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Technical  Field 
This  invention  relates  to  processes  of  the  kind 

for  forming  an  integrated  circuit,  including  the 
steps  of  providing  a  body  of  a  semiconductor 
material  having  first  and  second  active  regions 
therein  of  respective  first  and  second  conductivity 
types,  forming  a  silicon  dioxide  gate  layer 
encompassing  a  gate  region  within  each  of  said 
active  regions,  forming  polysilicon  gate  elec- 
trodes,  and  forming  a  source  and  a  drain  of  a  first 
conductivity  type  and  of  a  second  conductivity 
type  respectively  in  said  second  and  first  active 
regions. 

Background  Art 
Reference  is  first  made  to  the  following  defini- 

tions  which  are  used  in  the  present  specification: 
"Impurity  type"  refers  in  the  conventional  sense 

to  n-type  (donor)  or  p-type  (acceptor)  impurities; 
"Conductivity"  is  used  in  the  conventional  sense 

as  being  a  measure  of  the  ability  to  conduct 
current,  and  is  the  reciprocal  of  resistivity; 

"Conductivity  type",  "n-type  conductivity"  and 
"p-type  conductivity"  referto the  dominant  impur- 
ity-type,  n-type  or  p-type,  which  a  material  con- 
tains.  Thus  the  conductivity  type  of  a  poly- 
crystalline  silicon  material  which  is  heavily  doped 
with  n-type  impurities  and  lightly  doped  with  p- 
type  impurities  would  be  n-type  conductivity, 
while  the  same  material  doped  solely  with  p-type 
impurities  would  have  p-type  conductivity. 

In  the  fabrication  of  CMOS  (complementary 
metal-oxide-semiconductor)  devices,  it  is  prefer- 
able  to  use  silicon  gate  technology  rather  than 
metal  gate  technology.  This  preference  for  silicon 
gate  technology  arises  from  several  advantages 
inherent  in  this  type  of  technology.  In  particular, 
the  use  of silicon  gate technology  provides  an  area 
savings  due  to  the  better  tolerances  arising  from 
the  self-aligning  nature  of  such  gate  structures, 
due  to  the  ability  to  provide  an  additional  layer  of 
interconnect  and  due  to  the  availability  of  buried 
contacts. 

A  process  of  the  kind  specified  is  known  from 
U.S.  Patent  No.  4,063,274.  According  to  this  known 
process,  a  p-well  is  formed  in  a  body  of  n-type 
semiconductor  material.  A  gate  oxide  layer  is 
grown  on  a  surface  of  the  semiconductor  body.  A 
polysilicon  layer  is  formed  on  the  gate  oxide  layer, 
and  from  such  polysilicon  layer  polysilicon  gate 
structures  are  etched.  Exposed  portions  of the  gate 
oxide  layer  are  then  removed  to  define  areas 
where  n-type  regions  are  to  be  formed.  Thereafter 
n-type  impurities  (phosphorus)  are  diffused  into 
these  areas  and  into  the  polysilicon  material.  Sub- 
sequently  the  areas  where  p-type  regions  are  to  be 
formed  are  exposed.  With  the  n-type  regions 
protected  by  a  layer  of  oxide,  p-type  impurities 
(boron)  are  then  diffused  into  the  desired  areas 
and  into  the  polysilicon.  The  p-type  diffusion  is  to  a 
lower  concentration  than  the  n-type  diffusion  and 
consequently  the  n-type  doped  polysilicon  re- 
mains  n-type. 

It  will  be  appreciated  that  the  known  process  has 
the  advantage  that  the  polysilicon  gates  are  all  of 
the  same  conductivity  type,  thereby  avoiding  the 
use  of  a  metal  bridge  to  connect  p-type  gate 
electrodes  and/or  conductors  with  n-type  gate 
electrodes  and/or  conductors.  However,  the 
known  process  has  the  disadvantage  that  the 
introduction  of  boron  into  the  gate  electrodes  and 
conductors  associated  with  the  p-channel  transis- 
tors  during  formation  of  their  source  and  drain 
regions  produces  a  potential  problem  when  scaled 
small  geometry  (i.e.  very  thin  gate  insulator) 
devices  are  being  formed.  This  problem  arises 
from  the  propensity  of  boron  to  diffuse  from  the 
gate  electrodes  (associated  with  the  p-channel 
transistors),  through  the  thin  oxide  layer  which 
separates  the  gate  electrodes  from  the  underlying 
substrate,  and  into the  underlying  substrate, there- 
by changing  the threshold  voltage  of the  p-channel 
transistors  or  producing  a  short  between  their 
source  and  drain  regions.  In  either  case,  this  boron 
penetration  has  a  detrimental  effect  upon  the 
operation  of the  resulting  device  as fully  discussed 
by  J.  T.  Clemens  and  E.  F.  Labuda  in  their 
publication  entitled  "Impurity  Diffusion  in  SiO2 
Layers  and  Related  Effects  on  the  MOS  Properties 
of  the  Si-Gate  Technology",  Electrochemical 
Society  Extended  Abstracts,  Vol.  74-1,  Abstract 
No.  46,  p.  125,  May  1974.  Accordingly,  this  proces- 
sing  technique  is  unsuitable  for  the  fabrication  of 
silicon-gate  VLSI  circuits  and  other  CMOS  devices 
having  very  thin  gate  oxide  p-channel  transistors. 

Another  process  of  the  kind  specified  is  known 
from  U.S.  Patent  Specification  No.  4,209,797  which 
discloses  a  process  for  making  a  CMOS  integrated 
circuit  device  having  polysilicon  gates.  According 
to  this  known  process  a  semiconductor  substrate 
is  provided  with  p-type  and  n-type  wells.  A  doped 
n-type  (or  p-type)  polysilicon  layer  is  formed  over 
the  gate  insulator  layer.  An  oxide  layer  is  formed 
overthe  polysilicon  layer and  is  removed  except  in 
areas  corresonding  to  the  gate  regions.  The  poly- 
silicon  layer  except  for  those  portions  under  the 
remaining  oxide  layer  is  then  removed  by  plasma 
etching.  Then  the  gate  insulator  layer  is  removed 
except  for  those  portions  under  the  remaining 
polycrystalline  layer.  Next  a  phosphosilicate  glass 
(PSG)  layerand  oxidefilm  are formed  on  the whole 
surface  of  the  resultant  semiconductor  structure. 
The  PSG  and  oxide  film  except  for  those  portions 
over  the  p-type  well  are  removed.  Boron  is  then 
diffused  into  the  n-type  well  to form  p-type  source 
and  drains  and  at  the  same  time  phosphorus  is 
diffused  from  the  PSG  layer  into  the  n-type  well  to 
form  n-type  source  and  drains.  It  will  be  appreci- 
ated  that  this  known  process  has  the  advantage 
that  the  polysilicon  gates  are  all  of  the  same  con- 
ductivity  type.  However,  it  will  further  be  appreci- 
ated  that the  known  process  also  utilizes  predoped 
polysilicon  to  form  the  conductive  gates. 

