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Description 

The  present  invention  relates  to  a  dynamic 
random  access  memory  (hereinafter  referred  to  as 
DRAM)  in  general.  More  particularly,  but  not  exclu- 
sively,  it  relates  to  a  CMOS-DRAM  employing  a 
(1/2)  Vcc  precharge  system,  i.e.  a  system  of 
precharging  bit  lines  at  (1/2)  Vcc  by  equalizing 
means.  It  also  relates  to  a  method  of  reading  the 
same. 

A  dynamic  RAM  generally  comprises  memory 
cell  array  blocks.  Each  of  the  blocks  has  a  plurality 
of  memory  cells,  and  each  of  the  memory  cells  is 
formed  by  a  transistor  and  a  capacitor.  As  the  ratio 
of  the  capacitance  of  a  bit  line  to  that  of  the 
capacitor  of  the  memory  cell  is  decreased,  poten- 
tial  variation  of  the  bit  line  in  data  reading  is  in- 
creased  so  that  input  potential  difference  for  a 
sense  amplifier  is  increased,  whereby  a  read  op- 
eration  is  reliably  performed. 

However,  the  memory  cell  size  is  reduced  as  a 
memory  having  a  larger  capacity  is  implemented 
with  higher  density  of  integration,  whereby  the 
memory  cell  capacitance  is  decreased  while  the 
number  of  memory  cells  connected  to  a  bit  line  is 
increased.  Therefore,  the  bit  line  is  enlarged  in 
length  and  the  capacitance  thereof  is  increased. 
Thus,  the  ratio  of  the  bit  line  capacitance  to  the 
memory  cell  capacitance  may  be  so  increased  that 
a  read  operation  cannot  be  reliably  performed.  In 
order  to  solve  such  a  problem,  there  is  an  attempt 
to  divide  a  bit  line  into  a  plurality  of  blocks  to 
reduce  the  ratio  of  the  bit  line  capacitance  to  the 
memory  cell  capacitance. 

Fig.  1  shows  the  entire  structure  of  a  conven- 
tional  basic  DRAM. 

Referring  to  Fig.  1,  the  conventional  DRAM 
comprises  a  memory  part  1  including  a  memory 
cell  array  formed  by  a  plurality  of  memory  cells 
arrayed  in  the  form  of  a  matrix,  a  row  decoder  for 
selecting  a  row  from  the  memory  cell  array  and  a 
column  decoder  for  selecting  a  column  from  the 
memory  cell  array.  Provided  as  peripheral  circuits 
are  a  clock  generation  circuit  2  for  generating  var- 
ious  operation  timing  signals  in  response  to  an 
externally  supplied  clock  signal  RAS,  an  address 
buffer  3  for  strobing  externally  supplied  address 
signals  Ao  to  An  in  response  to  a  control  signal 
(internal  RAS)  from  the  clock  generation  circuit  2  to 
generate  an  internal  address  signal  and  supply  the 
same  to  the  row  decoder  and  the  column  decoder 
of  the  memory  part  1,  a  data  input  buffer  4  for 
receiving  input  data  D!N  in  response  to  a  control 
signal  from  the  clock  generation  circuit  2  and  trans- 
mitting  the  same  to  the  memory  part  1  and  a  data 
output  buffer  5  for  receiving  data  read  from  the 
memory  part  1  in  response  to  a  control  signal  from 
the  clock  generation  circuit  2  and  transferring  out- 

put  data  Dqut  to  the  exterior. 
The  clock  signal  RAS  is  supplied  to  a  terminal 

10.  The  external  address  signals  Ao  to  An  are 
supplied  to  terminals  11-0  to  11-n,  respectively. 

5  The  input  data  D!N  is  supplied  to  a  terminal  12.  The 
output  data  D0ut  is  transmitted  from  a  terminal  13 
to  the  exterior  of  the  DRAM.  A  power  terminal  14 
for  receiving  supply  voltage  Vcc  and  a  ground 
terminal  15  connected  to  a  ground  potential  Vss  are 

io  further  provided  in  order  to  supply  operating  volt- 
age  to  the  DRAM.  The  memory  part  1  and  the 
peripheral  circuits  are  integrated  on  a  semiconduc- 
tor  chip  16. 

Fig.  2  shows  exemplary  structure  of  the  mem- 
75  ory  part  1  of  the  DRAM  as  shown  in  Fig.  1. 

Referring  to  Fig.  2,  the  memory  cell  array  is 
divided  into  eight  memory  cell  array  blocks  MLi  , 
ML2,  ML3  and  MU  and  MRi  ,  MR2,  MR3  and  MR+. 
A  column  decoder  is  provided  for  four  memory  cell 

20  array  blocks.  Namely,  a  column  decoder  CL  is 
provided  for  the  left  memory  cell  array  blocks  MLi 
to  MU  and  another  column  decoder  CR  is  pro- 
vided  for  the  right  memory  cell  array  blocks  MRi 
to  MR*. 

25  A  shared  sense  amplifier  block  NSLi  is  pro- 
vided  between  the  memory  cell  array  blocks  MLi 
and  ML2.  Respective  bit  lines  of  the  memory  cell 
array  blocks  MLi  and  ML2  are  connected  with  each 
other  through  the  shared  sense  amplifier  block 

30  NSLi  ,  to  form  one  bit  line.  A  sense  amplifier  block 
PSLi  is  provided  to  detect  and  amplify  information 
on  each  bit  line  of  the  memory  cell  array  block 
MLi  ,  and  a  sense  amplifier  +  I/O  block  PILi  is 
provided  between  the  column  decoder  CL  and  the 

35  memory  cell  array  block  ML2  in  order  to  detect  and 
amplify  information  on  each  bit  line  of  the  memory 
cell  array  block  ML2. 

The  information  on  each  bit  line  of  the  memory 
cell  array  block  MLi  is  detected  and  amplified  by 

40  respective  amplifiers  of  the  sense  amplifier  block 
PSLi  and  the  shared  sense  amplifier  block  NSLi  . 
The  information  on  each  bit  line  of  the  memory  cell 
array  block  ML2  is  detected  and  amplified  by  re- 
spective  amplifiers  of  the  shared  sense  amplifier 

45  block  NSLi  and  the  sense  amplifier  +  I/O  block 
PILi  .  One  of  the  bit  lines  of  the  memory  cell  array 
blocks  MLi  and  ML2  is  connected  to  a  data 
input/output  bus  through  an  I/O  gate  in  the  sense 
amplifier  +  I/O  block  PILi  by  output  of  the  column 

50  decoder  CL. 
The  remaining  memory  cell  array  blocks  ML3 

and  ML+  are  arranged  in  a  similar  manner  to  the 
above.  Namely,  a  sense  amplifier  +  I/O  block  PIL2 
is  provided  between  the  column  decoder  CL  and 

55  the  memory  cell  array  block  ML3  and  a  shared 
sense  amplifier  block  NSL2  is  provided  between 
the  memory  cell  array  blocks  ML3  and  ML+  while  a 
sense  amplifier  block  PSL2  is  provided  on  the  right 
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end  of  the  memory  cell  array  block  MU. 
The  right  memory  cell  array  blocks  MRi  to 

MR4  are  arranged  symmetrically  to  the  left  mem- 
ory  cell  array  blocks  MLi  to  MU.  A  sense  amplifier 
block  PSR1  is  provided  for  the  memory  cell  array 
block  MRi  ,  and  a  shared  sense  amplifier  block 
NSR1  is  provided  between  the  memory  cell  array 
blocks  MRi  and  MR2.  A  sense  amplifier  +  I/O 
block  PIR1  is  provided  between  the  memory  cell 
array  block  MR2  and  the  column  decoder  CR.  A 
sense  amplifier  +  I/O  block  PIR2  is  provided  be- 
tween  the  column  decoder  CR  and  the  memory 
cell  array  block  MR3.  A  shared  sense  amplifier 
block  NSR2  is  provided  between  the  memory  cell 
array  blocks  MR3  and  MR+,  and  a  sense  amplifier 
block  PSR2  is  provided  on  the  right  end  of  the 
memory  cell  array  block  MR+.  Operation  of  each 
right  block  is  functionally  similar  to  that  of  the 
corresponding  one  of  the  left  blocks. 

A  row  decoder  RD  is  provided  for  selecting  a 
word  line  (a  row)  from  the  memory  cell  array 
blocks  MLi  to  MU  and  MRi  to  MR*. 

Description  is  now  made  on  the  structure  of  a 
bit  line  part  selected  by  one  of  column  decoder 
output,  i.e.,  the  structure  of  an  adjacent  pair  of 
memory  cell  array  blocks  and  a  sense  amplifier 
provided  for  the  same. 

Fig.  3  illustrates  the  structure  of  a  bit  line  pair 
and  a  CMOS  sense  amplifier  part  of  a  conventional 
DRAM  as  described  in,  e.g.,  ISSCC  Digest  of  Tech- 
nical  Papers  1984,  pp.  278  to  279.  This  DRAM 
employs  the  so-called  shared  sense  amplifier 
structure  in  which  each  bit  line  is  divided  into  a  pair 
of  divided  bit  lines  to  commonly  share  a  sense 
amplifier  with  a  divided  bit  line  pair  provided  on 
both  sides  of  the  same.  Although  transistors  of 
memory  cells  are  formed  by  P-channel  FETs  and 
the  shared  sense  amplifier  is  formed  by  P-channel 
FETs  and  sense  amplifiers  on  both  ends  are 
formed  by  N-channel  FETs  in  the  structure  de- 
scribed  in  the  aforementioned  literature,  such  FETs 
are  reversed  in  conductivity  type  and  the  operation 
is  slightly  simplified  in  Fig.  3,  for  convenience  of 
illustration  and  comparison. 

Referring  to  Fig.  3,  symbols  MCBj!  and  MCBj2 
indicate  memory  cell  array  blocks,  each  of  which 
includes  a  plurality  of  word  lines,  a  plurality  of 
divided  bit  line  pairs,  memory  cells,  potential  dif- 
ference  amplifying  means  and  equalizing  means. 
Bit  lines  forming  folded  bit  lines  are  divided  into  bit 
line  pairs  BLLj,  BLLj  and  BLRj,  BLRj  respectively. 
Cross-coupled  FETs  0  ̂ and  Qj2  form  an  N-channel 
sense  amplifier  (potential  difference  amplifying 
means)  NSAj,  which  is  shared  with  the  memory  cell 
array  blocks  MCBj!  and  MCBj2.  Similarly  cross- 
coupled  FETs  Qj5,  Qj6  and  Qj7,  Qj8  are  adapted  to 
form  P-channel  sense  amplifiers  (potential  differ- 
ence  amplifying  means)  PSAjL  and  PSAjR,  respec- 

tively.  The  sources  of  the  FETs  0  ̂ and  Qj2  are 
commonly  connected  to  the  drain  of  an  FET  QN, 
whose  gate  and  source  are  connected  to  an  N- 
channel  sense  amplifier  driving  signal  SN  and  a 

5  ground  potential  Vss,  respectively.  The  sources  of 
the  FETs  Qj5,  Qj6  and  Qj7,  Qj8  are  commonly  con- 
nected  to  the  drains  of  FETs  QPL  and  QPR  respec- 
tively,  while  the  gate  and  the  source  of  the  FET 
Qpl  are  connected  to  a  P-channel  sense  amplifier 

10  driving  signal  SPL  and  a  supply  potential  Vcc  re- 
spectively,  and  the  gate  and  the  source  of  the  FET 
Qpr  are  connected  to  a  P-channel  sense  amplifier 
driving  signal  SPR  and  a  supply  potential  Vcc,  re- 
spectively. 

