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Description 

The  present  invention  relates  to  a  semiconduc- 
tor  memory  device,  and  more  specifically  to  an 
MOS-dRAM  (MOS-dynamic  random  access  5 
memory)  formed  by  integrating  a  plurality  of 
memory  cells  each  including  an  MOSFET  and  a 
memory  capacitor. 

in  general,  a  MOS-dRAM  uses  memory  cells 
which  are  each  formed  of  a  single  MOSFET  and  a  10 
single  memory  capacitor.  A  MOS  capacitor  is 
conventionally  used  for  the  memory  capacitor. 
The  MOS-dRAM  includes  a  memory  array  in 
which  a  plurality  of  memory  cells  is  integrated 
into  a  matrix  form  on  a  semiconductor  substrate.  15 
The  memory  array  is  provided  with  a  plurality  of 
word  lines  arranged  along  each  column  and  a 
plurality  of  digit  lines  arranged  along  each  row. 
The  gates  of  the  MOSFETs  of  a  plurality  of 
memory  cells  arranged  along  each  word  line  are  20 
connected  in  common  to  the  word  line,  while  the 
drains  of  the  MOSFETs  of  a  plurality  of  memory 
cells  arranged  along  each  digit  line  are  connected 
in  common  to  the  digit  line. 

Conventionally,  the  MOSFETs  of  the  memory  25 
cells  used  in  such  a  MOS-dRAM  are  n-channel,  E- 
type  MOSFETs.  The  memory  capacitor  is  supplied 
at  one  end  with  a  source  supply  voltage  Vss 
(normally  at  zero  volt)  or  drain  supply  voltage  VDD 
(normally  at  5  volts).  In  writing  data  in  the  30 
memory  capacitor  to  be  stored  therein  from  a 
digit  line  or  in  reading  data  stored  in  the  memory 
capacitor  onto  the  digit  line,  a  selected  word  line 
is  supplied  with  a  voltage,  e.g.,  at  7.5  volts,  which 
is  about  1.5  times  as  high  as  the  drain  supply  35 
voltage  VDD.  By  doing  this,  the  read  or  write 
efficiency  of  data  stored  in  the  form  of  electric 
charges  in  the  memory  capacitor  is  raised  to  100 
percent.  If  the  voltage  applied  to  the  word  line  is 
equal  to  the  drain  supply  voltage  VDD,  the  poten-  40 
tial  at  the  node  of  the  memory  capacitor  con- 
nected  to  the  source  of  the  MOSFET  of  the 
memory  cell  can  be  raised  only  up  to  VDD-Vth 
(Vth  is  the  threshold  voltage  of  MOSFET).  There- 
fore,  even  if  writing  is  executed  with  the  drain  45 
supply  voltage  VDD  applied  to  the  digit  line,  the 
written  voltage  cannot  become  higher  than 
VDD—  Vth.  In  reading  data  stored  in  the  memory 
capacitor  onto  the  digit  line,  stored  electric 
charges  cannot  be  read  out  to  100  percent  unless  50 
the  word  line  is  supplied  with  a  sufficiently  high 
voltage. 

In  reading  or  writing  data,  moreover,  the  vari- 
ation  of  the  conductance  of  the  MOSFETs  of  the 
memory  cells  influences  access  time.  If  the  volt-  55 
age  applied  to  the  word  line  is  increased,  the 
conductance  of  the  MOSFETs  becomes  greater, 
and  the  reading  or  writing  speed  is  increased. 

For  these  reasons,  the  voltage  applied  to  the 
word  line  during  an  active  period,  in  the  prior  art  60 
MOS-dRAM,  is  as  high  as  about  7.5  volts. 

