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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  invention  relates  generally  to  semiconductor 
devices  and  more  specifically  to  a  semiconductor  de- 
vice  having  a  gate  structure  or  a  resistor  comprised 
of  multiple  layers  of  polysilicon  where  each  layer  of 
polysilicon  is  separated  from  the  adjacent  polysilicon 
layers  by  a  thin  oxide  layer. 

DESCRIPTION  OF  THE  PRIOR  ART 

A  typical  field  effect  transistor  (FET)  50  with  a 
polysilicon  gate  15  is  shown  in  Fig.  1.  The  transistor 
50  has  a  first  region  1  0  of  N+  conductivity  type  formed 
in  a  P  conductivity  type  (P-type)  semiconductor  sub- 
strate  11  .  Region  10  functions  as  the  source  region  of 
transistor  50.  Laterally  spaced  a  selected  distance  14, 
the  channel  length,  from  source  region  10  of  N+  con- 
ductivity  type  is  a  second  region  12  of  N+  conductivity 
type  in  substrate  11.  Region  12  functions  as  the  drain 
of  transistor  50.  The  region  in  the  substrate  11  be- 
tween  source  and  drain  regions  1  0,  12  functions  as  a 
channel  region  14.  A  thin  gate  oxide  layer  13  is  dis- 
posed  on  substrate  11  so  that  the  oxide  layer  1  3  over- 
lies  source  region  10,  drain  region  12,  and  channel  re- 
gion  14.  Polysilicon  gate  15  is  formed  on  gate  oxide 
layer  1  3.  Ions  of  P-type  conductivity  impurities  are  im- 
planted  in  the  periphery  of  transistor  50  to  form  chan- 
nel-stopper  regions  1  8.  Afield  oxide  layer  17  overlies 
each  of  the  regions  18.  An  additional  oxide  layer  16 
overlies  field  oxide  17,  gate  oxide  layer  13,  and  poly- 
silicon  gate  15.  Finally,  a  drain  electrode  19  and  a 
source  electrode  20  contact  drain  region  10  and 
source  region  12  respectively  through  oxide  layer  16 
and  gate  oxide  layer  13. 

In  a  typical  fabrication  of  transistor  50,  thin  gate 
oxide  13  is  first  grown  on  P-type  substrate  11  .  Athick 
layer  of  silicon  nitride,  which  functions  both  as  an  im- 
plant  barrier  for  ion  implantation  and  an  oxidation 
mask,  is  deposited  over  oxide  layer  13.  The  silicon 
nitride  layer  is  removed  from  areas  except  for  the 
areas  where  source  region  10,  drain  region  12  and 
channel  region  14  of  transistor  50  are  to  be  formed. 
After  removal  of  the  silicon  nitride  layer,  P-type  impur- 
ity  ions  are  implanted  to  form  the  channel-stopper  re- 
gions  18.  The  silicon  nitride  layer  prevents  ion  implan- 
tation  in  the  region  where  the  source  region  10,  drain 
region  12  and  channel  regions  14  are  to  be  formed. 
After  the  P-type  ion  implantation,  substrate  11  is 
again  oxidized  to  form  field  oxide  region  17.  During 
this  operation,  the  silicon  nitride  layer  functions  as  an 
oxidation  mask  to  preventthe  oxidation  of  the  regions 
where  the  source  region  10,  drain  region  12  and  chan- 
nel  region  14  are  to  be  formed. 

After  the  oxidation  step,  the  remaining  silicon 
nitride  layer  is  removed  and  then  N-type  conductivity 
impurity  ions  are  implanted  to  form  source  region  10 
and  drain  region  12.  A  polysilicon  layer  is  then  grown 

5  over  the  gate  oxide  layer  13.  Using  a  mask,  the  poly- 
silicon  layer  is  etched,  to  form  the  polysilicon  gate  15 
and  any  necessary  polysilicon  interconnect  lines  (not 
shown).  After  formation  of  gate  15,  source  region  10 
and  drain  region  12  are  formed  by  using  gate  1  5  as  a 

10  dopant  mask.  Source  and  drain  regions  10,  12  are 
typically  formed  by  ion  implantation.  In  some  applica- 
tions,  gate  1  5  is  doped  prior  to  formation  of  source  re- 
gion  10  and  drain  region  12.  After  formation  of  source 
region  10  and  drain  region  12,  oxide  layer  16  is  grown, 

15  and  then  a  mask  is  used  to  form  vias  to  source  region 
1  0  and  drain  region  1  2  respectively.  Subsequently  the 
drain  and  source  electrodes  19  and  20  are  formed  by 
depositing  a  metal  layer  and  then  etching  it  by  using 
one  or  more  additional  mask  steps. 