15  The  P-channel  sense  amplifier  PSAjL  is  con- 
nected  to  the  divided  bit  lines  BLLj  and  BLLj  and 
the  P-channel  sense  amplifier  PSAjR  is  connected 
to  the  divided  bit  lines  BLRj  and  BLRj.  Transfer 
gate  FETs  Qjn  and  Qj12  are  provided  between  the 

20  divided  bit  lines  BLLj  and  BLLj  and  the  N-channel 
sense  amplifier  NSAj  while  transfer  gate  FETs  Qj13 
and  Qj14  are  provided  between  the  divided  bit  lines 
BLRj  and  BLRj  and  the  N-channel  sense  amplifier 
NSAj.  The  gates  of  the  FETs  Qjn,  Qj12  and  Qj13, 

25  Qj14  receive  the  transfer  signals  SL  and  SR,  re- 
spectively.  FETs  Qj9  and  Qj10  are  provided  for 
equalizing  the  divided  bit  line  pairs  BLLj,  BLLj  and 
BLRj,  BLRj  respectively,  and  the  gates  thereof  re- 
ceive  equalizing  signals  EQ. 

30  The  divided  bit  lines  BLRj  and  BLRj  are  con- 
nected  to  bus  lines  BU  and  BD,  respectively, 
through  column  gate  FETs  Qj15  and  Qj16,  whose 
gates  are  connected  to  a  column  selecting  signal 
Yj.  Although  a  plurality  of  memory  cells  are  gen- 

35  erally  connected  to  such  divided  bit  lines  in  accor- 
dance  with  memory  capacity,  for  simplicity  is  re- 
presented  a  memory  cell  MQj  connected  to  the 
divided  bit  line  BLLj  in  Fig.  3.  The  memory  cell 
MCij  is  formed  by  a  capacitor  Qj  and  an  FET  Qy, 

40  and  the  gate  of  the  FET  is  connected  to  a  word 
line  WL|.  An  electrode  of  the  capacitor  Qj  is  con- 
nected  to  a  memory  cell  plate  potential  VSG. 

Description  is  now  made  on  an  operation  of  the 
CMOS  sense  amplifier  structure  as  shown  in  Fig.  3 

45  in  the  case  of  reading  data  "1  "  stored  in  the 
capacitor  Qj  of  the  memory  cell  MQj,  with  refer- 
ence  to  Fig.  4  showing  an  operating  waveform 
diagram. 

The  DRAM  enters  an  activated  state  on  the 
50  falling  edge  of  an  external  signal  RAS  (hereinafter 

referred  to  as  Ext.  RAS  signal)  as  shown  in  Fig.  4. 
In  this  activated  state,  an  external  row  address 
signal  is  latched  in  the  interior  of  the  chip  on  the 
falling  edge  of  the  Ext.  RAS  signal.  Then  the  equal- 

55  izing  signal  EQ  and  the  transfer  signal  SR  are 
turned  to  low  levels  to  stop  equalization  of  the 
divided  bit  lines  BLLj,  BLLj  and  BLRj,  BLRj  while 
separating  the  divided  bit  lines  BLRj  and  BLRj  from 

3 
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the  N-channel  sense  amplifier  NSA.  At  this  time, 
the  transfer  signal  SL  is  maintained  at  a  high  level. 

Then,  a  potential  of  a  word  line  selected  in 
response  to  the  row  address  signal  latched  in  the 
chip  interior  goes  high.  It  is  assumed  here  that  the 
word  line  WLj  of  Fig.  3  is  selected.  When  the 
potential  of  the  word  line  WLj  thus  goes  high,  the 
FET  Qjj  enters  an  ON  state  so  that  the  charge 
stored  in  the  capacitor  Cjj  is  transferred  to  the 
divided  bit  line  BLLj,  whereby  the  potential  of  the 
divided  bit  line  BLLj  exceeds  the  level  as  is  equal- 
ized,  i.e.,  (Vcc  -  Vss)/2.  Then,  the  sense  amplifier 
driving  signals  SN  and  SPL  are  turned  to  high  and 
low  levels,  respectively,  whereby  the  FETs  QN  and 
Qpl  are  turned  on  so  that  the  N-channel  sense 
amplifier  NSAj  and  the  P-channel  sense  amplifier 
PSAjL  operate  to  amplify  the  potential  difference 
between  the  divided  bit  lines  BLLj  and  BLLj. 

Then,  the  transfer  signal  SR  again  goes  high 
so  that  the  potentials  of  the  divided  bit  lines  BLLj 
and  BLLj  are  transferred  to  the  divided  bit  lines 
BLRj  and  BLRj.  As  the  result,  the  potentials  of  the 
divided  bit  lines  BLRj  and  BLRj  go  high  and  low, 
respectively.  Then,  the  sense  amplifier  driving  sig- 
nal  SpR  goes  low  and  the  FET  QPR  enters  an  ON 
state  so  that  the  P-channel  sense  amplifier  PSAjR 
operates,  whereby  the  potential  of  the  divided  bit 
line  BLRj  is  raised  to  a  higher  level.  Then,  the 
column  selecting  signal  Yj  goes  high  so  that  the 
potentials  of  the  divided  bit  lines  BLRj  and  BLRj  are 
transferred  to  the  bus  lines  BU  and  BD,  whereby 
the  data  "1  "  stored  in  the  capacitor  Cjj  of  the 
memory  cell  MCij  is  read  out. 

When  the  Ext.  RAS  signal  goes  high  so  that 
the  DRAM  enters  an  inactivated  state,  the  potential 
of  the  selected  word  line  WLj  goes  low  and  the 
FET  Qjj  in  the  memory  MCcj  enters  an  OFF  state. 
Then  the  sense  amplifier  driving  signal  SN  is  turned 
to  a  low  level  and  the  signals  SPL  and  SPR  are 
turned  to  high  levels.  Further,  the  equalizing  signals 
EQ  and  the  transfer  signals  SL  and  SR  are  turned 
to  high  levels,  whereby  the  divided  bit  lines  BLLj, 
BLLj  and  BLRj  and  BLRj  are  equalized  so  that  the 
respective  potentials  thereof  are  averaged  to  the 
level  of  (Vcc  -Vss)/2,  while  the  paired  divided  bit 
lines  are  connected  with  each  other  at  the  same 
time. 

The  aforementioned  various  control  signals  are 
produced  by  circuits  as  shown  in  Fig.  5.  Descrip- 
tion  is  now  made  on  the  structure  of  each  control 
signal  producing  circuit. 

The  equalizing  signal  EQ  is  produced  by  a 
delay  circuit  51  for  delaying  the  clock  signal  RAS 
by  a  predetermined  time  t2  and  an  equalizing  sig- 
nal  generator  52  formed  by  a  buffer  for  waveform- 
shaping  output  from  the  delay  circuit  51  and  out- 
putting  the  same. 

A  word  line  driving  signal  WLj  is  produced  by  a 

row  decoder  53.  The  row  decoder  53  decodes  an 
internal  row  address  from  an  address  buffer  54  for 
receiving  an  external  address  and  producing  an 
internal  address  to  select  a  word  line  WLj,  thereby 

5  to  make  the  potential  of  the  selected  word  line  rise 
in  response  to  a  signal  from  a  delay  circuit  55  for 
delaying  the  clock  signal  RAS  by  a  time  t3. 

The  NMOS  sense  amplifier  driving  signal  SN  is 
produced  by  a  delay  circuit  56  for  delaying  the 

io  word  line  driving  signal  WLj  by  a  time  U  and 
outputting  the  same  and  an  NMOS  sense  amplifier 
driving  signal  generator  57  formed  by  a  buffer  for 
waveform-shaping  output  from  the  delay  circuit  56 
and  outputting  the  same. 

is  The  transfer  signal  SL  is  produced  by  a  left 
transfer  signal  generator  60  activated  in  response 
to  a  block  selecting  address  from  the  address 
buffer  54  for  generating  a  signal  which  falls  in 
response  to  a  signal  from  a  delay  circuit  58  for 

20  delaying  the  clock  signal  RAS  by  a  time  ti  while 
rising  in  response  to  output  from  a  delay  circuit  59 
for  delaying  the  NMOS  sense  amplifier  driving  sig- 
nal  SN  by  a  time  fe  . 

The  transfer  signal  SR  is  produced  by  a  right 
25  transfer  signal  generator  61  activated  in  response 

to  a  block  selecting  address  from  the  address 
buffer  54  for  generating  a  signal  which  falls  in 
response  to  the  output  from  the  delay  circuit  58 
while  rising  in  response  to  the  output  from  the 

30  delay  circuit  59. 
The  PMOS  sense  amplifier  driving  signal  SPL  is 

produced  by  a  left  PMOS  sense  amplifier  driving 
circuit  64  activated  in  response  to  a  block  selecting 
address  from  the  address  buffer  54  for  generating 

35  a  signal  which  goes  low  in  response  to  either 
output  from  a  delay  circuit  62  for  delaying  the 
sense  amplifier  driving  signal  SN  by  a  time  fe  or 
output  from  a  delay  circuit  63  for  delaying  the 
sense  amplifier  driving  signal  SN  by  a  time  t7. 

40  The  PMOS  sense  amplifier  driving  signal  SPR  is 
produced  by  a  right  PMOS  sense  amplifier  activat- 
ing  circuit  65  activated  by  a  block  selecting  ad- 
dress  from  the  address  buffer  54  for  generating  a 
signal  which  falls  in  response  to  either  output  from 

45  the  delay  circuit  62  or  63. 
The  falling  timing  of  the  sense  amplifier  driving 

signals  SPL  and  SPR  is  determined  by  the  block 
selecting  address. 

The  column  selecting  signal  Yj  is  produced  by 
50  a  column  decoder  67.  The  column  decoder  67 

decodes  a  column  address  from  the  address  buffer 
54  to  generate  a  signal  Yj  which  rises  in  response 
to  output  of  a  delay  circuit  66  for  delaying  the 
NMOS  sense  amplifier  driving  signal  SN  by  a  time 

55  ts  to  select  a  pair  of  bit  lines  and  connect  the  same 
to  the  data  input/output  buses  BU  and  BD. 

