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Semiconductor  memory  device  capable  of  directly  reading  the  potential  of  bit  lines. 

0   Memory  cell  arrays  (MCA)  containing  dynamic 
memory  cells  (MC)  and  write/read  circuits  (WRC)  for 
these  memory  cell  arrays  (MCA)  are  arranged  al- 
ternately.  In  the  write/read  circuit  (WRC),  read  am- 
plifiers  (12)  are  provided  at  a  rate  of  one  for  every 
four  columns  (CSL1  through  CSL4:  bit  line  pairs). 
This  read  amplifier  (12)  is  composed  of  a  pream- 
plifier  (PA)  and  a  main  amplifier  (MA).  Each  column 

is  provided  with  a  multiplexer  (13),  which  selects  a 
column  and  connects  it  to  the  preamplifier  (PA)  of  a 
read  amplifier  (12).  The  signal  amplified  by  this 
preamplifier  (PA)  is  supplied  to  the  main  amplifier 
(MA).  The  current-mirror  load  circuit  of  this  main 
amplifier  (MA)  is  in  common  use  by  a  plurality  of 
read  amplifiers  (12). 
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This  invention  relates  to  a  semiconductor 
memory  device,  and  more  particularly  to  a  read 
circuit  capable  of  directly  reading  the  potential  of 
bit  lines  in  a  dynamic  random  access  memory 
(DRAM). 

In  conventional  DRAMs,  there  is  a  read  circuit 
composed  only  of  a  sense  amplifier  (a  flip-flop 
circuit)  for  sensing  and  restoring  data.  Such  a  read 
circuit  is  slow  in  read  operation.  One  reason  for  this 
is  that  the  latching  of  the  bit-line  potential  by  the 
sense-restore  sense  amplifier  involves  charging 
and  discharging  the  bit  line  of  a  large  capacity, 
resulting  in  a  slow  latching  action.  Another  reason 
is  that  causing  the  read  gate  to  open  in  synchro- 
nization  with  the  sense-restore  sense  amplifier  un- 
der  the  control  of  the  column  select  signal  requires 
a  suitable  timing. 

In  this  connection,  Published  Unexamined  Jap- 
anese  Patent  Application  No.  1-169798  discloses  a 
bit-line  potential  direct-read  circuit,  which  reads  a 
small  signal  read  on  a  bit  line  from  a  memory  cell 
immediately  after  a  word  line  is  activated  without 
the  intervention  of  the  sense-restore  sense  am- 
plifier.  With  this  circuit,  a  read  operation  in  a  DRAM 
can  be  made  faster. 

Figure  1  1  is  a  schematic  diagram  of  the  circuit 
disclosed  in  the  above  application.  For  each  pair  of 
bit  lines  BL  and  BL,  there  are  a  sense-restore 
sense  amplifier  (a  flip-flop  circuit  FF),  a  write  gate 
circuit  WGT,  and  a  differential  read  amplifier  RA  all 
connected  to  this  bit  line  pair. 

This  read  amplifier  RA  is  composed  of  two  n- 
channel  metal-oxide  silicon  field-effect  driving  tran- 
sistors  (hereinafter,  referred  to  as  NMOS  transis- 
tors)  whose  respective  gates  are  connected  to  the 
bit-line  pair,  an  NMOS  transistor  for  a  current 
source  whose  gate  is  supplied  with  the  internal 
potential  Vcc/2  between  the  power  supply  potential 
Vcc  and  the  ground  potential  Vss,  and  two  NMOS 
transistors  for  read  gates  which  are  connected  be- 
tween  the  two  driving  NMOS  transistors  and  a  pair 
of  read  common  data  lines  0  and  0  and  are 
selected  by  a  column  select  signal  CSL.  The  read 
common  data-line  pair  0  and  0,  which  is  con- 
nected  to  a  load  circuit  LD  made  up  of  two  p- 
channel  MOS  FETs  (hereinafter,  referred  to  as 
PMOS  transistors),  is  in  common  use  by  a  plurality 
of  read  amplifiers  RA. 

In  the  bit-line  potential  direct-read  method,  it  is 
a  common  practice  to  separate  the  read  common 
data-line  pair  0  and  0  from  the  write  common 
data-line  pair  I  and  I. 

Figure  12  shows  the  timing  of  read  operation 
when  the  memory  cell  data  in  the  Fig.  11  circuit  is 
a  0. 

When  the  column  select  signal  CSL  is  ac- 
tivated  to  open  the  read  gate  and  then  the  word 
line  WL  is  activated,  information  in  the  memory  cell 

MC  appears  on  the  pair  of  bit  lines  BL  and  BL, 
which  is  immediately  amplified  by  the  read  am- 
plifier  RA  and  then  transferred  to  the  pair  of  com- 
mon  read  data  lines  0  and  0.  This  allows  data  to 

5  be  read  mostly  as  fast  as  the  static  RAM  (SRAM). 
Next,  the  activating  signals  SAN  and  SAP  for  the 
sense-restore  sense  amplifier  are  activated  to  en- 
able  this  sense  amplifier  SA,  which  in  turn  performs 
a  latch  action  that  amplifies  the  signal  on  the  pair 

io  of  bit  lines  BL  and  BL,  or  the  previously  read 
information,  and  rewrites  it  into  the  memory  cell 
MC.  The  sense  amplifier  SA  only  amplifies  and 
rewrites  the  signal,  so  that  its  operating  speed  has 
no  effect  on  the  reading  speed. 

75  With  the  conventional  bit-line  potential  direct- 
read  circuit,  however,  the  pattern  layout  of  the 
integrated  circuit  makes  it  difficult  to  provide  the 
read  amplifier  RA  with  a  sufficient  sensitivity  or  an 
amplification  factor  with  less  variations.  It  is  desir- 

20  able  that  numerous  MOS  transistors  constituting 
the  read  amplifiers  RA  are  arranged  symmetrically 
in  the  direction  in  which  the  bit  line  pair  extends. 
However,  squeezing  the  patterns  within  the  pitch 
between  the  pair  of  bit  lines  leads  to  an  increased 

25  chip  size  or  an  imbalanced  parasitic  resistance. 
The  most  serious  problem  with  such  conven- 

tional  circuits  is  that  high-speed  reading  cannot  be 
expected  especially  when  a  signal  to  be  amplified 
is  small.  The  reason  for  this  is  that  a  considerable 

30  parasitic  capacitance  of  the  order  of  several  pF 
generally  existing  on  the  pair  of  read  common  data 
lines  0  and  0  makes  it  difficult  for  only  a  single 
stage  of  read  amplifier  RA  to  amplify  a  very  small 
input  signal  under  the  worst  conditions  where  the 

35  potential  difference  is  on  the  order  of  200  mV.  In 
other  words,  with  the  conventional  bit-line  potential 
direct-read  circuit,  reading  speed  varies  substan- 
tially  depending  on  the  magnitude  of  input  signal. 

The  object  of  the  present  invention  is  to  pro- 
40  vide  a  semiconductor  memory  device  capable  of 

reading  information  at  a  high  speed  even  when  the 
level  of  a  signal  read  on  the  line  pair  from  a  DRAM 
cell  is  small,  while  maintaining  a  high  sensitivity  by 
suppressing  variations  in  reading  speed. 

45  The  foregoing  object  is  accomplished  by  pro- 
viding  a  semiconductor  memory  device  compris- 
ing:  a  memory  cell  array  in  which  dynamic  memory 
cells  are  placed  at  some  of  the  intersections  of  a 
plurality  of  bit  line  pairs  and  a  plurality  of  word 

50  lines;  a  row  decoder  for  selecting  a  word  line  of  the 
memory  cell  array;  a  column  decoder  for  supplying 
a  column  select  signal  to  select  a  column  (a  bit  line 
pair)  of  the  memory  cell  array;  bit-line  precharge 
equalize  circuits  connected  to  the  individual  col- 

