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Description 

The  present  invention  generally  relates  to  a  metal 
insulator  semiconductor  type  memory  device,  and 
particularly  to  a  metal  insulator  semiconductor  type 
dynamic  random  access  memory  device  having 
stacked  capacitor  type  memory  cells.  More  particu- 
larly,  the  present  invention  relates  to  improvements 
on  the  structure  and  layout  (arrangement)  of  memory 
cells. 

A  one-transistor  one-capacitor  type  memory  cell 
is  widely  used  as  a  memory  cell  of  a  metal  insulator 
semiconductor  type  dynamic  random  access  memory 
(hereafter  simply  referred  to  as  a  MIS  type  DRAM  or 
just  DRAM).  Currently,  a  1-Mbit  DRAM  and  a  4-Mbit 
DRAM  are  available.  It  is  required  to  reduce  the  cell 
size  per  one  bit  to  achieve  the  integration  density 
equal  to  or  more  than  1  Mbits.  A  trench  type  memory 
cell  and  a  stacked  capacitor  type  memory  cell  have 
been  proposed  in  order  to  reduce  the  cell  size  per  one 
bit.  A  trench  type  memory  cell  is  a  cell  in  which  a  ca- 
pacitor,  which  is  a  structural  element  of  a  memory 
cell,  is  formed  in  a  silicon  substrate.  A  stacked  capac- 
itor  type  memory  cell  is  a  cell  in  which  a  capacitor  is 
formed  above  a  silicon  substrate. 

Referring  to  FIG.1,  there  is  illustrated  the  struc- 
ture  of  a  conventional  DRAM.  The  illustrated  DRAM 
includes  a  memory  cell  array  1,  which  is  made  up  of 
a  plurality  of  memory  cells  arranged  in  a  matrix  form. 
The  DRAM  includes  an  address  buffer  2,  a  row  decod- 
er  3,  a  column  decoder  4,  a  sense  amplifier  5,  and  a 
data  output  buffer  6.  Those  elements  form  peripheral 
circuits  of  the  memory  cell  array  1.  In  the  illustrated 
DRAM,  it  is  not  reasonable  that  we  try  to  enhance  the 
integration  density  of  the  illustrated  DRAM  at  the  ex- 
pense  of  electrical  characteristics  of  memory  cells. 
Similarly,  it  is  not  reasonable  that  we  try  to  improve 
electrical  characteristics  of  memory  cells  at  the  ex- 
pense  of  the  integration  density.  This  means  that  we 
should  research  and  develop  DRAM  devices  by  tak- 
ing  account  of  not  only  the  memory  cell  array  1  but 
also  the  peripheral  circuits  such  as  the  row  decoder 
3,  column  decoder  4  and  the  sense  amplifier  5. 

FIGS.2A  and  2B  illustrate  equivalent  circuits 
each  showing  the  connection  between  the  sense  am- 
plifier  5  and  the  memory  cell  array  1.  FIG.2A  relates 
to  the  folded  bit  line  type,  and  FIG.2B  relates  to  the 
open  bit  line  type.  In  FIGS.2Aand  2B,  MC  is  a  mem- 
ory  cell  formed  in  the  memory  cell  array  1  ,  and  S/A  is 
a  sense  amplifier  which  is  formed  in  the  sense  ampli- 
fier  5  and  is  provided  for  each  pair  of  bit  lines  BL  and 
BL.  As  shown,  bit  lines  BL  (BL)  and  word  lines  WL  in 
conventional  MIS  type  DRAMs  are  arranged  so  as  to 
form  a  mesh.  One  memory  cell  MC  is  provided  at  an 
intersection  of  one  bit  line  BL  (BL)  and  one  word  line 
WL.  The  folded  bit  line  type  DRAM  has  a  pair  of  bit 
lines  BL  and  BL  which  are  folded  at  an  associated 
sense  arrplifier  S/A  and  which  extend  in  parallel.  The 

open  bit  line  type  DRAM  has  a  pair  of  bit  lines  BLand 
BL  which  extend  respectively  opposite  directions 
from  an  associated  sense  amplifier  S/A. 

Generally,  the  sense  amplifier  S/A  includes  two 
5  transistors  forming  a  flip-flop  with  respect  to  a  pair  of 

bit  lines  BLand  BL.  On  the  other  hand,  the  row  decod- 
er  3  includes  one  transistor  for  one  word  line  WL. 
Therefore,  the  size  of  the  sense  amplifier  5  is  neces- 
sarily  larger  than  the  size  of  the  row  decoder  3,  and 

10  thus  the  design  of  the  sense  amplifiers  is  complicat- 
ed.  The  bit  line  pitch  (the  distance  between  adjacent 
bit  lines)  must  match  the  sense  amplifier  pitch  (the 
distance  between  adjacent  sense  amplifiers  S/A). 

Such  matching  is  achieved  in  the  folded  bit  line 
15  type  with  ease,  as  compared  with  the  open  bit  line 

type.  This  will  be  seen  from  FIG.2A.  That  is,  one 
sense  amplifier  S/A  is  arranged  in  the  space  occu- 
pied  by  two  bit  lines  BL1  and  BL2  (BET  and  BL2). 

On  the  other  hand,  in  the  open  bit  line  type,  one 
20  sense  amplifier  S/A  must  be  positioned  within  a  sin- 

gle  pitch  of  the  bit  lines.  Therefore,  as  the  size  of  the 
memory  cells  MC  are  reduced  it  becomes  difficult  to 
form  one  sense  amplifier  S/A  within  that  single  pitch 
of  the  bit  lines.  This  means  that  the  bit  line  pitch  must 

25  be  selected  based  on  the  size  of  the  sense  amplifiers 
S/A.  In  other  words,  the  size  of  DRAM  devices  greatly 
depends  on  the  size  of  the  sense  amplifiers  S/A  (not 
the  size  of  memory  cells  MC).  If  it  becomes  possible 
to  match  the  sense  amplifier  pitch  and  the  bit  line 

30  pitch  without  increasing  the  entire  size  of  the  memory 
cell  array  1,  an  increased  integration  density  can  be 
obtained.  This  can  also  provide  a  higher  freedom  in 
the  design  of  peripheral  circuits. 

The  inventor  knows  some  proposals  for  overcom- 
35  ing  the  above-mentioned  problems.  For  example,  the 

following  paper  discloses  an  improved  open  bit  line 
type  memory  cell  configuration:  M.  Koyanagi  et  al. 
"Novel  High  Density  Stacked  Capacitor  MOS  RAM", 
Japn.  J.  Appl.  Phys.  Vol.18  (1979),  Supplement  18-1, 

40  PP.35-42.  FIG.3A  is  a  plan  view  of  a  memory  cell  con- 
figuration  disclosed  in  the  above-mentioned  paper, 
and  FIG.3B  is  a  sectional  view  taken  along  lines  lllB- 
lllB.  The  memory  cell  includes  sources  201,  drains 
202,  storage  electrodes  203,  opposed  electrodes 

45  204,  insulating  (dielectric)  films  205,  contact  holes 
206,  bit  lines  211,  and  word  lines  212.  The  illustrated 
structure  employs  the  above-mentioned  stacked  ca- 
pacitor  type  memory  cells.  Although  the  proposed 
structure  provides  a  field  effect  transistor  (FET)  of  a 

so  reduced  size,  it  is  too  small  to  match  the  sense  am- 
plifier  pitch  and  the  bit  line  pitch.  In  other  words,  the 
element  density  of  a  memory  device  greatly  depends 
on  the  size  of  the  sense  amplifiers,  as  compared  with 
the  size  of  the  memory  cells. 

55  Another  improvement  has  been  proposed  in  Jap- 
anese  Laid-Open  Patent  Application  No.  61-183955. 
This  proposal  intends  to  enhance  the  integration  den- 
sity  by  improving  the  arrangement  (layout)  of  periph- 
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eral  circuits.  In  the  proposal,  bit  lines  extending  in  op- 
posite  directions  from  a  sense  amplifier  are  arranged 
in  an  interdigital  arrangement.  With  this  arrangement, 
the  sense  amplifier  pitch  is  doubled.  However,  an  in- 
creased  density  of  memory  cells  is  not  expected. 

Generally,  it  is  desired  that  the  capacitance  value 
of  a  capacitor  of  a  memory  cell  is  as  large  as  possible. 
This  is  because  a  large  cell  capacitance  stabilizes  the 
operation  of  the  memory  cell  and  provides  increased 
immunity  to  soft  errors.  For  these  reasons,  it  is  de- 
sired  to  efficiently  and  effectively  utilize  an  area  as- 
signed  to  a  memory  cell.  However,  in  the  configura- 
tion  of  FIG.3B,  bit  lines  211  are  formed  after  forming 
storage  electrodes  203.  This  makes  it  difficult  to  ef- 
ficiently  and  effectively  utilize  the  area  assigned  to 
memory  cells. 