When  the  word  line  WLj  in  the  left-side  block  is 
selected  in  the  conventional  dynamic  random  ac- 

4 
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cess  memory  as  hereinabove  described,  the  data 
stored  in  the  memory  cell  is  first  read  on  the 
divided  bit  lines  BLLj  and  BLLj,  to  be  then  trans- 
ferred  to  the  divided  bit  lines  BLRj  andBLRj.  On  the 
other  hand,  since  the  left  and  right  divided  bit  line 
pairs  BLLj,  BLLj  and  BLRj,  BLRj  are  equalized  by 
the  same  signals  EQ,  equalization  of  these  divided 
bit  line  pairs  is  simultaneously  stopped.  Conse- 
quently,  when  a  word  line  in  the  left  memory  block 
is  selected,  the  right-side  divided  bit  lines  BLRj  and 
BLRj  enter  electrically  floating  states  after  the 
equalizing  signal  EQ  goes  low,  to  be  maintained  in 
such  states  until  the  transfer  signal  SR  again  goes 
high.  Such  an  interval  is  about  5  to  15  nsec.  in 
general.  In  this  interval,  the  left-side  divided  bit 
lines  BLLj  and  BLLj  perform  a  sensing  operation. 
During  the  sensing  operation,  one  of  the  divided  bit 
lines  BLLj  and  BLLj,  i.e.,  BLLj  in  this  case,  is 
discharged  to  the  ground  potential  Vss  while  the 
other  one,  i.e.,  BLLj  in  this  case,  is  charged  to  the 
power  supply  potential  Vcc.  Such  sensing  operation 
is  simultaneously  performed  in  a  number  of  divided 
bit  line  pairs  coupled  to  memory  cells  which  are 
connected  to  the  selected  word  line  WLj,  whereby 
the  levels  of  the  ground  potential  Vss  and  the 
supply  potential  Vcc  are  varied  to  cause  noise.  The 
right-side  divided  bit  lines  BLRj  andBLRj  are  in 
floating  states  at  the  time  when  such  noise  is 
caused,  to  be  subjected  to  potential  deviation  by 
such  noise. 

When  the  divided  bit  lines  BLRj  and  BLRj  are 
affected  by  noise  in  a  direction  opposite  to  the 
potentials  to  be  originally  effected,  it  takes  time  to 
discharge  and  charge  the  divided  bit  lines  BLRj 
and  BLRj,  respectively,  whereby  the  sensing  time 
is  increased  by  A  t  as  compared  with  the  case  in 
which  no  such  noise  is  produced,  to  delay  the 
access  time. 

A  method  of  equalizing  a  bit  line  pair  is  de- 
scribed  in  U.S.  Patent  No.  4397003  to  Wilson  et  al., 
for  example.  However,  this  prior  art  takes  no  ac- 
count  of  a  divided  bit  line  pair  or  noise  applied  to 
the  divided  bit  line  pair 

As  relevant  background  prior  art,  mention  is 
made  of  U.S.  Patent  Applications  Serial  Nos. 
014837,  020192  and  027536  by  the  same  appli- 
cant.  Each  of  these  disclose  a  DRAM  having  a 
divided  line  pair  structure  and  the  same  equalising 
timing  as  just  described. 

Other  prior  art  dynamic  random  access  memo- 
ries  having  a  multiple  block  structure  and  in  which 
memory  cells  are  accessed  via  a  plurality  of  inter- 
connectable  divided  bit  line  pairs  are  disclosed  in: 
European  Patent  Application  No.  0185572;  Euro- 
pean  Patent  Application  No.  0165106;  US  Patent 
Specification  No.  4122546;  and  IBM  Technical  Dis- 
closure  Bulletin,  Volume  22  No.  8B,  January  1980, 
pages  3738-3739,  New  York,  US,  L  Arzubi  et  al, 

"Bit  Line  Cascading  In  Semiconductor  Storage 
Chips". 

Dynamic  random  access  memories  in  accor- 
dance  with  this  invention,  and  memories  as  de- 

5  scribed  above  with  reference  to  Figures  1  to  5,  or 
as  disclosed  in  other  prior  art  and  in  particular  as 
disclosed  in  European  Patent  Application  No. 
0185572,  have  the  following  features  in  common: 

a  multiplicity  of  memory  cells; 
io  a  plurality  of  word  lines  each  connected  to  a 

respective  row  of  the  memory  cells; 
a  plurality  of  paired  bit-lines  each  connected  to 

a  respective  column  of  the  memory  cells,  each  pair 
of  bit-lines  being  divided  into  a  plurality  of  sections 

is  each  comprised  of  a  pair  of  bit-line  portions; 
amplifying  means  provided  for  each  section  for 

sensing  and  amplifying  a  difference  in  the  poten- 
tials  of  the  respective  bit-line  portions; 

equalising  means  provided  for  each  section  for 
20  equalising  the  potentials  of  the  respective  bit-line 

portions; 
switching  means  arranged  for  coupling  togeth- 

er  the  plurality  of  sections  of  each  pair  of  bit-lines 
and  for  connecting  each  pair  of  bit-lines  to  a  read- 

25  out  output  of  the  memory;  and 
timing  control  means  for  controlling  the  oper- 

ations  of  said  equalising  means  the  amplifying 
means  and  the  switching  means. 

The  present  invention  is  intended  to  provide  a 
30  dynamic  random  access  memory  capable  of  high 

speed  operation  and  in  which  in  particular  read-out 
access  is  improved. 

Now  it  has  been  found  that  in  dynamic  random 
access  memories  having  the  common  structure  just 

35  described,  the  time  that  is  required  for  the  perfor- 
mance  of  sensing  operation  for  each  section  of 
each  pair  of  bit  lines  is  unduly  extended  by  reason 
that  following  inhibit  of  the  equalisation  of  potentials 
the  potentials  become  unbalanced  prior  to  the  re- 

40  spective  start  of  sensing  operation  in  each  section. 
In  the  initial  period  of  time  during  which  a  sensing 
and  amplifying  operation  is  performed  in  one  sec- 
tion  of  a  pair  of  bit-lines,  a  noise  signal  is  ordinarily 
induced  in  the  one  or  more  other  sections  of  the 

45  pair  of  bit-lines  that  are  adjacent  or  near  adjacent 
to  that  one  section.  It  is  during  this  initial  period  of 
time  that  charging  currents  flow  and  a  cross-talk 
noise  signal  is  induced  in  those  adjacent  or  near 
adjacent  sections  that  are  at  a  floating  potential.  As 

50  follows,  a  solution  is  provided. 
In  accordance  with  the  present  invention,  there 

is  provided  a  dynamic  random  access  memory 
having  the  common  structure  just  described,  which 
dynamic  random  access  memory  is  characterised 

55  in  that 
the  timing  control  means  is  operable  to  control 

operation  of  the  amplifying  means  and  the  equalis- 
ing  means  such  that  the  amplifying  means  of  one 

5 
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section  of  a  bit-line  pair  is  activated  to  sense  and 
amplify  the  difference  in  the  potentials  of  the  re- 
spective  bit-line  portions  thereof  while  the  equalisa- 
tion  means  of  said  other  sections  operates  so  that 
the  potentials  of  the  respective  bit-line  portions  are 
maintained  equal. 

In  the  aforesaid  memory  since  the  potentials 
are  maintained  equal  in  another  of  the  sections,  the 
effect  of  the  charging  currents  flowing  in  the  one 
section  do  not  result  in  an  unbalancing  of  the 
potentials  in  this  another  section.  Accordingly  when 
this  another  section  is  coupled  in  and  sensing  and 
amplification  is  performed,  it  can  attain  a  stable 
state  more  rapidly  with  consequent  reduction  in  the 
access  time  that  is  necessarily  required  for  reading 
data  stored  in  the  memory. 

In  the  preferred  embodiment  described  below 
potential  equalisation  in  this  another  section  is  in- 
hibited  to  immediately  precede  its  coupling  and  the 
sensing  and  amplification  operations  that  are  per- 
formed  therein.  This  effectively  reduces  the  period 
of  time  during  which  this  section  is  floating  and  this 
thus  minimises  the  time  interval  during  which  it  can 
respond  to  external  noise. 

Mention  is  made  here  of  European  Patent  Ap- 
plication  No.  0071245.  This  also  describes  a  mem- 
ory  in  which  equalisation  operations  are  performed 
at  different  times  during  a  read-out  cycle.  In  the 
arrangement  described,  the  equalisation  circuits, 
one  in  each  of  a  plurality  of  parallel  pairs  of  bit- 
lines,  are  not  all  activated  together  but  they  are 
activated  in  a  delayed  time  sequence.  As  a  result 
the  noise  that  is  produced  by  the  flow  of 
charge/discharge  currents  in  the  pairs  of  bit-lines 
during  equalisation  is  distributed  in  time  and  is 
substantially  reduced  in  peak  value.  This  is  to  be 
compared  with  the  memory  just  defined  which  is 
provided  to  reduce  that  noise  induced  whilst  a 
section  of  each  pair  of  bit-lines  is 
charged/discharged  during  sensing  and  amplifica- 
tion.  In  the  embodiments  described  below  the 
maintenance  of  potential  equalisation  is  stopped  at 
different  times  for  each  section  of  each  pair  of  bit- 
lines,  depending  on  when  each  section  is  coupled 
in  and  the  sensing  and  amplifying  operations  are 
performed  therein. 

The  objects,  features,  aspects  and  advantages 
of  the  present  invention  will  become  more  apparent 
from  the  following  detailed  description  of  the 
present  invention  when  taken  in  conjunction  with 
the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  schematically  illustrates  the  entire  struc- 
ture  of  a  conventional  DRAM; 
Fig.  2  schematically  illustrates  the  structure  of  a 
memory  part  of  the  conventional  DRAM; 

Fig.  3  specifically  illustrates  the  structure  of  a  bit 
line  part  of  a  memory  cell  array  of  the  conven- 
tional  DRAM; 
Fig.  4  is  a  waveform  diagram  showing  sensing 

5  operation  of  the  conventional  DRAM; 
Fig.  5  illustrates  the  structure  of  respective  con- 
trol  signal  producing  circuits  of  the  conventional 
DRAM; 
Fig.  6  illustrates  the  structure  of  a  bit  line  part  of 

io  a  memory  cell  array  of  a  DRAM  according  to  an 
embodiment  of  the  present  invention; 
Fig.  7  is  a  waveform  diagram  showing  sensing 
operation  of  the  DRAM  as  shown  in  Fig.  6; 
Fig.  8  is  a  block  diagram  showing  circuits  for 

is  producing  signals  for  controlling  the  operation  of 
the  DRAM  as  shown  in  Fig.  6; 
Fig.  9  illustrates  the  structure  of  a  bit  line  part  of 
a  memory  cell  array  of  a  DRAM  according  to 
another  embodiment  of  the  present  invention; 

20  Fig.  10  is  a  waveform  diagram  showing  sensing 
operation  of  the  DRAM  as  shown  in  Fig.  9; 
Fig.  11  is  a  block  diagram  showing  circuits  for 
producing  control  signals  for  controlling  the  op- 
eration  of  the  DRAM  as  shown  in  Fig.  9;  and 

25  Fig.  12  illustrates  the  structure  of  a  bit  line  part 
of  a  memory  cell  array  of  a  DRAM  according  to 
still  another  embodiment  of  the  present  inven- 
tion. 