Disclosure  of  the  Invention 
According  to  the  present  invention  a  process  of 

the  kind  specified  is  characterized  by  the  step  of 
simultaneously  doping  the  already  formed  poly- 



silicon  gate  electrodes,  corresponding  to  said  first 
and  second  active  regions,  with  impurities  of 
single  conductivity  type  independently  of  said 
body  of  semiconductor  material. 

It  will  be  appreciated  that  a  process  according 
to  the  invention  is  effective  to  produce  an  inte- 
grated  circuit  having  polysilicon  gate  electrodes 
of  a  single  conductivity  type  and  a  single  impurity 
type,  and  is  accordingly  suitable  for  the  fabrica- 
tion  of  silicon  gate  VLSI  circuits  and  other  CMOS 
devices  having  very  thin  gate  electrodes. 

According  to  a  further  feature  of  the  invention, 
areas  of  high  conductivity  (conductors)  and  areas 
of  a  low  conductivity  (resistors)  are  formed  from  a 
suitably  doped  single  layer  of  polysilicon. 

Brief  Description  of  the  Drawings 
One  embodiment  of  the  present  invention  will 

now  be  described  by  way  of  example  with  ref- 
erence  to  the  accompanying  drawings,  in  which: 

Fig.  1  is  a  partial  sectional  view  of  a  CMOS 
device  fabricated  according  to  a  process  embody- 
ing  the  principles  of  the  present  invention;  and 

Figs.  2A-P  are  flow  diagrams  illustrating  by 
sequential  cross-sectional  representation  the  pro- 
cess  of  the  present  invention  for  forming  a  CMOS 
device  with  polysilcon  gate  electrodes  and  con- 
ductors  of  a  single  conductivity,  single  impurity 
type. 

Best  Mode  for  Carrying  Out  the  Invention 
Referring  now  to  Fig.  1,  there  is  shown  in  this 

figure  a  partial  sectional  view  of  a  portion  of  a 
CMOS  device  10  embodying  the  principles  of  the 
present  invention.  The  portion  of  CMOS  device  10 
is  comprised  of  an  n-channel  transistor  12,  a  p- 
channel  transistor  14  and  a  high  resistivity  line  50. 
While  the  following  description  is  primarily  di- 
rected  toward  the  fabrication  of  these  com- 
ponents  of  the  device,  the  description  is  exem- 
plary  of  the  fabrication  of  a  class  of  devices  which 
embody  the  principles  of  the  present  invention.  In 
addition,  it  should  be  noted  that  the  thickness  and 
other  dimensions  shown  herein  are  selected  for 
clarity  of  illustration  and  not  to  be  interpreted  in  a 
limiting  sense.  The  dimensions  can  be  smaller  or 
larger  depending  upon  the  operating  environ- 
ment  in  which  the  device  is  going  to  be  used.  In 
this  regard,  it  should  be further  pointed  out  at this 
time  that  the  thrust  of  microelectronics  tech- 
nology  is  toward  smaller  dimensions  to  achieve 
greater  device  density,  better  performance,  etc. 

CMOS  device  10  comprises  a  substrate  18  of 
one  conductivity  type,  illustratively,  n-type  sili- 
con.  A  p-type  surface-adjacent  impurity  region  or 
well  20  is  formed  in  the  substrate  by  diffusing  p- 
type  impurities  into  the  substrate. 

The  n-channel  transistor  12  includes  a  pair  of  n- 
type  impurity  regions  which  are  diffused  or  im- 
planted  into  the  substrate  within  the  p-well  20  to 
form  the  source  22  and  drain  24  of  the  transistor. 
The  transistor  12  also  includes  a  thin  layer  of  gate 
oxide  26  and  a  polysilicon  gate  electrode  28  which 
overlies  the  channel  region  between  the  source 

and  drain  regions  of  the  transistor. 

Similarly,  the  p-channel  transistor  14  includes  a 
pair  of  p-type  impurity  regions  which  are  the 
source  34  and  drain  32  of  the  transistor.  These 
impurity  regions  are  formed  by  implanting  or 
diffusing  p-type  impurities  into  the  substrate.  The 
p-channel  transistor  14  includes  a  thin  layer  of 
gate  oxide  36  and  a  polysilicon  gate  electrode  38 
which  overlies  the  channel  region  between  the 
source  and  drain  regions  of  transistor  14. 

Channel  stops  42  are  strategically  formed  on 
the  substrate  18  to  electrically  isolate  the  com- 
ponents  of  CMOS  device  10.  One  such  channel 
stop  is  located  between  the  p-channel  and  n- 
channel  transistors  and  is  hereinafter  referred  to 
as  the  center  channel  stop.  Each  of  the  channel 
stops  is  comprised  of  a  p *  impurity  region  44,  an 
n+  impurity  region  46  and  an  oxide  barrier  48.  The 
impurity  regions  44  and  46  serve  to  increase  the 
field  inversion  voltage  of  the  device.  As  men- 
tioned  above,  the  portion  of  CMOS  device  10 
which  is  shown  in  Fig.  1  also  includes  a  conductor 
line  which  is  generally  designated  by  the  numeral 
50.  Conductor  line  50,  which  has  a  high  resistivity 
and  serves  as  a  resistor  element,  is  a  layer  of 
polysilicon  which  is  formed  over  the  oxide  barrier 
48  of  the  center  channel  stop  and  initially  doped 
to  a  low  level  of  conductivity.  The  top  and  lateral 
surfaces  of  this  layer  of  silicon  50  are  in  turn 
encircled  by  a  layer  of  oxide  130  to  (1)  protect  the 
sidewalls  of  polysilicon  50  from  being  further 
doped  in  subsequent  steps  and  (2)  avoid  direct 
contact  between  polysilicon  50  and  the  silicon 
nitride  132,  to  be  formed  over  the  polysilicon  in  a 
later  step,  thereby  preventing  transfer  of  stresses 
in  the  nitride  to  the  polysilicon  50.  Overlying  the 
top  surface  of  the  silicon  oxide  layer  130  is  a 
silicon  nitride  layer  132.  The  nitride  132  is  formed 
to  enable  its  removal  at  selected  portions  of  the 
polysilicon  conductor  50  and  allow  these  portions 
to  be  independently  doped  to  a  high  conductivity 
level.  High  resistivity  conductor  50  is  further 
enclosed  by  a  layer  of  masking  material  138, 
typically  silicon  nitride  or  polysilicon,  which  com- 
pletely  covers  the  top  surface  of  silicon  nitride 
layer  132,  the  lateral  surfaces  of  silicon  oxide 
layer  130  and  a  portion  of  the  top  surface  of  the 
oxide  barrier  48  of  the  center  channel  stop.  The 
layer  138  protects  the  initially  doped  low  conduc- 
tivity  regions  of  polysilicon  50  from  a  subsequent 
high  conductivity  doping. 