Another  stacked-type  capacitor  memory  cell,  dis- 
closed  in  IBM  Technical  Disclosure  Bulletin  Vol.  15, 
No.  1  2,  May  1  973,  pages  3585-3586,  includes  an  FET 
transistor  having  a  source  and  a  drain  formed  in  a 
substrate  and  also  having,  between  the  source  and 
drain,  a  gate  electrode  which  extends  perpendicularly 
to  the  direction  of  the  transistor  channel.  The  gate 
electrode  is  formed  as  part  of  a  first  polysilicon  layer 
which  is  spaced  from  the  substrate  by  an  insulation 
layer.  A  storage  electrode  of  the  cell  is  formed  from  a 
second  polysilicon  layer,  formed  above  the  first  poly- 
silicon  layer  and  separated  therefrom  by  an  oxide  lay- 
er,  which  has  a  portion  that  contacts  the  transistor 
drain  via  a  contact  hole  formed  in  the  oxide  and  insu- 
lation  layers.  A  part  of  the  storage  electrode  overlies 
the  FET  transistor  to  obtain  high  integration  density. 
A  dielectric  film  covers  the  storage  electrode  and  a 
metal  layer,  serving  as  an  opposed  electrode,  covers 
the  dielectric  film. 

A  different  stacked-type  capacitor  memory  cell  is 
disclosed  in  EP-A-0191612,  in  which  the  bit  lines  ex- 
tend,  in  the  direction  of  the  transistor  channels,  entire- 
ly  above  the  storage  capacitors,  making  contact  with 
the  transistor  sources  via  contact  holes. 

A  DRAM  disclosed  in  US  3387286,  on  the  other 
hand,  has  buried  bit  lines,  portions  of  which  serve  as 
sources  of  the  FET  transistors  of  the  different  mem- 
ory  cells.  Word  lines  extend  perpendicularly  to  the  bit 
lines  and  have  laterally-projecting  portions,  perpen- 
dicular  to  the  word  lines,  that  serve  as  gate  electrodes 
of  the  FET  transistors.  However,  in  this  DRAM  the 
storage  capacitors  are  of  the  planar  type,  rather  than 
the  stacked  type. 

According  to  the  present  invention  there  is  provid- 
ed  a  dynamic  random  access  memory  device  includ- 
ing:  a  substrate;  a  plurality  of  FET  transistors  arrayed 
at  a  main  face  of  the  substrate  in  the  form  of  a  matrix, 
each  transistor  being  located  in  an  area  delimited  by 
portions  of  a  field  oxidation  layer,  formed  at  the  said 
main  face,  and  having  a  source  and  a  drain  formed  in 
the  said  substrate  and  also  having,  between  the 
source  and  drain,  a  gate  electrode  formed  on  a  gate 
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oxide  film  which  is  formed  on  the  said  main  face  and 
separates  the  gate  electrode  from  the  substrate,  the 
respective  source-drain  channels  of  the  transistors  all 
extending  in  a  first  direction;  a  plurality  of  word  lines 

5  formed  on  the  said  field  oxidation  layer  and  extending 
longitudinally  in  the  said  first  direction,  the  word  lines 
being  arranged  such  that  portions  thereof  which  over- 
lie  the  said  respective  source-drain  channels  of  the 
transistors  serve  as  the  respective  gate  electrodes  of 

10  the  transistors,  and  having  contact  holes  in  register 
with  respective  drains  of  the  transistors;  a  plurality  of 
bit  lines  extending  longitudinally  in  a  second  direction 
perpendicular  to  the  said  first  direction,  each  of  the 
transistor  sources  being  connected  to  one  of  the  bit 

15  lines,  and  the  spacing  between  adjacent  bit  lines  be- 
ing  greater  than  the  spacing  between  adjacent  word 
lines;  an  insulating  film  formed  over  the  said  word 
lines  and  also  extending  over  sidewalls  of  the  said 
word  lines  bounding  the  said  contact  holes  and  over 

20  parts  of  the  said  drains  within  those  contact  holes;  a 
plurality  of  storage  capacitors,  each  including  a  stor- 
age  electrode  which  extends,  in  the  said  first  direc- 
tion,  substantially  from  one  bit  line  to  the  next  and 
which  contacts  an  associated  one  of  the  transistor 

25  drains  via  one  of  the  said  contact  holes  and  which  has 
parts  that  extend  above  the  word  line  having  that  con- 
tact  hole  and  above  the  said  field  oxidation  layer,  and 
each  also  including  a  dielectric  film  covering  the  said 
storage  electrode;  and  an  opposed  electrode  cover- 

30  ing  the  respective  dielectric  films  of  the  said  storage 
capacitors. 

In  such  a  device  the  bit  line  pitch  can  be  in- 
creased  without  increasing  the  size  of  the  memory 
cell  matrix,  and  matching  of  the  bit  line  and  sense  am- 

35  plif  ier  pitches  can  be  achieved. 
In  a  device  embodying  the  present  invention  the 

bit  lines  may  be  formed  in  the  substrate  at  the  said 
main  face  thereof,  portions  of  the  bit  lines  serving  as 
the  sources  of  the  transistors. 

40  Alternatively,  the  bit  lines  may  be  formed  on  the 
said  insulating  film,  that  film  having  contact  holes  in 
register  with  respective  sources  of  the  transistors, 
through  which  holes  the  bit  lines  contact  the  sources. 

Reference  will  now  be  made,  by  way  of  example, 
45  to  the  accompanying  drawings,  in  which: 

FIG.1  is  a  schematic  block  diagram  of  a  dynamic 
random  access  memory  (DRAM); 
FIGS.2Aand  2B  are  views  illustrating  respective- 
ly  two  different  possible  ways  of  connecting 

so  sense  amplifiers  and  bit  lines  in  a  DRAM; 
FIG.3A  is  a  plan  view  of  parts  of  a  conventional 
DRAM; 
FIG.3B  is  a  sectional  view  taken  along  lines  lllB- 
lllB  shown  in  FIG.3A; 

55  FIG.4A  is  a  plan  view  of  parts  of  a  DRAM  not  em- 
bodying  the  present  invention; 
FIGS.4B  and  4C  are  sectional  views  taken  along 
lines  IVB-IVB  and  IVC-IVC  shown  in  FIG.4A,  re- 

3 



5 EP  0  352  893  B1 6 

spectively; 
FIGS.5A  through  5E  are  sectional  views,  taken 
along  the  lines  IVB-IVB  shown  in  FIG.4A,  at  differ- 
ent  stages  in  a  manufacturing  process  for  the  Fig- 
ure  4  DRAM;  5 
FIG.6A  is  a  plan  view  of  parts  of  a  DRAM  accord- 
ing  to  a  first  embodiment  of  the  present  invention; 
FIGS.6B  and  6C  are  sectional  views  taken  along 
lines  VIB-VIB  and  VIC-VIC  shown  in  FIG.6A; 
FIGS.7A  through  7E  are  sectional  views,  taken  10 
along  the  lines  VIB-VIB  shown  in  FIG.6A,  at  differ- 
ent  stages  in  a  manufacturing  process  for  the  Fig- 
ure  6  DRAM; 
FIGS.8A  through  8E  are  sectional  views,  taken 
along  the  lines  VIC-VIC  shown  in  FIG.6A,  at  the  15 
different  stages  in  the  Figure  7  process; 
FIG.9A  is  a  plan  view  of  parts  of  another  DRAM 
not  embodying  the  present  invention; 
FIG.9B  is  a  sectional  view  taken  along  lines  IXB- 
XIB  shown  in  FIG.9A;  20 
FIG.9C  is  a  sectional  view  taken  along  lines  IXc- 
IXc  shown  in  FIG.9A; 
FIGS.  1  0A  through  10F  are  sectional  views  taken 
along  the  lines  IXB-IXB  shown  in  FIG.9A,  at  differ- 
ent  stages  in  a  manufacturing  process  for  the  Fig-  25 
ure  9  DRAM; 
FIG.  11  A  is  a  plan  view  of  parts  of  a  DRAM  accord- 
ing  to  a  second  embodiment  of  the  present  inven- 
tion; 
FIG.11B  is  a  sectional  view  taken  along  lines  XIB-  30 
XIB  shown  in  FIG.  11  A; 
FIGS.  12A  through  12G  are  sectional  views,taken 
along  the  lines  XIB-XIB  shown  in  FIG.11A  ,  at  dif- 
ferent  stages  in  a  manufacturing  process  for  the 
Figure  11  DRAM:  35 
FIGS.13Aand  13B  are  sectional  views  illustrat- 
ing  alternative  manufacturing  steps  that  can  be 
used  in  the  process  shown  in  FIGS.  12A  through 
12G; 
FIG.  14  is  a  table  presenting  exemplary  parame-  40 
ter  values  for  the  first  and  second  embodiments, 
and  also  for  the  DRAMs  of  Figs.  4  and  9  and  for 
conventional  open  bit  line  and  folded  bit  line 
types; 
FIG.1  5Ais  an  enlarged  schematic  plan  view  illus-  45 
trating  dimensions  of  a  memory  cell  used  in  the 
DRAM  of  Figure  4; 
FIG.1  5B  is  an  enlarged  schematic  plan  view  illus- 
trating  dimensions  of  a  memory  cell  used  in  the 
first  embodiment  of  the  present  invention;  so 
FIG.1  5C  is  an  enlarged  schematic  plan  view  illus- 
trating  dimensions  of  a  memory  cell  used  in  the 
DRAM  of  Figure  9; 
FIG.1  5D  is  an  enlarged  schematic  plan  view  illus- 
trating  dimensions  of  a  memory  cell  used  in  the  55 
second  embodiment  of  the  present  invention; 
FIG.1  5E  is  an  enlarged  schematic  plan  view  illus- 
trating  dimensions  of  a  memory  cell  used  in  a 

conventional  folded  bit  line  type  DRAM;  and 
FIG.1  5F  is  an  enlarged  schematic  plan  view  illus- 
trating  dimensions  of  a  memory  cell  used  in  a 
conventional  open  bit  line  type  DRAM. 
A  description  is  first  given  with  reference  to  Figs. 