30  DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Description  is  now  made  of  embodiments  of 
the  present  invention  with  reference  to  the  accom- 

35  panying  drawings. 
Fig.  6  illustrates  the  structure  of  a  CMOS  sense 

amplifier  part  and  a  paired  bit  line  of  a  dynamic 
random  access  memory  according  to  an  embodi- 
ment  of  the  present  invention.  Referring  to  Fig.  6,  a 

40  bit  line  pair  forming  a  folded  bit  line  is  divided  into 
bit  line  pairs  BLLj,  BLLj  and  BLRj,  BLRj  by  transfer 
gate  FETs  (switching  means)  Qjn,  Qj12  and  Qj13, 
Qj14.  Namely,  the  bit  line  pair  is  divided  into  two  bit 
line  pairs.  An  N-channel  sense  amplifier  NSAj  is 

45  formed  by  cross-coupled  FETs  Q̂   and  Qj2  and  P- 
channel  sense  amplifiers  PSAjL  and  PSAjR  are 
formed  by  cross-coupled  FETs  Qj5,  Qj6  and  Qj7, 
Qj8,  respectively.  The  sources  of  the  FETs  Q̂   and 
Qj2  are  commonly  connected  to  the  drain  of  an 

50  FET  QN  which  in  turn  has  a  gate  and  a  source 
connected  to  an  N-channel  sense  amplifier  driving 
signal  SN  and  a  ground  potential  Vss,  respectively. 
The  sources  of  the  FETs  Qj5,  Qj6  and  Qj7,  Qj8  are 
commonly  connected  to  the  drains  of  FETs  QPL 

55  and  QpR,  respectively,  while  the  gate  and  the 
source  of  the  FET  QPL  are  connected  to  receive  a 
P-channel  sense  amplifier  driving  signal  SPL  and  a 
supply  potential  Vcc,  respectively,  and  the  gate  and 

6 
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the  source  of  the  FET  QPR  are  connected  to  re- 
ceive  a  P-channel  sense  amplifier  driving  signal 
SpR  and  a  supply  potential  Vcc. 

The  P-channel  sense  amplifier  PSAjL  is  pro- 
vided  for  the  divided  bit  line  pair  BLLj  and  BLLj 
while  the  P-channel  sense  amplifier  PSAjR  is  pro- 
vided  for  the  divided  bit  line  pair  BLRj  and  BLRj. 
Transfer  gate  FETs  Qjn  and  Qj12  are  provided 
between  the  divided  bit  lines  BLLj  and  BLLj  and  the 
N-channel  sense  amplifier  NSAj,  while  transfer  gate 
FETs  Qj13  and  Qj14  are  provided  between  the  di- 
vided  bit  lines  BLRj  and  BLRj  and  the  N-channel 
sense  amplifier  NSAj.  Transfer  signals  SL  and  SR 
are  supplied  to  the  gates  of  the  FETs  Qjn,  Qj12  and 
Qji3,  Qji4,  respectively.  FETs  Qj9  and  Qj10  are 
adapted  to  equalize  the  divided  bit  line  pairs  BLLj, 
BLLj  and  BLRj,  BLRj,  respectively,  and  the  gates 
thereof  are  connected  with  equalizing  signals  EQL 
and  EQR,  respectively.  The  divided  bit  lines  BLRj 
and  BLRj  are  connected  to  bus  lines  BU  and  BD 
through  column  gate  FETs  Qj15  and  Qj16,  whose 
gates  are  connected  with  a  column  selecting  signal 
Yj.  Although  a  plurality  of  memory  cells  are  con- 
nected  to  the  divided  bit  lines  in  accordance  with 
memory  capacity,  for  simplicity  is  represented  a 
memory  cell  MCij  connected  to  the  divided  bit  line 
BLLj  in  Fig.  6.  The  memory  cell  MCjj  is  formed  by 
a  capacitor  Cjj  and  an  FET  Qjj,  while  the  gate  of  the 
FET  Qjj  is  connected  to  a  word  line  WLj.  An  elec- 
trode  of  the  capacitor  Cjj  is  connected  to  a  memory 
cell  plate  potential  VSG. 

Description  is  now  made  of  operation  of  the 
CMOS  sense  amplifier  part  as  shown  in  Fig.  6  in 
the  case  of  reading  data  "1  "  stored  in  the  capacitor 
Cjj  of  the  memory  cell  MCjj,  with  reference  to  Fig  7 
showing  an  operating  waveform  diagram. 

The  DRAM  enters  an  activated  state  on  the 
falling  edge  of  an  Ext.  RAS  signal  as  shown  in  Fig. 
7.  In  this  activated  state,  an  external  row  address 
signal  is  latched  in  the  chip  interior  on  the  falling 
edge  of  the  Ext.  RAS  signal.  Then  the  equalizing 
signal  EQL  and  the  transfer  signal  SR  are  turned  to 
low  levels  to  stop  equalization  of  the  divided  bit 
lines  BLLj  and  BLTj  while  separating  the  divided  bit 
lines  BLRj  and  BLRj  from  the  N-channel  sense 
amplifier  NSAj.  The  transfer  signal  SL  and  the 
equalizing  signal  EQR  are  maintained  at  high  levels 
at  this  time. 

Then,  a  potential  of  a  word  line  selected  in 
response  to  the  row  address  signal  latched  in  the 
chip  interior  is  turned  to  a  high  level.  It  is  assumed 
that  the  word  line  WLj  is  selected  in  Fig.  6.  When 
the  potential  of  the  word  line  WLj  thus  goes  high, 
the  FET  Qjj  in  the  memory  cell  MCjj  enters  an  ON 
state  so  that  the  charge  stored  in  the  capacitor  Cjj 
is  transferred  to  the  divided  bit  line  BLLj,  whereby 
the  potential  of  the  divided  bit  line  BLLj  exceeds 
the  level  as  is  equalized,  i.e.,  (Vcc  -  Vss)/2.  Then 

the  sense  amplifier  driving  signals  SN  and  SPL  are 
turned  to  high  and  low  levels,  respectively,  where- 
by  the  FETs  QN  and  QPL  enter  ON  states  so  that 
the  N-channel  sense  amplifier  NSAj  and  the  P- 

5  channel  sense  amplifier  PSAjL  operate  to  amplify 
the  potential  difference  between  the  paired  divided 
bit  lines  BLLj  and  BLTj.  Although  noise  is  produced 
at  this  time  as  hereinabove  described  with  refer- 
ence  to  the  prior  art,  no  potential  difference  is 

io  introduced  in  the  right-side  divided  bit  line  pair 
BLRj  and  BLRj,  since  the  same  are  continuously 
equalized  as  shown  in  Fig.  7. 

Then  the  equalizing  signal  EQR  goes  low  to 
stop  equalization  of  the  paired  divided  bit  lines 

75  BLRj  and  BLRj.  Further,  the  transfer  signal  SR 
again  goes  high  so  that  the  potentials  of  the  di- 
vided  bit  lines  BLLj  and  BLTj  are  transferred  to  the 
divided  bit  lines  BLRj  and  BLRj,  respectively.  As  a 
result,  the  potentials  of  the  divided  bit  lines  BLRj 

20  and  BLRj  go  high  and  low,  respectively.  Then  the 
sense  amplifier  driving  signal  SPR  goes  low  and  the 
FET  QPR  enters  an  ON  state  so  that  the  P-channel 
sense  amplifier  PSAjR  operates  to  raise  the  poten- 
tial  of  the  divided  bit  line  BLRj  to  a  higher  level. 

25  Then  the  column  selecting  signal  Yj  goes  high  and 
the  potentials  of  the  divided  bit  lines  BLRj  and  BLRj 
are  transferred  to  the  bus  lines  BU  and  BD,  where- 
by  the  data  "1  "  stored  in  the  capacitor  Cjj  of  the 
memory  cell  MCjj  is  read  out. 

30  When  the  Ext.  RAS  signal  goes  high  so  that 
the  DRAM  enters  an  inactivated  state,  the  potential 
of  the  selected  word  line  WLj  goes  low  and  the 
FET  Qjj  enters  an  OFF  state.  Then  the  sense 
amplifier  driving  signal  SN  is  turned  to  a  low  level 

35  and  the  signals  SPL  and  SPR  are  turned  to  high 
levels.  Further,  the  equalizing  signals  EQL  and 
EQR  and  the  transfer  signals  SL  and  SR  are  turned 
to  high  levels,  whereby  the  divided  bit  lines  BLLj, 
BLLj  and  BLRj,  BLRj  are  equalized  and  the  respec- 

40  tive  potentials  thereof  are  averaged  to  the  level  of 
(VCc  ■  Vss)/2,  while  the  divided  bit  lines  are  con- 
nected  with  each  other  at  the  same  time. 

Fig.  8  shows  the  structure  of  circuits  for  pro- 
ducing  the  control  signals  as  shown  in  Figs.  6  and 

45  7.  Referring  to  Fig.  8,  description  is  now  made  on 
the  circuits  for  producing  the  control  signals. 

A  word  line  driving  signal  WLj  is  produced  by  a 
row  decoder  53.  This  row  decoder  53  decodes  a 
row  address  from  an  address  buffer  54  to  make  the 

50  potential  of  a  selected  word  line  rise  in  response  to 
output  from  a  delay  circuit  71  .  The  delay  circuit  71 
delays  the  clock  signal  RAS  by  a  time  t3  and 
outputs  the  same.  Thus,  the  word  line  driving  sig- 
nal  WLj  rises  after  a  lapse  of  the  time  t3  from 

55  falling  of  the  clock  signal  RAS. 
The  NMOS  sense  amplifier  driving  signal  SN  is 

produced  by  a  sense  amplifier  activating  circuit  72. 
The  sense  amplifier  activating  circuit  72  is  formed 
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by  a  buffer  which  receives  output  from  a  delay 
circuit  73  for  delaying  the  word  line  driving  signal 
WLj  by  a  time  U  to  waveform-shape  the  same. 
Thus,  the  sense  amplifier  driving  signal  SN  rises 
after  a  lapse  of  the  time  U  from  rising  of  the  word 
line  driving  signal  WLj. 

The  equalizing  signal  EQL  is  produced  by  a 
left  bit  line  equalizing  circuit  74.  The  left  bit  line 
equalizing  circuit  74  is  activated  by  a  block  select- 
ing  address  (or  row  address)  from  an  address 
buffer  54  to  generate  a  signal  which  enters  an 
inactivated  state  ("L"  level)  in  response  to  either 
output  from  a  delay  circuit  75  or  76.  The  delay 
circuit  75  delays  the  clock  signal  RAS  by  a  time  t2 
to  output  the  same.  The  delay  circuit  76  delays  the 
sense  amplifier  driving  signal  SN  by  a  time  tg  to 
output  the  same.  The  left  bit  line  equalizing  circuit 
74  generates  a  signal  for  stopping  equalization 
(signal  of  "L"  level)  in  response  to  the  output  of  the 
delay  circuit  75  when  a  row  address  designates  a 
word  line  in  a  left  memory  block  while  otherwise 
generating  a  signal  for  stopping  equalization  in 
response  to  the  output  of  the  delay  circuit  76. 

The  equalizing  signal  EQR  is  produced  by  a 
right  bit  line  equalizing  circuit  77.  The  right  bit  line 
equalizing  circuit  77  is  similar  in  structure  to  the 
left  bit  line  equalizing  circuit  74,  and  generates  a 
signal  which  enters  an  inactivated  state  ("L"  level) 
in  response  to  either  output  from  the  delay  circuit 
75  or  76  and  to  a  row  address  (block  selecting 
address). 

The  transfer  signal  SL  is  generated  by  a  left 
transfer  signal  generation  circuit  78.  The  left  trans- 
fer  signal  generation  circuit  78  is  activated  on  the 
basis  of  a  row  address  signal  to  generate  a  signal 
which  falls  in  response  to  output  from  a  delay 
circuit  79  while  rising  in  response  to  output  from  a 
delay  circuit  80.  The  delay  circuit  79  delays  the 
clock  signal  RAS  by  a  time  ti  to  output  the  same. 
The  delay  circuit  80  delays  the  sense  amplifier 
driving  signal  SN  by  a  time  fe  to  output  the  same. 
The  left  transfer  signal  generation  circuit  78  is 
inactivated  when  a  word  line  designated  by  the  row 
address  is  included  in  a  left  memory  block  and  is 
activated  in  other  case. 