Gate  electrode  28,  gate  electrode  38  and  high 
resistivity  conductor  50  are  all  doped  with  n-type 
impurities  to  provide  a  CMOS  device  having  gate 
electrodes  and  conductors  of  a  single  impurity 
type.  It  should  be  further  noted  that  gate  elec- 
trodes  28  and  38  are  doped  with  the  same  con- 
centration  of  impurities  to  form  high  conductivity 
electrical  conductors  while  conductor  line  50  is 
doped  with  a  lower  concentration  of  impurities  to 
provide  a  resistor  element.  Accordingly,  gate 
electrodes  28  and  38  are  constructed  to  be  of  a 
single  conductivity,  single  impurity  type  while 
high  resistivity  conductor  line  50  is  constructed  to 
be  of  the  same  impurity  type  but  of  a  lower 
conductivity.  The  processing  technique  used  to 



dope  these  conductors  independently  of  the  sub- 
strate  impurity  regions  such  as  22,  24,  32  and  34 
will  be  discussed  in  greater  detail  hereinafter. 

CMOS  device  10  is  also  provided  with  a  thick 
insulating  layer  56  which  is  appropriately 
patterned  to  cover  the  gate  structure  of  n-channel 
transistor  12,  the  gate  structure  of  p-channel 
transistor  14  and  the  high  resistivity  conductor 
line  50.  Insulating  layer  56  electrically  isolates  the 
polysilicon  gate  and  conductors  from  the  overly- 
ing  metal  conductors  58,  60  and  62.  Electrical 
conductor  58  electrically  couples  source  22  to 
associated  electrical  circuitry  (not  shown).  Metal 
conductor  60  electrically  couples  drains  24  and  32 
to  each  other  as  is  typical  for  CMOS  pairs.  Finally, 
metal  conductor  62  electrically  couples  source  34 
to  associated  circuitry  (not  shown)  such  as  a 
voltage  supply.  It  should  be  further  noted  that 
those  skilled  in  the  art  will  readily  recongize  that 
other  insulating  materials,  passivating  materials, 
and  electrical  connections  and  interconnections 
(not  shown  herein)  may  be  applied  as  needed  to 
complete  the  protection  of  an  integration  of  the 
transistors  shown  in  this  Figure  with  other  com- 
ponents  of  the  device. 

Reference  is  now  made  to  Figs.  2A-P  wherein 
the  successive  steps  of  the  fabrication  process  of 
the  present  invention  are  illustrated  in  detail. 

Referring  now  to  Fig.  2A,  the  fabrication  pro- 
cess  of  the  present  invention  is  initiated  by  grow- 
ing  a  layer  of  oxide  100  over  the  top  surface  of  an 
n-type  substrate  18  to  a  thickness  of  6000  Ang- 
stroms  (0.6  microns).  As  shown  in  Fig.  2B,  oxide 
layer  100  is  then  selectively  etched  using  con- 
ventional  photolithographic  techniques  to  pro- 
vide  a  diffusion  window  102  at  each  location  of 
the  chip  where  an  impurity  well  is  to  be  formed. 
The  surface-adjacent  p-well  20  is  then  formed  by 
implanting  or  diffusing  p-type  ions  (such  as  bo- 
ron)  into  the  substrate  18  through  the  diffusion 
window  102.  If  the  p-well  20  is  formed  by  the 
implantation  technique,  an  oxide  layer  100  of  a 
thickness  of  about  1000  Angstroms  (0.1  microns) 
may  be  left  in  the  window  102.  After  implantation 
this  oxide  layer  is  etched  away  by  using  a  conven- 
tional  etching  technique.  If the  p-well  20  is  formed 
by  the  diffusion  technique,  on  the  other  hand,  the 
entire  oxide  layer  in  the  window  region  102  must 
be  removed  prior  to  diffusion.  The  preferred 
method  of  forming  the  p-well  20  is  by  implanta- 
tion  as  this  method  enables  control  over  the 
depth  of  the  well  and  provides  a  low  surface 
concentration  of  impurities  for  the  well  region. 

The  next  step  of  the  fabrication  process  invol- 
ves  formation  of  channel  stops  which  define  the 
active  regions  for  the  transistors  12  and  14.  As 
mentioned  above,  each  channel  stop  is  com- 
prised  of  a  p *  impurity  region  44,  an  n+  impurity 
region  46  and  an  oxide  barrier  48.  To  form  the 
channel  stops,  initially  an  oxidation  and  implanta- 
tion  barrier  is  formed  over  the  substrate  at  each 
location  where  a  transistor  device  is  to  be  located. 
These  oxidation  and  implantation  barriers  are 
shown  in  Fig.  2C  and  are  formed  by  depositing 
onto  the  top  surface  of  the  substrate  a  layer  of 

oxide  104  to  a  thickness  of  400-600  Angstroms,  a 
layer  of  nitride  106  to  a  thickness  of  600-1200 
Angstoms,  and  a  second  layer  of  oxide  108  to  a 
thickness  of  1200-1600  Angstroms.  These  three 
layers  104,  106  and  108  are  then  patterned  using 
conventional  photolithographic  techniques  to 
provide  an  oxidation  and  implantation  barrier  at 
each  location  of  the  substrate  where  a  transistor 
is  to  be  located.  The  second  oxide  layer  108 
serves  to  delineate  the  nitride  layer  106  using  a 
wet  nitride  etch  process.  In  addition,  the  layer  108 
in  combination  with  layer  106  masks  the  transis- 
tor  active  regions  during  the  subsequent  channel 
stop  implantation  step.  Two  oxidation  and  im- 
plantation  barriers  are  shown  in  Fig.  2C  where 
they  are  generally  designated  by  the  numeral  110 
and  112.  Oxidation  and  implantation  barrier  110 
corresponds  to  n-channel  transistor  12  and  is 
positioned  to  overlie  the  active  region  of  this 
transistor.  The  second  oxidation  and  implantation 
barrier  112  corresponds  to  p-channel  transistor  14 
and  defines  the  active  region  of  this  transistor. 