55  umns  of  the  memory  cell  array,  respectively, 
which,  based  on  a  precharge  equalize  signal, 
precharge  and  equalize  the  bit  line  pair  to  a  speci- 
fied  potential  for  a  particular  period  of  time;  restore 
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sense  amplifiers  connected  to  the  individual  col- 
umns  of  the  memory  cell  array,  respectively,  which 
restore  information  in  the  memory  cell;  write  gate 
circuits  provided  for  the  individual  columns  of  the 
memory  cell  array,  respectively,  which  are  each 
selected  by  a  column  select  signal  from  the  col- 
umn  decoder;  a  write  data  line  pair  connected  in 
common  to  the  write  gate  circuits,  which  transfers 
information  to  be  written;  a  plurality  of  read  amplifi- 
ers  provided  at  a  rate  of  one  for  every  particular 
number  of  columns  of  the  memory  cell  array,  each 
of  which  is  composed  of  a  plurality  of  differential 
amplifiers  connected  in  cascade;  a  read  data  line 
pair  connected  in  common  to  the  individual  final- 
stage  output  sections  of  the  read  amplifiers;  a 
multiplexer  that,  based  on  a  column  select  signal 
from  the  column  decoder,  selects  one  of  the  col- 
umns  and  then  connects  it  to  a  corresponding  read 
amplifier;  a  first  precharge  circuit  connected  to  the 
output  side  of  the  multiplexer,  which  is  selectively 
turned  on  by  a  first  precharge  signal,  and  prechar- 
ges  the  signal  line  pair  on  the  output  side  of  the 
multiplexer  to  a  specified  potential  during  the  time 
other  than  read  operations;  a  control  signal  gen- 
erating  circuit  the  output  terminal  of  which  is  con- 
nected  to  the  first  precharge  circuit  and  the  read 
amplifier,  and  which,  according  to  the  column  se- 
lect  signals,  not  only  selectively  deactivates  the 
first  precharge  signal,  but  also  produces  a  control 
signal  to  activate  the  read  amplifier;  and  a  read 
amplifier  activating  circuit  provided  for  the  read 
amplifier,  which,  based  on  the  control  signal  from 
the  control  signal  generating  circuit,  activates  the 
read  amplifier. 

In  the  present  invention,  the  read  amplifier  is 
composed  of  two  stages  of  amplifiers  with  the  first 
amplifier  having  a  small  load  capacity.  This  two- 
stage  amplification  provides  a  sufficiently  high  re- 
sponse  characteristics  even  when  a  signal  to  be 
amplified  is  small.  Therefore,  compared  with  con- 
ventional  DRAMs  with  only  one  stage  of  read  am- 
plifier,  the  present  invention  has  a  sufficiently  large 
sensitivity  or  amplification  factor,  which  reduces 
variations  in  the  reading  speed  due  to  the  mag- 
nification  of  input  signal,  thereby  ensuring  high- 
speed  reading. 

In  addition,  the  read  amplifiers  are  provided  at 
a  rate  of  one  for  every  plural  number  of  columns. 
Therefore,  compared  with  a  case  where  a  read 
amplifier  is  placed  for  each  column,  the  present 
invention  allows  more  space  for  the  installation  of 
read  amplifiers,  thereby  facilitating  the  layout  of 
circuit  patterns.  This  easiness  in  laying  out  circuit 
patterns  helps  create  a  highly  symmetrical  layout 
with  respect  to  the  direction  in  which  the  bit  line 
pair  extends. 

This  invention  can  be  more  fully  understood 
from  the  following  detailed  description  when  taken 

in  conjunction  with  the  accompanying  drawings,  in 
which: 

Fig.  1  shows  a  schematic  pattern  layout  of  a 
portion  of  a  DRAM  according  to  the  present 

5  invention; 
Fig.  2  is  a  schematic  block  diagram  of  a  portion 
of  the  DRAM  of  Fig.  1,  which  is  a  first  embodi- 
ment  of  the  present  invention; 
Fig.  3  is  a  circuit  diagram  for  a  concrete  exam- 

w  pie  of  a  portion  of  the  Fig.  2  DRAM; 
Fig.  4  is  a  detailed  circuit  diagram  of  a  portion 
for  bit  0  to  bit  3  of  the  Fig.  2  DRAM  in  accor- 
dance  with  the  pattern  layout; 
Fig.  5  is  a  detailed  circuit  diagram  of  a  portion 

15  for  bit  4  to  bit  7  of  the  Fig.  2  DRAM  in  accor- 
dance  with  the  pattern  layout; 
Fig.  6  is  a  timing  diagram  for  a  read  operation  in 
the  DRAM  of  Fig.  2; 
Fig.  7  is  a  circuit  diagram  for  a  modification  of 

20  the  read  amplifier  of  Fig.  4; 
Fig.  8  is  a  schematic  block  diagram  of  a  portion 
of  a  DRAM  according  to  a  second  embodiment 
of  the  present  invention; 
Fig.  9  is  a  circuit  diagram  for  a  modification  of 

25  the  read  amplifier  of  Fig.  8; 
Fig.  10  is  a  circuit  diagram  for  the  output  portion 
of  an  improvement  of  the  DRAM  of  Fig.  2, 
especially  the  latter  half  beyond  the  common 
read  bus; 

30  Fig.  11  is  a  schematic  circuit  diagram  for  a 
portion  of  a  conventional  bit-line  potential  direct- 
read  circuit;  and 
Fig.  12  is  a  timing  diagram  for  a  read  operation 
in  the  DRAM  of  Fig.  11. 

35  Referring  to  the  accompanying  drawings,  em- 
bodiments  of  the  present  invention  will  be  ex- 
plained. 

Figure  1  illustrates  schematically  the  pattern 
layout  of  the  memory  circuit  region  of  a  DRAM.  In 

40  the  figure,  the  memory  circuit  region  20  is  formed 
on  a  semiconductor  substrate  (not  shown).  In  the 
memory  circuit  region  20,  a  plurality  of  memory- 
cell  arrays  MCA  and  a  plurality  of  write/read  circuit 
regions  WRC  are  arranged  alternately.  A  row  de- 

45  coder  is  provided  along  one  longitudinal  side  of  the 
alternate  arrangement  of  the  memory  cell  arrays 
MCA  and  write/read  circuit  regions  WRC,  whereas 
a  column  decoder  CD  is  provided  along  one  lateral 
side  of  the  same  arrangement. 

50  Figure  2  is  a  detailed  view  of  portion  A  in  Fig. 
1,  schematically  illustrating  a  DRAM  with  a  bit-line 
potential  direct-read  circuit  according  to  a  first  em- 
bodiment  of  the  present  invention.  For  the  sake  of 
simplification,  memory  cells,  bit  line  pairs,  word 

55  lines,  and  others  shown  here  are  limited  to  the 
necessary  minimum  for  understanding  the  present 
invention. 

In  Fig.  2,  in  a  memory  cell  array  MCA,  a 
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plurality  of  pairs  of  bit  lines  BLO  and  BLO  through 
BL3  and  BL3  and  a  plurality  of  word  lines  WL  are 
arranged  so  as  to  cross  at  right  angles  and  dy- 
namic  memory  cells  MC  or  dummy  cells  (not 
shown)  are  installed  at  some  of  the  intersections. 
Each  of  these  memory  cells  MC  and  dummy  cells 
is  normally  composed  of  a  transistor  and  a  capaci- 
tor.  One  of  the  word  lines  is  selected  by  the  row 
decoder  RD,  while  one  of  the  pairs  of  bit  lines  BLi 
and  BUI  (i  =  0,  1,  2,  ...)  is  selected  by  the  column 
decoder  CD.  To  each  column  of  the  memory  cell 
arrays,  or  each  bit  line  pair,  a  bit-line  precharge 
equalize  circuit  EOL  is  connected  which  prechar- 
ges  and  equalizes  the  bit  line  pair  for  specified 
period  of  time  according  to  a  precharge  equalize 
signal  (not  shown).  The  precharge  equalize  circuit 
EQL  brings  the  bit  line  pair  to  the  precharge  poten- 
tial  VBL,  which  is  normally  an  intermediate  poten- 
tial,  such  as  Vcc/2,  between  the  power  supply 
potential  Vcc  of  the  DRAM  and  the  ground  potential 
Vss- 

The  write/read  circuit  WRC  is  provided  with  a 
plurality  of  latch  restore  sense  amplifiers  (FF)  10, 
write  gate  circuits  (WGT)  11,  read  amplifier  12, 
multiplexers  13,  first  precharge  circuits  15,  control 
signal  generating  circuits  14,  read  amplifier  activat- 
ing  circuits  16  (each  included  in  the  first  stage 
amplifier  PA  of  the  read  amplifier  12  as  shown  in 
Fig.  3),  and  first  equalize  circuits  17  as  well  as 
restore  sense  amplifier  activating  signal  lines  SAN 
and  SAP,  a  write  control  signal  line  WG,  a  pair  of 
write-only  common  data  lines  (hereinafter,  referred 
to  as  a  common  write  bus)  I  and  I,  a  block  select 
signal  line  QSL,  an  equalize  signal  line  CEQ,  and  a 
pair  of  read-only  common  data  lines  (hereinafter, 
referred  to  as  a  common  read  bus)  0  and  0. 

The  memory  cell  array  MCA  and  write/read 
circuit  WRC  are  also  provided  with  column  select 
signal  lines  CSLO  through  CSL3. 

