  zone  de 
source  (49)  du  second  type  de  conductivite 
dans  ladite  zone  de  grille  de  support  (45)  pour 
ledit  transistor  MOS  a  double  diffusion  (201)  et  50 
d'une  zone  de  drain  (50)  du  premier  type  de 
conductivite  dans  ladite  seconde  zone  d'ele- 
ment  du  second  type  de  conductivite,  com- 
prend  un  processus  d'implantation  ionique 
d'une  impurete  du  second  type  de  conductivite  55 
a  condition  que  I'electrode  de  grille  (42)  for- 
mee  sur  ladite  premiere  couche  de  diffusion 
en  puits  (34)  du  premier  type  de  conductivite 

13 
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