After  the  oxidation  and  implantation  barriers 
are  formed,  a  mask  114  is  formed  over  the 
oxidation  and  implantation  barrier  110  and  all  of 
the  n-channel  active  regions  12  to  define  the  n +- 
impurity  regions  46  as  shown  in  Fig.  2C.  This 
mask  is  formed  by  depositing  a  layer  of  photores- 
ist  over  the  top  surface  of  the  semiconductor 
body  such  that  the  layer  of  photoresist  completely 
covers  the  exposed  portions  of  the  barriers.  Then, 
using  conventional  photolithographic  techniques, 
the  layer  of  photoresist  is  patterned  to  provide  the 
desired  mask  configuration  114.  Mask  114  and  the 
oxidation  and  implantation  barrier  112  control 
formation  of  the  n-type  impurity  regions  46  of  the 
channel  stops.  As  shown  in  Fig.  2C,  mask  114  is 
arranged  to  have  a  peripheral  boundary  116 
which  is  located  between  the  active  region  of  the 
n-channel  transistor  12  defined  by  the  oxidation 
and  implantation  barrier  110,  and  the  surface 
adjacent  boundary  of  p-well  20.  N-type  ions  are 
then  implanted  into  the  substrate  in  the  presence 
of the  photoresist  mask to  form  the  n-type  impuri- 
ty  regions  46  of the  channel  stops.  The  photores- 
ist  mask  114  is  then  removed. 

A  mask  118  is  then  formed  over  the  oxidation 
and  implantation  barrier  112  and  all  of  the  p- 
channel  transistor  active  regions  14  to  define  the 
p+-impurity  regions  44  as  shown  in  Fig.  2D.  This 
mask  is  formed  by  depositing  a  layer  of  photores- 
ist  over  the  top  surface  of  the  semiconductor 
body  such  that  the  layer  of  photoresist  completely 
covers  the  exposed  portions  of  the  semiconduc- 
tor  body  and  the  oxidation  and  implantation 
barriers.  Then,  using  conventional  photolithog- 
raphic  techniques,  the  layer  of  photoresist  is 
patterned  to  provide  the  desired  mask  con- 
figuration  118.  Mask  118  and  the  oxidation  and 
implantation  barrier  110  control  formation  of  the 
p-type  impurity  regions  44  of  the  channel  stops. 
As shown  in  Fig.  2D,  mask  118  is  arranged  to  have 
a  peripheral  boundary  120  which  is  spaced  apart 
from  the  active  region  of  the  n-channel  transistor 
defined  by  oxidation  and  implantation  barrier  112 



and  the  surface  adjacent  boundary  of  p-well  20.  P- 
type  impurities  are  then  implanted  into  the  sub- 
strate  to  provide  the  p-type  impurity  regions  44  of 
the  channel  stops.  See  Fig.  2D. 

Once  the  p+-impurity  regions  44  have  been 
formed  as  described  above,  mask  118  is  removed 
using  conventional  techniques.  Thereafter,  the 
oxide  barrier  48  of  the  channel  stops  is  thermally 
grown  to  a  thickness  of  8,000-16,000  Angstroms 
(0.8-1.6  microns).  Formation  of  the  oxide  barrier 
layers  48  leaves  the  structure  shown  in  Fig.  2E. 

The  next  steps  of  the  fabrication  process  are 
shown  in  Fig.  2F  and  comprise  removing  the 
oxidation  and  implantation  barrier  (by  etching 
away  oxide  layers  104  and  108  and  nitride  layer 
106),  then  growing  gate  oxide  122.  It  should  be 
noted  that  the  previously-formed  oxide  barriers 
48  are  very  thick  and  remain  after  the  removal  of 
the  relatively  thin  oxide  layers  104  and  108. 
Conventional  processing  techniques  are  then 
used  to  grow  a  layer  of  gate  oxide  122  on  the  top 
surface  of  the  substrate  to  a  thickness  of  400  to 
700  Angstroms  (0.04-0.07  microns).  A  preferred 
technique  is  dry  thermal  oxidation  as  this  pro- 
duces  dense  and  high  quality  oxide  layers. 

The  threshold  values  of  the  p-channel  and  n- 
channel  transistors  are  then  matched  by  forming 
surface  charge  layers  of  the  appropriate  con- 
ductivity-type  at  the  interface  between  the  sub- 
strate  and  gate  oxide  layer  at  each  location  where 
a  p-channel  and/or  n-channel  transistor  is  located. 
Formation  of  the  p-channel  surface  charge  layers 
is  accomplished,  as  shown  in  Fig.  2G,  by  initially 
forming  a  photoresist  mask  124  which  covers  the 
active  region  of  each  of  the  n-channel  transistors. 
Thereafter,  p-type  dopant  ions  are  implanted  into 
the  exposed  surface  areas  of  the  substrate  to  form 
a  surface  charge  layer  150  at  the  interface  be- 
tween  the  top  surface  of  the  substrate  and  the 
layer  of  gate  oxide  122.  The  surface  charge  layer 
adjusts  the  threshold  voltage  of  the  p-channel 
transistors  to  the  desired  level.  Mask  124  is  then 
removed  using  conventional  techniques. 

Referring  to  Fig.  2H,  formation  of  the  n-channel 
surface  charge  layer  is  done  by  forming  a  photo- 
resist  mask  126  which  covers  the  active  areas  of 
the  p-channel  transistors,  then  implanting  p-type 
ions  into  the  exposed  n-transistor  active  areas  of 
the  substrate  to  form  a  surface  charge  layer  151  of 
p-type  impurities  at  the  interface  between  the 
surface  of  the  semiconductor  substrate  and  the 
layer  of  gate  oxide  thereon.  Mask  126  is  thereafter 
removed  using  conventional  techniques. 

The  gate  electrodes  and  conductors  are  formed 
during  the  next  step  of  the  fabrication  process.  A 
layer  of  polycrystalline  silicon  128  (polysilicon)  is 
deposited  onto  the  semiconductor  substate  to  a 
typical  thickness  of  5000  Angstroms  (0.5  microns) 
(Fig.  21).  The  polysilicon  128  is  then  doped  using 
n-type  ions.  The  amount  of  doping  is  determined 
by  the  value  of  conductance  (or  resistance)  desir- 
able  for  the  polysilicon  conductor  line  (or  resistor) 
50  to  be  formed  from  the  polysilicon  layer  128  in  a 
subsequent  step.  Then,  using  conventional  tech- 
niques,  the  upper  surface  of  the  layer  of  poly- 

silicon  128  is  converted  into  a  layer  of  silicon 
oxide  130  by  thermal  oxidation  or  a  layer  of 
silicon  oxide  130  is  deposited  onto  the  upper 
surface  of  the  polysilicon  layer,  to  a  thickness  of 
400-500  Angstroms  (0.04-0.05  microns).  A 
layer  of  silicon  nitride  132  is  then  formed  over  the 
layer  of  silicon  oxide  130  using  conventional 
processing  techniques  such  as  chemical  vapor 
deposition  using  a  silicon  containing  gas  and 
ammonia  reactants.  This  layer  of  nitride  is  shown 
in  Fig.  21  and  is  typically  1200-1500  Angstroms 
(0.12-0.15  microns)  thick.  The  dual  layer  of  oxide 
and  nitride  130-132,  which  is  also  referred  to 
herein  as  the  oxidation  and  diffusion  mask,  serves 
a  multiple  purpose.  First,  it  serves  as  an  oxidation 
mask.  Second,  it  serves  as  an  implantation  or 
diffusion  mask  during  the  n-channel  and  p- 
channel  source  and  drain  formation.  Third,  the 
oxidation  and  diffusion  mask  lends  itself  for 
selective  removal  after  forming  the  source  and 
drain  barrier  oxide  to  expose  the  underlying  poly- 
silicon  for  a  high  conductivity  doping,  as  ex- 
plained  below. 