The  common  read  bus  0  and  0  is  connected 
to  at  least  one  stage  of  differential  amplifier  circuit 
DA  that  amplifies  a  signal  read  on  the  bus.  The 
differential  amplifier  DA  is  connected  to  an  output 
buffer  OB,  which  supplies  the  output  signal  Dout. 

Two  blocks  of  memory  cell  array  regions  MCA 
located  on  both  sides  of  the  write/read  circuit  WRC 
share  the  read  amplifier  12  of  this  intervening 
write/read  circuit  WRC.  A  signal  write/read  circuit 
WRC  and  a  single  memory  cell  array  region  MCA 
are  assumed  to  form  one  block.  The  read  amplifier 
12  contains  a  plurality  of  MOS  transistors  18,  which 
connect  to  the  read  amplifier  12  the  bit-line  pairs 
belonging  to  one  of  the  two  blocks  of  memory  cell 
array  regions  MCA.  These  MOS  transistors  18  are 
controlled  by  the  memory  cell  array  select  signal 
FTk  or  FTk  +  1  that  selects  a  particular  memory  cell 
array. 

Each  column  of  the  memory  cell  arrays  is 

connected  to  its  own  restore  sense  amplifier  10 
and  write  gate  circuit  11.  The  common  write  bus  I 
and  I  is  connected  in  common  to  a  plurality  of  write 
gate  circuits  1  1  in  the  unit  block.  The  read  amplifi- 

5  ers  12  are  provided  at  a  rate  of  one  for  every  plural 
number  of  columns  of  memory  cell  arrays.  Here, 
one  amplifier  is  placed  for  every  four  columns,  but 
they  may  be  provided  at  a  rate  of  one  for  every 
two  or  eight  columns.  The  read  amplifier  12  is 

io  composed  of,  for  example,  a  first  stage  of  differen- 
tial  amplifier  (preamplifier)  PA  and  a  second  stage 
of  differential  amplifier  (main  amplifier)  MA. 

The  common  read  bus  0  and  0  is  connected 
in  common  to  the  final  stage  output  sections  of  64 

is  read  amplifiers  12,  for  example.  Based  on  the 
column  select  signal  CSLi  (i  =  0,1,2,  3,  ...)  sup- 
plied  from  the  column  decoder,  the  multiplexer  13 
selects  one  out  of  four  columns  (bit  line  pairs)  and 
then  connects  it  to  a  corresponding  read  amplifier 

20  12.  The  first  precharge  circuit  15,  based  on  a  first 
precharge  signal  4>PR  explained  later,  precharges 
the  common  bit  line  pair  RBL  and  RBL  on  the 
output  side  of  the  multiplexer  13  to,  for  example,  a 
potential  of  Vcc/2  during  the  time  other  than  read 

25  operations. 
The  control  signal  generating  circuit  14  is  sup- 

plied  with  a  block  select  signal  QSL  and  column 
select  signals  CSLO  through  CSL3  corresponding 
to  the  four  columns.  Based  on  these  signals,  the 

30  control  signal  generating  circuit  14  brings  the  first 
precharge  circuit  15  to  the  off  state  and  generates 
a  control  signal  to  activate  the  read  amplifier  12. 
The  block  select  signal  QSL,  which  is  generated 
from  the  output  or  input  of  the  row  decoder  RD,  is 

35  used  to  select  the  write/read  circuits  WRC  in 
blocks  from  those  contained  in  the  numerous 
blocks. 

The  read  amplifier  activating  circuit  16  of  Fig. 
3,  based  on  a  read  amplifier  activating  signal  4>EN, 

40  selectively  activates  some  of  the  read  amplifiers  12 
in  the  block.  This  activating  circuit  16  is  provided  to 
prevent  current  from  passing  through  the  read  am- 
plifier  12  when  it  is  not  selected. 

During  the  time  other  than  read  operations,  the 
45  first  equalize  circuit  17  selectively  equalizes  the 

potential  of  the  complementary  signal  line  pair  RO 
and  RO  between  the  preamplifier  PA  and  the  main 
amplifier  MA  of  the  read  amplifier  12.  This  circuit 
17,  which  is  controlled  by  a  first  equalize  signal 

50  CEQ,  is  provided  as  required. 
Figure  3  shows  a  concrete  example  of  the 

restore  sense  amplifier  10,  write  gate  circuit  11, 
read  amplifier  12,  multiplexer  13,  control  signal 
generating  circuit  14,  first  precharge  circuit  15, 

55  read  amplifier  activating  circuit  16,  and  first  equal- 
ize  circuit  17. 

Specifically,  the  restore  sense  amplifier  10  is  a 
complementary  MOS  (CMOS)  flip-flop  circuit  made 

4 
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up  of  two  NMOS  transistors  N1  and  N2  and  two 
PMOS  transistors  P1  and  P2.  The  sources  of  the 
two  NMOS  transistors  N1  and  N2  are  both  con- 
nected  to  the  restore  sense  amplifier  control  signal 
line  SAN  to  control  the  restore  sense  amplifier, 
while  their  drains  are  connected  to  the  bit  lines  BLi 
and  BUI,  respectively.  The  sources  of  the  two 
PMOS  transistors  P1  and  P2  are  both  connected  to 
the  restore  sense  amplifier  control  signal  line  SAP, 
while  their  drains  are  connected  to  the  bit  lines  BLi 
and  BUI,  respectively. 

The  write  gate  circuit  11  is  composed  of  a 
write  gate  pair  consisting  of  two  NMOS  transistors 
N3  and  a  transfer  gate  pair  consisting  of  two 
NMOS  transistors  N4.  The  current  paths  of  the  two 
NMOS  transistors  N3  are  connected,  at  one  end,  to 
the  bit  line  pair  BLO  and  BLO,  respectively,  where- 
as  their  gates  are  both  connected  to  the  write 
control  signal  line  WG.  The  current  paths  of  the 
two  NMOS  transistors  Nr  are  connected,  at  one 
end,  to  the  other  ends  of  current  paths  of  the 
NMOS  transistors  N3,  respectively,  while  the  other 
ends  are  connected  to  the  common  write  bus  I  and 
I,  respectively.  The  gates  of  these  NMOS  transis- 
tors  N4  are  supplied  with  the  column  select  signal 
CSLO. 

The  multiplexer  13  is  made  up  of  a  transfer 
gate  pair  consisting  of  two  NMOS  transistors  N9. 
The  current  paths  of  these  NMOS  transistors  N9 
are  connected,  at  one  end,  to  the  bit  lines  BLO  and 
BLO,  respectively.  Their  gates  are  supplied  with  the 
column  select  signal  CSLO.  The  other  end  of  the 
current  path  of  the  NMOS  transistor  N9  connected 
to  bit  line  BLO  is  connected  to  the  common  bit  line 
pair  RBL,  while  the  other  end  of  the  current  path  of 
the  NMOS  transistor  N9  connected  to  bit  line  BLO 
is  connected  to  the  common  bit  line  pair  RBL. 

Each  of  the  remaining  columns  is  constructed 
in  the  same  manner  in  terms  of  the  restore  sense 
amplifier  10,  write  gate  circuit  11,  and  multiplexer 
13. 

The  common  bit  line  pair  RBL  and  RBL  is 
provided  with  the  first  precharge  circuit  15  to 
precharge  the  output  side  of  the  multiplexer  13  in 
order  to  prevent  the  output  potential  from  being 
indefinite  when  the  multiplexer  is  not  selected.  The 
first  precharge  circuit  15  is  composed  of  two 
NMOS  transistors  N10.  The  current  paths  of  these 
NMOS  transistors  are  connected,  at  one  end,  to  the 
power  supply  VBL,  whereas  the  other  ends  are 
connected  the  common  bit  line  pair  RBL  and  RBL, 
respectively.  The  gates  of  the  NMOS  transistors 
N10  are  supplied  with  a  first  precharge  signal  4>PR 
from  the  control  signal  generating  circuit  14. 