20  The  use  of  the  above-described  self-aligning 
gate  structure,  i.e.,  the  formation  of  source  region  10 
and  drain  region  12  using  gate  15  as  a  mask,  elimin- 
ates  problems  associated  with  metal-gate  fabrication 
processes  and  consequently  enhances  the  high  fre- 

25  quency  characteristics  of  transistor  50  compared  with 
a  transistor  having  a  metal  gate.  However,  the  accu- 
racy  of  location  of  gate  15  and  source  and  drain  re- 
gions  10,  12  formed  by  the  self-aligning  gate  process 
depends  highly  upon  the  etching  of  the  polysilicon 

30  layer  which  is  in  turn  dependent  upon  the  thickness 
of  the  polysilicon  layer. 

Typically,  the  polysilicon  layer  is  etched  using  a 
plasma-etching  process.  Unfortunately,  as  illustrated 
in  an  expanded  view  in  Fig.  2,  the  plasma-etching  pro- 

35  duces  an  upper  surface  15a  that  is  broader  than  a 
bottom  surface  1  5b.  As  a  result  of  etching  of  the  poly- 
silicon  layer,  drain  and  source  regions  10,  12  separate 
from  the  bottom  surface  15b  of  the  polysilicon,  to 
make  transistor  50  inoperable.  This  is  because  upper 

40  surface  15a  prevents  impurity  ions  from  being  im- 
planted  into  substrate  11  in  the  vicinity  of  the  bottom 
surface  1  5b. 

More  specifically,  if  the  source  and  drain  regions 
10,  12  are  separated  from  the  bottom  surface  15b, 

45  the  electrical  path  between  the  source  and  drain  re- 
gions  10,  12  through  channel  region  14  discontinues 
so  as  to  lose  the  transistor  action.  Moreover,  even  if 
transistor  50  functions,  the  electrical  characteristic  is 
unstable,  so  as  to  differ  amongst  several  transistors 

so  formed  simultaneously.  The  polysilicon  layer  has  a 
poor  smoothness  in  the  upper  surface  and  its  thick- 
ness  is  not  constant  on  the  same  substrate  11.  This 
thickness  variation  results  in  variations  in  the  dis- 
tance  between  the  upper  and  bottom  surfaces  15a, 

55  15b  which  cause  variations  in  the  operational  charac- 
teristics  of  transistors  formed  in  the  same  fabrication 
process. 

One  of  the  causes  for  the  variations  in  the  thick- 
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ness  of  the  polysilicon  layer  is  the  effective  grain  size 
of  the  polysilicon.  If  the  grains  are  large,  significant  in- 
dentations  can  occur  between  adjacent  grain  boun- 
daries.  These  indentations  affect  not  only  the  etching 
but  also  the  mask  alignment  because  the  mask  must 
be  applied  over  the  polysilicon  layer.  Hence,  the  poly- 
silicon  gate-type  FET(as  in  Fig.  1),  while  having  a  bet- 
ter  frequency  response  than  other  types  of  insulated 
gate  FET's,  still  has  several  disadvantages  which  af- 
fect  both  yield  and  electrical  performance. 

One  attempted  solution  to  the  problems  associat- 
ed  with  the  polysilicon  grain  size  and  the  etching  was 
to  form  the  polysilicon  gate  in  two  steps.  In  this  fab- 
rication  process,  a  layer  equivalent  to  one-half  the 
t  h  ickness  of  t  he  polysil  icon  gate  was  first  formed.  The 
one-half  thickness  polysilicon  layer  was  covered  by  a 
thin  oxide  layer  and  then  another  polysilicon  layer, 
equivalent  to  one-half  the  thickness  of  the  polysilicon 
gate,  was  formed  on  the  thin  oxide  layer. 