The  prior  art  MOS-dRAM,  however,  has  the 
following  problems.  First,  it  takes  time  to  pull  up 
the  voltage  applied  to  the  word  line  to  be  1.5 
times  as  high  as  the  drain  supply  voltage  VDD,  65 

resulting  in  longer  access  time.  Namely,  in  a 
conventional  clock  generator  using  no  pull-up 
circuit,  the  clock  output  rises  up  to  the  drain 
supply  voltage  VDD  in  a  rise  time  of  about  3  nsec. 
On  the  other  hand,  a  clock  generator  adapted  to 
drive  the  word  lines  is  provided  with  a  pull-up 
circuit.  In  this  clock  generator,  therefore,  a  rise 
time  of  10  nsec  or  more  is  needed  for  the  clock 
output  of  7.5  volts.  Secondly,  MOSFETs  constitut- 
ing  the  pull-up  circuit  are  not  perfectly  reliable.  In 
the  MOSFETs  used  in  this  circuit,  the  drain-source 
voltage  may  sometimes  exceed  7.5  volts,  possibly 
causing  punch-through  or  impact  ionization  attri- 
buted  to  intense  electric  fields  near  the  drain.  This 
leads  to  an  increase  in  substrate  current.  More- 
over,  a  number  of  hot  carriers  will  be  generated 
and  injected  into  the  gate  oxide  film  of  the 
MOSFETs  to  be  trapped  therein,  causing  fluc- 
tuations  in  the  threshold  voltage  of  the  MOSFETs. 
To  avoid  these  phenomena,  it  is  necessary  to  use 
MOSFETs  with  a  long  channel  length  for  the 
MOSFETs  whose  drain-source  voltage  is  high. 
This  leads  to  a  third  problem,  that  is,  an  increase 
in  power  consumption  and  in  the  space  of  the 
MOS-dRAM. 

Besides  the  above  problems,  the  MOSFETs  of 
the  memory  cells  are  subject  to  the  following 
drawbacks.  For  a  higher  degree  of  IC  integration, 
it  is  basically  necessary  to  reduce  the  size  of 
elements  constituting  a  circuit.  In  the  MOS-dRAM, 
in  particular,  the  channel  length  of  the  MOSFETs 
constituting  the  memory  cells  needs  be  short- 
ened.  It  is  generally  known  that  as  the  channel 
length  of  the  MOSFETs  becomes  shorter,  what  is 
called  ■  a  short-channel  effect  is  produced, 
lowering  the  threshold  voltage.  Thus,  if  the 
threshold  voltage  of  the  MOSFETs  is  lowered  with 
the  reduction  of  the  channel  length,  the  sub- 
threshold  current  will  increase,  making  the  elec- 
tric  charges  or  information  data  stored  in  the 
memory  capacitor  liable  to  erasure.  Conven- 
tionally,  this  problem  is  settled  by  increasing  the 
surface  impurity  concentration  of  the  channel 
regions  of  the  MOSFETs  of  the  memory  cells  by 
ion  implantation  to  raise  the  threshold  voltage  of 
the  MOSFETs.  If  the  threshold  voltage  of  the 
MOSFETs  is  increased,  however,  the  aforesaid 
read  or  write  efficiency  can  be  improved  only  by 
further  increasing  the  driving  voltage  for  the  word 
lines. 

In  the  prior  art  MOS-dRAM,  moreover,  the 
potential  of  the  nonselected  word  lines  is 
adjusted  to  the  source  supply  voltage  Vss=0  volt. 
Thus,  in  the  prior  art  device  in  which  the  threshold 
voltage  of  the  MOSFETs  of  the  memory  cells  is 
low,  data  stored  in  the  memory  cells  could  be 
erased  by  noise  or  capacitive  coupling  between 
the  selected  word  line  and  nonselected  word 
lines. 

The  object  of  the  present  invention  is  to  provide 
a  MOS-dRAM  of  high  reliability,  obviating  the 
necessity  of  a  pull-up  circuit  for  the  word  line 
driver  and  permitting  the  reading  and  writing  of 
data  in  a  shorter  access  time. 

Document  EP—  A—  0031238  discloses  a  semi- 
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substrate  according  to  one  embodiment  of  the 
present  invention  will  now  be  described  in  detail. 

As  shown  in  Fig.  1,  a  memory  cell  is  formed  of 
an  n-channel  MOSFET  1  and  an  MOS  capacitor  2. 