The  control  signal  generating  circuit  14  is 
made  up  of  four  NMOS  transistors  N11  through 
N14  and  a  PMOS  transistor  P6.  The  current  paths 
of  the  NMOS  transistors  N11  through  N14  are 

connected  in  parallel  with  each  other  and  the  cur- 
rent  path  of  the  PMOS  transistor  P6  is  connected 
between  one  end  (the  output  end)  of  this  parallel 
connection  and  the  power  supply  Vcc.  The  gate  of 

5  the  PMOS  transistor  P6  is  connected  to  the 
ground.  The  gates  of  the  NMOS  transistors  N11 
through  N14  are  supplied  with  column  select  sig- 
nals  CSLO  through  CLS3  corresponding  to  four 
columns,  respectively,  while  the  other  ends  of  the 

io  parallel  current  paths  are  supplied  with  the  block 
select  signal  QSL.  The  control  signal  generating 
circuit  14  forms  a  logic  circuit  that  ANDs  the  OR  of 
column  select  signals  CSLO  through  CLS3  with  the 
block  select  signal  QSL.  In  this  logic  circuit,  when 

is  the  logical  conditions  are  not  met,  the  control  sig- 
nal  output  goes  to  a  high  level,  whereas  when  they 
are  met,  it  goes  to  a  low  level.  In  the  present 
embodiment,  this  control  signal  output  is  used  as  a 
read  amplifier  activating  signal  4>EN  as  well  as  the 

20  first  precharge  signal  4>PR.  In  this  case,  the  high- 
level  control  signal  output  indicates  the  active  state 
of  the  first  precharge  signal  4>PR  and  the  inactive 
state  of  the  read  amplifier  activating  signal  4>EN, 
and  the  low-level  control  signal  output  represents 

25  the  inactive  state  of  the  first  precharge  signal  4>PR 
and  the  active  state  of  the  read  amplifier  activating 
signal  4>EN. 

The  read  amplifier  12  is  composed  of  a  pream- 
plifier  PA  and  a  main  amplifier  MA,  each  of  which 

30  consists  of  a  CMOS  differential  amplifier  with  a 
current-mirror  load.  In  this  read  amplifier  12,  the 
gate  of  a  MOS  transistor  is  used  so  as  to  provide 
the  differential  input  section  of  the  preamplifier  PA 
with  a  high  impedance,  thereby  preventing  the  de- 

35  struction  of  a  small  signal  read  on  the  bit  lines.  The 
preamplifier  PA  is  connected  to  the  read  amplifier 
activating  circuit  16.  The  load  circuit  LD  of  the  main 
amplifier  MA  is  in  common  by  a  plurality  of  read 
amplifiers  in  the  block. 

40  Specifically,  the  preamplifier  PA  is  composed 
of  two  NMOS  transistors  N5  and  an  MMOS  transis- 
tor  N6  constituting  a  current  source,  and  two 
PMOS  transistors  P3  constituting  a  current-mirror 
load.  The  gates  of  both  NMOS  transistors  N5  are 

45  connected  to  the  common  bit  lines  RBL  and  RBL, 
respectively,  while  their  sources  are  connected  to 
the  ground  via  the  NMOS  transistor  N6.  The  gate 
of  the  NMOS  transistor  N6  is  supplied  with  the 
intermediate  potential  VBL.  The  drains  of  both 

50  NMOS  transistors  N5  are  connected  to  the  drains 
of  the  PMOS  transistors  P3,  respectively,  with  the 
drain  of  one  NMOS  transistor  N5  being  connected 
to  the  gates  of  both  PMOS  transistors  P3.  Between 
the  sources  of  the  PMOS  transistors  P3  and  the 

55  potential  Vcc,  a  PMOS  transistor  P4  is  connected 
which  serves  as  the  read  amplifier  activating  circuit 
16.  The  gate  of  the  PMOS  transistor  P4  is  supplied 
with  a  read  amplifier  activating  signal  <j>EN. 

5 



9 EP  0  490  363  A1 10 

The  main  amplifier  MA  is  composed  of  two 
NMOS  transistors  N7,  a  NMOS  transistor  N8  for 
current  source,  and  two  PMOS  transistors  P5  con- 
stituting  a  current-mirror  load.  The  gates  of  both 
NMOS  transistors  N7  are  connected,  via  the  com- 
plementary  signal  lines  RO  and  RO,  to  the  drains 
of  both  NMOS  transistors  N5,  respectively.  The 
sources  of  the  NMOS  transistors  N7  are  connected 
to  the  ground  via  the  NMOS  transistor  N8.  The 
gate  of  the  NMOS  transistor  N8  is  supplied  with  the 
intermediate  VBL.  The  drains  of  both  NMOS  tran- 
sistors  N7  are  connected  to  the  drains  of  the 
PMOS  transistors  P5,  respectively,  with  the  drain  of 
one  NMOS  transistor  N7  being  connected  to  the 
gates  of  both  PMOS  transistors  P5.  The  sources  of 
these  PMOS  transistors  P5  are  connected  to  the 
potential  VCC.  The  drains  of  the  PMOS  transistors 
P5  are  connected  to  the  common  read  bus  0  and 
0,  respectively,  for  common  use  by  a  plurality  of 
read  amplifiers  12,  thereby  suppressing  an  in- 
crease  in  the  pattern  size. 

Between  the  common  bit  line  RBL  and  the 
drain  of  one  NMOS  transistor  N5  constituting  the 
preamplifier  PA,  a  capacitor  C1  is  connected, 
whereas  between  the  common  bit  line  RBL  and  the 
drain  of  the  other  NMOS  transistor  N5  constituting 
the  preamplifier  PA,  a  capacitor  C2  is  connected. 
Since  these  capacitors  C1  and  C2  have  the  func- 
tion  of  reducing  a  parasitic  capacitance  between 
the  common  bit  lines  RBL  and  RBL  and  the  output 
terminal  of  the  preamplifier  PA,  they  prevents  the 
signals  on  the  common  bit  lines  RBL  and  RBL  from 
decreasing  due  to  coupling  noises  introduced  by 
the  parasitic  capacitance. 

Although  the  PMOS  transistors  P5  are  used  as 
the  load  circuit  of  the  main  amplifier  MA,  it  may  be 
a  high-resistance  load  instead. 

The  first  equalize  circuit  17  is  composed  of  an 
NMOS  transistor  N15  connected  across  the  signal 
line  pair  RO  and  RO.  The  gate  of  this  NMOS 
transistor  N15  is  supplied  with  a  first  equalize  sig- 
nal  CEQ.  The  first  equalize  circuit  17  may  be  a 
CMOS  transfer  gate  consisting  of  a  parallel  con- 
nection  of  an  NMOS  transistor  and  a  PMOS  tran- 
sistor  controlled  by  complementary  equalize  sig- 
nals. 

Additionally,  a  circuit  that  precharges  the  signal 
line  pair  RO  and  RO  to  an  appropriate  level,  for 
example,  Vcc/2  may  be  provided  so  as  to  be 
turned  on  by  the  first  equalize  signal  CEQ.  That  is, 
a  first  precharge  equalize  circuit  may  be  used  in 
place  of  the  first  equalize  circuit  17. 

Figures  4  and  5  are  detailed  circuit  diagrams 
for  eight  columns  of  the  memory  circuit  region  20 
of  Fig.  1,  corresponding  to  the  pattern  layout,  with 
the  like  parts  in  Fig.  2  being  assigned  the  same 
reference  characters  as  those  in  Fig.  2. 

Here,  provided  in  parallel  with  the  word  line  WL 

are:  a  bit-line  precharge  power  line  41,  bit-line 
precharge  equalize  signal  lines  42a  and  42b,  signal 
lines  43a  and  43b  for  selective  control  of  a  plurality 
of  MOS  transistors  18,  restore  sense  amplifier  ac- 

5  tivating  signal  lines  44  and  45,  a  write  control 
signal  line  46,  common  write  bus  47  and  47,  a 
block  select  signal  line  48,  an  equalize  signal  line 
49,  common  read  buses  50a  and  50a,  and  50b  and 
50b. 

io  The  column  select  signal  line  51  i  is  provided  in 
parallel  with  the  bit  line  pair  BLi  and  BUI. 

Read  operation  in  the  DRAM  of  the  first  em- 
bodiment  will  be  described,  referring  to  Fig.  6. 

It  is  assumed  that  the  timing  with  which  the 
is  read  amplifier  12  is  activated  is  before  or  at  the 

same  time  the  word  line  WL  is  activated,  that  the 
timing  with  which  the  first  equalize  circuit  17  is 
switched  from  on  to  off  is  at  the  same  time  or 
immediately  after  the  word  line  WL  is  activated, 

20  and  that  the  timing  with  which  the  restore  sense 
amplifier  10  is  activated  is  at  the  same  time  of  or 
later  than  the  first  equalize  circuit  17  is  turned  off. 