4A  through  4Cof  a  DRAM  which  does  not  embody  the 
present  invention  but  which  none  the  less  has  fea- 
tures  of  its  structure  and  method  of  production  in 
common  with  embodiments  of  the  present  invention, 
the  description  of  which  features  will  be  of  assistance 
in  understanding  the  embodiments  of  the  present  in- 
vention.  The  DRAM  device  illustrated  in  Figures  4A  to 
4C  includes  a  semiconductor  substrate  11  such  as  a 
p-type  silicon  substrate,  bit  lines  (BL)  21,  word  lines 
(WL)  22,  contact  holes  23,  gates  24,  drains  25,  stor- 
age  electrodes  26,  an  opposed  electrode  27,  insulat- 
ing  layers  28,  field  oxidation  layers  29,  and  insulating 
films  30.  As  will  be  described  later,  the  bit  lines  21  par- 
tially  include  sources.  The  channel  of  a  transistor  in 
the  Figures  4A  to  4C  DRAM  extends  in  the  same  di- 
rection  (X  direction)  as  that  in  the  conventional  DRAM 
device  shown  in  FIGS.3A  and  3B.  However,  in  the 
DRAM  of  Figures  4Ato4C,  unlike  in  the  conventional 
DRAM  device  shown  in  FIGS.  3A  and  3B,  the  bit  lines 
21  extend  in  the  Y  direction  and  the  word  lines  22  ex- 
tend  in  the  X  direction.  That  is,  the  bit  lines  21  extend 
in  the  direction  perpendicular  to  the  direction  of  the 
channel  of  a  transistor,  and  the  word  lines  22  extend 
in  the  same  direction  as  the  channel.  On  the  other 
hand,  the  bit  lines  BL  of  the  conventional  DRAM  de- 
vice  of  Figures  3A  and  3B  extend  in  the  X  direction, 
and  the  word  lines  WL  extend  in  the  Y  direction.  In  the 
DRAM  of  Figures  4A  to  4C,  the  bit  line  pitch  is  larger 
than  the  word  line  pitch.  As  a  result  of  this  arrange- 
ment,  it  is  possible  to  match  the  bit  lines  21  and  the 
arrangement  of  peripheral  circuits  such  as  a  sense 
amplifier. 

Essential  features  of  the  Figures  4Ato4C  DRAM 
in  addition  to  the  above-mentioned  feature  are  as  fol- 
lows.  First,  in  FIG.4A,  opposed  ends  of  each  of  the 
storage  electrodes  26  extend  up  to  the  vicinity  of  the 
bit  lines  21  .  This  means  that  the  storage  electrode  26 
utilizes  the  cell  area  efficiently  and  effectively.  Sec- 
ondly,  as  is  clearly  shown  in  FIG.4B,  the  bit  lines  21 
are  formed  in  the  semiconductor  substrate  1  1  .  That  is, 
the  bit  lines  21  are  formed  by  buried  layers.  Further, 
the  bit  lines  21  have  portions  which  function  as  sourc- 
es  of  transistors  for  transferring  data.  Each  of  the  bit 
lines  21  is  alternatively  connected  to  the  sources  of 
the  transistors  arranged  on  both  the  side  of  the  bit  line 
21  .  The  drains  25  are  formed  at  the  same  time  as  the 
sources  or  bit  lines  21  .  The  gates  24  are  formed  on  a 
gate  oxidation  film  provided  on  the  semiconductor 
substrate  11  .  The  gates  24  and  the  word  lines  22  are 
integrally  formed  of  a  conductive  material  such  as  im- 
purity-doped  polysilicon,  or  conductive  polysilicon. 
The  gates  24  extend  in  the  Y  direction  from  the  word 
lines  22.  The  storage  electrodes  26  are  electrically 
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coupled  to  the  corresponding  drains  25.  The  storage 
electrodes  26  form  storage  (stacked)  capacitors  to- 
gether  with  the  insulating  films  28  and  the  opposed 
electrode  27,  which  covers  the  entire  device  surface. 
The  field  oxidation  films  29  define  element  regions 
(active  regions).  The  insulating  layers  30  electrically 
separate  the  storage  electrodes  26  from  the  gate 
electrodes  22  and  the  active  regions.  It  is  noted  that 
in  FIG.3B,  the  bit  line  211  formed  above  the  storage 
electrodes  203  has  an  elevational  portion  which 
makes  contact  with  the  source  201  .  Therefore,  it  is  im- 
possible  to  greatly  spread  a  wing  of  the  storage  elec- 
trode  203  above  the  transfer  transistor.  In  Figure4,  on 
the  other  hand,  the  bit  lines  21  are  formed  in  the  sub- 
strate,  and  therefore  it  is  possible  to  greatly  extend 
the  storage  electrodes  26  up  to  the  vicinity  of  the  bit 
lines  21.  Therefore,  the  cell  area  measured  in  the  X- 
Y  plane  is  efficiently  and  effectively  utilized  with  less 
wasteful  area.  This  presents  an  increased  capaci- 
tance  value  of  the  storage  capacitor,  and  greatly  con- 
tributes  to  the  stabilization  of  the  DRAM  memory  op- 
eration  and  an  improvement  on  immunity  to  soft  er- 
rors.  Sense  amplifiers  (not  shown)  are  arranged  in 
the  X  direction. 

A  description  is  given  of  a  method  for  producing 
the  above-mentioned  DRAM  device  with  reference  to 
FIGS.5A  through  5E.  It  is  noted  that  materials  and  di- 
mensions  described  below  are  just  examples  and 
may  be  replaced  with  different  materials  and  dimen- 
sions  known  by  those  skilled  in  the  semiconductor 
field.  FIGS.5A  through  5E  relate  to  sectional  views 
along  the  lines  IVB-IVB  observed  at  different  manu- 
facturing  steps. 

Referring  to  FIG.5A,  the  field  oxidation  films  29 
made  of  silicon  dioxide  (Si02)  are  formed  on  the  p-ty- 
pe  silicon  substrate  1  1  by  a  conventional  selective  ox- 
idation  process.  Then,  an  n+-type  layer  serving  as 
one  bit  line  21  is  formed  in  the  silicon  substrate  11  by 
a  selective  ion  injection  process  in  which  arsenic  (As) 
ions  are  introduced  with  a  dose  of  4  x  1015  cm-2  and 
an  injection  energy  of  60  keV.  It  is  noted  that  the  bit 
line  21  extends  in  the  Y  direction  and  includes  a  por- 
tion  serving  as  a  source.  Of  course,  a  conventional 
mask  process  and  photolithography  process  are  car- 
ried  out  for  forming  the  bit  lines  21  . 

Next,  as  shown  in  FIG.5B,  the  gate  oxidation  film 
31  is  formed  on  the  silicon  substrate  11  by  a  conven- 
tional  thermal  oxidation  process.  Thereafter,  by  a 
chemical  vapor  deposition  (CVD)  process,  a  polysili- 
con  layer  is  deposited  to  a  thickness  of  1000  ang- 
stroms  (1  angstrom  =  0.1  nm),  and  subsequently  a 
tungsten  silicide  (WSi)  layer  is  deposited  to  a  thick- 
ness  of  1  500  angstroms.  Then  the  two  stacked  layers 
are  patterned  by  a  photolithography  process  to  there- 
by  form  the  word  lines  22  which  extend  in  the  X  direc- 
tion,  and  the  gate  electrodes  24  extend  in  the  Y  direc- 
tion. 

Then,  as  shown  in  FIG.5C,  the  source  21  and 

drain  25  are  formed  in  the  si  licon  substrate  1  1  by  a  se- 
lective  ion  injection  process  in  which  arsenic  ions  are 
introduced  into  the  silicon  substrate  11  with  a  dose  of 
I  x  1015  cm-2  and  an  acceleration  voltage  of  60  keV. 

5  In  this  ion  injection  process,  an  n+-type  layer  32  is 
formed,  which  is  a  part  of  the  source  including  the  n+- 
type  layer  21.  It  is  noted  the  source  21  and  drain  25 
are  self-aligned  with  respect  to  the  gate  24.  The  im- 
purity  density  values  of  the  source  21  and  drain  25 

10  are  lower  than  the  impurity  density  of  the  gate  24. 
Thereafter,  as  shown  in  FIG.5D,  the  insulating 

film  30  having  a  thickness  of  1000  angstroms  is 
formed  on  the  entire  surface  of  the  silicon  substrate 
I  I  by  the  CVD  process,  and  is  then  subjected  to  a  pat- 

15  terning  process.  Thereafter,  by  a  reactive  etching 
process,  a  contact  hole  39  is  formed  in  the  insulating 
film  30  and  the  gate  oxidation  film  31  so  that  the  drain 
25  is  partially  exposed.  Then,  a  polysilicon  film  is  de- 
posited  to  a  thickness  of  1  000  angstroms  by  the  CVD 

20  process,  and  is  then  subjected  to  a  selective  ion  in- 
jection  process  where  arsenic  ions  are  introduced 
therein  with  a  dose  of  1  x  1  015  cm-2  and  an  accelera- 
tion  voltage  of  50  keV.  Thereby,  the  polysilicon  film  is 
provided  with  the  n+-type  conductivity.  Thereafter, 

25  the  storage  electrodes  26  are  formed  from  the  poly- 
silicon  film  by  the  photolithography  process. 