When  the  double  layer  of  polysilicon  separated 
by  the  oxide  layer  was  etched  to  form  the  polysilicon 
gate,  the  effect  of  etching  was  less  than  on  the  single- 
layer  polysilicon  gate  structure  in  the  prior  art  transis- 
tor  described  above.  Also,  the  upper  surface  of  the 
polysilicon  layer  was  somewhat  smoother  because 
the  reduced  thickness  resulted  in  a  smaller  grain  size. 
However,  while  the  double  layer  polysilicon  gate  func- 
tions  satisfactorily,  the  yield  and  performance  char- 
acteristics  were  not  significantly  enhanced  over  the 
prior  art  transistors. 

SUMMARY  OF  THE  INVENTION 

The  transistor  of  the  present  invention  over- 
comes  the  problems  in  the  prior  art  FETand  provides 
a  FET  with  enhanced  operational  capabilities  while 
yields  are  simultaneously  enhanced.  The  convention- 
al  FET  gate  structure  is  replaced  with  a  gate  structure 
having  at  least  three  layers  of  a  first  material  with  a 
very  thin  layer  of  a  second  material  separating  each 
of  the  layers  of  the  first  material  wherein  the  multilay- 
er  gate  structure  has  overall  size  characteristics 
equivalent  to  the  size  characteristics  of  a  priorart  FET 
gate  structure.  In  one  embodiment,  the  first  material 
includes  polysilicon  and  the  very  thin  layer  of  a  sec- 
ond  material  comprises  an  oxide  layer,  on  the  order 
of  atoms  thick.  Since  the  multilayer  gate  structure  has 
the  same  thickness  and  shape  as  a  typical  gate  struc- 
ture,  the  transistor  of  this  invention  operates  in  a  man- 
ner  equivalent  to  a  conventional  FET. 

Enhanced  performance  and  yield  are  obtained 
because  polysilicon  grain  size  and  the  effects  of  etch- 
ing  of  polysilicon  are  minimized  in  formation  of  the 
multilayer  gate  structure.  Moreover,  when  the  source 
and  drain  regions  are  formed  using  the  multilayer 
polysilicon  gate  as  a  dopant  mask,  the  source  and 
drain  regions  are  stably  connected  through  the  chan- 
nel  produced  under  the  multilayer  polysilicon  gate  be- 

cause  the  sides  of  the  gate  structure  are  substantially 
vertical  with  respect  to  the  substrate  surface  and 
mask  misalignment  has  been  minimized. 

5  The  multilayer  polysil  icon/oxide  structure  is  also 
useful  for  resistors  at  selected  locations  on  a  semi- 
conductor  substrate.  Electrodes  are  formed  to  con- 
tactdifferent  parts  of  the  uppermost  polysilicon  layer. 
The  very  thin  oxide  layer,  again  on  the  order  of  atoms 

10  thick,  between  the  polysilicon  layers  allows  the  cur- 
rent  to  flow  therethrough.  The  current  flowing  be- 
tween  the  polysilicon  layers  can  be  controlled  by  the 
thickness  of  the  thin  oxide  layer.  Therefore,  control- 
ling  the  thickness  of  the  oxide  layers  and  the  thick- 

15  ness  and  the  number  of  the  polysilicon  layers  permits 
formation  of  a  resistor  having  a  selected  resistance. 
As  usual,  the  resistance  of  the  resistor  is  mainly  con- 
trolled  by  the  distance  between  the  electrodes. 

20  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  sectional  view  of  a  prior  art  field  effect 
transistor. 

Fig.  2  is  an  expanded  sectional  view  of  the  prior 
25  art  gate  structure  illustrating  the  effect  of  anisotropic 

etching  of  the  polysilicon  layer. 
Fig.  3  is  a  sectional  view  of  the  transistor  accord- 

ing  to  the  present  invention  having  a  multilayer  poly- 
silicon  gate. 

30  Fig.  4  is  an  expanded  sectional  view  of  the  gate 
structure  according  to  the  present  invention  illustrat- 
ing  that  the  multilayer  gate  structure  has  an  edge  sur- 
face  substantially  perpendicular  to  the  substrate  sur- 
face. 