5  One  end  of  the  MOS  capacitor  2  is  set  to  a  source 
supply  voltage  Vss  (=0  volt)  as  a  reference  poten- 
tial,  while  the  other  end  is  connected  to  the  source 
of  the  MOSFET  1.  Instead  of  using  the  source 
supply  voltage  VSS/  a  drain  supply  voltage  VDD  (=5 

w  volts)  may  sometimes  be  used  as  the  reference 
potential  of  the  MOS  capacitor  2.  The  MOSFET  1 
is  a  D-type  MOSFET  whose  threshold  voltage  Vth 
is  about  -1.5  volts.  The  gate  and  drain  of  the 
MOSFET  1  are  connected  to  a  word  line  WL  and  a 

15  digit  line  DL,  respectively. 
Fig.  2  shows  an  equivalent  circuit  of  a  memory 

array  in  which  a  plurality  of  such  memory  cells 
Mij  is  arranged  in  the  form  of  a  matrix.  A  word 
line  WLj  extends  along  each  column  of  the  matrix, 

20  and  a  digit  line  DLi  along  each  row.  Namely,  the 
gates  of  the  respective  MOSFETs  of  a  plurality  of 
memory  cells  arranged  along  each  column  are 
connected  in  common  to  each  corresponding 
word  line.  Likewise,  the  drains  of  the  respective 

25  MOSFETs  of  the  memory  cells  along  each  row  are 
connected  in  common  to  each  corresponding 
digit  line. 

In  this  embodiment,  VH=VDD-2Vth  approxi- 
mate  to  the  drain  supply  voltage  VDD  (=5  volts)  is 

30  applied  as  a  first-polarity  voltage  VH  to  a  word  line 
WL  which  is  selected  for  reading  or  writing.  Here 
Vth  is  the  threshold  voltage  of  MOSFETs  used  in 
peripheral  circuits  independent  of  the  memory 
cells,  taking  a  value  in  the  vicinity  of  0.6  volt.  A 

35  substrate  bias  voltage  VL=VBB  (=-3  volts) 
delivered  from  a  back-gate  bias  circuit  is  applied 
as  a  second-polarity  voltage  VL  to  a  nonselected 
word  lines  WL. 

Fig.  3  shows  a  word  line  driver  which  drives  the 
40  word  lines  WL  using  the  above-mentioned  volt- 

ages.  The  word  line  driver  is  formed  of  a  decoder 
12  and  a  clock  generator  11  for  controlling  the 
operating  timing  of  the  decoder  12.  The  clock 
generator  11  is  well-known  in  the  art.  The  basic 

45  arrangement  of  the  decoder  12  is  also  well-known 
in  the  art.  MOSFETs  Q1  to  Q26  used  in  the  word 
line  driver  are  E-type  MOSFETs  whose  threshold 
voltage  Vth  is  about  0.6  volt.  The  word  line  driver, 
which  is  controlled  by  clock  signals  $1,  $2  and 

so  <p3,  selectively  supplies  a  driving  voltage  to  the 
word  lines  WL  designated  by  internal  address 
signals  A0  to  A6  which  are  delivered  from  an 
address  buffer  (not  shown).  The  decoder  12  does 
not  include  such  a  pull-up  circuit  as  is  used  in  a 

55  prior  art  decoder.  The  substrate  bias  voltage  VBB 
(=-3  vol̂ s)  delivered  from  the  back-gate  bias 
circuit  (mentioned  later)  is  used  as  the  reference 
potential  of  an  output  buffer  which  is  formed  of 
the  MOSFETs  Q23,  Q24,  Q25  and  Q26.  The  MOS- 

60  FETs  Q12  and  Q13  connected  between  the  clock 
generator  11  and  the  decoder  12  constitute  a  level 
shift  circuit  for  preventing  the  MOSFET  Q10  in  the 
output  stage  of  the  clock  generator  1  1  from  being 
turned  on  while  the  voltage  VBB  is  being  supplied 

65  to  the  nonselected  word  lines  WL. 