Referring  to  Fig.  2J,  conventional  photolithog- 
raphic  techniques  are  then  used  to  pattern  nitride 
layer  132,  silicon  oxide  layer  130  and  polysilicon 
layer  128  into  the  desired  combination  of  conduc- 
tors  and  gate  structures.  Two  such  gate  structures 
and  one  such  conductor  line  are  shown  in  Fig.  2J: 
gate  structures  134  and  136  are  for  n-channel 
transistor  12  and  p-channel  transistor  14, 
respectively;  conductor  line  50  is  formed  on  top 
of  the  oxide  barrier  48  of  the  center  channel  stop. 

Once  these  gate  structures  and  conductors 
have  been  formed,  a  short  oxidation  cycle  is  used 
to  cap  the  exposed  side  portions  of the  polysilicon- 
gates  and  conductors  thereby  protecting  these 
portions  from  penetration  of  impurities  during 
subsequent  doping  steps.  This  oxidation  cycle 
forms  side  extendsions  130A  and  130B  to  layer 
130  so  that  oxide  layer  130  completely  covers  the 
polysilicon  layer  of  each  gate  electrode  and  con- 
ductor.  The  resulting  structure  is  shown  in  Fig.  2K. 
Thereafter,  a  layer  of  material  such  as  silicon 
nitride  or  polysilicon  is  deposited  over  the  entire 
structure  and  is  patterned  by  conventional  photo- 
lithographic  techniques,  forming  a  mask  over 
those  regions,  such  as  conductor  line  50,  where 
low  conductivity  conductors  (resistors)  are  de- 
sired.  One  such  resistor  masking  layer  is  shown  in 
Fig.  2K  where  it  is  designated  by  the  numeral  138. 
The  resistor  mask  138  protects  the  previously 
doped  polysilicon  conductor  line  50  from  further 
doping  during  the  high  conductivity  doping  of  the 
polysilicon  gates  and  conductors.  Typical  thick- 
ness  range  of  nitride  mask  138  is  1200-1500 
Angstroms  (0.12-0.15  microns).  If  the  mask  138 
is  polysilicon,  the  thickness  is  typically 
2000-4000  Angstroms,  (0.2-0.4  microns). 

The  next  step  of  the  process,  shown  in  Fig.  2L, 
is  the  formation  of the  source  and  drain  regions  of 
the  n-channel  transistors.  An  exemplary  tech- 
nique  for forming  this  step  of  the  process  involves 
depositing  a  layer  of  photoresist  140  onto  the 
substrate  such  that  it  uniformly  covers  the  pre- 



viously  formed  gate  structures  and  conductor 
structures,  then  exposing  and  developing  the 
photoresist  to  provide  a  window  corresponding 
to  the  active  region  of  each  n-channel  transistor. 
Such  a  window  142  is  shown  in  Fig.  2L.  There- 
after,  referring  to  Fig.  2L,  the  source  22  and  drain 
24  of  the  n-channel  transistors  are  formed  by 
implanting  n-type  impurities  through  the  window 
142.  In  performing  this  implantation  step,  the  gate 
structure  134  associated  with  each  n-channel 
transistor  acts  as  a  mask  which  serves  to  align  the 
transistor's  source  and  drain  regions  with  the 
gate  electrode. 

The  source  and  drain  regions  of  the  p-channel 
transistors  are  then  formed  as  shown  in  Fig.  2M. 
As  shown  in  Fig.  2M,  conventional  photolithog- 
raphic  techniques  are  used  to  provide  a  mask  144 
having  a  window  146  corresponding  to  the  active 
region  of  each  p-channel  transistor.  P-type  impur- 
ity  ions  are  then  implanted  through  the  windows 
146  to  form  the  source  34  and  drain  32  regions  of 
the  p-channel  transistors.  As  with  the  n-channel 
transistors,  the  gate  structure  136  acts  as  a  further 
mask  which  serves  to  properly  align  the  gate 
structure  with  its  associated  source  and  drain 
regions. 

Referring  now  to  Fig.  2N,  the  mask  144  is 
removed  and  the  oxide  layer  122  overlying  the 
source  and  drain  regions  is  increased  to  a  thick- 
ness  of  2000-2500  Angstroms  (0.2-0.25 
microns)  to  form  an  implantation  or  diffusion 
barrier  to  isolate  the  source  and  drain  regions 
from  subsequent  doping  of  the  gate  electrodes 
and  the  high  conductivity  conductors, this  step  is 
performed  by thermal  oxidation  of  the  previously 
formed  gate  oxide  122  to  provide  a  thicker  layer  of 
oxide  148  over  the  source  and  drain  regions  of  p- 
channel  and  n-channel  transistors.  It  will  be 
appreciated  that  during  this  oxidation  step  the 
oxide  layer  148  is  also  formed  over  the  resistor 
mask  138  when  the  mask  138  is  polysilicon.  When 
mask  138  is  silicon  nitride  the  oxide  barrier  layer 
148  is  formed  only  over  the  source  and  drain 
regions  of  transistors  12  and  14. 

After  this  thick  layer  of  oxide  148  has  been 
formed  over  the  source  and  drain  regions,  the 
substrate  is  selectively  etched  by  using  con- 
ventional  photomasking  techniques  to  remove 
nitride  layer  132  and  silicon  oxide  layer  130  (the 
oxidation  and  diffusion  mask)  from  the  top  of 
each  gate  structure  and  high  conductivity  con- 
ductor(s),  thereby  exposing  the  polysilicon  layer 
of these  gate  structures  and  conductors.  Referring 
now  to  Fig.  2P,  the  above-mentioned  etching 
operation  causes  the  polysilicon  gate  electrode 
layer  28  and  38  of  the  gate  structures  of  the  p- 
channel  and  n-channel  transistors  14  and  12 
respectively  to  be  exposed.  It  should  be  noted, 
however,  that  the  resistor  masking  layer  138  (or 
138-148  when  138  is  silicon)  overlying  the  resis- 
tor  50  is  not  removed  when  138  is  polysilicon  and 
only  partially  removed  when  138  is  silicon  nitride 
because  mask  138  is  used  to  prevent  this  resistor 
from  being  doped  simultaneously  with  the  gate 
electrodes.  Thereafter,  the  exposed  polysilicon 

gate  electrodes  28  and  38  and  other  conductors 
(except  50,  which  is  a  resistor)  are  doped  to  a  high 
conductivity  using  n-type  impurities  and  conven- 
tional  diffusion  or  ion  implantation  techniques. 