The  transfer  signal  SR  is  generated  by  a  right 
transfer  signal  generation  circuit  81.  The  right 
transfer  signal  generation  circuit  81  is  similar  in 
structure  to  the  left  transfer  signal  generation  circuit 
78,  and  generates,  in  response  to  a  row  address 
signal  (block  selecting  address),  a  signal  which  falls 
in  response  to  the  output  from  the  delay  circuit  79 
while  rising  in  response  to  the  output  from  the 
delay  circuit  80. 

The  left  PMOS  sense  amplifier  driving  signal 
SpL  is  generated  by  a  left  PMOS  sense  amplifier 
activating  circuit  82.  The  left  PMOS  sense  amplifier 
activating  circuit  82  generates,  in  response  to  a  row 

address  (or  block  selecting  address),  a  signal 
which  enters  an  activated  state  ("L"  level)  in  re- 
sponse  to  either  output  from  a  delay  circuit  83  or 
84.  The  delay  circuit  83  delays  the  sense  amplifier 

5  driving  signal  SN  by  a  time  t7  to  output  the  same. 
The  delay  circuit  84  delays  the  sense  amplifier 
driving  signal  SN  by  a  time  fe  to  output  the  same. 
The  left  PMOS  sense  amplifier  activating  circuit  82 
generates  a  signal  which  enters  an  activated  state 

io  in  response  to  the  output  from  the  delay  circuit  84 
when  the  row  address  designates  a  word  line  in  a 
left  block  while  generating  a  signal  which  enters  an 
activated  state  in  response  to  the  output  from  the 
delay  circuit  83  in  other  case. 

is  The  right  PMOS  sense  amplifier  driving  signal 
SpR  is  generated  by  a  right  PMOS  sense  amplifier 
activating  circuit  85.  The  right  PMOS  sense  am- 
plifier  activating  circuit  85  is  similar  in  structure  to 
the  left  PMOS  sense  amplifier  activating  circuit  85, 

20  and  generates,  on  the  basis  of  a  row  address  (or 
block  selecting  address),  a  signal  which  enters  an 
activated  state  ("L"  level)  in  response  to  either 
output  from  the  delay  circuit  83  or  84. 

The  column  selecting  signal  Yj  is  generated  by 
25  a  column  decoder  67.  The  column  decoder  67 

decodes  a  column  address  from  the  address  buffer 
54  to  select  a  column  decoder  output  line  con- 
nected  to  a  pair  of  bit  lines  and  make  the  selected 
output  line  go  high  in  response  to  output  from  a 

30  delay  circuit  86.  The  delay  circuit  86  delays  the 
sense  amplifier  driving  signal  SN  by  a  time  ts  to 
output  the  same. 

With  the  aforementioned  structure,  the  control 
signals  respectively  having  predetermined  delay 

35  times  are  generated  from  falling  of  the  clock  signal 
RAS  which  in  turn  serves  as  a  basic  clock  signal. 

Although  the  aforementioned  embodiment  is  in 
the  so-called  shared  sense  amplifier  structure  of 
sharing  an  N-channel  sense  amplifier  with  left  and 

40  right  divided  bit  line  pairs,  N-channel  sense  amplifi- 
ers  NSAjL  and  NSAjR  and  P-channel  sense  amplifi- 
ers  PSAjL  and  PSAjR  may  be  provided  for  respec- 
tive  memory  cell  array  blocks  MCBj3  and  MCBj4  as 
shown  in  Fig.  9.  In  this  case,  switching  means  may 

45  be  formed  only  by  transfer  gate  FETs  Qj17  and 
Qj18- 

Description  is  briefly  made  of  operation  of  the 
circuit  as  shown  in  Fig.  9  for  reading  data  "1  " 
stored  in  a  memory  cell  MCjj  with  reference  to  Fig. 

50  10  showing  an  operating  waveform  diagram  there- 
of.  When  an  Ext.  RAS  signal  goes  low,  a  transfer 
signal  SR  and  an  equalizing  signal  EQL  for  equaliz- 
ing  the  left-side  divided  bit  line  pair  are  turned  to 
low  levels.  Then,  a  word  line  WLj  selected  by  a  row 

55  address  signal  is  turned  to  a  high  level.  Then 
sense  amplifier  driving  signals  SNl  and  SPL  sequen- 
tially  go  high  and  low,  whereby  the  sense  amplifi- 
ers  NSAjL  and  PSAjL  sequentially  operate  to  am- 
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plify  the  potential  difference  between  divided  bit 
lines  BLLj  and  BLLj.  Then  an  equalizing  signal  EQR 
for  equalizing  the  right-side  divided  bit  line  pair 
goes  low  to  stop  equalization.  Then  the  transfer 
signal  SR  again  goes  high  to  transfer  the  potentials 
of  the  divided  bit  lines  BLLj  and  BLLj  to  the  divided 
bit  lines  BLRj  and  BLRj.  Then  the  sense  amplifier 
driving  signals  SNr  and  SPR  sequentially  go  high 
and  low,  whereby  the  sense  amplifiers  NSAjR  and 
PSAjR  sequentially  operate  to  amplify  the  potential 
difference  between  the  divided  bit  lines  BLRj  and 
BLRj.  Then  a  column  selecting  signal  Yj  goes  high 
so  that  the  potentials  of  the  divided  bit  lines  BLRj 
and  BLRj  are  transferred  to  bus  lines  BU  and  BD, 
whereby  the  data  is  read  out  from  the  memory  cell. 

Fig.  11  illustrates  the  structure  of  circuits  for 
producing  the  control  signals  as  shown  in  Figs.  9 
and  10. 

A  word  line  driving  signal  WLj  is  produced  by  a 
row  decoder  100.  The  row  decoder  100  decodes 
an  internal  row  address  from  an  address  buffer  101 
to  select  a  single  word  line,  thereby  to  make  the 
potential  of  the  selected  word  line  rise  in  response 
to  output  from  a  delay  circuit  102.  The  delay  circuit 
102  delays  the  clock  signal  RAS  by  a  time  t3a  to 
output  the  same. 

The  sense  amplifier  driving  signal  SNl  is  pro- 
duced  by  a  left  NMOS  sense  amplifier  activating 
circuit  103.  The  left  NMOS  sense  amplifier  activat- 
ing  circuit  103  generates,  on  the  basis  of  a  row 
address  (or  block  selecting  address),  a  signal 
which  rises  in  response  to  either  output  from  a 
delay  circuit  104  or  105.  The  delay  circuit  104 
delays  the  word  line  driving  signal  WLj  by  a  time  U 
to  output  the  same.  The  delay  circuit  105  delays  a 
previously  rising  one  of  the  driving  signals  SNl  and 
SNr  by  a  time  tio  to  output  the  same. 

The  sense  amplifier  driving  signal  SNr  is  pro- 
duced  by  a  right  NMOS  sense  amplifier  activating 
circuit  106.  The  right  sense  amplifier  activating 
circuit  106  is  similar  in  structure  to  the  left  sense 
amplifier  activating  circuit  103.  On  the  basis  of  a 
row  address  (or  block  selecting  address),  the  right 
sense  amplifier  activating  circuit  106  generates  a 
signal  which  rises  in  response  to  either  output  from 
the  delay  circuit  104  or  105. 

Each  of  the  activating  circuits  103  and  106 
makes  its  signal  rise  in  response  to  the  output  of 
the  delay  circuit  104  when  the  row  address  (or 
block  selecting  address)  designates  a  correspond- 
ing  block,  while  making  its  signal  rise  in  response 
to  the  output  from  the  delay  circuit  105  in  other 
case. 

The  transfer  signal  TR  is  produced  by  a  trans- 
fer  circuit  107.  The  transfer  circuit  107  generates  a 
signal  which  falls  in  response  to  output  from  a 
delay  circuit  108  while  rising  in  response  to  output 
from  a  delay  circuit  109.  The  delay  circuit  108 

delays  the  clock  signal  RAS  by  a  time  ti  to  output 
the  same.  The  delay  circuit  109  delays  a  pre- 
viously  rising  one  of  the  output  signals  from  the 
activating  circuits  103  and  106  by  a  time  t6a  to 

5  output  the  same. 
The  equalizing  signals  EQL  and  EQR  are  pro- 

duced  by  left  and  right  bit  line  equalizing  circuits 
109  and  110,  respectively.  Each  of  the  bit  line 
equalizing  circuits  109  and  110  generates  a  signal 

io  which  falls  in  response  to  either  output  from  a 
delay  circuit  111  or  112.  Namely,  each  of  the  bit 
line  equalizing  circuits  109  and  110  makes  its  sig- 
nal  fall  in  response  to  the  output  from  the  delay 
circuit  111  when  the  row  address  designates  a 

is  corresponding  block  while  making  its  signal  fall  in 
response  to  the  output  from  the  delay  circuit  112  in 
other  case.  The  delay  circuit  111  delays  the  clock 
signal  RAS  by  a  time  t2a  to  output  the  same.  The 
delay  circuit  112  delays  a  previously  rising  one  of 

20  the  driving  signals  SNl  and  SNr  by  a  time  tg  to 
output  the  same. 

The  PMOS  sense  amplifier  driving  signals  SPL 
and  SpR  are  produced  by  left  and  right  sense 
amplifier  activating  circuits  113  and  114,  respec- 

25  tively.  Each  of  the  sense  amplifier  activating  cir- 
cuits  113  and  114  generates,  on  the  basis  of  a  row 
address  (block  selecting  address),  a  signal  which 
falls  in  response  to  either  output  from  a  delay 
circuit  115  or  116.  Namely,  each  of  the  sense 

30  amplifier  activating  circuits  113  and  114  makes  its 
signal  fall  in  response  to  the  output  from  the  delay 
circuit  115  when  the  row  address  designates  a 
corresponding  block,  while  making  its  signal  fall  in 
response  to  the  output  from  the  delay  circuit  116  in 

35  other  case.  The  delay  circuit  115  delays  a  pre- 
viously  rising  one  of  the  driving  signals  SNl  and 
SNr  by  a  time  fe  to  output  the  same.  The  delay 
circuit  116  delays  a  subsequently  rising  one  of  the 
driving  signals  SNl  and  SNr  by  a  time  fe  to  output 

40  the  same. 
The  column  selecting  signal  Yj  is  produced  by 

a  column  decoder  117.  The  column  decoder  117 
decodes  a  column  address  from  the  address  buffer 
101  to  make  an  output  signal  line  connected  to  a 

45  pair  of  bit  lines  rise  in  response  to  output  from  a 
delay  circuit  118  thereby  to  select  a  pair  of  bit 
lines.  The  delay  circuit  118  delays  a  subsequently 
rising  one  of  the  sense  amplifier  driving  signals  SNl 
and  SNr  by  a  time  ti  1  to  output  the  same. 

50  Although  the  bit  line  pair  is  divided  into  two  bit 
line  pairs  in  each  of  the  aforementioned  embodi- 
ments,  the  same  may  be  divided  into  a  larger 
number  of  bit  line  pairs  while  providing  equalizing 
FETs  for  the  respective  divided  bit  line  pairs  so 

55  that  timings  for  stopping  equalization  are  made 
different  for  each  of  the  divided  bit  line  pairs,  as 
shown  in  Fig.  12. 