conductor  memory  device  of  a  one-transistor 
type.  The  memory  includes  an  array  of  cells  each 
comprising  a  MOSFET  and  a  capacitor.  The 
memory  does  not,  however,  use  voltages  of 
opposite  polarities  to  select  and  de-select  word 
lines.  Document  "Electronics  and  Communica- 
tions  in  Japan"  Vol.  64,  No.  8,  1981,  Silver  Spring, 
USA  at  pages  87  to  93  discloses  an  arrangement 
which  mitigates  soft  errors  in  MOS  dRAMs.  This 
arrangement  involves  minimising  the  threshold 
voltage  in  order  to  increase  the  amount  of  charge 
that  can  be  stored  in  a  cell.  The  arrangements 
disclosed  in  both  documents  can  be  improved 
upon  by  providing  a  semiconductor  memory 
device  in  accordance  with  the  present  invention. 

According  to  the  present  invention  there  is 
provided  a  semiconductor  memory  device  com- 
prising:  a  semiconductor  substrate;  a  memory 
array  formed  of  a  plurality  of  memory  cells 
arranged  in  a  matrix  on  the  substrate,  each  of  said 
memory  cells  including  a  memory  capacitor  and  a 
switching  MOSFET  having  a  channel  region 
which  is  doped  with  impurities  of  a  conductivity 
type  opposite  to  that  of  the  substrate,  and  having 
a  source  which  is  connected  to  one  end  of  the 
capacitor;  a  plurality  of  word  lines  formed  on  the 
substrate,  each  being  connected  in  common  with 
the  gates  of  the  switching  MOSFETs  of  a  plurality 
of  said  memory  cells  arranged  along  each  corre- 
sponding  column  of  said  memory  array;  a  plu- 
rality  of  digit  lines  formed  on  the  substrate,  each 
being  connected  in  common  with  the  drains  of 
the  switching  MOSFETs  of  a  plurality  of  said 
memory  cells  arranged  along  each  corresponding 
row  of  said  memory  array;  a  decoder  formed  on 
the  substrate  for  selectively  driving  said  plurality 
of  word  lines;  and  a  clock  generator  formed  on 
the  substrate  for  controlling  the  operational  tim- 
ing  of  the  decoder,  characterised  in  that  said 
switching  MOSFET  of  each  said  memory  cell  is  a 
depletion  type)  that  said  decoder  includes  an 
output  MOSFET  and  a  flip-flop  connected  to  the 
source  of  the  output  MOSFET,  wherein  a  sub- 
strate  bias  delivered  from  a  back-gate  bias  circuit 
is  used  as  a  reference  potential  of  said  flip-flop, 
and  that  a  level  shift  circuit  is  formed  on  the 
substrate  connected  between  an  output  of  said 
clock  generator  and  the  drain  of  the  output  MOS- 
FET  of  said  decoder. 

Embodiments  of  the  present  invention  will  now 
be  described  by  way  of  example  only  and  with 
reference  to  the  accompanying  drawings,  in 
which:  — 

Fig.  1  shows  an  equivalent  circuit  of  a  memory 
cell  in  a  MOS-dRAM  according  to  one  embodi- 
ment  of  the  present  invention; 

Fig.  2  shows  an  equivalent  circuit  of  a  memory 
array  of  the  MOS-dRAM; 

Fig.  3  shows  a  word  line  driver  of  the  MOS- 
dRAM; 

Fig.  4  shows  a  back-gate  bias  circuit  of  the 
MOS-dRAM;  and 

Fig.  5  shows  signal  waveforms  for  illustrating 
the  operation  of  the  MOS-dRAM. 