After  that,  as  shown  in  FIG.5E,  the  exposed  sur- 
faces  of  the  storage  electrodes  26  are  subjected  to  a 
thermal  oxidation  process  so  that  an  insulating  film 

30  (dielectric  film)  28  of  a  thickness  of  100  angstroms  is 
deposited  the  exposed  surface  of  each  of  the  storage 
electrodes  26.  Then,  a  polysilicon  film  is  deposited  to 
a  thickness  of  1000  angstroms  by  the  CVD  process. 
Then,  phosphorus  oxychloride  (POCI3)  is  thermally 

35  diffused  into  the  above-mentioned  polysilicon  film. 
Thereby,  the  opposed  electrode  27  is  formed.  It  is  not- 
ed  that  a  patterning  process  is  not  required  to  form 
the  opposed  electrode  27.  Finally,  a  well-known  proc- 
ess  is  carried  out  in  order  to  complete  an  element  and 

40  prevent  the  surface  of  the  device  from  being  activat- 
ed  by  the  deposition  of  a  passivation  film,  for  exam- 
ple. 

A  description  is  now  given  of  a  first  embodiment 
of  the  present  invention  with  reference  to  FIGS.6A 

45  through  6C.  Bit  lines  51  are  impurity-diffused  layers 
formed  in  a  semiconductor  substrate  50  such  as  a  p- 
type  silicon  substrate,  and  each  bit  line  has  portions 
serving  as  sources  of  transistors.  Word  lines  52  are 
impurity-diffused  layers  formed  in  the  semiconductor 

so  substrate  50.  The  word  lines  52  have  portions  serving 
as  gates  of  transistors,  and  are  formed  above  the 
transistors. 

It  can  be  seen  from  FIGS.6B  and  6C  that  the  word 
lines  52  are  electrically  insulated  from  gate  oxidation 

55  films  62  and  field  oxidation  films  59.  Top  surfaces  of 
the  word  lines  52  are  covered  by  an  insulating  film  60. 
Contact  holes  53  are  formed  in  each  of  the  word  lines 
52  so  as  to  partially  expose  drains  55.  The  sidewall 

5 
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of  each  of  the  contact  holes  53  is  covered  with  the  in- 
sulating  film  60.  A  storage  electrode  56  is  provided  in 
the  contact  hole  53,  and  makes  contact  with  the  relat- 
ed  drain  55.  As  is  shown  in  FIG.6C,  since  each  word 
line  52  is  wider  than  the  diameter  of  each  contact  hole 
53,  the  word  line  52  is  prevented  from  being  electri- 
cally  disconnected  even  after  forming  the  contact 
holes  53.  Storage  electrodes  56  are  provided  on  the 
insulating  film  60  and  are  spread  in  a  maximum  of  the 
permitted  cell  area.  The  storage  electrodes  56  form 
capacitors  together  with  insulating  films  58  and  an 
opposed  electrode  57. 

The  first  embodiment  has  the  following  features. 
First,  the  storage  electrodes  56  are  self-aligned  with 
respect  to  the  word  lines  52  and  make  contact  with  the 
related  drains  55.  Secondly,  the  word  lines  52  extend- 
ing  in  the  X  direction  are  laid  above  the  transistors  for 
transferring  data.  With  this  arrangement,  the  word 
line  pitch  can  be  further  reduced  as  compared  with 
the  DRAM  OF  Figures  4A  to  4C.  Correspondingly,  it 
becomes  possible  to  further  reduce  the  area  of  each 
memory  cell  and  increase  the  element  density.  The 
width  of  each  of  the  word  lines  52  is  almost  the  same 
as  that  of  each  of  the  storage  electrode  56.  Moreover, 
it  should  be  appreciated  that  in  addition  to  the  above- 
mentioned  features,  the  first  embodiment  has  the  es- 
sential  feature  of  the  DRAM  OF  Figures  4Ato  4C  that 
the  bit  line  pitch  is  larger  than  the  word  line  pitch. 
Thereby,  the  memory  cells  of  the  first  embodiment 
match  the  peripheral  circuits.  It  is  noted  that  in  the 
DRAM  of  Figures  4A  to  4C,  the  word  lines  22  are  not 
located  above  the  transfer  transistors  but  arranged 
between  the  transistors. 

A  description  is  given  of  a  method  of  producing 
the  first  embodiment  with  reference  to  FIGS.7A 
through  7E  and  FIGS.8A  through  8E.  FIGS.7A 
through  7E  are  sectional  views  which  are  taken  along 
the  lines  VIB-VIB  shown  in  FIG.6Aand  are  observed 
at  different  manufacturing  steps.  FIGS.  8A  through  8E 
are  sectional  views  which  are  taken  along  the  lines 
VIC-VIC  shown  in  FIG.6A  and  are  observed  at  differ- 
ent  manufacturing  steps. 

Referring  to  FIGS.7A  and  8A,  the  field  oxidation 
films  59  are  formed  on  the  p-type  silicon  substrate 
50.  Then,  an  n+-type  diffusion  layer  54  serving  as  a 
bit  line  and  including  portions  of  the  sources,  and  an 
n+-type  diffusion  layer  55  serving  as  drains  55  are 
formed  in  the  silicon  substrate  50  by  the  selective  ion 
injection  process. 

Next,  as  shown  in  FIGS.7B  and  8B,  a  gate  oxida- 
tion  film  62  is  formed  on  the  silicon  substrate  50  by 
thermal  oxidation.  Subsequently,  the  word  line  52 
which  also  serves  as  a  gate  electrode,  is  formed. 

Then,  as  shown  in  FIGS.7C  and  8C,  a  silicon  di- 
oxide  film  60  is  deposited  and  is  then  etched  by  the 
reactive  ion  etching  process  so  as  to  form  the  contact 
hole  53,  which  penetrates  the  silicon  dioxide  film  60 
and  the  gate  oxidation  film  62. 

Thereafter,  in  FIGS.7D  and  8D,  a  thermal  oxida- 
tion  film  having  a  thickness  of  200  angstroms  is 
formed  on  the  exposed  surface  of  the  drain  53  and  the 
entire  surface  of  the  silicon  substrate  50.  Further,  an 

5  oxidation  film  made  of  silicon  dioxide  is  deposited  to 
a  thickness  of  1000  angstroms  by  the  CVD  process. 
Thereafter,  the  latter  oxidation  film  is  subjected  to  re- 
active  ion  etching.  Thereby,  an  oxidation  film  63  is  left 
around  the  sidewall  of  the  contact  hole  53.  In  the  fol- 

io  lowing  description,  the  oxidation  films  60  and  63  are 
simply  referred  to  as  the  oxidation  film  60. 

Then,  as  shown  in  FIGS.7E  and  8E,  the  storage 
electrode  56  is  formed  in  the  same  way  as  the  storage 
electrode  26  of  the  DRAM  of  Figures  4A  to  4C.  There- 

is  after,  the  dielectric  film  58  and  the  opposed  electrode 
57  are  sequentially  formed  as  in  the  case  of  the 
DRAM  of  Figures  4A  to  4C. 

A  description  is  now  given  with  reference  to  Figs. 
9A  through  9C  of  another  DRAM  not  embodying  the 

20  present  invention.  The  explanation  given  below  of  the 
features  of  this  DRAM  will  also  be  useful  in  under- 
standing  embodiments  of  the  present  invention.  The 
DRAM  of  Figures  9A  to  9C  includes  a  p-type  silicon 
substrate  80,  bit  lines  81  ,  word  lines  82,  sources  84, 

25  drains  85,  and  gate  electrodes  92.  The  drains  85  are 
electrically  coupled  with  related  storage  electrodes 
86  through  related  contact  holes  83,  and  form  storage 
capacitors  togetherwith  dielectric  films  88  and  an  op- 
posed  electrode  87.  Reference  numerals  88,  89,  90 

30  and  91  indicate  insulating  films. 
The  Figures  9Ato  9C  DRAM  has  an  essential  fea- 

ture  that  the  bit  lines  81  are  formed  by  conductive 
films  laid  on  the  insulating  film  90,  and  are  in  contact 
with  the  related  sources  81  .  The  arrangement  of  the 

35  bit  lines  81  contributes  to  a  decrease  of  the  area  of  a 
p-n  junction  formed  in  the  semiconductor  substrate 
80,  as  compared  with  the  Figures  4A  to  4C  DRAM  and 
with  the  first  embodiment,  and  therefore  a  particles 
induced  soft  errors  can  effectively  be  suppressed. 

40  A  description  is  given  of  a  method  of  manufactur- 
ing  the  DRAM  of  Figures  9A  to  9C  with  reference  to 
FIGS.10A  through  10F  illustrating  cross  sections, 
which  are  observed  at  different  manufacturing  steps. 

Referring  to  FIG.1  OA,  field  insulation  films  89  are 
45  formed  on  the  p-type  silicon  substrate  80,  and  then 

a  gate  oxidation  film  93  is  formed  thereon.  There- 
after,  by  the  same  process  as  that  shown  in  FIG.5B, 
the  word  lines  82  and  gate  electrodes  92  are  formed 
on  the  field  oxidation  films  89  and  the  gate  oxidation 

so  films  93.  The  word  lines  82  also  serve  as  the  gate 
electrodes  92. 