Typically,  the  polysilicon  conductors  and  gate 
electrodes  are  doped  to  a  high  conductivity  level 
such  that  their  sheet  resistance  is  less  than  about 
100  ohms  per  square,  typically  30  ohms  per 
square.  This  is  accomplished  when  using  ion 
implantation  techniques,  for  example,  by  means 
of  phosphorus  ions  of  energy  80  kev  and  a  dose  of 
6  x  1011  ions/square  cm. 

By  forming  the  oxide  layer  148  to  a  thickness  of 
2000-25000  Angstroms  (0.2-0.25  microns),  the 
source  and  drain  regions  of  the  p-channel  and  n- 
channel  transistors  are  protected  during  this  dop- 
ing  step  and,  as  a  result,  are  not  affected  by  it. 
Accordingly,  the  process  of  the  subject  invention 
dopes  the  source  and  drain  regions  independent- 
ly  of the  gate  electrodes  and  the  high  conductivity 
conductors.  In  addition,  the  process  of the  subject 
invention  permits  all  of  the  gate  electrodes  and 
high  conductivity  conductors  to  be  doped  simul- 
taneously  to  provide  gate  electrodes  and  conduc- 
tors  of  a  single  conductivity,  single  impurity  type. 

Referring  to  Fig.  1,  after  the  gate  electrodes  and 
conductors  have  been  doped  as  described  above, 
a  thick  layer  of  insulator  56  is  deposited  over  the 
device,  contact  cuts  such  as  70,  72  are  made,  and 
a  layer  of  metal  is  deposited  over  the  substrate 
and  patterned  using  conventional  photolithog- 
raphic techniques  to  form  metal  conductors  58, 60 
and  62.  After  metallization,  a  passivation  coating 
of  material  such  as  phospho-silicate  glass  (not 
shown)  may  be  formed  over  the  device. 

From-  the  foregoing,  it  can  be  seen  that  the 
present  process  is  well  adapted  to  attain  all  of  the 
objects  set  forth  hereinabove.  Doping  the  poly 
gates  and  conductors  in  the  manner  described 
yields  not  only  a  CMOS  VLSI  circuit  with  all  n+- 
doped  polygates  and  interconnect  lines  which 
may  be  connected  together  without  the  need  for 
an  area  consuming  metal  bridge,  but  also 
eliminates  the  channel  doping  problems  asso- 
ciated  with  the  p-channel  transistors.  In  addition, 
this  process  has  a  feature  of formation  of  selected 
portions  of  the  interconnect  lines  into  resistor 
elements  by  subjecting  them  to  different  doping 
levels. 

1.  A  process  for  forming  an  integrated  circuit, 
including  the  steps  of  providing  a  body  (18)  of  a 
semiconductor  material  having  first  and  second 
active  regions  therein  of  respective  first  and 
second  conductivity  types,  forming  a  silicon 
dioxide  gate  layer  (122)  encompassing  a  gate 
region  within  each  of  said  active  regions,  forming 
polysilicon  gate  electrodes  (28, 38),  and  forming  a 
source  (22,  34)  and  a  drain  (24,  32)  of  a  first  con- 
ductivity  type  and  of  a  second  conductivity  type 
respectively  in  said  second  and  first  active 
regions,  characterized  by  the  step  of  simul- 
taneously  doping  the  already  formed  polysilicon 



gate  electrodes  (28,  38),  corresponding  to  said 
first  and  second  active  regions,  with  impurities  of 
a  single  conductivity  type  independently  of  said 
body  (18)  of  semiconductor  material. 

2.  A  process  according  to  claim  1,  character- 
ised  in  that  said  step  of  forming  polysilicon  gate 
electrodes  (28,  38)  includes  the  steps  of  forming 
a  layer  of  polysilicon  (128)  over  said  silicon 
dioxide  gate  layer  (122)  and  defining  said  poly- 
silicon  layer  (128)  into  said  gate  electrodes  (28, 
38). 

3.  A  process  according  to  claim  2,  character- 
ized  in  that  said  step  of  defining  said  polysilicon 
layer  into  gate  electrodes  (28,  38)  includes  the 
steps  of  forming  a  mask  (130,  132)  over  said 
polysilicon  layer  (128),  and  patterning  the  po ly -  
silicon  layer  (128)  in  the  presence  of  said  mask 
(130, 132)  to  form  said  gate  electrodes  (28, 38). 

4.  A  process  according  to  claim  3,  character- 
ized  in  that  said  step  of  forming  a  source  and  a 
drain  includes  doping  said  body  (18)  of  semi- 
conductor  material  in  the  presence  of  said  mask 
(130,  132)  to  form  the  sources  (22, 34)  and  drains 
(24,  32)  in  said  first  and  second  active  regions 
such  that  said  sources  (22, 34)  and  drains  (24,  32) 
are  aligned  with  their  corresponding  gate  elec- 
trodes  (28,  38). 

5.  A  process  according  to  claim  4,  character- 
ized  in  that  said  step  of  doping  said  gate  elec- 
trodes  (28,  38)  includes  forming  an  implantation 
barrier  (148)  over  said  first  and  second  active 
regions,  removing  said  mask  (130,  132)  over 
each  gate  electrode  (28,  38),  and  implanting  im- 
purities  of  a  single  conductivity  type  into  said 
gate  electrodes  (28,  38). 

6.  A  process  according  to  claim  5,  character- 
ized  in  that  said  implantation  barrier  (148)  is 
formed  of  silicon  dioxide  and  is  relatively  thick 
compared  with  said  silicon  dioxide  gate  layer 
(122). 

7.  A  process  according  to  claim  6,  character- 
ized  by  the  step  of  covering  the  side  surfaces  of 
said  gate  electrodes  (28,  38)  with  a  layer  of 
silicon  dioxide  (130A,  130B)  prior  to  said  step  of 
implanting  impurities. 

8.  A  process  according  to  claim  6,  character- 
ized  in  that  said  mask  includes  a  further  layer  of 
silicon  dioxide  (130)  and  a  layer  of  silicon  nitride 
(132). 

9.  A  process  according  to  claim  8,  character- 
ized  in  that  the  thickness  of  said  silicon  dioxide 
gate  layer  (122)  is  in  the  range  of  40  to  70  nm 
(400  to  700  Angstroms),  the  thickness  of  said 
polysilicon  layer  (128)  is  500  nm  (5000  Ang- 
stroms),  the  thickness  of  said  further  layer  of 
silicon  dioxide  (130)  40-50  nm  (400-500  Ang- 
stroms),  the  thickness  of  said  silicon  nitride  layer 
(132)  120-150  nm  (1200-1500  Angstroms),  and 
the  thickness  of  the  silicon  dioxide  implantation 
barrier  (148)  200-250  nm  (2000-2500  Ang- 
stroms). 

