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Flash  EEPROM  having  redundant  memory  cell  array. 
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©  Disclosed  herein  is  a  flash  type  EEPROM  which 
includes  a  first  memory  cell  array  having  a  plurality 
of  first  memory  cells,  a  second  memory  array  having 
a  plurality  of  memory  cells  which  are  smaller  in 
number  than  the  first  memory  cells,  a  voltage  gener- 
ator  operatively  generating  an  erasing  voltage  in  an 
erase  operation  mode,  a  first  transfer  gate  circuit 

operatively  transferring  the  erasing  voltage  to  each 
of  the  first  and  a  second  transfer  gate  circuit  oper- 
atively  transferring  the  erasing  voltage  to  each  of  the 
second  memory  cells,  the  first  transfer  gate  circuit 
having  a  current  driving  capability  larger  than  the 
current  driving  capability  of  the  second  transfer  gate 
circuit. 
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BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  a  semiconductor 
memory  device  and,  more  particularly,  to  an  Elec- 
trically  Erasable  Programmable  Read-Only-Memory 
device  (EEPROM). 

Recently  there  has  been  developed  a  so-called 
flash  EEPROM  which  is  capable  of  erasing  mem- 
ory  data  stored  in  a  number  of  memory  cells  at  the 
same  time.  Similarly  to  a  dynamic  memory  device 
or  a  static  memory  device  having  high  memory 
capacity,  the  flash  EEPROM  also  has  a  memory 
cell  array  divided  into  a  plurality  of  memory  cell 
blocks.  In  this  case,  the  data  erase  operation  is 
performed  on  each  of  the  cell  blocks  indepen- 
dently.  Also  in  the  flash  EEPROM,  further,  there  is 
provided  a  redundant  memory  cell  block  which  has 
one  or  more  redundant  bit  lines  associated  with 
redundant  memory  cells.  As  well  know  in  the  art, 
the  redundant  memory  cell  block  is  used  in  place 
of  the  memory  cell  block  having  a  defective  mem- 
ory  cell  or  cells  when  such  a  defective  memory  cell 
is  accessed.  Since  the  data  erase  operation  is 
performed  in  cell  block  units,  however,  the  redun- 
dant  memory  cell  block,  which  is  used  in  place  of  a 
certain  one  of  the  memory  cell  blocks,  is  required 
to  be  erased  simultaneously  erasing  that  memory 
cell  block. 

Referring  to  Fig.  5,  a  typical  flash  EEPROM 
includes  four  memory  cell  blocks  CB1,  CB2,  CB3 
and  CB4  and  a  redundant  memory  cell  block  DCB. 
A  row  decoder  and  word  driver  circuit  WD  decodes 
a  set  of  row  address  signals  Add1  from  an  address 
buffer  AB  and  selectively  drives  one  of  word  lines 
WL  (two  word  lines  WL1  and  WL2  being  shown) 
which  extend  over  the  memory  cell  blocks  CB1, 
CB2,  CB3  and  CB4  and  the  redundant  memory  cell 
block  DCB.  The  memory  cell  blocks  CB1,  CB2, 
CB3  and  CB4  and  the  redundant  memory  cell 
block  DCB  are  associated  with  column  selectors 
CS1,  CS2,  CS3,  CS4  and  CSD  and  transfer  gate 
transistors  TG1,  TG2,  TG3,  TG4  and  TGD,  respec- 
tively. 

Turning  to  Fig.  6,  there  is  shown  a  circuit 
configuration  of  the  memory  cell  block  CB1  and  the 
redundant  memory  cell  block  DCB.  The  other 
memory  cell  blocks  CB2,  CB3  and  CB4  have  the 
same  configuration  as  the  memory  cell  block  CB1  . 
The  memory  cell  block  CB1  has  a  plurality  of 
memory  cell  transistors  MCT111,  MCT112, 
MCT11m,  MCT121  and  MCT122  arranged  in  rows 
and  columns  and  each  of  them  has  a  gate  con- 
nected  to  one  of  the  word  lines  WL,  a  drain  con- 
nected  to  one  of  bit  lines  BL11,  BL12,  and  BL1m 
and  a  source  connected  to  a  source  line  SL1  which 
is  in  turn  connected  to  a  common  source  line  SL 
via  the  associated  transfer  gate  transistor  TG1. 
Thus,  each  of  the  memory  cell  block  CB  comprises 

m  bit  lines  BL11,  BL12  BL1m  and  one  source 
line  SL1. 