Next,  as  shown  in  FIG.1  0B,  the  source  84  and 
drain  85  are  formed  in  the  silicon  substrate  80  by  the 
selective  ion  injection  process.  Then,  as  shown  in 

55  FIG.1  0C,  the  silicon  oxidation  film  90  is  formed  on  the 
entire  surface,  and  a  contact  hole  83'  is  formed  in  the 
silicon  dioxide  film  90  and  the  gate  oxidation  film  93 
so  that  the  source  84  is  partially  exposed. 

6 
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Thereafter,  in  FIG.10D,  a  conductive  polysilicon 
layer  of  a  thickness  of  500  angstroms  is  deposited  on 
the  entire  surface,  and  then  a  tungsten  silicide  (WSi) 
layer  of  a  thickness  of  1500  angstroms  is  deposited 
thereon.  Then,  the  stacked  layers  are  patterned  so  as 
to  form  the  bit  line  81. 

Then,  as  shown  in  FIG.1  0E,  the  insulating  film  91 
made  of  silicon  dioxide  is  deposited  to  a  thickness  of 
1000  angstroms  by  CVD.  Subsequently,  the  contact 
hole  83  is  formed  so  as  to  penetrate  the  insulating 
films  91,  90  and  the  gate  oxidation  film  93  so  that  the 
drain  85  is  partially  exposed  through  the  contact  hole 
83.  Thereafter,  as  shown  in  FIG.1  OF,  the  storage  elec- 
trode  86  is  formed  by  CVD  and  photolithography.  The 
following  steps  are  the  same  as  those  used  in  a  con- 
ventional  method. 

The  word  lines  82  of  the  DRAM  of  Figures  9A  to 
9C  extend  in  the  X  direction  between  neighboring 
transistors  arranged  in  the  Y  direction.  Alternatively, 
it  is  possible  to  arrange  the  word  lines  82  so  as  to  ex- 
tend  above  the  transistors  in  the  same  way  as  the 
word  lines  52  of  the  first  embodiment.  The  DRAM  of 
Figures  9Ato  9C  provides  almost  the  same  advantag- 
es  as  the  first  embodiment  in  addition  to  the  above- 
mentioned  feature. 

Adescription  is  given  of  a  second  embodiment  of 
the  present  invention  with  reference  to  FIGS.  11Aand 
1  1  B.  The  second  embodiment  is  distinguished  from 
the  DRAM  of  Figures  9Ato  9C  in  that  bit  lines  and  stor- 
age  electrodes  of  the  second  embodiment  are  self- 
aligned  with  respect  to  word  lines,  and  are  in  contact 
with  sources  and  drains  of  transistors,  respectively. 
As  is  illustrated  in  FIGS.HAand  11  B,  the  second  em- 
bodiment  includes  a  semiconductor  substrate  121 
such  as  a  p-type  silicon  substrate,  bit  lines  111,  word 
lines  112,  contact  holes  113,  sources  114,  drains  115, 
storage  electrodes  116,  an  opposed  electrode  117,  in- 
sulating  layers  118,  field  oxidation  layers  119,  and  a 
storage  electrode  leading  layer  133.  The  bit  lines  111 
extend  in  the  X  direction,  and  the  word  lines  112  ex- 
tend  in  the  Y  direction  and  are  laid  above  transistors. 
Therefore,  the  bit  lines  111  and  the  word  lines  112 
match  the  peripheral  circuits  such  as  a  sense  ampli- 
fier  and  a  row  decoder.  The  bit  lines  111  are  in  contact 
with  related  sources  114  through  contact  holes  129. 
The  remaining  portions  of  the  bit  lines  111  are  laid  on 
an  insulating  layer  128,  which  covers  the  word  lines 
112.  The  above-mentioned  structure  of  the  bit  lines 
111  is  the  same  as  that  of  the  bit  lines  81  of  the  DRAM 
of  Figures  9A  to  9C.  Therefore,  a  particles-induced 
soft  errors  can  effectively  be  suppressed.  Each  of  the 
storage  electrode  116  makes  contact  with  the  related 
storage  electrode  leading  layer  1  33.  Opposed  ends  of 
the  storage  electrode  116  extend  up  to  ends  of  the  bit 
lines  111.  The  width  of  each  of  the  word  lines  112  is 
almost  the  same  as  that  of  each  of  the  storage  elec- 
trodes  116.  Therefore,  the  cell  area  is  effectively  and 
efficiently  utilized. 

A  description  is  given  of  a  method  of  producing 
the  second  embodiment  with  reference  to  FIGS.12A 
through  12G,  which  illustrate  cross  sections  taken 
along  the  lines  XI-XI  shown  in  FIG.11A  observed  at 

5  different  manufacturing  steps. 
Referring  to  FIG.12A,  the  field  oxidation  layers 

119  are  formed  on  the  silicon  substrate  121  by  the 
conventional  selective  oxidation  process.  Then,  the 
source  114  and  the  drain  115  are  formed  in  the  silicon 

10  substrate  121  by  the  selective  ion  injection  process. 
The  source  114  and  drain  115  are  formed  by  n+-type 
impurity  diffused  layers. 

Then,  as  shown  in  FIG.12B,  a  gate  oxidation  film 
124  is  formed  in  the  thermal  oxidation  process. 

15  Thereafter,  the  word  lines  112  which  also  serve  as 
gate  electrodes,  are  formed.  In  FIG.12C,  the  insulat- 
ing  film  128  such  as  a  silicon  dioxide  film  is  deposited 
to  a  thickness  of  1000  angstroms  by  CVD.  Then  the 
contact  holes  129  and  130  are  formed  so  as  to  pene- 

20  tratethe  insulating  film  128,  the  word  line  112  and  the 
gate  oxidation  film  124  so  that  the  source  114  and 
drain  115  are  partially  exposed  through  the  contact 
holes  129  and  130,  respectively.  Alternatively,  the 
source  114  and  drain  115  may  be  formed  by  introduc- 

25  ing  impurities  through  the  contact  holes  129  and  130. 
In  this  case,  the  production  step  of  FIG.1  2A  is  not  car- 
ried  out. 

Then,  as  shown  in  FIG.1  2D,  a  thermal  oxidation 
film  of  a  thickness  of  200  angstroms  is  deposited  on 

30  the  exposed  surface  of  the  source  and  drain  114  and 
1  1  5  as  well  as  the  entire  device  surface.  Subsequent- 
ly,  an  oxidation  film  is  deposited  to  a  thickness  of 
1  000  angstroms  by  the  CVD  process.  Thereafter,  the 
stacked  oxidation  films  are  subjected  to  reactive  ion 

35  etching.  Thereby,  an  oxidation  film  131  is  formed 
which  covers  a  sidewall  forming  each  of  the  contact 
holes  129  and  130,  and  a  part  of  each  of  the  source 
114  and  drain  115. 

In  FIG.12E,  in  the  same  way  as  the  step  of 
40  FIGS.7D  and  8D,  the  bit  line  111  and  the  storage  elec- 

trode  leading  layer  133  are  self-aligned  with  respect 
to  the  word  line  112  by  CVD  so  as  to  make  contact 
with  the  source  114  and  the  drain  115,  respectively. 
In  FIG.12F,  an  insulating  layer  134  formed  by  an  oxi- 

45  dation  layer  is  formed  on  the  entire  surface  of  the  de- 
vice  by  CVD.  Thereafter,  a  contact  hole  141  is  formed 
in  the  insulating  layer  1  34  in  the  same  way  as  the  step 
of  FIGS.7D,  7E,  8D  and  8E.  Then,  a  polysilicon  film 
is  grown  by  CVD,  and  is  then  patterned  so  as  to  form 

so  the  storage  electrode  116.  Then,  a  dielectric  film 
(118)  is  formed  around  the  exposed  surface  of  the 
storage  electrode  116  by  the  thermal  oxidation  proc- 
ess.  Finally,  the  opposed  electrode  117  is  formed  so 
as  to  cover  the  entire  surface  of  the  device. 

55  Alternatively,  as  shown  in  FIG.1  3A,  a  dielectric 
film  142  is  formed  on  the  entire  surface  by  the  ther- 
mal  oxidation  process  after  performing  the  step  of 
FIG.12E.  In  this  case,  the  storage  electrode  leading 

7 
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layer  133  serves  as  a  storage  electrode  itself.  Then, 
a  polysilicon  film  is  grown  on  the  entire  surface,  and 
is  then  patterned  so  as  to  form  an  opposed  electrode 
143. 

FIG.  14  illustrates  respective  examples  of  the 
sense  amplifier  pitch,  word  line  pitch,  cell  area  and 
the  ratio  of  the  storage  electrode  area  to  the  cell  area 
with  respect  to  devices  which  are  fabricated  based  on 
the  first  and  second  embodiments  of  the  present  in- 
vention,  as  well  as  on  the  DRAM  devices  of  Figures 
4A  to  4C  and  Figures  9A  to  9C  and  the  conventional 
open  bit  line  type.  Parameter  values  for  the  conven- 
tional  folded  bit  line  type  are  illustrated  for  reference. 
It  can  be  seen  from  FIG.  14  that  in  each  of  the  first  and 
second  embodiments  (and  in  the  DRAM  devices  of 
Figs.  4  and  9)  the  sense  amplifier  pitch  is  larger  than 
the  word  line  pitch,  and  therefore  the  bit  lines  match 
the  peripheral  circuits.  It  is  noted  that  the  sense  am- 
plifier  pitch  obtained  in  the  conventional  open  bit  line 
type  is  a  little  larger  than  the  word  line  pitch.  This  is 
because  the  bit  line  pitch  is  set  larger  in  orderto  match 
the  minimum  size  of  sense  amplifier  which  is  obtain- 
able  with  production  precision  currently  available. 