An  n-channel  MOS-dRAM  using  a  p-type  Si 
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MOSFETs  Q15to  Q21  are  all  off,  and  the  potential 
of  the  node  N3  is  kept  at  about  4.4  volts.  In  this 
state,  when  the  clock  signal  <p3  is  changed  from 
Vss  to  VDD,  the  potential  of  the  output  node  N2  of 

5  the  clock  generator  1  1  becomes  VDD,  while  that  of 
the  node  N4  of  the  decoder  12  becomes 
VDD-2Vth.  Thus,  the  decoder  12  is  selected,  and 
the  first-polarity  (positive)  voltage  VH=VDD-2Vth 
(=4  volts)  is  supplied  to  the  word  lie  WL  through 

10  the  MOSFET  Q23  which  is  on.  In  the  memory  cell 
connected  to  the  word  line  WL  selected  in  this 
manner,  the  MOSFET  is  turned  on,  and  reading  or 
writing  of  data  is  executed.  In  the  meantime,  the 
remaining  nonselected  word  lines  are  supplied 

15  with  the  second-polarity  (negative)  voltage 
VL=VBB  (=-3  volts). 

According  to  the  present  invention,  as 
described  above,  the  use  of  the  D-type  MOSFETs 
in  the  memory  cells  obviates  the  necessity  of  the 

20  pull-up  circuit  which  is  required  in  the  prior  art 
word  line  driver.  As  a  result,  the  time  conven- 
tionally  required  for  pulling  up  the  word  lines 
becomes  unnecessary,  so  that  the  access  time 
can  be  shortened  by  10  nsec  or  more.  In  the  word 

25  line  driver,  moreover,  punch-through  of  the  MOS- 
FETs  and  generation  of  hot  electrons  are 
restrained  to  improve  the  reliability  of  the  MOS- 
dRAM.  Furthermore,  the  peripheral  circuits 
require  less  power  and  less  space. 

30  To  prevent  erasure  of  data  in  the  nonselected 
memory  cells,  according  to  the  present  invention, 
the  nonselected  word  lines  require  a  voltage 
opposite  in  polarity  to  the  drain  supply  voltage. 
This  requirement  may  be  fulfilled  by  the  use  of 

35  the  back-gate  bias  circuit,  as  described  in  connec- 
tion  with  the  above  embodiment.  Namely,  the 
back-gate  bias  circuit  is  indispensable  to  the 
memory  device  of  this  type.  The  use  of  the  back- 
gate  bias  circuit  obviates  the  necessity  of  another 

40  negative  voltage  generating  circuit.  Since  a 
number  of  nonselected  word  lines  are  connected 
to  the  output  terminal  of  the  back-gate  bias 
circuit,  the  load  of  the  back-gate  bias  circuit  is 
increased.  In  consequence,  the  substrate  bias 

45  voltage  is  reduced  in  fluctuations,  that  is, 
stabilized.  Further,  the  capacity  of  all  the  word 
lines  is  great,  so  that  the  voltage  VDD-Vth  of  the 
selected  word  line  is  lowered  to  VBB  in  a  short 
time. 

so  In  the  MOSFET  of  each  memory  cell,  which  is  of 
the  D-type  according  to  the  present  invention,  a 
reverse  bias  is  applied  between  its  gate  and 
source  when  the  memory  cell  is  among  the 
nonselected  ones.  Therefore,  this  MOSFET  can 

55  have  a  short  channel  length.  Thus,  the  memory 
cell  can  be  reduced  in  area,  permitting  large-scale 
integration  of  the  MOS-dRAM.  Since  the  MOS- 
FETs  of  the  memory  cells  are  biased  in  the  reverse 
direction,  stored  data  is  securely  prevented  from 

60  being  erased  by  noise  or  capacitive  coupling. 
The  present  invention  is  not  limited  to  the 

embodiment  described  above.  For  example  the 
clock  generator  1  1  may  be  of  any  other  configura- 
tion,  provided  its  output  voltage  is  VDD-Vth  in  an 

65  active  cycle. 

The  word  line  driver  supplies  one  selected  word 
line  with  VH=VDD-2Vth  as  the  first-polarity  volt- 
age,  and  the  remaining  nonselected  word  lines 
with  VL=VBB  as  the  second-polarity  voltage. 