On  the  other  hand,  the  redundant  memory  cell 
block  DCB  comprises  two  redundant  bit  lines  BLD1 

5  and  BLD2  and  a  plurality  of  memory  cell  transistors 
MCTD11,  MCTD12.  Each  of  the  transistors  has  a 
gate  connected  to  an  associated  word  line,  a  drain 
connected  to  one  of  the  two  redundant  bit  lines 
BLD1,  BLD2  and  a  source  connected  to  a  source 

w  line  SLD. 
The  memory  cell  transistors  MCT111, 

MCT112,  MCT11m,  MCT121  and  MCT122  in  each 
memory  cell  block  CB  and  the  memory  cell  tran- 
sitors  MCTD11,  MCTD12  in  the  redundant  memory 

75  cell  block  DCB  are  formed  in  the  same  constitution. 
In  detail,  as  shown  in  Fig.  7,  each  of  the  memory 
cell  transistors  and  the  redundant  memory  cell 
transistors  is  of  a  MOS-type  formed  in  a  semicon- 
ductor  substrate  SUB  and  having  a  stacked  type 

20  gate  electrode  SGE  including  a  floating  gate  FGE 
and  a  control  gate  CGE  which  is  connected  to  the 
word  line  WL1.  A  source  region  SR  and  a  drain 
region  DR  thereof  are  connected  to  a  source  line 
SL1  and  the  bit  line  BL1  1  ,  respectively. 

25  The  operation  of  this  device  will  be  explained 
on  the  condition  that  a  memory  cell  transistor,  for 
example  the  transistor  MCT112,  is  defective.  In  this 
case,  the  column  address  designating  the  defective 
memory  transistor  MCT112  is  programmed  in  an 

30  address  latch  circuit  AL  as  an  defective  column 
address  signal  AddD1.  A  comparator  COMP  com- 
pares  an  input  column  address  signal  Add2  with 
the  defective  column  address  signal  AddD1  and,  if 
they  are  coincident  to  each  other,  replaces,  the 

35  address  signal  Add2  by  the  column  address  signal 
AddR1.  Therefore,  one  of  the  redundant  memory 
cell,  the  memory  cell  transistors  MCTD11  for  ex- 
ample,  is  used  in  place  of  the  defective  memory 
cell  transistor  MCT112. 

40  In  a  program  mode  operation,  in  a  case  where 
the  address  signal  Add  which  indicates  the  mem- 
ory  cell  transistor  MCT111  is  input,  the  row  de- 
coder  and  word  driver  circuit  WD  drives  the  word 
line  to  a  program  voltage  Vp,  that  is  about  12V  and 

45  supplied  from  a  voltage  controller  VC1.  The  com- 
parator  COMP  outputs  the  address  signal  Add2  as 
a  column  address  signal  Add3  to  the  column  de- 
coder  CD.  The  program  amplifier  PA  supplies  the 
power  voltage  Vcc,  that  is  about  5V,  via  a  data  line 

50  DL  to  the  column  selectors  CS1,  CS2,  CS3,  CS4 
and  CSD.  The  column  decoder  CD  decodes  the 
address  signal  Add3  and  outputs  a  column  selec- 
tion  signal  YS  to  the  column  selector  CS1  which 
drives  the  bit  line  BL1  1  to  the  voltage  Vcc.  At  the 

55  same  time,  the  transfer  gate  transistor  TG1  is 
turned  conductive  according  to  a  control  signal 
SC1  from  a  source  line  controller  SCC  responding 
to  the  address  signal  Add3.  The  voltage  controller 

2 



3 EP  0  607  780  A2 4 

VC2  supplies  the  ground  voltage  Vgnd  to  a  com- 
mon  source  line  SL.  As  a  result,  the  channel  cur- 
rent  flows  in  the  designated  memory  cell  transistor, 
causing  channel  hot  electrons  (CHE)  in  the  vicinity 
of  the  drain  region  DR  thereof.  These  channel  hot 
electrons  are  transported  to  the  floating  gate  elec- 
trode  FGE  owing  to  the  high  voltage  Vp  at  the 
control  gate  electrode  CGE  and  make  the  threshold 
voltage  Vt  of  the  memory  cell  transistor  high,  for 
example,  from  about  2V  in  a  non-programmed 
state  to  about  7V  in  a  programmed  state.  This 
programmed  state  corresponds  to  a  logical  mem- 
ory  data,  for  example,  "1  ".  The  program  mode 
operation  on  any  other  memory  cell  block  is  per- 
formed  in  the  same  manner  as  above.  In  this 
device,  since  the  each  transfer  gate  transistor  TG1, 
TG2,  TG3,  TG4  and  TGD  is  needed  to  transfer  the 
channel  current  of  one  memory  cell  transistor 
MCT111,  MCT112  MCTD11  or  MCTD12  only,  it 
can  be  formed  in  a  very  small  and  common  size 
having  a  same  driving  capability  for  the  sake  of  the 
manufacturing  processes  and  the  integration  den- 
sity  of  the  device. 