Before  a  read  operation  starts,  the  bit-line  pair 
BLi  and  BE!  and  the  common  bit-line  pair  RBL  and 

25  RBL  on  the  multiplexer  output  side  are  precharged 
to  the  potential  Vcc/2.  First,  for  example,  when  the 
column  select  signal  CSLO  and  block  select  signal 
QSL  are  each  activated,  the  first  precharge  signal 
4>PR  goes  to  the  inactive  state  and  the  read  am- 

30  plifier  activating  signal  4>EN  goes  to  the  active 
state,  which  activates  the  read  amplifier  12  cor- 
responding  to  the  column  to  be  selected  by  the 
column  select  signal  CSLO.  At  the  same  time  or 
after  this,  the  bit-line  precharge  equalize  circuit 

35  EQL  is  turned  off  and  the  output  of  the  row  de- 
coder  RD  selectively  activates  the  word  line  WL, 
thereby  causing  the  information  in  the  memory  cell 
MC  connected  to  the  selected  word  line  WL  to  be 
read  on  the  respective  bit  lines  BLO  and  BLO.  With 

40  the  read  amplifier  12  already  in  the  active  state,  a 
small  signal  appears  on  the  bit  line  pair  BLO  and 
BLO  is  amplified  immediately.  An  actual  read  op- 
eration  starts  with  switching  the  first  equalize  circuit 
17  from  on  to  off  state  almost  at  the  same  time  or 

45  later  than  the  word  line  is  activated. 
To  read  at  a  high  speed  a  signal  appearing  on 

the  bit  line,  it  is  important  to  activate  the  read 
amplifier  12  before  the  activation  of  the  word  line 
WL.  In  this  case,  if  there  is  imbalance  in  the 

50  potential  difference  at  the  signal  line  pair  RO  and 
RO  between  the  preamplifier  PA  and  main  amplifier 
MA  of  the  read  amplifier  12  before  the  signal  read 
from  the  memory  cell  appears  on  the  bit  lines,  this 
imbalance  component  is  also  amplified  at  the  read 

55  amplifier  12.  Therefore,  the  amplification  of  the 
signal  on  the  bit  lines  read  from  the  memory  cell 
requires  the  inversion  of  erroneous  data  caused  by 
such  imbalance,  which  makes  a  hindrance  to  high- 

6 
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speed  reading. 
To  eliminated  this  drawback,  the  first  equalize 

circuit  17  is  used  which  equalizes  the  signal  line 
pair  RO  and  RO  between  the  preamplifier  PA  and 
the  main  amplifier  MA.  That  is,  by  switching  the 
first  equalize  circuit  17  from  on  to  off  at  the  same 
time  of  or  later  than  the  activation  of  the  word  line, 
high-speed  read  operation  can  be  assured. 

The  input  to  the  read  amplifiers  not  selected  is 
precharged  to  Vcc/2  by  the  first  precharge  circuit 
15.  Therefore,  the  output  of  the  preamplifier  PA 
never  fails  to  be  at  a  low  level  and  the  main 
amplifier  MA  is  in  the  off  state,  which  not  only 
prevents  current  from  flowing  through  the  NMOS 
transistor  N7,  but  also  separates  this  transistor,  or 
the  read  amplifier,  from  the  common  read  bus  0  
and  0. 

Then,  to  rewrite  a  signal  appearing  on  the  bit 
lines  into  the  memory  cell,  the  restore  sense  am- 
plifier  10  performs  a  restore  action.  Specifically, 
when  the  restoresense  amplifier  control  signal  SAN 
changes  from  Vcc/2  to  the  low  level  (the  potential 
Vss)  and  the  restore  sense  control  signal  SAP  goes 
from  Vcc/2  to  the  high  level  (the  potential  Vcc),  a 
restore  operation  starts  on  the  bit  lines  and  then  a 
signal  appearing  on  the  bit  lines  is  rewritten  into 
the  memory  cell. 

Now,  a  write  operation  in  the  DRAM  of  the  first 
embodiment  will  be  described. 

Write  operations  here  are  almost  the  same  as 
those  in  ordinary  DRAMs.  Specifically,  before  the 
start  of  operation,  the  individual  bit  line  pairs  are 
precharged  to  Vcc/2.  When  the  word  line  selected 
by  the  row  decoder  RD  is  activated,  information 
stored  in  the  memory  cell  MC  is  read  onto  the  bit 
lines.  When  a  column  select  signal,  for  example, 
CSLO,  selects  a  corresponding  write  gate  circuit  1  1 
and  the  write  control  signal  WG  is  activated,  the 
common  write  bus  I  and  I  is  selectively  connected 
to  the  bit  line  pair  BLO  and  BLO,  respectively, 
thereby  allowing  data  to  be  placed  on  the  bit  line 
pair  BLO  and  BLO.  After  this,  the  restore  sense 
amplifier  10  operates  to  write  the  data  into  the 
selected  memory  cell. 

In  the  DRAM  of  the  first  embodiment,  the  read 
amplifier  12  is  composed  of  two  stages  of  amplifi- 
ers,  the  preamplifier  PA  and  main  amplifier  MA, 
with  the  preamplifier  PA  having  a  small  load  capac- 
ity.  This  configuration  provides  sufficient  response 
characteristics  even  when  the  signal  to  be  am- 
plified  is  at  a  low  level.  Thus,  compared  with  con- 
ventional  DRAMs  with  a  single  stage  of  read  am- 
plifier,  the  first-embodiment  DRAM  provides  a  suffi- 
ciently  high  sensitivity  or  amplification  factor,  which 
reduces  variations  in  the  reading  speed  due  to  the 
magnitude  of  the  input  signal,  thereby  assuring 
high-speed  reading. 

The  potential  variations  shown  by  dotted  lines 

in  Fig.  6  indicate  the  characteristics  of  the  common 
read  bus  0  and  0  during  read  operation  in  a 
conventional  DRAM.  When  the  DRAM  of  the  first 
embodiment  was  actually  applied  to  a  4-Mbit 

5  DRAM,  access  times  as  fast  as  on  the  order  of  17 
ns  could  be  achieved. 

In  the  first-embodiment  DRAM,  the  read  am- 
plifiers  12  are  provided  at  a  rate  of  one  for  every 
four  columns.  Therefore,  compared  with  an  ar- 

io  rangement  in  which  a  read  amplifier  is  provided  for 
each  column,  this  arrangement  allows  more  space 
for  the  installation  of  read  amplifiers  12,  making  it 
easy  to  lay  out  the  circuit  pattern.  Because  the 
input  signal  level  of  the  preamplifier  PA  is  limited,  it 

is  is  desirable  to  have  the  elements  of  the  pream- 
plifier  PA  with  similar  characteristics  (electrical 
characteristics)  To  achieve  this,  it  is  important  to 
make  the  pattern  of  elements  used  as  symmetrical 
as  possible.  In  the  present  embodiment,  because 

20  each  read  amplifier  is  placed  in  the  region  of  four 
pitches  of  bit-line  pairs,  this  facilitates  the  layout  of 
the  circuit  pattern,  thereby  making  it  possible  to 
obtain  as  symmetrical  a  layout  as  possible  with 
respect  to  the  bit-line  pair.  Because  the  read  am- 

25  plifiers  are  provided  at  a  rate  of  one  for  every  four 
columns,  the  number  of  elements  per  column  is 
not  increased  as  expected,  resulting  in  a  less  in- 
crease  in  the  pattern  size. 

Because  the  number  of  amplifiers,  or  the  num- 
30  ber  of  drains  of  the  MOS  transistors,  connected  to 

the  common  read  bus  is  smaller  than  that  of  con- 
ventional  DRAMs  where  each  column  has  its  own 
read  amplifier,  the  parasitic  capacitance  of  the 
common  read  bus  0  and  0  can  be  reduced. 

35  Therefore,  the  common  read  bus  can  be  driven  at 
a  high  speed  by  using  the  read  amplifiers.  That  is, 
according  to  the  DRAM  of  the  first  embodiment, 
even  when  the  level  of  a  signal  read  onto  the  bit 
line  pair  from  the  memory  cell  is  small,  high-speed 

40  read  operations  can  be  achieved,  suppressing  vari- 
ations  in  the  reading  speed. 

If,  in  the  first-embodiment  DRAM,  an  imbalance 
in  the  potential  difference  occurs  on  the  common 
read  bus  0  and  0  before  the  signal  read  from  the 

45  memory  cell  appears  on  the  bit  line  pair,  this  has 
an  adverse  effect  on  high-speed  reading.  To  avoid 
this  problem,  a  second  equalize  circuit  is  provided 
which  selectively  equalizes  the  potential  of  the 
common  read  bus  0  and  0.  By  switching  the 

50  second  equalize  circuit  from  on  to  off  state  at  the 
same  time  of  or  immediately  after  the  activation  of 
the  word  line,  and  in  synchronization  with  or  slight- 
ly  later  than  the  operation  of  the  first  equalize 
circuit,  high-speed  reading  can  be  assured. 