In  the  DRAM  of  Figures  4A  to  4C,  although  the 
sense  amplifier  pitch  and  the  storage  electrode  area 
are  larger  than  those  in  the  conventional  open  bit  line 
type,  the  utility  efficiency  of  cell  area  is  enhanced.  As 
a  result,  the  cell  area  formed  in  the  DRAM  of  Figures 
4Ato4C  is  smallerthan  thatforthe  conventional  open 
bit  line  type. 

In  the  first  and  second  embodiments,  the  cell 
area  is  approximately  half  that  for  the  conventional 
type;  nevertheless  it  becomes  possible  to  obtain  the 
same  sense  amplifier  pitch  as  that  for  the  convention- 
al  type.  Additionally,  the  cell  area  obtained  in  the  first 
and  second  embodiments  is  smaller  than  that  for  the 
conventional  folded  line  type;  nevertheless  the  utility 
efficiency  of  cell  area  is  high.  Therefore,  the  storage 
electrode  area  is  larger  than  the  folded  bit  line  type. 
This  means  a  large  amount  of  capacitance  is  obtained 
when  the  sense  amplifier  pitch  is  set  approximately 
equal  to  that  for  the  folded  bit  line  type. 

In  the  DRAM  of  Figures  9Ato  9C,  the  utility  effi- 
ciency  of  cell  area  is  the  highest.  Further,  the  cell  am- 
plifier  pitch  and  the  storage  electrode  area  are  larger 
than  those  for  the  conventional  open  bit  line  type,  and 
the  cell  area  is  smaller  than  that  for  the  conventional 
type.  Moreover,  when  the  sense  amplifier  pitch  in  the 
DRAM  of  Figures  9A  to  9C  is  set  approximately  equal 
to  that  for  the  conventional  folded  bit  line  type,  the 
storage  electrode  area  can  be  doubled. 

The  parameter  values  shown  in  FIG.14  are  ob- 
tained  as  follows.  FIGS.  15A  through  15D  are  partially 
enlarged  views  which  two-dimensionally  illustrate  the 
structure  of  respective  cells  of  the  DRAM  devices  of 
Figures  4A  to  4C,  Figures  6A  to  6C  (first  embodi- 
ment),  Figures  9Ato9C,  and  Figures  11Ato  1  1  B  (sec- 
ond  embodiment)  respectively.  FIGS.15E  and  15F 

are  partially  enlarged  views  which  two-dimensionally 
illustrate  the  structure  of  respective  cells  of  the  con- 
ventional  folded  bit  line  type  and  the  open  bit  line 
type,  respectively.  In  these  figures,  an  area  surround- 

5  ed  by  a  broken  line  is  a  storage  electrode.  Also  in 
FIGS.  15A  through  15F,  'a'  is  the  minimum  pattern 
width  available  in  photolithography,  'b'  is  a  margin 
defined  by  taking  account  of  positional  errors  which 
may  occur  when  depositing  a  mask  film,  'c'  is  a  mar- 

10  gin  defined  by  taking  account  of  short-circuit  which 
may  occur  in  a  conductive  layer,  and  'd'  is  a  bird's 
beak  which  may  occur  in  a  selective  oxidation  proc- 
ess. 

In  each  of  FIGS.  15A  through  15F,  there  are  writ- 
is  ten  the  sense  amplifier  pitch  [p(S/A)],  word  line  pitch 

[p(WL)],  and  the  storage  electrode  area  (s).  In 
FIG.15F,  the  sense  amplifier  pitch  p(S/A)  is  set  equal 
to  4a  +  2c,  which  is  the  minimum  size.  The  values 
shown  in  FIG.14  are  obtained  assuming  that  a  =  0.7 

20  urn,  b  =  0.3  urn,  c  =  0.45  p.m  and  d  =  0.1  5  p.m. 
In  FIG.15A,  the  sense  amplifier  pitch  p(S/A)  is 

equal  to  4a  +  b  +  c  +  2d,  the  word  line  pitch  p(WL)  is 
equal  to  3a  +  b  +  c,  and  the  storage  electrode  area  (s) 
is  equal  to  (3a  +  b  +  c  +  2d)(2a  +  b  +c).  In  FIG.15B, 

25  the  sense  amplifier  pitch  p(S/A)  is  equal  to  4a  +  2b  + 
2d,  the  word  line  pitch  p(WL)  is  equal  to  2(a  +  b),  and 
the  storage  electrode  area  (s)  is  equal  to  (3a  +  2b  + 
2d)(a  +  2b).  In  FIG.15C,  the  sense  amplifier  pitch 
p(S/A)  is  equal  to  4a  +  2c  +  2d,  the  word  line  pitch 

30  p(WL)  is  equal  to  3a  +  b  +  c,  and  the  storage  electrode 
area  (s)  is  equal  to  (3a  +  2c  +  2d)(2a  +  b  +  c).  In 
FIG.15D,  the  sense  amplifier  pitch  p(S/A)  is  equal  to 
4a  +  2b  +  2d,  the  word  line  pitch  p(WL)  is  equal  to  2(a 
+  b),  and  the  storage  electrode  area  (s)  is  equal  to  (3a 

35  +  2b  +  2d)(a  +  2b).  In  FIG.15E,  the  sense  amplifier 
pitch  p(S/A)  is  equal  to  4(a  +b),  the  word  line  pitch 
p(WL)  is  equal  to  (4a  +3c)/2,  and  the  storage  elec- 
trode  area  (s)  is  equal  to  (a  +  2b)(3a  +  2c  -  b).  In 
FIG.15F,  the  sense  amplifier  pitch  p(S/A)  is  equal  to 

40  2(a  +  b)  to  4a  +  2c  depending  on  layout  of  sense  am- 
plifier,  the  word  line  pitch  p(WL)  is  equal  to  3a  +  b  + 
2c,  and  the  storage  electrode  area  (s)  is  equal  to  (3a 
+  2c)(2a  +  c). 

The  present  invention  is  not  limited  to  the  afore- 
45  mentioned  embodiments,  and  variations  and  modifi- 

cations  may  be  made  without  departing  from  the 
scope  of  the  present  invention  which  is  defined  by  the 
claims.  For  example,  in  the  first  and  second  embodi- 
ments,  one  bit  line  is  alternately  coupled  to  sources 

so  arranged  on  both  sides  thereof.  Alternatively,  one  bit 
line  may  be  coupled  to  sources  arrange  on  the  same 
side  thereof.  Transistors  in  each  of  the  first  and  sec- 
ond  embodiments,  are  n-channel  field  effect  transis- 
tors.  Alternatively,  p-channel  transistors  can  be 

55  formed  in  the  same  way. 

8 
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Claims 

1  .  Adynamic  random  access  memory  device  includ- 
ing: 

a  substrate  (50;121); 
a  plurality  of  FET  transistors  arrayed  at  a 

main  face  of  the  substrate  in  the  form  of  a  matrix, 
each  transistor  being  located  in  an  area  delimited 
by  portions  of  a  field  oxidation  layer  (59;  11  9), 
formed  at  the  said  main  face,  and  having  a  source 
(51  ;1  14)  and  a  drain  (55;115)  formed  in  the  said 
substrate  and  also  having,  between  the  source 
and  drain,  a  gate  electrode  (52;  11  2)  formed  on  a 
gate  oxide  film  (62;  124)  which  is  formed  on  the 
said  main  face  and  separates  the  gate  electrode 
from  the  substrate,  the  respective  source-drain 
channels  of  the  transistors  all  extending  in  a  first 
direction  (X); 

a  plurality  of  word  lines  (52;  11  2)  formed  on 
the  said  field  oxidation  layer  (59;  11  9)  and  extend- 
ing  longitudinally  in  the  said  first  direction  (X),  the 
word  lines  being  arranged  such  that  portions 
thereof  which  overlie  the  said  respective  source- 
drain  channels  of  the  transistors  serve  as  the  re- 
spective  gate  electrodes  of  the  transistors,  and 
having  contact  holes  (53;130)  in  register  with  re- 
spective  drains  of  the  transistors; 

a  plurality  of  bit  lines  (5  1  ;  1  1  1  )  extending 
longitudinally  in  a  second  direction  (Y)  perpendic- 
ular  to  the  said  first  direction  (X),  each  of  the  tran- 
sistor  sources  being  connected  to  one  of  the  bit 
lines,  and  the  spacing  between  adjacent  bit  lines 
being  greater  than  the  spacing  between  adjacent 
word  lines; 

an  insulating  film  (60;  128)  formed  over  the 
said  word  lines  and  also  extending  oversidewalls 
of  the  said  word  lines  bounding  the  said  contact 
holes  and  over  parts  of  the  said  drains  within 
those  contact  holes; 

a  plurality  of  storage  capacitors,  each  in- 
cluding  a  storage  electrode  (56;133,116)  which 
extends,  in  the  said  first  direction  (X),  substantial- 
ly  from  one  bit  line  to  the  next  and  which  contacts 
an  associated  one  of  the  transistor  drains  via  one 
of  the  said  contact  holes  and  which  has  parts  that 
extend  above  the  word  line  having  that  contact 
hole  and  above  the  said  field  oxidation  layer 
(59;119),  and  each  also  including  a  dielectric  film 
(58;  11  8)  covering  the  said  storage  electrode;  and 

an  opposed  electrode  (57;117)  covering 
the  respective  dielectric  films  of  the  said  storage 
capacitors. 