10.  A  process  according  to  claim  2,  character- 
ized  by  the  step  of  doping  said  polysilicon  layer 
(128)  with  impurities  of  a  single  conductivity  type 
before  defining  the  polysilicon  layer  (128)  into 

said  gate  electrodes  (28,  38),  defining  the  doped 
polysilicon  layer  (128)  into  areas  where  conduc- 
tors  and  resistors  (50)  are  desired,  and  forming  a 
further  mask  (138)  over  the  areas  where  resistors 
are  desired  to  protect  these  areas  during  doping 
of  those  areas  where  conductors  are  desired. 

11.  A  process  according  to  claim  10  character- 
ized  in  that  said  further  mask  (138)  is  formed  of 
polysilicon  or  of  silicon  nitride. 

1.  Un  procédé  de  formation  d'un  circuit  inté- 
gré,  comprenant  les  opérations  qui  consistent  à 
former  un  bloc  (18)  de  matière  semiconductrice 
contenant  des  première  et  seconde  régions  ac- 
tives  ayant  respectivement  des  premier  et 
second  types  de  conductivité,  à  former  une 
couche  de  grille  en  dioxyde  de  silicium  (122)  qui 
englobe  une  région  de  grille  à  l'intérieur  de 
chacune  des  régions  actives,  à  former  des  élec- 
trodes  de  grille  en  silicium  polycristallin  (28,  38), 
et  à  former  une  source  (22,  34)  et  un  drain  (24, 
32)  d'un  premier  type  de  conductivité  et  d'un 
second  type  de  conductivité,  respectivement 
dans  les  seconde  et  première  régions  actives, 
caractérisé  par  l'opération  consistant  à  doper 
simultanement  les  électrodes  de  grille  en  sili- 
cium  polycristallin  (28,  38)  déjà  formées,  corres- 
pondant  aux  première  et  seconde  régions  ac- 
tives,  avec  des  impuretés  d'un  seul  type  de 
conductivité,  indépendamment  du  bloc  (18)  de 
matière  semiconductrice. 

2.  Un  procédé  selon  la  revendication  1, 
caractérisé  en  ce  que  l'opération  de  formation 
d'électrodes  de  grille  en  silicium  polycristallin 
(28,  38)  comprend  les  opérations  qui  consistent  à 
former  une  couche  de  silicium  polycristallin  (128) 
sur  la  couche  de  grille  en  dioxyde  de  silicium 
(122)  et  à  définir  les  électrodes  de  grille  (28,  38) 
dans  la  couche  de  silicium  polycristallin  (128). 

3.  Un  procédé  selon  la  revendication  2,  carac- 
térisé  en  ce  que  l'opération  consistant  à  définir 
les  électrodes  de  grille  (28,  38)  dans  la  couche  de 
silicium  polycristallin  comprend  les  opérations 
consistant  à  former  un  masque  (130,  132)  sur  la 
couche  de  silicium  polycristallin  (128),  et  à  for- 
mer  un  motif  dans  la  couche  de  silicium  poly- 
cristallin  (128)  en  présence  du  masque  (130,  132), 
pour  former  les  électrodes  de  grille  (28,  38). 

4.  Un  procédé  selon  la  revendication  3,  carac- 
térisé  en  ce  que  l'opération  de  formation  d'une 
source  et  d'un  drain  comprend  le  dopage  du  bloc 
(18)  de  matière  semiconductrice  en  présence  du 
masque  (130,  132),  pour  former  les  sources  (22, 
34)  et  les  drains  (24,  32)  dans  les  première  et 
seconde  régions  actives,  de  telle  manière  que 
ces  sources  (22,  34)  et  ces  drains  (24,  32)  soient 
alignés  avec  leurs  électrodes  de  grille  corres- 
pondantes  (28,  38). 

5.  Un  procédé  selon  la  revendication  4,  carac- 
térisé  en  ce  que  l'opération  de  dopage  des  élec- 
trodes  de  grille  (28,  38)  comprend  la  formation 
d'une  barrière  d'implantation  (148)  sur  les  pre- 
mière  et  seconde  régions  actives,  l'enlèvement 



du  masque  (130,  132)  sur  chaque  électrode  de 
grille  (28,  38)  et  l'implantation  d'impuretés  d'un 
seul  type  de  conductivité  dans  les  électrodes  de 
grille  (28,  38). 

6.  Un  procédé  selon  la  revendication  5,  carac- 
térisé  en  ce  que  la  barrière  d'implantation  (148) 
est  formée  par  du  dioxyde  de  silicium  et  est 
relativement  épaisse,  comparée  à  la  couche  de 
grille  en  dioxyde  de  silicium  (122). 

7.  Un  procédé  selon  la  revendication  6,  carac- 
térisé  par  l'opération  consistant  à  recouvrir  les 
surfaces  latérales  des  électrodes  de  grille  (28,  38) 
avec  une  couche  de  dioxyde  de  silicium  (130A, 
130B),  avant  l'opération  d'implantation  d'impu- 
retés. 

8.  Un  procédé  selon  la  revendication  6,  carac- 
térisé  en  ce  que  le  masque  comprend  une  couche 
supplémentaire  de  dioxyde  de  silicium  (130)  et 
une  couche  de  nitrure  de  silicium  (132). 

9.  Un  procédé  selon  la  revendication  8,  carac- 
térisé  en  ce  que  l'épaisseur  de  la  couche  de  grille 
en  dioxyde  de  silicium  (122)  est  dans  la  plage  de 
40  à  70  nm  (400  à  700  angstrôms),  l'épaisseur  de 
la  couche  de  silicium  polycristallin  (128)  est  de 
500  nm  (5000  angstrôms),  l'épaisseur  de  la 
couche  supplémentaire  de  dioxyde  de  silicium 
(130)  est  de  40-50  nm  (400-500  angstrôms), 
l'épaisseur  de  la  couche  de  nitrure  de  silicium 
(132)  est  de  120-150  nm  (1200-1500  angs- 
trôms),  et  l'épaisseur  de  la  barrière  d'implantation 
en  dioxyde  de  silicium  (148)  est  de  200-250  nm 
(2000-2500  angstrôms). 

10.  Un  procédé  selon  la  revendication  2,  carac- 
térisé  par  l'opération  consistant  à  doper  la  couche 
de  silicium  polycristallin  (128)  avec  des  impuretés 
d'un  seul  type  de  conductivité  avant  de  définir  les 
électrodes  de  grille  (28,  38)  dans  la  couche  de 
silicium  polycristallin  (128),  à  définir  dans  la 
couche  de  silicium  polycristallin  dopé  (128)  des 
zones  dans  lesquelles  on  désire  former  des  con- 
ducteurs  et  des  résistances  (50),  et  à  former  un 
masque  supplémentaire  (138)  sur  les  zones  dans 
lesquelles  on  désire  former  des  résistances,  pour 

-protéger  ces  zones  pendant  le  dopage  des  zones 
dans  lesquelles  on  désire  former  des  con- 
ducteurs. 