As  hereinabove  described,  the  timings  for  in- 
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hibiting  equalization  of  the  divided  bit  line  pairs  are 
made  different  for  each  of  the  memory  cell  array 
blocks,  thereby  to  prevent  increase  in  sensing  time 
by  potential  difference  introduced  in  each  divided 
bit  line  pair  due  to  noise  resulting  from  a  sensing  5 
operation  in  another  memory  cell  block. 

Although  the  present  invention  has  been  de- 
scribed  and  illustrated  in  detail,  it  is  clearly  under- 
stood  that  the  same  is  by  way  of  illustration  and 
example  only  and  is  not  to  be  taken  by  way  of  10 
limitation,  the  scope  of  the  present  invention  being 
limited  only  by  the  terms  of  the  appended  claims. 

Claims 
75 

1.  A  dynamic  random  access  memory  compris- 
ing: 

a  multiplicity  of  memory  cells  (MCij); 
a  plurality  of  word  lines  (WLj)  each  con- 

nected  to  a  respective  row  (i)  of  the  memory  20 
cells  (MQj); 

a  plurality  of  paired  bit-lines  each  con- 
nected  to  a  respective  column  (j)  of  the  mem- 
ory  cells  (MQj),  each  pair  of  bit-lines  being 
divided  into  a  plurality  of  sections  (BLLj,  BLLj;  25 
BLRj,  BLRj)  each  comprised  of  a  pair  of  bit-line 
portions 

amplifying  means  (PSAjL  &  NSAj,  NSAj  & 
PSAjR)  provided  for  each  section  (BLLj,  BLLj; 
BLRj,  BLRj)  for  sensing  and  amplifying  a  dif-  30 
ference  in  the  potentials  of  the  respective  bit- 
line  portions 

equalizing  means  (Qj9,  Qj10)  provided  for 
each  section  (BLLj,  BLLj;  BLRj,  BLRj)  for 
equalising  the  potentials  of  the  respective  bit-  35 
line  portions 

switching  means  (Qjn  to  Qj16)  arranged  for 
coupling  together  the  plurality  of  sections 
(BLLj,  BLLj;  BLRj,  BLRj)  of  each  pair  of  bit-lines 
and  for  connecting  each  pair  of  bit-lines  to  a  40 
read-out  output  (BU,  BD)  of  the  memory;  and 

timing  control  means  (fig.  8;  fig.11)  for 
controlling  the  operations  of  said  equalising 
means  (Qj9,  Qj10),  said  amplifying  means 
(PSAjL  &  NSAj,  NSAj  &  PSAjR),  and  said  45 
switching  means  (Qjn  to  Qj16); 

which  memory  is  characterised  in  that: 
said  timing  control  means  (fig.  8;  fig.11)  is 

operable  to  control  operation  of  said  amplifying 
means  (PSAjL  &  NSAj,  NSAj  &  PSAjR)  and  said 
equalising  means  (Qj9,  Qj10)  such  that  the  am- 
plifying  means  (PSAjL  &  NSAj)  of  one  section 
(BLLj,  BLLj)  of  a  bit-line  pair  is  activated  to 
sense  and  amplify  the  difference  in  the  poten- 
tials  of  the  respective  bit-line  portions  thereof 
while  the  equalisation  means  (Qj10)  of  the  other 
sections  (BLRj,  BLRj)  of  the  bit-line  pair  op- 
erates  so  that  the  potentials  of  the  respective 

bit-line  portions  are  maintained  equal. 

2.  A  memory  (fig.  12)  as  claimed  in  claim  1 
wherein: 

5  said  plurality  of  sections  exceeds  two  in 
number;  and 

said  timing  control  means  is  operable  to 
control  said  equalising  means  (EQ1  ,  EQ2,  EQ3) 
such  that  the  potential  equalisation  of  each 

70  section  is  inhibited  in  a  controlled  time  se- 
quence  respectively  to  follow  the  sensing  and 
amplifying  commenced  in  another  of  the  plu- 
rality  of  sections. 

75  3.  A  memory  according  to  either  preceding  claim 
wherein: 

said  timing  control  means  is  operable  to 
control  each  equalising  means  (Qj9,  Qj10)  so 
that  each  shall  inhibit  the  potential  equalisation 

20  of  its  respective  section  (BLLj,  BLTj;  BLRj  BLRj) 
immediately  preceding  the  operation  of  the 
respective  switching  means  (Qj13  &  Qj14,  Qjn  & 
Qj12)  to  couple  in  said  respective  section  (BLLj, 
BLLj;  BLRj,  BLRj),  and  control  the  operation  of 

25  the  amplifying  means  (PSAjL  &  NSAj,  NSAj  & 
PSAjR). 

4.  A  memory  (fig.6)  as  claimed  in  any  preceding 
claim  wherein: 

30  the  sections  (BLLj,  BLTj;  BLRj,  BLRj)  of 
each  pair  of  bit-lines  are  paired; 

said  amplifying  means  (PSAjL  &  NSAj, 
NSAj  &  PSAjR)  provided  for  each  section  (BLLj, 
BLLj;  BLRj,  BLRj)  includes  a  shared  amplifier 

35  (NSAj)  in  line  between  each  respective  pair  of 
sections  (BLLj,  BLTj;  BLRj,  BLRj);  and 

said  switching  means  (Qjn  to  Qj16)  in- 
cludes  respective  pairs  of  switches  (Qjn  & 
Qji2,  Qji3  &  Qji4)  located  each  side  of  each 

40  shared  amplifier  (NSAj). 

5.  A  memory  (figs.  6  &  9)  as  claimed  in  any 
preceding  claim  wherein: 

the  respective  amplifying  means  (PSAjL  & 
45  NSAj,  NSAj  &  PSAjr;  PSAjL  &  NSAjL,  NSAjR  & 

PSAjR)  of  each  section  (BLLj,  BLTj;  BLRj,  BLRj) 
includes  both  an  amplifier  (NSAj;  NSAjL,  NSAjR) 
formed  of  N-channel  FET's  (Q\u  Qj2;  Qj!  to  Qj4) 
and  an  amplifier  (PSAjL,  PSAjR)  formed  of  P- 

50  channel  FET's  (Qj5  &  Qj6,  Qj7  &  Qj8). 

6.  A  memory  as  claimed  in  claim  5  wherein  said 
equalising  means  (Qj9,  Qj10)  provided  for  each 
section  (BLLj,  BLLj;  BLRj,  BLRj)  comprises  an 

55  N-channel  FET. 

7.  A  memory  as  claimed  in  either  of  claims  5  or  6 
wherein: 

10 
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said  switching  means  (Qjn  to  Qj16)  com- 
prises  N-channel  FETs. 

8.  A  memory  as  claimed  in  claim  1  wherein  only 
one  section  (BLRj,  BLRj)  of  each  pair  of  bit- 
lines  is  arranged  adjacent  to  said  read-out  out- 
put  (BU.BO)  of  said  memory. 

9.  A  memory  as  claimed  in  claim  1  wherein  said 
timing  control  means  (fig.8)  includes  means 
(53,71-73,  &  78-81)  for  controlling  said  switch- 
ing  means  (Qjn  to  Qj14)  to  interrupt  the  con- 
nection  of  adjacent  sections  (BLLj,  BLLj;  BLRj, 
BLRj)  of  each  pair  of  bit-lines  for  an  interval  of 
time  (t3+U+fe)  starting  at  a  point  in  time 
following  receipt  of  an  external  row  address 
signal  (RAS)  and  ending  at  a  point  in  time 
following  the  commencement  of  sensing  and 
amplifying  in  one  (BLLj,  BLLj)  of  said  adjacent 
sections  (BLLj,  BLLj;  BLRj,  BLRj). 

10.  A  memory  as  claimed  in  claim  1  wherein  said 
one  section  (BLLj,  BLLj)  is  immediately  adja- 
cent  to  said  another  section  (BLRj,  BLRj). 

11.  A  method  of  reading  data  stored  in  a  memory 
cell  (MCij)  of  a  dynamic  random  access  mem- 
ory  (fig.6),  which  memory  comprises  paired 
bit-lines  each  divided  into  sections  (BLLj,  BLLj; 
BLRj,  BLRj),  said  method  being  performed  by: 

addressing  the  memory  cell  (MCij)  to  cre- 
ate  a  potential  difference  across  the  section 
(BLLj,  BLLj)  to  which  it  is  connected; 

sensing  and  amplifying  said  potential  dif- 
ference; 

coupling  said  section  (BLLj,  BLLj)  to  the 
one  or  more  other  sections  (BLRj,  BLRj)  of  the 
pair  of  bit-lines  containing  said  section  (BLLj, 
BLLj)  the  potentials  of  said  one  or  more  other 
sections  (BLRj,  BLRj)  previously  being  equalis- 
ed,  and  sensing  and  amplifying  a  potential 
difference  across  each  of  said  one  or  more 
other  sections  (BLRj,  BLRj);  and 

coupling  said  pair  of  bit-lines  to  a  read-out 
output  (BU.BO)  of  the  memory; 

this  method  being  characterised  in  that: 
sensing  and  amplifying  is  commenced  in 

one  section  (BLLj,  BLLj)  of  said  pair  of  bit-lines 
while  the  potentials  of  said  one  or  more  other 
Sections  (BLRj,  BLRj)  of  the  pair  of  bit-lines  are 
maintained  equal. 

12.  A  method  as  claimed  in  claim  11  wherein  the 
potential  equalisation  in  said  other  sections 
(BLRj,  BLRj)  is  inhibited  to  immediately  pre- 
cede  the  commencement  of  sensing  and  am- 
plifying  in  said  other  sections  (BLRj  &  BLRj). 

13.  A  method  as  claimed  in  either  of  claims  11  or 
12  wherein  sensing  and  amplifying  is  com- 
menced  in  one  section  (BLLj,  BLLj)  while  the 
potentials  of  an  adjacent  section  (BLRj,  BLRj) 

5  are  maintained  equal. 