3.  A  device  as  claimed  in  claim  1  or  2,  wherein  the 
said  storage  capacitors  are  substantially  equal  in 
said  storage  in  the  said  second  (Y)  direction,  to 
the  said  word  lines  (52;112). 

5 
4.  A  device  as  claimed  in  any  one  of  claims  1  to  3, 

wherein  portions  (63;131)  of  the  said  insulating 
film  (60;  128)  that  extend  over  the  said  sidewalls 
of  the  said  word  lines  (52;11  2)  within  the  said  con- 

10  tact  holes  (53;130)  are  formed  by  a  reactive  ion 
etching  process. 

5.  A  device  as  claimed  in  any  one  of  claims  1  to  4, 
wherein  the  said  storage  electrode  (56)  is  self- 

is  aligned  with  respect  to  its  associated  word  line 
(52). 

6.  A  device  as  claimed  in  any  one  of  claims  1  to  4, 
30  wherein  the  said  storage  electrode  (133,116) 

20  includes  a  connection  portion  (133),  which  con- 
tacts  the  drain  (115),  and  an  electrode  portion 
(116)  extending  above  the  said  connection  por- 
tion  in  contact  therewith. 

25  7.  A  device  as  claimed  in  claim  6,  wherein  the  said 
35  connection  portion  (133)  is  self-aligned  with 
respect  to  the  word  line  (112)  associated  with  the 
storage  electrode  concerned. 

30  8.  A  device  as  claimed  in  any  preceding  claim, 
wherein  the  said  bit  lines  (51)  are  formed  in  the 
said  substrate  (50)  at  the  said  main  face  thereof, 
portions  of  the  said  bit  lines  serving  as  the  said 
sources  of  the  transistors. 

35 
9.  A  device  as  claimed  in  any  one  of  claims  1  to  7, 

wherein  the  said  bit  lines  are  formed  on  the  said 
insulating  film  (128),  that  film  having  contact 
holes  (129)  in  register  with  respective  sources 

40  (114)  of  the  transistors,  through  which  holes  the 
bit  lines  contact  the  said  sources. 

10.  A  device  as  claimed  in  any  preceding  claim,  fur- 
ther  including  a  plurality  of  sense  amplifiers 

45  (S/A),  each  connected  for  amplifying  a  potential 
difference  between  a  pair  of  associated  bit  lines, 
which  sense  amplifiers  are  arrayed  one  after  an- 
other  in  the  said  first  (X)  direction. 

so  11.  A  device  as  claimed  in  any  preceding  claim, 
wherein  successive  transistors  that  are  connect- 
ed  to  a  given  bit  line  are  located  on  alternate  sides 
of  the  bit  line. 

10 

35 

40 

2.  A  device  as  claimed  in  claim  1  ,  wherein  the  said 
word  lines  (52;  11  2)  are  wider,  measured  in  the  55 
said  second  (Y)  direction,  than  the  said  contact  Patentanspruche 
holes  (53;  130). 

1.  Eine  dynamische  Speicheranordnung  mit  wahl- 

9 
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f  reiem  Zugriff,  mit: 
einem  Substrat  (50;  121); 
einer  Vielzahl  von  FET-Transistoren,  die 

auf  einer  Hauptflache  des  Substrats  in  der  Form 
einer  Matrix  angeordnet  sind,  bei  der  jeder  Tran-  5 
sistor  in  einem  Bereich  angeordnet  ist,  der  durch 
Abschnitte  einer  Feldoxydationsschicht  (59;  119) 
begrenzt  ist,  die  auf  der  genannten  Hauptflache 
gebildet  ist,  und  eine  Source  (51;  114)  und  ein 
Drain  (55;  115)  hat,  die  in  dem  genannten  Sub-  10 
strat  gebildet  sind,  und  zwischen  der  Source  und 
dem  Drain  auch  eine  Gateelektrode  (52;  112)  hat, 
die  auf  einem  Gateoxidfilm  (62;  124)  gebildet  ist, 
der  auf  der  genannten  Hauptflache  gebildet  ist 
und  die  Gateelektrode  von  dem  Substrat  trennt,  15 
bei  der  sich  die  jeweiligen  Source-Drain-Kanale 
der  Transistoren  alle  in  einer  ersten  Richtung  (X) 
erstrecken; 

einer  Vielzahl  von  Wortleitungen  (52; 
112),  die  auf  der  genannten  Feldoxydations-  20 
schicht  (59;  119)  gebildet  sind  und  sich  langs  in 
der  genannten  ersten  Richtung  (X)  erstrecken, 
welche  Wortleitungen  so  angeordnet  sind,  dali 
Abschnitte  von  ihnen,  die  uber  den  genannten  je- 
weiligen  Source-Drain-Kanalen  der  Transistoren  25 
liegen,  als  jeweilige  Gateelektroden  der  Transi- 
storen  dienen,  und  Kontaktlocher  (53;  130)  ha- 
ben,  die  sich  mit  jeweiligen  Drains  der  Transisto- 
ren  decken; 

einer  Vielzahl  von  Bitleitungen  (51;  111),  30 
die  sich  langs  in  einer  zweiten  Richtung  (Y)  recht- 
winklig  zu  der  genannten  ersten  Richtung  (X)  er- 
strecken,  bei  der  jede  der  Transistorsources  mit 
einer  der  Bitleitungen  verbunden  ist  und  der 
Raum  zwischen  benachbarten  Bitleitungen  gro-  35 
Her  als  der  Raum  zwischen  benachbarten  Wort- 
leitungen  ist; 

einem  Isolierfilm  (60;  128),  der  uber  den 
genannten  Wortleitungen  gebildet  ist  und  sich 
auch  uber  Seitenwande  der  genannten  Wortlei-  40 
tungen  erstreckt,  die  die  genannten  Kontaktlo- 
cher  begrenzen,  und  uber  Teile  der  genannten 
Drains  innerhalb  jener  Kontaktlocher; 

einer  Vielzahl  von  Speicherkondensato- 
ren,  die  jeweils  eine  Speicherelektrode  (56;  133;  45 
116)  enthalten,  die  sich  in  der  genannten  ersten 
Richtung  (X)  im  wesentlichen  von  einer  Bitlei- 
tung  zu  der  nachsten  erstreckt  und  die  ein  zuge- 
ordnetes  der  Transistordrains  uber  eines  der  ge- 
nannten  Kontaktlocher  kontaktiert  und  die  Teile  50 
hat,  die  sich  uber  der  Wortleitung,  die  jenes  Kon- 
taktloch  hat,  und  uber  der  genannten  Feldoxyda- 
tionsschicht  (59;  119)  erstrecken,  und  jeweils 
auch  einen  dielektrischen  Film  (58;  118)  enthal- 
ten,  der  die  genannte  Speicherelektrode  be-  55 
deckt;  und 

einer  Gegenelektrode  (57;  117),  die  die  je- 
weiligen  dielektrischen  Filme  der  genannten 

Speicherkondensatoren  bedeckt. 

2.  Eine  Anordnung  nach  Anspruch  1  ,  bei  der  die  ge- 
nannten  Wortleitungen  (52;  112),  in  der  genann- 
ten  zweiten  (Y)  Richtung  gemessen,  breiter  als 
die  genannten  Kontaktlocher  (53;  130)  sind. 

3.  Eine  Anordnung  nach  Anspruch  1  oder  2,  bei  der 
die  genannten  Speicherkondensatoren,  in  der 
genannten  zweiten  (Y)  Richtung  gemessen,  in 
der  Breite  den  genannten  Wortleitungen  (52; 
112)  im  wesentlichen  gleich  sind. 

4.  Eine  Anordnung  nach  irgendeinem  der  Anspru- 
che  1  bis  3,  bei  der  Abschnitte  (63;  131)  des  ge- 
nannten  Isolierfilms  (60;  128),  die  sich  uber  die 
genannten  Seitenwande  der  genannten  Wortlei- 
tungen  (52;  112)  innerhalb  der  genannten  Kon- 
taktlocher  (53;  130)  erstrecken,  durch  ein  reakti- 
ves  lonenatzverfahren  gebildet  sind. 

5.  Eine  Anordnung  nach  irgendeinem  der  Anspru- 
che  1  bis  4,  bei  derdie  genannte  Speicherelektro- 
de  (56)  bezuglich  ihrerzugeordneten  Wortleitung 
(52)  selbstausrichtend  ist. 

6.  Eine  Anordnung  nach  irgendeinem  der  Anspru- 
che  1  bis  4,  bei  derdie  genannte  Speicherelektro- 
de  (133;  116)  einen  Verbindungsabschnitt  (133) 
enthalt,  der  das  Drain  (115)  kontaktiert,  und  einen 
Elektrodenabschnitt  (116),  dersich  uber  dem  ge- 
nannten  Verbindungsabschnitt  in  Kontakt  mit  ihm 
erstreckt. 