55  Figure  7  shows  a  modification  of  the  read  am- 
plifier  12  of  Fig.  3.  In  the  figure,  the  construction  of 
the  preamplifier  PA  is  the  same  as  that  of  Fig.  3. 
The  main  amplifier  MA  is  composed  of  a  bipolar 
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MOS  differential  amplifier  consisting  of  a  bipolar 
transistor  and  a  MOS  transistor.  Specifically,  the 
collectors  of  n-p-n  driving  transistors  Q1  and  Q2 
are  connected  to  the  common  read  bus  0  and  0  
and  also  to  PMOS  transistors  P5  serving  as  a  load, 
with  their  emitters  connected  to  the  ground  via  an 
NMOS  transistor  N16.  The  gate  of  this  NMOS 
transistor  N16  is  supplied  with  an  inverted  activat- 
ing  signal  <£EN.  Reference  character  N15  indicates 
an  NMOS  transistor  acting  as  the  first  equalize 
circuit  17. 

Figure  8  is  a  circuit  diagram  for  a  portion  of  a 
DRAM  with  a  bit-line  potential  direct-read  circuit 
according  to  a  second  embodiment  of  the  present 
invention.  For  simplification's  sake,  memory  cells, 
bit  line  pairs,  word  lines,  and  others  are  only  limit- 
ed  to  what  is  needed  for  an  understanding  of  the 
present  invention.  The  same  parts  in  Fig.  8  and 
Figs.  3  and  7  are  indicated  by  the  same  reference 
characters. 

This  second-embodiment  DRAM,  unlike  the 
first-embodiment  DRAM,  has  no  first  precharge  cir- 
cuit  15.  Additionally,  the  places  to  which  the  read 
amplifier  activating  circuit  16  and  first  equalize  cir- 
cuit  17  are  connected  are  different  from  those  in 
the  first  embodiment.  Further,  it  differs  from  the 
first  embodiment  in  that  a  second  equalize  circuit 
18  is  added  to  the  common  read  buses  0  and  0. 

Specifically,  the  preamplifier  PA  of  the  read 
amplifier  is  provided  for  each  column  (bit  lines  BLO 
and  BLO  and  BL1  and  BET)  of  the  memory  cell 
array  MCA.  Between  each  NMOS  transistor  and 
each  PMOS  transistor  constituting  the  preamplifier 
PA,  an  NMOS  transistor  N9  constituting  the  mul- 
tiplexer  13  is  connected.  The  main  amplifiers  MA 
are  provided  at  a  rate  of  one  for  ever  two  columns. 
This  main  amplifier,  as  shown  in  Fig.  7,  is  com- 
posed  of  a  bipolar  MOS  differential  amplifier  con- 
sisting  of  a  bipolar  transistor  and  a  MOS  transistor. 
Between  the  bases  of  the  transistors  Q1  and  Q2 
serving  as  the  input  terminals  for  this  main  am- 
plifier  MA,  the  first  equalize  circuit  17  is  connected. 
The  PMOS  transistors  P5  acting  as  the  load  circuit 
of  the  main  amplifier  MA  are  connected  to  the 
common  read  bus  0  and  0  and  are  in  common 
use  by  a  plurality  of  read  amplifiers. 

The  multiplexer  13,  based  on  the  column  se- 
lect  signal  CSLi  (i  =  0,  1,  2,  ...),  selects  one  of  the 
two  columns,  and  then  connects  the  output  of  a 
corresponding  preamplifier  PA  to  the  input  terminal 
of  the  main  amplifier  MA. 

The  read  amplifier  activating  circuit  16,  based 
on  the  activating  signal  4>EN,  selects  some  of  a 
plurality  of  read  amplifiers,  and  then  activates  their 
main  amplifier  MA.  The  first  equalize  circuit  17 
selectively  equalizes  the  potential  of  the  output 
terminal  of  each  preamplifier  PA  of  the  read  am- 
plifiers  during  the  time  other  than  read  operations. 

The  second  equalize  circuit  18,  during  the  time 
other  than  read  operations,  selectively  equalizes 
the  potential  of  the  common  read  bus  0  and  0. 
Specifically,  the  second  equalize  circuit  18  is 

5  switched  from  on  state  to  off  state  by  the  second 
equalize  signal  CEQ2  at  the  same  time  of  or  imme- 
diately  after  the  activation  of  the  word  line  and  at 
the  same  time  or  a  little  later  than  the  first  equalize 
circuit  17  is  switched  from  on  to  off  state. 

io  The  preamplifier  PA  and  main  amplifier  MA  are 
activated  at  the  same  time  or  earlier  than  the 
activation  of  the  word  line.  In  addition,  the  individ- 
ual  equalize  circuits  17  and  18  are  switched  from 
on  to  off  state  at  the  same  time  of  or  immediately 

is  after  the  activation  of  the  word  line. 
In  the  second-embodiment  DRAM,  because  the 

fundamental  operations  are  the  same  as  those  of 
the  first-embodiment  DRAM,  their  detailed  explana- 
tion  will  be  omitted  and  most  noticeable  operations 

20  will  be  explained  briefly. 
It  is  assumed  that  with  the  column  select  signal 

CSLO  being  at  a  high  level  and  the  column  select 
signal  CSL1  being  at  a  low  level,  the  selected  word 
line  is  activated  and  the  information  in  the  memory 

25  cell  appears  on  the  bit  line.  In  this  case,  the  pream- 
plifier  PA  on  the  side  of  the  bit-line  pair  BLO  and 
BLO  operates,  but  that  on  the  side  of  the  bit-line 
pair  BL1  and  BET  does  not  operate  because  the 
NMOS  transistor  N9  is  off.  Consequently,  the  in- 

30  formation  on  the  bit-line  pair  BLO  and  BLO  is  sup- 
plied  to  the  main  amplifier  MA.  This  information  is 
amplified  by  the  main  amplifier  MA  activated  by 
the  activating  signal  4>EN  and  then  read  onto  the 
common  read  bus  0  and  0. 

35  In  the  DRAM  of  the  second  embodiment,  the 
read  amplifier  is  composed  of  two  stages  of  am- 
plifiers  with  the  capacitance  of  the  common  bit-line 
pair  on  the  output  side  of  preamplifier  PA  of  this 
read  amplifier  smaller  than  that  of  the  common 

40  read  bus  0  and  0.  As  a  consequence,  sufficiently 
high-speed  reading  is  possible  as  with  the  first- 
embodiment  DRAM. 

The  second-embodiment  DRAM  has  one  main 
amplifier  MA  for  every  two  columns,  leaving  more 

45  space  than  conventional  ones.  However,  because  it 
has  more  circuit  elements  than  the  first-embodi- 
ment  DRAM,  it  is  difficult  to  give  the  preamplifier  a 
highly  symmetrical  layout.  As  a  result,  the  second- 
embodiment  DRAM  has  a  slightly  lower  sensitivity 

50  than  the  first-embodiment  DRAM. 
Figure  9  illustrates  a  modification  of  the  DRAM 

according  to  the  second  embodiment.  In  the  figure, 
the  same  parts  as  those  in  Figs.  3  and  8  are 
indicted  by  the  same  reference  characters. 

55  In  Fig.  9,  a  load  circuit  composed  of  PMOS 
transistors  P3  of  the  preamplifier  PA  of  a  read 
amplifier  is  in  common  use  by  a  plurality  of  read 
amplifiers.  The  main  amplifier  MA  is  made  up  of  a 

8 
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current-mirror  CMOS  differential  amplifier.  Between 
the  pair  of  NMOS  driving  transistors  N7  of  the  main 
amplifier  MA  and  the  common  read  bus  0  and  0,  a 
pair  of  activating  control  NMOS  transistors  N17  are 
connected,  respectively.  The  NMOS  transistor  pair 
N17  is  controlled  by  the  activating  signal  <£EN. 

Figure  10  illustrates  an  improvement  of  the 
DRAM  of  the  first  embodiment.  Here,  a  second 
precharge  equalize  circuit  91  is  connected  to  the 
common  read  bus  0  and  0  of  Fig.  2,  and  a  third 
precharge  equalize  circuit  92  is  connected  to  the 
output  terminals  of  a  differential  amplifier  circuit  DA 
for  amplifying  a  signal  on  the  bus. 

The  second  precharge  equalize  circuit  91  is 
composed  of  an  NMOS  transistor  N21  whose  cur- 
rent  path  is  connected  between  the  common  read 
bus  0  and  the  power  supply  VBL,  an  NMOS  tran- 
sistor  N22  whose  current  path  is  connected  across 
the  common  read  bus  0  and  0,  and  an  NMOS 
transistor  N23  whose  current  path  is  connected 
between  the  common  read  bus  0  and  the  power 
supply  VBL,  with  the  gates  of  these  NMOS  transis- 
tors  N21  through  N23  supplied  with  the  second 
precharge  equalize  signal  CEQ2. 