Revendicatlons 

1.  Une  memoire  vive  dynamique  comprenant  : 
io  un  grand  nombre  de  cellules  de  memoire 

(MCij); 
un  ensemble  de  conducteurs  de  mot 

(WLj),  chacun  d'eux  etant  connecte  a  une  ligne 
respective  (i)  des  cellules  de  memoire  (MC )̂; 

is  un  ensemble  de  conducteurs  de  bit  asso- 
cies  par  paires,  chacun  d'eux  etant  connecte  a 
une  colonne  respective  (j)  des  cellules  de  me- 
moire  (MC ,̂  chaque  paire  de  conducteurs  de 
bit  etant  divisee  en  un  ensemble  de  sections 

20  (BLLj,  BLLj;  BLRj,  BLRj),  comprenant  chacune 
une  paire  de  parties  de  conducteurs  de  bit; 

des  moyens  d'amplification  (PSAjL  &  NSAj, 
NSAj  &  PSAjR)  etablis  pour  chaque  section 
(BLLj,  BLLj;  BLRj,  BLRj)  dans  le  but  de  detec- 

25  ter  et  d'amplifier  une  difference  des  potentiels 
des  parties  de  conducteurs  de  bit  respectives; 

des  moyens  d'egalisation  (Qj9,  Qj10)  incor- 
pores  pour  chaque  section  (BLLj,  BLLj;  BLRj, 
BLRj)  dans  le  but  d'egaliser  les  potentiels  des 

30  parties  de  conducteurs  de  bit  respectives; 
des  moyens  de  commutation  (Qjn  a  Qj16) 

congus  pour  coupler  les  unes  aux  autres  les 
sections  de  I'ensemble  de  sections  (BLLj,  BLLj; 
BLRj,  BLRj)  de  chaque  paire  de  conducteurs 

35  de  bit,  et  pour  connecter  chaque  paire  de 
conducteurs  de  bit  a  une  sortie  de  lecture  (BU, 
BD)  de  la  memoire;  et 

des  moyens  de  commande  de  conditions 
temporelles  (figure  8;  figure  11)  destines  a 

40  commander  les  operations  des  moyens  d'ega- 
lisation  (Qj9,  Qjio)>  des  moyens  d'amplification 
(PSAjL  &  NSAj,  NSAj  &  PSAjR)  et  des  moyens 
de  commutation  (Qjn  a  Qj16); 

cette  memoire  etant  caracterisee  en  ce 
45  que  : 

les  moyens  de  commande  de  conditions 
temporelles  (figure  8;  figure  11)  sont  capables 
de  commander  le  fonctionnement  des  moyens 
d'amplification  (PSAjL  &  NSAj,  NSAj  &  PSAjR) 

50  et  des  moyens  d'egalisation  (Qj9,  Qj10),  de  fa- 
gon  que  les  moyens  d'amplification  (PSAjL  & 
NSAj)  d'une  premiere  section  (BLLj,  BLLj) 
d'une  paire  de  conducteurs  de  bit  soient  acti- 
ves  pour  detecter  et  amplifier  la  difference  des 

55  potentiels  des  parties  de  conducteurs  de  bit 
respectives  de  cette  section  pendant  que  les 
moyens  d'egalisation  (Qj10)  des  autres  sections 
(BLRj,  BLRj)  de  la  paire  de  conducteurs  de  bit 

11 
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agissent  de  fagon  a  maintenir  egaux  les  poten- 
tiels  des  parties  de  conducteurs  de  bit  respec- 
tives. 

Une  memoire  (figure  12)  selon  la  revendication  5 
1  ,  dans  laquelle  : 

I'ensemble  de  sections  est  en  un  nombre 
superieur  a  deux;  et 

les  moyens  de  commande  de  conditions 
temporelles  sont  capables  de  commander  les  10 
moyens  d'egalisation  (EQi  ,  EQ2,  EQ3)  de  fa- 
gon  que,  conformement  a  une  sequence  tem- 
porelle  commandee,  legalisation  de  chaque 
section  soit  respectivement  inhibee  a  la  suite 
de  la  detection  et  de  I'amplification  commen-  is 
cees  dans  une  autre  section  de  I'ensemble  de 
sections. 

Une  memoire  selon  I'une  quelconque  des  re- 
vendications  precedentes,  dans  laquelle  :  20 

les  moyens  de  commande  de  caracteristi- 
ques  temporelles  sont  capables  de  comman- 
der  chacun  des  moyens  d'egalisation  (20)  de 
fagon  que  chacun  d'eux  inhibe  I'egalisation  de 
potentiel  de  sa  section  respective  (BLLj,  BLLj;  25 
BLRj,  BLRj)  immediatement  avant  I'operation 
des  moyens  de  commutation  respectifs  (Qj13  & 
Qji4,  Qjn  &  Qji2)  pour  connecter  en  circuit  la 
section  respective  (  BLLj,  BLLj;  BLRj,  BLRj),  et 
pour  commander  le  fonctionnement  des  30 
moyens  d'amplification  (PSAjL  &  NSAj,  NSAj  & 
PSAjR). 

Une  memoire  (figure  6)  selon  I'une  quelconque 
des  revendications  precedentes,  dans  laquelle  35 

les  sections  (BLLj,  BLLj;  BLRj,  BLRj)  de 
chaque  paire  de  conducteurs  de  bit  sont  asso- 
ciees  par  paires;  les  moyens  d'amplification 
(PSAjL  &  NSAj,  NSAj  &  PSAjR)  qui  sont  incor-  40 
pores  pour  chaque  section  (BLLj,  BLLj;  BLRj, 
BLRj)  comprennent  un  amplificateur  partage 
(NSAj)  connecte  entre  chaque  paire  respective 
de  sections  (BLLj,  BLLj;  BLRj,  BLRj);  et 

les  moyens  de  commutation  (Qjn  a  Qj16)  45 
comprennent  des  paires  respectives  d'ele- 
ments  de  commutation  (Qjn  &  Qj12,  Qj13  & 
Qji4)  qui  sont  places  de  part  et  d'autre  de 
chaque  amplificateur  partage  (NSAj). 

50 
Une  memoire  (figures  6  et  9)  selon  I'une  quel- 
conque  des  revendications  precedentes,  dans 
laquelle  : 

les  moyens  d'amplification  respectifs 
(PSAjL  &  NSAj,  NSAj  &  PSAjr;  PSAjL  &  NSAjL,  55 
NSAjR  &  PSAjR)  de  chaque  section  (BLLj,  BLLj; 
BLRj,  BLRj)  comprennent  a  la  fois  un  amplifi- 
cateur  (NSAj;  NSAjL;  NSAjR)  forme  par  des 

transistors  a  effet  de  champ  a  canal  N  (QiU 
Qj2;  Qj!  a  Qj4)  et  un  amplificateur  (PSAjL, 
PSAjR)  forme  par  des  transistors  a  effet  de 
champ  a  canal  P  (Qj5  &  Qj6,  Qj7  &  Qj8). 

6.  Une  memoire  selon  la  revendication  5,  dans 
laquelle  les  moyens  d'egalisation  (Qj9,  Qj10)  qui 
sont  incorpores  pour  chaque  section  (BLLj, 
BLLj;  BLRj,  BLRj)  comprennent  un  transistor  a 
effet  de  champ  a  canal  N. 

9.  Une  memoire  selon  la  revendication  1,  dans 
laquelle  les  moyens  de  commande  de  condi- 
tions  temporelles  (figure  8)  comprennent  des 
moyens  (53,  71-73,  &  78-81)  qui  sont  destines 
a  commander  les  moyens  de  commutation 
(Qjn  a  Qji4)  de  fagon  a  interrompre  la 
connexion  de  sections  adjacentes  (BLLj,  BLLj; 
BLRj,  BLRj)  de  chaque  paire  de  conducteurs 
de  bit  pendant  un  intervalle  de  temps 
(t3  +U  +  fc)>  qui  commence  a  un  instant  faisant 
suite  a  la  reception  d'un  signal  d'adresse  de 
ligne  externe  (RAS),  et  se  terminant  a  un  ins- 
tant  faisant  suite  au  debut  de  la  detection  et  de 
I'amplification  dans  I'une  (BLLj,  BLLj)  des  sec- 
tions  adjacentes  (BLLj,  BLLj;  BLRj,  BLRj). 

11.  Un  procede  de  lecture  de  donnees  enregis- 
trees  dans  une  cellule  de  memoire  (MCij) 
d'une  memoire  vive  dynamique  (figure  6),  cet- 
te  memoire  comprenant  des  conducteurs  de 
bit  associes  par  paires,  avec  chaque  conduc- 
teur  divise  en  sections  (BLLj,  BLLj;  BLRj, 
BLRj),  ce  procede  etant  mis  en  oeuvre  par  les 
operations  suivantes  : 

on  adresse  la  cellule  de  memoire  (MQj) 
pour  creer  une  difference  de  potentiel  dans  la 
section  (BLLj,  BLLj)  a  laquelle  elle  est  connec- 
ted; 

on  detecte  et  on  amplifie  cette  difference 
de  potentiel; 

7.  Une  memoire  selon  I'une  quelconque  des  re- 
vendications  5  ou  6,  dans  laquelle  : 

les  moyens  de  commutation  (Qjn  a  Qj16) 
is  comprennent  des  transistors  a  effet  de  champ 

a  canal  N. 

8.  Une  memoire  selon  la  revendication  1,  dans 
laquelle  une  seule  section  (BLRj,  BLRj)  de  cha- 

20  que  paire  de  conducteurs  de  bit  est  disposee 
en  position  adjacente  a  la  sortie  de  lecture 
(BU,  BD)  de  la  memoire. 

40  10.  Une  memoire  selon  la  revendication  1,  dans 
laquelle  la  premiere  section  (BLLj,  BLLj)  est 
immediatement  adjacente  a  I'autre  section 
(BLRj,  BLRj). 

12 



23 EP  0  278  155  B1 24 

on  connecte  cette  section  (BLLj,  BLLj)  a 
une  ou  plusieurs  autres  sections  (BLRj,  BLRj) 
de  la  paire  de  conducteurs  de  bit  contenant  la 
section  considered  (BLLj,  BLLj)  les  potentiels  de 
I'autre  ou  des  autres  sections  (BLRj,  BLRj) 
ayant  ete  prealablement  egalises,  et  on  detec- 
te  et  on  amplifie  une  difference  de  potentiel 
dans  chaque  section  parmi  I'autre  ou  les  au- 
tres  sections  (BLRj,  BLRj);  et 

on  connecte  la  paire  precitee  de  conduc- 
teurs  de  bit  a  une  sortie  de  lecture  (BU,  BD) 
de  la  memoire; 

ce  procede  etant  caracterise  en  ce  que  : 
la  detection  et  I'amplification  sont  com- 

mencees  dans  une  section  (BLLj,  BLLj)  de  la 
paire  de  conducteurs  de  bit  pendant  que  les 
potentiels  de  I'autre  ou  des  autres  sections 
(BLRj,  BLRj)  de  la  paire  de  conducteurs  de  bit 
sont  maintenus  egaux. 

12.  Un  procede  selon  la  revendication  11,  dans 
lequel  on  fait  en  sorte  que  I'egalisation  des 
potentiels  dans  les  autres  sections  (BLRj,  BLRj) 
ne  puisse  pas  preceder  immediatement  le 
commencement  de  la  detection  et  de  I'amplifi- 
cation  dans  les  autres  (BLRj,  BLRj). 

13.  Un  procede  selon  I'une  quelconque  des  reven- 
dications  11  ou  12,  dans  lequel  la  detection  et 
I'amplification  sont  commencees  dans  une 
section  (BLLj,  BLLj)  pendant  que  les  potentiels 
d'une  section  adjacente  (BLRj,  BLRj)  sont 
maintenus  egaux. 