35 
DETAILED  DESCRIPTION 

Transistor  150  of  the  present  invention  is  illustrat- 
ed  in  Fig.  3.  In  one  embodiment,  transistor  150  has  a 

40  polysilicon  gate  115  formed  of  alternating  layers  of  a 
first  material,  e.g.  polysilicon,  and  a  second  material, 
e.g.  silicon  dioxide.  The  other  elements  of  transistor 
1  50  are  identical  to  those  described  above  for  transis- 
tor  50  (Fig.  1),  and  that  description  is  incorporated 

45  herein  by  reference.  As  is  described  more  completely 
below,  transistor  150  with  a  multilayer  polysil  icon/ox- 
ide  gate  structure  significantly  reduces  problems  as- 
sociated  with  polysilicon  grain  size  and  polysilicon 
etching  over  priorart  polysilicon  gate  structures.  Con- 

50  sequently,  yield  and  performance  are  enhanced 
when  transistor  150  is  utilized  instead  of  transistor  50 
(Fig.  1). 

The  important  feature  of  this  invention  is  the  for- 
mation  of  gate  115  (Fig.  3)  in  multiple  stages  with  al- 

55  ternating  layers  of  a  first  and  a  second  material.  For 
example,  a  three-layer  polysilicon  gate  structure  115 
is  formed  by  depositing  about  one-third  of  the  polysi- 
licon  115-1,  growing  afirstthin  layer  of  silicon  dioxide 
115-2  on  layer  115-1,  depositing  approximately  an- 
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other  third  of  the  polysilicon  115-3  on  layer  115-2, 
growing  a  second  thin  layer  of  silicon  dioxide  115-4  on 
layer  115-3,  and  depositing  approximately  the  final 
third  of  the  polysilicon  115-5  on  layer  115-4.  As  used 
herein,  the  fractions  of  polysilicon  are  relative  to  the 
typical  thickness  of  a  priorart  polysilicon  gate  struc- 
ture.  Also,  in  other  embodiments,  the  typical  thick- 
ness  of  the  gate  structure  could  be  divided,  for  exam- 
ple,  into  4,  or  more  polysilicon  layers  with  an  oxide 
layer  interposed  between  the  polysilicon  layers. 

In  a  preferred  embodiment,  the  polysilicon  is  de- 
posited  by  low  pressure  chemical  vapor  deposition 
(LPCVD).  To  form  transistor  150  the  substrate  111  is 
processed  as  described  above  for  transistor  50  (Fig. 
1)  up  to  the  formation  of  the  polysilicon  layer  from 
which  the  gate  structure  and  interconnects  are 
formed.  The  first  deposition  of  a  polysilicon  layer  for 
gate  structure  115  is  accomplished  using  silane 
(SiH4)  at  a  pressure  in  the  range  of  about  0.2  to  about 
0.8  torr  (1  torr  =  1  33.3  Pa)  (preferably  about  0.4  torr) 
and  a  temperature  in  the  range  of  about  600°C  to 
about  650°C  (preferably  about  650°C).  The  time  of 
the  deposition  depends  upon  the  thickness  of  the 
first  layer.  After  formation  of  the  first  polysilicon  layer 
to  the  desired  thickness,  the  semiconductor  wafer  ex- 
posed  to  oxidizing  conditions  for  a  period  in  the  range 
of  one  to  three  minutes.  The  oxidizing  conditions  in- 
clude  a  temperature  in  the  range  of  600°C  to  900°C; 
an  oxygen  concentration  of  0.01%  to  100%  which  is 
diluted  by  argon;  and  pressure  of  0.1  torr  to  760  torr. 
In  one  embodiment,  the  oxide  layer  was  formed  using 
an  atmospheric  horizontal  furnace  filled  with  1%  oxy- 
gen  and  99%  argon  at  about  one  atmosphere  and 
about  800°C.  For  these  conditions,  the  oxide  layer 
grows  to  perhaps  several  atoms  thick.  Hence,  as 
used  herein,  a  thin  layer  (sometimes  referred  to  as  "a 
very  thin  layer")  interposed  between  polysilicon  lay- 
ers  means  a  layer  on  the  order  of  several  atoms  thick 
in  a  range  from  1  to  5A  (10  A  =  1  nm). 

Next  SiH4  at  a  pressure  in  the  range  of  about  0.2 
to  about  0.8  torr  (preferably  about  0.4  torr)  and  at  a 
temperature  in  the  range  of  about  600°C  to  about 
650°C  (preferably  about  650°C)  is  introduced  for  suf- 
ficient  time  to  grow  the  second  polysilicon  layer  of  the 
gate  on  the  first  very  thin  oxide  layer.  The  procedure 
continues  alternating  between  steps  of  very  thin  ox- 
ide  layer  formation  and  polysilicon  layer  formation  un- 
til  the  desired  number  of  polysilicon  layers  is  formed 
in  the  gate  structure.  Also,  the  polysilicon  layers  could 
be  doped  in  a  manner  equivalent  to  the  priorart  meth- 
od  for  doping  a  polysilicon  gate  structure.  Transistor 
150  as  provided  with  a  multilayer  gate  115  operates 
properly. 