11.  Un  procédé  selon  la  revendication  10,  carac- 
térisé  en  ce  que  le  masque  supplémentaire  (138) 
est  formé  en  silicium  polycristallin  ou  en  nitrure 
de  silicium. 

1.  Verfahren  zum  Bilden  einer  integrierten 
Schaltung  mit  den  Schritten  Vorsehen  eines  Kör- 
pers  (18)  aus  Halbleitermaterial  mit  ersten  und 
zweiten  aktiven  Bereichen  eines  ersten  bzw.  zwei- 
ten  Leitfähigkeitstyps  darin,  Bilden  einer  Silizium- 
Dioxid-Gate-Schicht  (122),  die  einen  Gate-Bereich 
innerhalb  jedes  der  aktiven  Bereiche  umgibt,  Bil- 
den  von  Polysilizium-Gate-Elektroden  (28, 38)  und 
Bilden  einer  Source-Elektrode  (22,  34)  und  einer 
Drain-Elektrode  (24,  32)  eines  ersten  Leit- 
fähigkeitstyps  bzw.  eines  zweiten  Leitfähigkeits- 
typs  in  den  zweiten  und  ersten  aktiven  Bereichen, 

gekennzeichnet  durch  den  Schritt  gleichzeitiges 
Dotieren  der  schon  gebildeten  Polysilizium-Gate- 
Elektroden  (28,  38)  entsprechend  den  ersten  und 
zweiten  aktiven  Bereichen  mit  Störstellen  eines 
einzigen  Leitfähigkeitstyps  unabhängig  von  dem 
Körper  (18)  des  Halbleitermaterials. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daß  der  Schritt  Bilden  von  Polysilizium- 
Gate-Elektroden  (28,  38)  die  Schritte  Bilden  einer 
Schicht  von  Polysilizium  (128)  über  der  Silizium- 
Dioxid-Gate-Schicht  (122)  und  Definieren  der 
Polysilizium-Schicht  (128)  zu  Gate-Elektroden  (28, 
38)  aufweist. 

3.  Verfahren  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daß  der  Schritt  Definieren  der  Poly- 
siliziumschicht  zu  Gate-Elektroden  (28,  38)  die 
Schritte  Bilden  einer  Maske  (130,  132)  über  der 
Polysiliziumschicht  (128)  und  Bemustern  der 
Polysiliziumschicht  (128)  in  Gegenwart  der  Maske 
(130,132)  zum  Bilden  der  Gate-Elektroden  (28, 38) 
aufweist. 

4.  Verfahren  nach  Anspruch  3,  dadurch  gekenn- 
zeichnet,  daß  der  Schritt  Bilden  einer  Source-  und 
einer  Drain-Elektrode,  Dotieren  des  Körpers  (18) 
aus  Halbleitermaterial  in  Gegenwart  der  Maske 
(130,  132)  zum  Bilden  der  Source-  (22,  34)  und 
Drain-(24,  32)Elektroden  in  den  ersten  und  zwei- 
ten  aktiven  Bereichen  aufweist  derart,  daß  die 
Source-Elektroden  (22,  34)  und  die  Drain-Elektro- 
den  (24,  32)  mit  ihren  entsprechenden  Gate- 
Elektroden  (28,  38)  ausgerichtet  sind. 

5.  Verfahren  nach  Anspruch  3,  dadurch  gekenn- 
zeichnet,  daß  der  Schritt  Dotieren  der  Gate-Elek- 
troden  (28,  38)  aufweist  Bilden  einer  Implantier- 
ungsbarriere  (148)  über  den  ersten  und  zweiten 
aktiven  Bereichen,  Entfernen  der  Maske  (130, 132) 
über  jede  Gate-Elektrode  (28,  38)  und  Implantie- 
ren  von  Störstellen  eines  einzigen  Leitfähig- 
keitstyps  in  die  Gate-Elektroden  (28,  38). 

6.  Verfahren  nach  Anspruch  5,  dadurch  gekenn- 
zeichnet,  daß  die  Implantationsbarriere  (148)  aus 
Siliziumdioxid  gebildet  und  verhältnismäßig  dick 
verglichen  mit  der  Silizium-Dioxid-Schicht  (122) 
ist. 

7.  Verfahren  nach  Anspruch  6,  gekennzeichnet 
durch  den  Schritt  Bedecken  der  Seitenober- 
flächen  der  Gate-Elektroden  (28,  38)  mit  einer 
Schicht  aus  Siliziumdioxid  (130A,  130B)  vor  dem 
Schritt  Implantieren  von  Störstellen. 

8.  Verfahren  nach  Anspruch  6,  dadurch  gekenn- 
zeichnet,  daß  die  Maske  eine  weitere  Schicht  aus 
Siliziumdioxid  (130)  und  eine  Schicht  aus 
Siliziumnitrid  (132)  aufweist. 

9.  Verfahren  nach  Anspruch  8,  dadurch  gekenn- 
zeichnet,  daß  die  Dicke  der  Siliziumdioxid-Gate- 
Schicht  (122)  im  Bereich  von  40  bis  70  nm  (400  bis 
700  Ängström)  die  Dicke  der  Polysiliziumschicht 
(128)  500  nm  (5000  Ängström),  die  Dicke  der 
weiteren  Schicht  aus  Siliziumdioxid  (130)  40-50 
nm  (400-500  Ängström),  die  Dicke  der  Silizium- 
nitridschicht  (132)  120-150  nm  (1200-1500 
Ängström)  und  die  Dicke  der  Siliziumdioxid-Im- 
plantationsbarriere  (148)  200-250  nm 
(2000-2500  Ängström)  ist. 

10.  Verfahren  nach  Anspruch  2,  gekennzeichnet 



durch  den  Schritt  Dotieren  der  Polysiliziumschicht 
(128)  mit  Störstellen  eines  einzigen  Leitfähigkeit- 
styps  vor  dem  Definieren  der  Polysiliziumschicht 
(128)  zu  Gate-Elektroden  (28,  38),  Definieren  der 
dotierten  Polysiliziumschicht  (128)  zu  Bereichen, 
wo  Leiter  und  Widerstände  (50)  gewünscht  sind, 
und  Bilden  einer  weiteren  Maske  (138)  über  den 

Bereichen,  wo  Widerstände  gewünscht  sind,  um 
diese  Bereiche  während  des  Dotierens  jener  Be- 
reiche,  wo  Leiter  gewünscht  sind,  zu  schützen. 

11.  Verfahren  nach  Anspruch  10,  dadurch 
gekennzeichnet,  daß  die  weitere  Maske  (138)  aus 
Polysilizium  oder  Siliziumnitrid  gebildet  ist. 
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