Patentanspruche 

1.  Dynamischer  RAM-Speicher,  mit: 
einer  Mehrzahl  von  Speicherzellen  (MCij); 
einer  Mehrzahl  von  Wortleitungen  (WLj),  die 
jeweils  mit  einer  entsprechenden  Zeile  (i)  der 
Speicherzellen  (MQj)  verbunden  sind; 
einer  Mehrzahl  von  paarigen  Bitleitungen,  die 
jeweils  mit  einer  entsprechenden  Spalte  (j)  der 
Speicherzellen  (MQj)  verbunden  sind,  wobei 
jedes  Paar  von  Bitleitungen  in  eine  Mehrzahl 
von  Abschnitten  (BLLj,  BLTj;  BLRj,  BLRj)  unter- 
teilt  ist,  von  denen  jeder  ein  Paar  von  Bitlei- 
tungsabschnitten  aufweist; 
einer  Verstarkungseinrichtung  (PSAjL  &  NSAj; 
NSAj  &  PSAjR),  die  fur  jeden  Abschnitt  (BLLj, 
BLLj;  BLRj,  BLRj)  zum  Erfassen  und  Verstar- 
ken  einer  Differenz  der  Potentiale  der  entspre- 
chenden  Bitleitungsabschnitte  vorgesehen  ist; 
einer  Ausgleichseinrichtung  (Qj9,  Qj10),  die  fur 
jeden  Abschnitt  (BLLj,  BLTj;  BLRj,  BLRj)  zum 
Ausgleichen  der  Potentiale  der  entsprechen- 
den  Bitleitungsabschnitte  vorgesehen  ist; 
einer  Schalteinrichtung  (Qjn  bis  Qj16),  die  zum 

Zusammenkoppeln  der  Mehrzahl  von  Abschnit- 
ten  (BLLj,  BLTj;  BLRj,  BLRj)  von  jedem  Paar 
von  Bitleitungen  und  zum  Verbinden  eines  je- 
den  Paares  von  Bitleitungen  mit  einem  Ausle- 

5  seausgang  (BU,  BD)  des  Speichers  ausgelegt 
ist;  und 
einer  Zeitsteuereinrichtung  (Fig.  8;  Fig.  11) 
zum  Steuern  der  Tatigkeiten  der  Ausgleichs- 
einrichtung  (Qj9,  Qj10),  der  Verstarkungseinrich- 

w  tung  (PSAjL  &  NSAj,  NSAj  &  PSAjR)  und  der 
Schalteinrichtung  (Qjn  bis  Qj16); 
wobei  der  Speicher  dadurch  gekennzeichnet 
ist, 
da/S  die  Zeitsteuereinrichtung  (Fig.  8;  Fig.  11) 

is  so  zum  Steuern  der  Tatigkeit  der  Verstar- 
kungseinrichtung  (PSAjL  &  NSAj,  NSAj  & 
PSAjR)  und  der  Ausgleichseinrichtung  (Qj9, 
Qj10)  betreibbar  ist,  da/S  die  Verstarkungsein- 
richtung  (PSAjL  &  NSAj,  NSAj  &  PSAjR)  eines 

20  Abschnittes  (BLLj,  BLLj)  eines  Bitleitungspaa- 
res  zum  Erfassen  und  Verstarken  der  Differenz 
der  Potentiale  der  entsprechenden  Bitleitungs- 
abschnitte  davon  aktiviert  wird,  wahrend  die 
Ausgleichseinrichtung  (Qj10)  der  anderen  Ab- 

25  schnitte  (BLRj,  BLRj)  des  Bitleitungspaares  so 
tatig  ist,  da/S  die  Potentiale  der  entsprechenden 
Bitleitungsabschnitte  gleich  gehalten  werden. 

2.  Speicher  (Fig.  12)  nach  Anspruch  1,  bei  dem: 
30  die  Mehrzahl  von  Abschnitten  die  Zahl  zwei 

uberschreitet  und  die  Zeitsteuereinrichtung 
zum  Steuern  der  Ausgleichseinrichtung  (EQi  , 
EQ2,  EQ3)  derart  betreibbar  ist,  da/S  die  Poten- 
tialausgleichung  eines  jeden  Abschnittes  in  ei- 

35  ner  entsprechenden  gesteuerten  Zeitsequenz 
verboten  ist,  die  dem  Erfassen  und  Verstarken 
folgt,  das  in  einem  anderen  der  Mehrzahl  von 
Abschnitten  begonnen  ist. 

40  3.  Speicher  nach  einem  der  vorhergehenden  An- 
spruche,  bei  dem:  die  Zeitsteuereinrichtung 
zum  Steuern  einer  jeden  Ausgleichseinrichtung 
(Qj9,  Qj10)  so  betreibbar  ist,  da/S  jede  die  Po- 
tentialausgleichung  ihres  entsprechenden  Ab- 

45  schnittes  (BLLj.BLTj;  BLRj,  BLRj)  unmittelbar 
vor  der  Tatigkeit  der  entsprechenden  Schalt- 
einrichtung  (Qj13  &  Qj14,  Qjn  &  Qji2>  zum  Zu- 
sammenkoppeln  in  dem  entsprechenden  Ab- 
schnitt  (BLLj,  BLLj;  BLRj,  BLRj)  verhindern  wird 

50  und  die  Tatigkeit  der  Verstarkungseinrichtung 
(PSAjL  &  NSAj,  NSAj  &  PSAjR)  steuert. 

4.  Speicher  (Fig.  6)  nach  einem  der  vorhergehen- 
den  Anspruche,  bei  dem: 

55  die  Abschnitte  (BLLj,  BLTj;  BLRj,  BLRj)  eines 
jeden  Paares  von  Bitleitungen  gepaart  sind; 
die  Verstarkungseinrichtung  (PSAjL  &  NSAj, 
NSAj  &  PSAjR),  die  fur  jeden  Abschnitt  BLLj, 
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BLLj;  BLRj,  BLRj)  vorgesehen  ist,  einen  ge- 
meinsamen  Verstarker  (NSAj)  in  einer  Linie 
zwischen  jedem  entsprechenden  Paar  von  Ab- 
schnitten  (BLLj,  BLLj;  BLRj,  BLRj)  enthalt  und 
die  Schalteinrichtung  (Qjn  bis  Qj16)  entspre- 
chende  Paare  von  Schaltern  (Qjn  &  Qj12,  Qji3 
&  Qji4)  enthalt,  die  auf  beiden  Seiten  eines 
jeden  gemeinsamen  Verstarkers  (NSAj)  ange- 
ordnet  sind. 

5.  Speicher  (Fig.  6  und  9)  nach  einem  der  vorher- 
gehenden  Anspruche,  bei  dem: 
die  entsprechende  Verstarkungseinrichtung 
(PSAjL  &  NSAj,  NSAj  &  PSAjr;  PSAjL  &  NSAjL, 
NSAjR  &  PSAjR)  eines  jeden  Abschnittes  (BLLj, 
BLLj;  BLRj,  BLRj)  sowohl  einen  aus  N-Kanal 
FETs  (Qj!,  Qj2;  Qji  bis  Qj4)  gebildeten  Verstar- 
ker  (NSAj;  NSAjL,  NSAjR)  und  einen  aus  P- 
Kanal-FETs  (Qj5  &  Qj6,  Qj7  &  Qj8)  gebildeten 
Verstarker  (PSAjL,  PSAjr)  aufweist. 

6.  Speicher  nach  Anspruch  5,  bei  dem  die  Aus- 
gleichseinrichtung  (Qj9,  Qj10),  die  fur  jeden  Ab- 
schnitt  (BLLj,  BLLj;  BLRj,  BLRj)  vorgesehen  ist, 
einen  N-Kanal-FET  aufweist. 

7.  Speicher  nach  einem  der  Anspruche  5  oder  6, 
bei  dem:  die  Schalteinrichtung  (Qjn  bis  Qj16) 
N-Kanal-FETs  aufweist. 

8.  Speicher  nach  Anspruch  1,  bei  dem  nur  ein 
Abschnitt  (BLRj,  BLRj)  eines  jeden  Paares  von 
Bitleitungen  benachbart  zu  dem  Ausleseaus- 
gang  (BU,  BD)  des  Speichers  angeordnet  ist. 

9.  Speicher  nach  Anspruch  1,  bei  dem  die  Zeit- 
steuereinrichtung  (Fig.  8)  eine  Einrichtung  (53, 
71  -  73  &  78  -  81)  aufweist  zum  Steuern  der 
Schalteinrichtung  (Qjn  bis  Qj14)  zum  Unterbre- 
chen  der  Verbindung  von  benachbarten  Ab- 
schnitten  (BLLj,  BLTj;  BLRj,  BLRj)  eines  jeden 
Paares  von  Bitleitungen  fur  eine  Zeitdauer  (t3 
+  U  +  te),  die  an  einem  Zeitpunkt  beginnt, 
der  dem  Empfang  eines  externen  Zeilenadre/S- 
signales  (RAS)  folgt  und  an  einem  Zeitpunkt 
endet,  der  dem  Beginn  des  Nachweisens  und 
Verstarkens  in  einem  (BLLj,  BLLj)  der  benach- 
barten  Abschnitte  (BLLj,  BLTj;  BLRj,  BLRj)  folgt. 

10.  Speicher  nach  Anspruch  1,  bei  dem  der  eine 
Abschnitt  (BLLj,  BLLj)  sich  unmittelbar  benach- 
bart  zu  dem  anderen  Abschnitt  (BLRj,  BLRj) 
befindet. 

11.  Verfahren  zum  Lesen  von  in  einer  Speicherzel- 
le  (MQj)  eines  dynamischen  RAM  (Fig.  6)  ge- 
speicherten  Daten,  welcher  Speicher  gepaarte 
Bitleitungen  aufweist,  die  jede  in  Abschnitte 

(BLLj  BLTj;  BLRj,  BLRj)  unterteilt  ist, 
wobei  das  Verfahren  ausgefuhrt  wird  durch: 
Adressieren  der  Speicherzelle  (MQj)  zum  Er- 
zeugen  einer  Potentialdifferenz  uber  den  Ab- 

5  schnitt  (BLLj,  BLLj),  mit  dem  sie  verbunden  ist; 
Erfassen  und  Verstarken  der  Potentialdifferenz; 
Ankoppeln  des  Abschnittes  (BLLj,  BLLj)  an  den 
einen  oder  mehrere  Abschnitte  (BLRj,  BLRj) 
des  Paares  von  Bitleitungen,  die  den  Abschnitt 

io  (BLLj,  BLLj)  enthalten,  wobei  die  Potentiale  des 
einen  oder  mehreren  Abschnittes  (BLRj,  BLRj) 
zuvor  gleichgesetzt  sind,  und  Erfassen  und 
Verstarken  einer  Potentialdifferenz  uber  jeden 
der  einen  oder  mehreren  Abschnitte  (BLRj, 

15  BLRj)  und 
Ankoppeln  des  Paares  von  Bitleitungen  an  ei- 
nen  Ausleseausgang  (BU,  BD)  des  Speichers; 
wobei  dieses  Verfahren  dadurch  gekennzeich- 
net  ist,  da/S: 

20  das  Erfassen  und  Verstarken  in  einem  Ab- 
schnitt  (BLLj,  BLLj)  des  Paares  von  Bitleitun- 
gen  begonnen  wird,  wahrend  die  Potentiale  auf 
dem  einen  oder  mehreren  anderen  Abschnitten 
(BLRj,  BLRj)  des  Paares  von  Bitleitungen 

25  gleich  gehalten  wird. 

12.  Verfahren  nach  Anspruch  11,  bei  dem  die  Po- 
tentialausgleichung  in  den  anderen  Abschnitten 
(BLRj,  BLRj)  unmittelbar  vor  dem  Beginnen 

30  des  Erfassens  und  Verstarkens  in  den  anderen 
Abschnitten  (BLRj,  BLRj)  verboten  wird. 

13.  Verfahren  nach  einem  der  Anspruche  11  oder 
12,  bei  dem  das  Erfassen  und  Verstarken  in 

35  einem  Abschnitt  (BLLj,  BLLj)  begonnen  wird, 
wahrend  die  Potentiale  auf  einem  benachbar- 
ten  Abschnitt  (BLRj,  BLRj)  gleich  gehalten  wer- 
den. 
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