The  insertion  of  very  thin  oxide  layers  115-2  and 
115-4  between  the  layers  of  polysilicon  permits  con- 
trol  of  the  resistivity  of  the  polysilicon  layer  because 
the  very  thin  oxide  layer  acts  as  a  resistor.  Normally 
if  the  polysilicon  layer  is  made  thicker  the  resistivity 

goes  down,  but  when  it  is  desirable  to  use  the  polysi- 
licon  layer  as  a  resistor,  the  insertion  of  the  thin  oxide 
layers  increases  the  resistivity  of  the  layer.  Thus,  a  re- 

5  sistorof  a  selected  size  is  easily  formed  at  a  selected 
location  by  forming  multiple  alternating  layers  of  sili- 
con  dioxide  and  polysilicon  at  the  selected  location. 

The  grain  size  in  a  polysilicon  layer  is  determined 
by  many  factors  such  as  the  temperature,  pressure 

10  and  thickness.  However,  in  the  process  according  to 
the  present  invention,  the  thickness  is  controlled  by 
having  multiple  polysilicon  layers  wherein  each  poly- 
silicon  layer  has  a  thickness  less  than  one-half  the 
thickness  of  a  conventional  polysilicon  gate  structure. 

15  The  grain  size  is  limited  by  the  thickness  of  the  poly- 
silicon  layer.  Accordingly,  the  upper  surface  of  the 
polysilicon  gate  structure  has  a  grain  size  associated 
with  the  thickness  of  the  last  layer  of  polysilicon  in  the 
gate  and  not  the  thickness  of  the  entire  gate  struc- 

20  ture,  as  in  the  prior  art  devices.  The  resulting  polysi- 
licon/oxide  structure  therefore  has  a  smooth  upper 
surface  relative  to  prior  art  surfaces.  This  smooth 
surface  is  advantageous  in  any  subsequent  masking 
operations  because  the  smooth  surface  provides  bet- 

25  ter  alignment  of  the  mask  which  in  turn  enhances 
yield. 

As  previously  described,  when  the  polysilicon 
gate  is  formed  by  etching,  undercutting  of  the  lower 
part  of  polysilicon  during  anisotropic  etching  results  in 

30  the  polysilicon  layer  having  a  nonuniform  width  as 
previously  described.  (See  Fig.  2.)  However,  the  in- 
termittent  thin  oxide  layers  impede  the  etching  proc- 
ess  so  t  hat  t  he  widt  h  of  t  he  gate  structu  re  is  more  u  n  i- 
form  in  the  vertical  direction  than  in  the  prior  art  de- 

35  vices.  Specifically,  the  etch  rate  of  an  oxide  layer  dur- 
ing  the  plasma  etch  is  significantly  smaller  than  the 
etch  rate  of  a  polysilicon  layer.  Consequently,  the 
very  thin  oxide  layers  in  the  multilayer  gate  structure 
of  this  invention  limit  the  undercutting  of  polysilicon 

40  layers  beneath  the  oxide  layers.  An  expanded  view  of 
gate  115  after  etching  is  presented  in  Fig.  4.  Edge  sur- 
face  115C  of  gate  structure  115  after  etching  is  more 
nearly  perpendicular  to  the  substrate  surface  than 
the  priorart  structures,  described  above. 

45  When  ion  implantation  is  used  to  form  the  source 
and  drain  regions  of  the  transistor  of  the  present  in- 
vention,  gate  1  1  5  is  used  as  a  mask  as  previously  de- 
scribed.  After  thermal  diffusion  concentrates  the  do- 
pant  in  the  source  and  drain  region,  and  couples  gate 

so  structure  115  with  source  region  110  and  drain  region 
112,  there  is  only  a  very  small  overlap  between 
source  region  110  and  a  first  edge  of  the  gate  struc- 
ture,  and  between  drain  region  112  and  a  second 
edge  of  the  gate  structure.  Accordingly,  the  capaci- 

55  tance  between  the  gate  and  the  source  and  drain  re- 
gions  110,  112  is  minimized,  with  the  result  that  the 
transistor  of  this  embodiment  is  suitable  for  high 
speed  operation.  Moreover,  the  yield  is  enhanced  be- 
cause  of  the  uniformity  of  the  gate  structure  and  the 

4 
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operational  variation  from  transistor  to  transistor  with- 
in  a  die  is  minimized. 