With  this  arrangement,  the  NMOS  transistors 
N21  through  N23,  according  to  the  second 
precharge  equalize  signal  CEQ2,  precharge  and 
equalize  the  potential  of  the  common  read  bus  0  
and  0  to,  for  example,  Vcc/2  during  the  time  other 
than  read  operations.  In  this  state,  at  the  same  time 
of  or  immediately  after  the  activation  of  the  word 
line  WL,  they  are  switched  from  on  to  off  state  in 
synchronization  with  or  slightly  later  than  the  opera- 
tion  of  the  first  equalize  circuit  (numeral  17  in  Fig. 
1). 

The  third  precharge  equalize  circuit  92  is  com- 
posed  of  an  NMOS  transistor  N24  whose  current 
path  is  connected  between  one  output  terminal  of  a 
differential  circuit  DA  and  the  power  supply  VBL, 
an  NMOS  transistor  N25  whose  current  path  is 
connected  across  the  two  output  terminals  of  the 
differential  amplifier  circuit  DA,  and  an  NMOS  tran- 
sistor  N26  whose  current  path  is  connected  be- 
tween  one  output  terminal  of  the  differential  am- 
plifier  circuit  DA  and  the  power  supply  VBL,  with 
the  gates  of  these  NMOS  transistors  N24  through 
N26  supplied  with  the  third  precharge  equalize 
signal  CEQ3. 

With  this  configuration,  the  NMOS  transistors 
N24  through  N26,  according  to  the  third  precharge 
equalize  signal  CEQ3,  precharge  and  equalize  the 
potential  of  the  output  terminals  of  the  bus-am- 
plification  differential  amplifier  DA  to,  for  example, 
Vcc/2  during  the  time  other  than  read  operations.  In 
this  state,  at  the  same  time  of  or  immediately  after 
the  activation  of  the  word  line,  they  are  switched 
from  on  to  off  state  in  synchronization  with  or 
slightly  later  than  the  operation  of  the  second 

equalize  circuit  91  . 
That  is,  the  individual  equalize  circuits  91  and 

92  are  switched  from  on  to  off  state  simultaneously 
or  in  the  sequence  of  signal  transfer. 

5  The  bus-amplification  differential  amplifier  cir- 
cuit  DA  is  activated  before  or  at  the  same  time  the 
word  line  is  activated.  As  a  result,  the  read  start 
timing  of  the  differential  amplifier  circuit  DA  is 
determined  by  the  change  of  the  second  precharge 

io  equalize  circuit  91  from  on  to  off  state. 
In  a  case  where  a  cascade  connection  of  mul- 

tiple  stages  of  differential  amplifier  circuits  is  used, 
a  fourth  precharge  equalize  circuit  (not  shown)  is 
provided  between  the  individual  differential  ampli- 

15  fier  circuits.  The  fourth  precharge  equalize  circuit, 
according  to  the  fourth  precharge  equalize  signal, 
precharges  and  equalizes  the  potential  between  the 
complementary  signal  output  terminals  of  the  mul- 
tiple  differential  amplifiers  DA  to,  for  example, 

20  Vcc/2  during  the  time  other  than  read  operations.  In 
this  state,  at  the  same  time  of  or  immediately  after 
the  activation  of  the  word  line,  it  is  switched  from 
on  to  off  state  in  synchronization  with  or  slightly 
later  than  the  operation  of  the  second  equalize 

25  circuit  91  and  in  synchronization  with  or  slightly 
earlier  than  the  operation  of  the  third  equalize  cir- 
cuit  92. 

In  the  third-embodiment  DRAM,  because  the 
fundamental  operations  are  the  same  as  those  of 

30  the  first-embodiment  DRAM,  their  detailed  explana- 
tion  will  be  omitted  and  most  noticeable  operations 
will  be  explained  briefly,  referring  to  Figs.  1  and  10. 

Before  a  read  operation  starts,  the  bit  line  pair 
BLi  and  BUI  (i  =  1  ,  2,  3,  ...),  and  the  common  bit-line 

35  pair  RBL  and  RBL  and  the  common  read  bus  0  
and  0  on  the  output  side  of  the  multiplexer  13  are 
all  precharged  to  Vcc/2.  It  is  assumed  that  before 
the  word  line  is  activated,  all  selected  read  amplifi- 
ers  12  and  bus-amplification  differential  amplifier 

40  circuit  DA  are  in  the  active  state.  In  this  case,  the 
preamplifier  PA  of  the  read  amplifier  12,  which  is 
supplied  with  Vcc/2  as  the  bit-line  precharge  volt- 
age  VBL,  outputs  an  intermediate  potential  that  is 
determined  by  the  characteristics  of  the  pream- 

45  plifier  PA.  This  intermediate  potential  is  supplied  to 
the  main  amplifier  MA  of  the  read  amplifier  12, 
whose  output  is  also  at  the  intermediate  potential. 
Therefore,  it  is  obvious  that  previously  setting 
those  precharge  voltages  to  a  suitable  value  is 

50  desirable  for  high-speed  operation.  In  the  present 
embodiment,  the  circuit  characteristics  are  set  so 
that  when  the  potential  level  Vcc/2  is  supplied  to 
the  two  terminals  of  the  preamplifier  PA  and  main 
amplifier  MA  of  the  read  amplifier  12  and  the  bus- 

55  amplification  differential  amplifier  circuit  DA,  each 
of  these  amplifiers  may  supply  the  output  of 
Vcc/2.The  precharge  voltage  at  the  read  common 
bus  0  and  0  and  the  output  side  of  the  bus- 

9 
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amplification  differential  amplifier  circuit  DA  is  also 
set  to  Vcc/2. 

Because  the  third-embodiment  DRAM  is  con- 
structed  by  adding  the  second  and  third  precharge 
equalize  circuits  91  and  93  to  the  first-embodiment 
DRAM,  the  former  can  read  data  faster  than  the 
latter. 

Even  when  a  PRAM  with  a  bit-line  potential 
direct-read  circuit  has  a  differential  read  amplifier 
consisting  only  of  preamplifiers  for  each  column  of 
the  memory  cell  array,  or  even  when  it  has  a 
differential  read  amplifier  consisting  only  of  pream- 
plifiers  shared  by  a  plurality  of  columns,  it  still 
assures  high-speed  reading. 

Specifically,  to  activate  the  read  amplifier  at  the 
same  time  or  before  the  word  line  is  activated  and 
amplify  a  signal  appearing  on  the  bit  lines  imme- 
diately  after  the  activation  of  the  word  line  with  the 
read  amplifier  without  a  delay,  an  equalize  circuit  is 
provided  which  selectively  equalizes  the  potential 
between  the  output  terminals  that  supply  com- 
plementary  signals.  By  switching  this  equalize  cir- 
cuit  from  on  to  off  state  at  the  same  time  or  after 
the  word  line  is  activated,  it  is  possible  to  prevent 
an  imbalance  in  the  potential  between  the  output 
terminals  of  the  read  amplifier  from  being  am- 
plified,  thereby  ensuring  high-speed  reading. 

Claims 

1.  A  semiconductor  memory  device  characterized 
by  comprising: 

a  memory  cell  array  (MCA)  in  which  dy- 
namic  memory  cells  (MC)  are  placed  at  some 
of  the  intersections  of  a  plurality  of  bit  line 
pairs  (BLi,  BUI)  and  a  plurality  of  word  lines 
(WL); 

a  row  decoder  (RD)  for  selecting  a  word 
line  (WL)  of  said  memory  cell  array  (MCA); 

a  column  decoder  (CD)  for  supplying  a 
column  select  signal  to  select  a  column  (a  bit 
line  pair)  of  said  memory  cell  array  (MCA); 

bit-line  precharge  equalize  circuits  (EQL) 
connected  to  the  individual  columns  of  said 
memory  cell  array  (MCA),  respectively,  which, 
based  on  a  precharge  equalize  signal, 
precharge  and  equalize  the  bit  line  pair  (BLi, 
BE!)  to  a  specified  potential  for  a  particular 
period  of  time; 

restore  sense  amplifiers  (10)  connected  to 
the  individual  columns  of  said  memory  cell 
array  (MCA),  respectively,  which  restore  in- 
formation  in  the  memory  cell  (MC); 

write  gate  circuits  (11)  provided  for  the 
individual  columns  of  said  memory  cell  array 
(MCA),  respectively,  which  are  each  selected 
by  a  column  select  signal  from  said  column 
decoder  (CD); 

a  write  data  line  pair  (I,  I)  connected  in 
common  to  said  write  gate  circuits  (11),  which 
transfers  information  to  be  written; 

a  plurality  of  read  amplifiers  (12)  provided 
5  at  a  rate  of  one  for  every  particular  number  of 

columns  of  said  memory  cell  array  (MCA), 
each  of  which  is  composed  of  a  plurality  of 
differential  amplifiers  (PA,  MA)  connected  in 
cascade; 

io  a  read  data  line  pair  (0,  0)  connected  in 
common  to  the  individual  final-stage  output 
sections  of  said  read  amplifiers  (12); 

a  multiplexer  (13)  that,  based  on  a  column 
select  signal  from  said  column  decoder  (CD), 

is  selects  one  of  said  columns  and  then  connects 
it  to  a  corresponding  read  amplifier  (12); 

a  first  precharge  circuit  (15)  connected  to 
the  output  side  of  said  multiplexer  (13),  which 
is  selectively  turned  on  by  a  first  precharge 