Fig.  4  shows  the  back-gate  bias  circuit  which 
generates  the  substrate  bias  voltage  VBB.  This 
circuit  includes  a  ring  oscillator  13  formed  of  a 
plurality  of  cascade-connected  MOS  inverters, 
clock  generators  14,  and  142  driven  by  clocks  cf>A 
and  <J>B  of  opposite  phases  delivered  from  the 
ring  oscillator  13,  and  charge  pumping  circuits  15, 
and  152  driven  by  the  clock  generators  14n  and 
142.  All  of  the  MOSFETs  Q27  to  Q62  used  in  this 
circuit  are  also  E-type  MOSFETs  whose  threshold 
voltage  is  about  0.6  V.  The  back-gate  bias  circuit  is 
weil-known  in  the  art.  The  substrate  bias  voltage 
VBB  as  the  output  of  the  back-gate  bias  circuit  is 
applied  to  the  sources  of  the  output  buffer  MOS- 
FETs  Q24  and  Q25ofthe  decoder  12  shown  in  Fig. 
3. 

More  specifically,  the  memory  array  and  its 
peripheral  circuits  described  above  are  integrated 
on,  for  example,  a  p-type  Si  substrate  with  a 
resistivity  of  20  Q  •  cm.  In  the  MOSFETs  used  in 
the  peripheral  circuits  shown  in  Figs.  3  and  4,  the 
channel  region  is  implanted  with  boron  ions  B+, 
and  the  gate  oxide  film  is  200  A  in  thickness.  As  a 
result,  the  MOSFETs  acquire  the  threshold  volt- 
age  of  about  -0.6  volt  when  supplied  with  the 
substrate  bias  voltage  VBB  (=-3  volts). 

In  the  MOSFETs  in  the  memory  array,  on  the 
other  hand,  the  channel  region  is  implanted  with 
phosphorus  ions  P+  or  arsenic  ions  As+  as 
impurities  whereby  the  channel  region  has  a 
conductivity  type  opposite  that  of  the  substrate. 
As  regards  As+,  for  example,  ion  implantation  is 
performed  at  a  dose  rate  of  5x1011/cm2  and  with 
acceleration  energy  of  50  keV.  The  gate  oxide  film 
thickness,  like  that  of  the  MOSFETs  in  the  peri- 
pheral  circuits,  is  200  A.  Thus,  the  MOSFETs  in  the 
memory  array  are  D-type  MOSFETs  whose 
threshold  voltage  Vth  is  about  -1.5  volts. 

Referring  now  to  Fig.  5,  the  operation  of  the 
MOS-dRAM  constructed  in  this  manner  will  be 
described.  When  the  drain  supply  voltage  VDD  (=5 
volts)  and  the  source  supply  voltage  Vss  (=0  volt) 
are  applied,  the  back-gate  bias  circuit  is  actuated 
to  deliver  VBB=-(VDD-2Vth)  (=-3  volts).  During 
precharging,  the  clock  signals  $1  and  $2  are  at 
VDD=5  volts.  In  the  meantime,  a  node  N1  of  the 
clock  generator  11  and  a  node  N3  of  the  decoder 
12  are  precharged  to  have  a  potential  at 
VDD-Vth=4  volts.  The  potentials  of  an  output 
node  N2  of  the  clock  generator  11  and  a  node  N4 
of  the  decoder  12  are  both  set  to  Vss.  At  this  time, 
the  MOSFETs  Q24  and  Q26  in  the  output  stage  of 
the  decoder  12  are  on,  so  that  the  word  lines  WL 
are  supplied  with  the  second-polarity  voltage 
VL=VBB  (=-3  volts). 

When  the  clock  signals  $1  and  <p2  are  changed 
from  VDD  to  Vss  and  enter  active  time,  the  internal 
address  signals  A0  to  A6  are  delivered  from  the 
address  buffer.  One  decoder  is  selected  in  accord- 
ance  with  the  address  signals  A0  to  A6.  If  all  the 
signals  A0  to  A6  are  "L"  in  the  circuit  of  Fig.  3,  the 
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Ziffern-  oder  Stellenleitungen  (DLi),  die  jeweils  mit 
den  Drainelektroden  der  Schalt-MOSFETs  einer 
Anzahl  der  langs  einer  entsprechenden  Zeile  des 
Speicherarrays  angeordneten  Speicherzellen  (Mij) 