While  my  invention  has  been  described  with  re- 
spect  to  a  polysilicon  gate  FET  with  regions  of  specific 
conductivities,  the  principles  of  the  invention  are  ap- 
plicable  to  either  depletion  or  enhancement  mode 
FETs  as  well  as  FETs  having  regions  of  opposite  con- 
ductivities.  Moreover,  the  multilayer  polysilicon/thin 
oxide  structure  may  be  utilized  in  place  of  a  conven- 
tional  polysilicon  layer  in  any  semiconductor  device. 
The  multilayer  polysilicon/thin  oxide  structure  is  ad- 
vantageous  in  any  device  where  mask  alignment  is 
affected  by  the  smoothness  of  the  polysilicon  surface 
and  where  the  multilayer  polysilicon/thin  oxide  struc- 
ture  is  utilized  as  a  mask  for  a  subsequent  process 
step. 

Claims 

1.  A  semiconductor  device  having  a  polycrystalline 
silicon  conductive  layer  and  comprising  a  semi- 
conductor  substrate  (111)  having  an  insulating 
film  on  its  surface  (113);  a  first  layer  (115-1)  of 
polycrystalline  silicon  formed  on  said  insulating 
surface;  an  interposing  layer  (11  5-2)  of  insulating 
material  formed  on  said  first  layer;  and  a  second 
layer  (115-3)  of  polycrystalline  silicon  formed  on 
said  interposing  layer,  characterized  in  that  said 
interposing  layer  has  a  thickness  of  no  more  than 
5A(10A=  1  nm)  and  that  at  least  one  other  poly- 
crystalline  silicon  layer  (115-5)  is  formed  on  said 
second  layerthrough  another  interposing  layer  of 
insulating  material  (115-4)  having  a  thickness  of 
no  more  than  5  A. 

2.  Afield  effect  transistor  comprising  a  semiconduc- 
tor  substrate  (111)  of  one  conductivity  type, 
source  and  drain  regions  of  another  conductivity 
type  (110,  112)  formed  separately  in  said  semi- 
conductor  substrate;  a  gate  insulator  film  (113) 
formed  on  said  semiconductor  substrate  be- 
tween  said  source  and  drain  regions;  and  a  gate 
electrode  (115)  formed  on  said  gate  insulator  film 
with  first  and  second  layers  (115-1,  115-3)  of 
polycrystalline  silicon  and  an  interposing  layer 
(115-2)  of  insulating  material  interposed  between 
said  first  and  second  layers,  characterized  in  that 
said  interposing  layer  has  a  thickness  no  more 
than  5  A(10A=  1  nm)  and  that  at  least  one  other 
polycrystalline  silicon  layer  (115-5)  is  formed  on 
said  second  layer  through  another  interposing 
layer  of  insulating  material  (115-4)  having  a  thick- 
ness  no  more  than  5  A. 

Patentanspruche 

1.  Halbleiterbauelement  mit  einer  leitenden  Schicht 
5  aus  polykristallinem  Silizium  und  mit  einem  Halb- 

leitersubstrat  (111),  das  auf  seiner  Oberflache 
(113)  eine  isolierende  Schicht  aufweist,  ferner 
aufweisend  eine  auf  dieser  isolierenden  Oberfla- 
che  gebildete  erste  Schicht  (115-1)  aus  polykri- 

10  stallinem  Silizium,  eine  auf  dieser  ersten  Schicht 
gebildete  Zwischenschicht  (115-2)  aus  isolieren- 
dem  Material,  und  eine  auf  dieser  Zwischen- 
schicht  gebildete  zweite  Schicht  (115-3)  aus  po- 
lykristallinem  Silizium,  dadurch  gekennzeichnet, 

15  dali  diese  Zwischenschicht  eine  Dicke  aufweist, 
die  nicht  grolier  als  5  A  (10  A=  1  nm)  ist  und  dali 
wenigstens  eine  andere  polykristalline  Silizium- 
schicht  (115-5)  auf  dieser  zweiten  Schicht  gebil- 
det  ist  mittels  einer  weiteren  Zwischenschicht  aus 

20  isolierendem  Material  (115-4),  die  eine  Dicke  auf- 
weist,  die  nicht  grolier  als  5  A  ist. 