20  signal,  and  precharges  the  signal  line  pair 
(RBL,  RBL)  on  the  output  side  of  said  mul- 
tiplexer  (13)  to  a  specified  potential  during  the 
time  other  than  read  operations; 

a  control  signal  generating  circuit  (14)  the 
25  output  terminal  of  which  is  connected  to  said 

first  precharge  circuit  (15)  and  said  read  am- 
plifier  (12),  and  which,  according  to  said  col- 
umn  select  signals,  not  only  selectively  deacti- 
vates  said  first  precharge  signal,  but  also  pro- 

30  duces  a  control  signal  to  activate  said  read 
amplifier  (12);  and 

a  read  amplifier  activating  circuit  (16)  pro- 
vided  for  said  read  amplifier  (12),  which,  based 
on  the  control  signal  from  said  control  signal 

35  generating  circuit  (14),  activates  said  read  am- 
plifier  (12). 

2.  A  semiconductor  memory  device  according  to 
claim  1,  characterized  in  that  said  read  am- 

40  plifier  (12)  is  composed  of  a  preamplifier  (PA) 
and  a  main  amplifier  (MA)  each  consisting  of  a 
CMOS  differential  amplifier  with  a  current-mir- 
ror  load,  the  preamplifier  being  connected  to  a 
MOS  transistor  constituting  said  read  amplifier 

45  activating  circuit  (16),  and  the  current-mirror 
load  of  the  main  amplifier  being  in  common 
use  by  a  plurality  of  read  amplifiers  (12). 

3.  A  semiconductor  memory  device  according  to 
50  claim  2,  characterized  in  that  said  preamplifier 

(PA)  has  complementary  output  terminals  con- 
nected  to  the  input  terminals  of  said  main 
amplifier  (MA)  and  a  first  equalize  circuit  (17), 
which  equalizes  the  potential  of  the  output 

55  terminals  of  said  preamplifier  (PA)  on  the  basis 
of  a  first  equalize  signal,  is  connected  across 
these  output  terminals. 

10 



19 EP  0  490  363  A1 20 

4.  A  semiconductor  memory  device  according  to 
claim  1,  characterized  in  that  said  read  am- 
plifier  (12)  is  a  differential  amplifier  composed 
of  a  preamplifier  (PA)  constituted  by  a  CMOS 
differential  amplifier  with  a  current-mirror  load  5 
and  a  main  amplifier  (MA)  constituted  by  a 
bipolar  transistor  with  a  current-mirror  load 
made  up  of  a  MOS  transistor,  the  current- 
mirror  load  of  the  main  amplifier  (MA)  being  in 
common  use  by  a  plurality  of  read  amplifiers  10 
(12)  . 

5.  A  semiconductor  memory  device  according  to 
claim  4,  characterized  in  that  said  memory  cell 
array  (MCA)  constitutes  a  block  and  a  is 
write/read  circuit  (WRC),  which  includes  said 
sense  restore  sense  amplifiers  (10),  write  gate 
circuits  (11),  read  amplifiers  (12),  multiplexers 
(13)  ,  first  precharge  circuits  (15),  control  signal 
generating  circuits  (14),  read  amplifier  activat-  20 
ing  circuits  (16)  and  first  equalize  circuits  (17), 
constitutes  a  block,  with  a  plurality  of  memory 
cell  array  blocks  (MCA)  and  write/read  circuit 
blocks  (WRC)  arranged  alternately. 

25 
6.  A  semiconductor  memory  device  according  to 

claim  5,  characterized  in  that  said  write  data 
line  pair  (I,  I)  is  connected  in  common  to  a 
plurality  of  write  gate  circuits  (11)  in  a  block  of 
said  write/read  circuit  (WRC),  and  said  read  30 
data  line  pair  (0,  0)  is  connected  in  common 
to  a  plurality  of  read  amplifiers  (12)  in  a  block 
of  said  write/read  circuit  (WRC). 

7.  A  semiconductor  memory  device  according  to  35 
claim  5,  characterized  in  that  said  control  sig- 
nal  generating  circuit  (14)  is  composed  of  a 
logic  circuit  that  ANDs  the  OR  of  said  column 
select  signals  with  the  block  select  signal  gen- 
erated  from  the  output  signal  of  said  row  de-  40 
coder  to  select  said  block  and  then  produces 
said  control  signal. 

8.  A  semiconductor  memory  device  according  to 
claim  5,  characterized  in  that  said  memory  cell  45 
array  blocks  (MCA)  and  said  write/read  circuit 
blocks  (WRC)  are  arranged  alternately  and 
said  row  decoder  (RD)  is  placed  along  one 
longitudinal  side  of  this  block  arrangement, 
while  said  column  decoder  (CD)  is  placed  50 
along  one  lateral  side  of  the  same  arrange- 
ment,  one  of  said  write/read  circuit  (WRC)  is 
selected  based  on  the  block  select  signal. 

9.  A  semiconductor  memory  device  according  to  55 
claim  8,  characterized  in  that  said  write  data 
line  pair  (I,  I),  read  data  line  pair  (0,  0),  block 
select  signal  line  for  transferring  said  block 

select  signal,  and  equalize  signal  line  for  trans- 
ferring  said  first  equalize  signal  are  all  pro- 
vided  in  parallel  with  said  word  line  in  a  block 
constituting  said  write/read  circuit  (WRC),  and 
the  column  select  signal  line  for  transferring 
said  column  select  signal  is  provided  at  right 
angles  to  said  word  line  (WL)  in  a  block  con- 
stituting  said  memory  circuit  (MCA). 

10.  A  semiconductor  memory  device  according  to 
claim  4,  characterized  in  that  said  preamplifier 
(PA)  has  a  first  and  second  input  terminals  to 
which  the  bit  line  pair  of  each  column  is  con- 
nected,  respectively,  and  a  first  and  second 
output  terminals  that  are  connected  to  the  in- 
put  terminals  of  said  main  amplifier  (MA),  re- 
spectively,  with  a  first  capacitor  (C1)  connect- 
ed  between  said  first  input  terminal  and  sec- 
ond  output  terminal  and  a  second  capacitor 
(C2)  connected  between  said  second  input  ter- 
minal  and  first  output  terminal. 

11 



.  v  •  /  \ 



-f-  
I 



EP  0  490  363  A1 

'  —  '  Z  CO  /  

O  
0>|C7> 

1/5 
o  

CM 

cn 
o  

ro 
_i 
cn 
o  

D  "■""*"  c\j  cm  ro  r< 
J  —  •  __j  —  i  —  i  —  i  _ D  QQ  CD  CO  OD  CD  Q 

"> 
j  
0 

r o  

4 



EP  0  490  363  A1 

5 



EP  0  490  363  A1 

o   cxj  
b o w  

©  in  v ? ? ?  
I  t  =  —  

16 



EP  0  490  363  A1 

17 



EP  0  490  363  A1 

C E Q  

P A  

C S L O  

V B L  

^  P A  

C S L i  

B L O  BLO  BLH B H  

F I G .   8  

18 



EP  0  490  363  A1 

19 



EP  0  490  363  A1 

D O U t -  

C B 3 3  

92  ^  
V B L - ^ - l p  

O U T P U T  
B U F F E R  
C I R C U I T  

? 
O B  

_CEQ2f  

2 6  

D I F F E R -  
E N T I A L  
AMPLIFIER 
CIRCUIT 

5 
DA 

F I G .   \ 0  

B L -  

WL  S A  
I  

.  
, s  

S A N  

WRITE  GATE 
CIRCUIT 
/ 

B L  

S E N S E  
RESTORE 
AMPLI  -  
F I E R  

SAP  W G T  
I  I 

V C C ^ 2 _  

RA  o o  
/   I  I 

< C S L  

L D  

II—  II 

f - ^ - < J V C C  

F I G .   H  

20 



EP  0  490  363  A1 

21 



European  Patent 
)ffice 

JUROPEAN  SEARCH  R E r O K l  

DOCUMENTS  CONSIDERED  TO  BE  RELEVA1N  1 

:ategory Station  of  document  with  indication,  where  appropriate, 
of  relevant  passages :o  claim 
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