5  zusammengeschaltet  sind, 
einen  auf  dem  Substrat  ausgebildeten  Decodie- 

rer  (1  2)  zurselektiven  Ansteuerung  der  Anzahl  von 
Wortleitungen  (WLj)  und 

einen  auf  dem  Substrat  ausgebildeten  Taktge- 
10  nerator  (11)  zur  Steuerung  des  Betriebs(zeit)takts 

des  Decodierers  (12), 
dadurch  gekennzeichnet,  dafc  der  Schalt-MOS- 

FET  (1)  jeder  Speicherzelle  (Mij)  von  einem  Verar- 
mungstyp  ist, 

15  dafc  der  Decodierer  (12)  einen  Ausgangs-MOS-^ 
FET  CQ23)  und  ein  mit  der  Sourceelektrode  des' 
Ausgangs-MOSFETs  (Q23)  verbundenes  Flipflop 
(Q24,  Q25)  aufweist,  wobei  eine  von  einem  Back- 
gate-Vorspannungskreis  gelieferte.  Substrat-Vor- 

20  spannung  (VBB)  als  Bezugspotential  des  Flipflops 
benutzt  wird,  und 

dalS  ein  auf  dem  Substrat  ausgebildeter  Pegel- 
schiebekreis  (Q12,  Q13)  zwischen  einen  Ausgang 
des  Taktgenerators  (11)  und  die  Drainelektrode 

25  des  Ausgangs-MOSFETs  (Q23)  des  Decodierers 
(12)  geschaltet  ist. 

Revendication 

30  Dispositif  de  memoire  a  semi-conducteur  com- 
portant: 

un  substrat  semi-conducteur; 
une  matrice  de  memoire  formee  de  plusieurs 

cellules  de  memoire  (Mij)  disposees  en  une 
35  matrice  sur  le  substrat,  chacune  desdites  cellules 

de  memoire  (Mij)  comprenant  un  condensateur  de 
memoire  (2)  et  un  MOSFET  de  commutation  (1) 
ayant  une  region  de  canal  qui  est  dopee  avec  des 
impuretes  d'un  type  de  conductivity  oppose  a  celui 

40  du  substrat  et  ayant  une  source  qui  est  connectee  a 
une  extremite  du  condensateur  (2); 

plusieurs  lignes  de  mot  (WLj)  formees  sur  le 
substrat,  connectees  chacune  en  commun  avec  les 
grilles  des  MOSFET  de  commutation  des  plusieurs 

45  cellules  de  memoire  disposees  le  long  de  chaque 
colonne  correspondante  de  ladite  matrice  de 
memoire; 

plusieurs  lignes  de  chiffre  (DLi)  formees  sur  le 
substrat,  connectees  chacune  en  commun  avec  les 

so  drains  des  MOSFET  de  commutation  des  plusieurs 
desdites  cellules  de  memoire  (Mij)  disposees  le 
long  de  chaque  rangee  correspondante  de  ladite 
matrice  de  memoire; 

un  decodeur  (12)  forme  sur  le  substrat  pour 
55  attaquerselectivementlesdites  plusieurs  lignes  de 

mot  (WLj);  et 
un  generateur  d'horloge  (11)  forme  sur  le  subs- 

trat  pour  commander  la  temporisation  operation- 
nelle  du  decodeur  (12); 

so  caracterise  en  ce  que  ledit  MOSFET  de  commu- 
tation  (1  )  de  chacune  desdites  cellules  de  memoire 
(Mij)  est  d'un  type  appauvri, 

en  ce  que  ledit  decodeur  (12)  comporte  un 
MOSFET  de  sortie  (Q23)  et  un  circuit  bistable  (Q24, 

65  Q25)  connecte  a  la  source  du  MOSFET  de  sortie 

The.  present  invention  may  also  be  applied  to  a 
p-channel  MOS-dRAM.  The  peripheral  circuits 
may  be  also  of  CMOS  configuration. 