7.  Eine  Anordnung  nach  Anspruch  6,  bei  der  der  ge- 
nannte  Verbindungsabschnitt  (133)  bezuglich 
der  Wortleitung  (112),  die  der  betreffenden  Spei- 
cherelektrode  zugeordnet  ist,  selbstausrichtend 
ist. 

8.  Eine  Anordnung  nach  irgendeinem  vorhergehen- 
den  Anspruch,  bei  der  die  genannten  Bitleitun- 
gen  (51)  in  dem  genannten  Substrat  (50)  auf  des- 
sen  genannter  Hauptflache  gebildet  sind  und  Ab- 
schnitte  der  genannten  Bitleitungen  als  genannte 
Sources  der  Transistoren  dienen. 

9.  Eine  Anordnung  nach  irgendeinem  der  Anspru- 
che  1  bis  7,  bei  der  die  genannten  Bitleitungen 
auf  dem  genannten  Isolierfilm  (128)  gebildet 
sind,  welcher  Film  Kontaktlocher  (129)  hat,  die 
sich  mit  jeweiligen  Sources  (114)  der  Transisto- 
ren  decken,  durch  welche  Locherdie  Bitleitungen 
die  genannten  Sources  kontaktieren. 

10.  Eine  Anordnung  nach  irgendeinem  vorhergehen- 
den  Anspruch,  die  fernereine  Vielzahl  von  Lese- 
verstarkern  (S/A)  enthalt,  die  jeweils  zum  Ver- 

10 
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starken  einer  Potentialdifferenz  zwischen  einem 
Paar  von  zugeordneten  Bitleitungen  verbunden 
sind,  welche  Leseverstarker  in  der  genannten  er- 
sten  (X)  Richtung  einer  nach  dem  anderen  ange- 
ordnet  sind. 

11.  Eine  Anordnung  nach  irgendeinem  vorhergehen- 
den  Anspruch,  bei  der  aufeinanderfolgende  Tran- 
sistoren,  die  mit  einer  gegebenen  Bitleitung  ver- 
bunden  sind,  auf  alternierenden  Seiten  der  Bitlei- 
tung  angeordnet  sind. 

Revendications 

1.  Dispositif  de  memoire  a  acces  selectif  dynami- 
que  incluant  : 

un  substrat  (50  ;  121)  ; 
une  pluralite  de  transistors  a  effet  de 

champ  FET  disposes  sur  une  face  principale  du 
substrat  sous  la  forme  d'une  matrice,  chaque 
transistor  etant  situe  dans  une  zone  delimitee  par 
des  parties  d'une  couche  d'oxydation  de  champ 
(59  ;  119),  formee  sur  ladite  face  principale,  et 
comportant  une  source  (51  ;  114)  et  un  drain  (55  ; 
115)  forme  dans  ledit  substrat  et  comportant  ega- 
lement,  entre  la  source  et  le  drain,  une  electrode 
de  grille  (52  ;  112)  formee  surun  film  d'oxyde  de 
grille  (62  ;  124)  qui  est  forme  sur  ladite  face  prin- 
cipale  et  separe  I'electrode  de  grille  du  substrat, 
les  canaux  source-drain  respectifs  des  transis- 
tors  s'etendant  tous  dans  une  premiere  direction 
(X); 

une  pluralite  de  fils  de  mot  (52  ;  112)  for- 
mes  sur  ladite  couche  d'oxydation  de  champ  (59  ; 
119)  et  s'etendant  longitudinalement  dans  ladite 
premiere  direction  (X),  les  fils  de  mot  etant  dispo- 
ses  de  telle  sorte  que  les  parties  de  ceux-ci  qui 
recouvrent  lesdits  canaux  source-drain  respec- 
tifs  des  transistors  servent  d'electrodes  de  grille 
respectives  des  transistors,  et  comportant  des 
trous  de  contact  (53  ;  130)  coTncidant  avec  les 
drains  respectifs  des  transistors  ; 

une  pluralite  defils  de  bit  (51  ;  111)  s'eten- 
dant  longitudinalement  dans  une  seconde  direc- 
tion  (Y)  perpendiculaire  a  ladite  premiere  direc- 
tion  (X),  chacune  des  sources  des  transistors 
etant  connectee  a  un  des  fils  de  bit,  et  I'espace- 
ment  des  fils  de  bitvoisins  etant  superieura  I'es- 
pacement  des  fils  de  mot  voisins  ; 

un  film  isolant  (60  ;  128)  forme  sur  lesdits 
fils  de  mot  et  s'etendant  aussi  sur  les  cotes  des- 
dits  fils  de  mot  limitant  lesdits  trous  de  contact  et 
sur  les  parties  desdits  drains  a  I'interieur  de  ces 
trous  de  contact  ; 

une  pluralite  de  condensateurs  de  stocka- 
ge,  incluant  chacun  une  electrode  de  stockage 
(56  ;  133,  116)  qui  s'etend,  dans  ladite  premiere 

direction  (X),  essentiellement  d'un  fil  de  bit  au 
suivant  et  qui  est  en  contact  avec  un  drain  asso- 
cie  des  drains  des  transistors  par  un  desdits 
trous  de  contact  et  qui  comporte  des  parties  qui 

5  s'etendent  au-dessus  du  f  i  I  de  mot  comportant  ce 
trou  de  contact  et  au-dessus  de  ladite  couche 
d'oxydation  de  champ  (59  ;  119),  et  incluant  ega- 
lement  chacun  un  film  dielectrique  (58  ;  118)  re- 
couvrant  ladite  electrode  de  stockage  ;  et, 

10  une  electrode  opposee  (57  ;  117)  recou- 
vrant  les  films  dielectriques  respectifs  desdits 
condensateurs  de  stockage. 

2.  Dispositif  selon  la  revendication  1,  dans  lequel 
15  lesdits  fils  de  mot  (52  ;  112)  sont  plus  larges,  me- 

sures  dans  ladite  seconde  direction  (Y),  que  les- 
dits  trous  de  contact  (53  ;  130). 

3.  Dispositif  selon  I'une  quelconque  des  revendica- 
20  tions  1  et2,  dans  lequel  lesdits  condensateurs  de 

stockage  ont  des  largeurs  sensiblement  egales, 
mesurees  dans  ladite  seconde  direction  (Y),  par 
rapport  auxdits  fils  de  mot  (52  ;  112). 

25  4.  Dispositif  selon  I'une  quelconque  des  revendica- 
tions  1  a  3,  dans  lequel  des  parties  (63  ;  131)  du- 
dit  f  ilm  isolant  (60  ;  1  28)  qui  s'etendent  sur  lesdits 
cotes  desdits  fils  de  mot  (52  ;  112)  a  I'interieur 
desdits  trous  de  contact  (53  ;  130)  sont  formees 

30  par  un  procede  d'attaque  par  ions  reactifs. 

5.  Dispositif  selon  I'une  quelconque  des  revendica- 
tions  1  a  4,  dans  lequel  ladite  electrode  de 
stockage  (56)  est  automatiquement  alignee  par 

35  rapport  a  son  fil  de  mot  associe  (52). 

6.  Dispositif  selon  I'une  quelconque  des  revendica- 
tions  1  a  4,  dans  lequel  ladite  electrode  de 
stockage  (133,  116)  inclut  une  partie  de 

40  connexion  (1  33),  qui  est  en  contact  avec  le  drain 
(115),  et  une  partie  d'electrode  (116)  s'etendant 
au-dessus  de  ladite  partie  de  connexion  en 
contact  avec  celui-ci. 

45  7.  Dispositif  selon  la  revendication  6,  dans  lequel  la- 
dite  partie  de  connexion  (133)  est  automatique- 
ment  alignee  par  rapport  au  fil  de  mot  (112)  as- 
socie  a  I'electrode  de  stockage  concernee. 

so  8.  Dispositif  selon  I'une  quelconque  des  revendica- 
tions  1  a  7,  dans  lequel  lesdits  f  i  Is  de  bit  (51  )  sont 
formes  dans  ledit  substrat  (50)  sur  ladite  face 
principale  de  celui-ci,  des  parties  desdits  fils  de 
bit  servant  de  dites  sources  des  transistors. 

55 
9.  Dispositif  selon  I'une  quelconque  des  revendica- 

tions  1  a  7,  dans  lequel  lesdits  fils  de  bit  sont  for- 
mes  sur  ledit  film  isolant  (128),  ce  film  compor- 

11 
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tant  des  trous  de  contact  (129)  en  coincidence 
avec  les  sources  respectives  (114)  des  transis- 
tors,  les  fils  de  bit  etant  en  contact  avec  lesdites 
sources  par  ces  trous. 

5 
10.  Dispositif  selon  I'une  quelconque  des  revendica- 

tions  1  a  9,  incluant  en  outre  une  pluralite  d'am- 
plificateurs  de  detection  (S/A),  connectes  cha- 
cun  pouramplifier  la  difference  de  potentiel  entre 
une  paire  de  fils  de  bit  associes,  ces  amplifica-  10 
teurs  de  detection  etant  disposes  les  uns  apres 
les  autres  dans  ladite  premiere  direction  (X). 

11.  Dispositif  selon  I'une  quelconque  des  revendica- 
tions  1  a  10,  dans  lequel  les  transistors  succes-  15 
sifs  qui  sont  connectes  a  un  fil  de  bit  donne  sont 
situes  sur  les  cotes  alternes  du  fil  de  bit. 
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