2.  Feldeffekt-Transistor  mit  einem  Halbleitersub- 
strat  (111)  eines  Leitfahigkeitstypus,  mit  separat 

25  in  diesem  Halbleitersubstrat  gebildeten  Source- 
und  Drain-Bereichen  eines  anderen  Leitfahig- 
keitstypus  (110,  112),  mit  einer  auf  dem  Halblei- 
tersubstrat  zwischen  den  Source-  und  Drain- 
Bereichen  gebildeten  Gate-lsolatorschicht  (113), 

30  und  mit  einer  auf  der  Gate-lsolatorschicht  gebil- 
deten  Gate-Elektrode  (115),  die  eine  erste  und 
zweite  Schicht  (115-1,  115-3)  aus  polykristalli- 
nem  Silizium  und  eine  zwischen  dieser  ersten 
und  zweiten  Schicht  zwischengelagerte  Zwi- 

35  schenschicht  (115-2)  aus  isolierendem  Material 
aufweist,  dadurch  gekennzeichnet,  dali  diese 
Zwischenschicht  eine  Dicke  aufweist,  die  nicht 
grolier  als  5  A(10A=  1  nm)  ist  und  dali  auf  dieser 
zweiten  Schicht  wenigstens  eine  andere  polykri- 

40  stalline  Siliziumschicht  (115-5)  gebildet  ist  mittels 
einer  anderen  Zwischenschicht  aus  isolierendem 
Material  (115-4),  die  eine  Dicke  aufweist,  die 
nicht  grolier  als  5  A  ist. 

45 
Revendications 

1.  Dispositif  a  semi-conducteur  comportant  une 
couche  conductrice  de  silicium  polycristallin  et 

so  comprenant  un  substrat  semi-conducteur  (111) 
ayant  un  film  isolant  sur  sa  surface  (113)  ;  une 
premiere  couche  (115-1)  du  silicium  polycristallin 
formee  sur  la  surface  isolante  ;  une  couche  inter- 
mediate  (115-2)  du  materiau  isolant  formee  sur 

55  la  premiere  couche  ;  et  une  seconde  couche 
(115-3)  du  silicium  polycristallin  formee  sur  la 
couche  intermediaire,  caracterise  en  ce  que  la 
couche  intermediaire  presente  une  epaisseurqui 
n'est  pas  superieure  a5A(10A=1  nm)  et  en  ce 

5 
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qu'au  moins  une  autre  couche  de  silicium  poly- 
cristallin  (115-5)  est  formee  sur  la  seconde  cou- 
che  a  travers  une  autre  couche  intermediaire  du 
materiau  isolant  (115-4)  ayant  une  epaisseurqui  5 
n'est  pas  superieure  a  5  A. 

2.  Transistor  a  effet  de  champ  comprenant  un  subs- 
trat  semi-conducteur  (111)  d'un  premier  type  de 
conductivite,  des  regions  de  source  et  de  drain  10 
d'un  autre  type  de  conductivite  (110,  112)  for- 
mees  separement  dans  le  substrat  semi- 
conducteur  ;  un  film  isolant  de  grille  (113)  forme 
sur  le  substrat  semi-conducteur  entre  les  regions 
de  source  et  de  drain  ;  et  une  electrode  de  grille  15 
(115)  formee  sur  le  film  isolant  de  grille  avec  des 
premiere  et  seconde  couches  (115-1,  115-3)  d'un 
silicium  polycristallin  et  une  couche  intermediaire 
(115-2)  du  materiau  isolant  placee  entre  les  pre- 
miere  et  seconde  couches,  caracterise  en  ce  que  20 
la  couche  intermediaire  presents  une  epaisseur 
qui  n'est  pas  superieure  a5A(10A=1  nm)  et  en 
ce  qu'au  moins  une  autre  couche  de  silicium  po- 
lycristallin  (115-5)  est  formee  sur  la  seconde  cou- 
che  a  travers  une  autre  couche  intermediaire  d'un  25 
materiau  isolant  (115-4)  ayant  une  epaisseurqui 
n'est  pas  superieure  a  5  A. 

6 
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