Claim 

A  semiconductor  memory  device  comprising: 
a  semiconductor  substrate; 
a  memory  array  formed  of  a  plurality  of  memory 

cells  (Mij)  arranged  in  a  matrix  on  the  substrate, 
each  of  said  memory  cells  (Mij)  including  a 
memory  capacitor  (2)  and  a  switching  MOSFET  (1  ) 
having  a  channel  region  which  is  doped  with 
impurities  of  a  conductivity  type  opposite  to  that  of 
the  substrate,  and  having  a  source  which  is 
connected  to  one  end  of  the  capacitor  (2); 

a  plurality  of  word  lines  (WLj)  formed  on  the 
substrate,  each  being  connected  in  common  with 
the  gates  of  the  switching  MOSFETs  of  a  plurality 
of  said  memory  cells  arranged  along  each  corre- 
sponding  column  of  said  memory  array; 

a  plurality  of  digit  lines  (DLi)  formed  on  the 
substrate,  each  being  connected  in  common  with 
the  drains  of  the  switching  MOSFETs  of  a  plurality 
of  said  memory  cells  (Mij)  arranged  along  each 
corresponding  row  of  said  memory  array; 

a  decoder  (12)  formed  on  the  substrate  for 
selectively  driving  said  plurality  of  word  lines 
(WLj);  and 

a  clock  generator  (11)  formed  on  the  substrate 
for  controlling  the  operational  timing  of  the 
decoder  (12), 

characterised  in  that  said  switching  MOSFET  (1  ) 
of  each  said  memory  cell  (Mij)  is  a  depletion  type, 

that  said  decoder  (12)  includes  an  output  MOS- 
FET  (Q23)  and  flip-flop  (Q24,  Q25)  connected  to  the 
source  of  the  output  MOSFET  (Q23),  wherein  a 
substrate  bias  voltage  (VBB)  delivered  from  a  back- 
gate  bias  circuit  is  used  as  a  reference  potential  of 
said  flip-flop,  and 

that  a  level  shift  circuit  (Q12,  Q13)  is  formed  on 
the  substrate  connected  between  an  output  of  said 
clock  generator  (11)  and  the  drain  of  the  output 
MOSFET  (Q23)  of  said  decoder  (12). 

Patentanspruch 

Halbleiterspeicheranordnung,  umfassend: 
ein  Halbleitersubstrat, 
ein  Speicherarray,  gebildet  aus  einer  Anzahl  von 

in  einer  Matrix  auf  dem  Substrat  angeordneten 
Speicherzellen  (Mij)  mit  jeweils  einem  Speicher- 
kondensator  (2)  und  einem  Schalt-MOSFET  (1), 
der  einen  Kanalbereich,  welcher  mit  Fremdato- 
men  eines  dem  Leitungstyp  des  Substrats  entge- 
gengesetzten  Leitungstyps  dotiert  ist,  und 

eine  mit  der  einen  Seite  des  Kondensators  (2) 
verbundene  Sourceelektrode  aufweist, 

eine  Anzahl  von  auf  dem  Substrat  ausgebildeten 
Wortleitungen  (WLj),  die  jeweils  mit  den  Gateelek- 
troden  der  Schalt-MOSFETs  einer  Anzahl  der  langs 
jeder  betreffenden  Spalte  des  Speicherarrays 
angeordneten  Speicherzellen  zusammengeschal- 
tet  sind, 

eine  Anzahl  von  auf  dem  Substrat  ausgebildeten 
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en  ce  que  un  circuit  de  decalage  de  niveau  (Q12, 
Q23)  est  forme  sur  le  substrat,  connecte  entre  une 
sortie  dudit  generateur  d'horloge  (11)  et  le  drain 
du  MOSFET  de  sortie  (Q23)  dudit  decodeur  (12). 

(Q23),  dans  iequel  une  tension  de  polarisation  de 
substrat  (VBB)  delivree  par  un  circuit  de  contre- 
polarisation  de  grille  est  utilise  comme  un  poten- 
tiel  de  reference  dudit  circuit  bistable,  et 
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