In  a  read  mode  operation  to  read  the  data  in 
the  memory  cell  transistor  MCT111,  the  word  line 
WL1  is  driven  to  the  voltage  Vcc  and  the  bit  line 
BL11  is  connected  to  the  data  line  DL  in  a  same 
manner  as  above.  A  read  amplifier  RA  supplies  a 
read  voltage  Vr,  that  is  about  1V,  to  the  data  line 
DL.  The  voltage  controller  VC2  supplies  the  ground 
voltage  Vgnd  to  the  source  line  SL1  via  the  com- 
mon  source  line  SL  and  the  transfer  transistor  TG1. 
In  this  case,  since  the  memory  cell  transistor 
MCT111  has  its  threshold  voltage  Vt  about  7V,  no 
channel  current  flows  therein  and  the  voltage  level 
at  the  bit  line  BL11  and  the  data  line  DL  are 
maintained  at  the  read  voltage  Vr.  The  read  am- 
plifier  RA  detects  the  voltage  level  at  the  data  line 
DL  and  outputs  a  high  level  read  data  signal  repre- 
senting  the  logical  memory  data  "1  ". 

In  an  erase  mode  operation,  in  a  case  where 
the  memory  cell  block  CB1  is  to  be  erased,  since 
the  redundant  memory  cell  block  DCB  works  as  a 
part  of  the  memory  cell  block  CB1,  the  redundant 
memory  cell  block  DCB  have  to  be  also  erased. 
Therefore,  the  input  address  signal  Add2  indicates 
the  memory  cell  block  CB1.  The  comparator 
COMP  compares  the  information  in  the  address 
signal  Add2  indicating  the  memory  cell  block  CB1 
with  that  in  the  defective  address  signal  AddD1 
indicating  the  memory  cell  block  CB1  so  as  to 
output  the  address  signal  Add3  which  designates 
both  of  the  memory  cell  block  CB1  and  the  redun- 
dant  memory  cell  block  DCB.  Therefore,  the  col- 
umn  selectors  CS1  and  CSD  connect  all  bit  lines 
BL11,  BL12  and  redundant  bit  lines  BLD1,  BLD2 
therein  to  the  data  line  DL  which  is  in  turn  supplied 
with  the  ground  voltage  Vgnd  from  an  erase  con- 

troller  EC.  The  source  lines  SL1  and  SLD  are 
supplied  with  an  erase  voltage  Ve,  that  is  about 
12V,  from  the  voltage  controller  VC2  via  the  com- 
mon  source  line  SL  and  the  transfer  gate  transis- 

5  tors  TG1  and  TGD.  On  the  other  hand,  the  row 
decoder  and  word  driver  circuit  WD  maintains  all 
the  word  lines  WL1  and  WL2  at  the  ground  voltage 
Vgnd.  The  semiconductor  substrate  SUB  is  main- 
tained  at  the  ground  voltage  Vgnd.  Therefore,  the 

io  electrons  stored  in  the  floating  gate  electrode  FGE 
of  the  memory  cell  transistors  MCT111,  MCT112, 
MCT11m,  MCT121  and  MCT122  and  the  redun- 
dant  memory  cell  transistors  MCTD11  and 
MCTD12  which  are  in  the  programmed  state  are 

is  transported  to  the  source  region  RE  of  them  by  the 
FN  tunneling  effect.  Thus  the  all  memory  cell  tran- 
sistors  MCT111,  MCTD11,  etc.  in  the  cell  blocks 
CB1  and  DCB  are  regulated  to  be  in  the  non- 
programmed  state.  In  this  case,  according  to  the 

20  conventional  memory  device,  it  was  considered 
that  the  current  consumption  in  the  erase  mode 
operation  is  caused  only  by  the  FN  tunneling  effect 
in  each  memory  cell  transistor,  which  causes  gen- 
erally  very  little  current.  Therefore,  while  the  trans- 

25  fer  gate  transistors  TG1  and  TGD  are  needed  to 
transfer  the  currents  caused  by  a  plurality  of  mem- 
ory  cell  transistors  MCT111,  MCTD11,  etc.  to  or 
from  the  common  source  line  SL,  the  transfer  gate 
transistors  TG1  and  TGD  has  actually  been  formed 

30  in  the  common  and  very  small  size  as  mentioned 
above. 

However,  in  this  conventional  device,  in  respect 
to  the  present  invention,  it  is  confirmed  that  the 
erase  voltage  Ve,  which  is  needed  to  be  a  high 

35  level  voltage  such  as  12V  to  cause  the  FN  tunnel- 
ing,  also  causes  a  current  between  the  source 
region  SR  and  the  semiconductor  substrate  SUB. 
This  current  is  considered  as  a  result  of  a  tunneling 
effect  at  the  PN  junction  between  the  source  region 

40  SR  and  the  substrate  SUB.  In  particular,  when  the 
floating  gate  electrode  FGE  is  filled  with  electrons 
and  at  a  negative  voltage,  that  is,  in  a  programmed 
state,  this  current  (referred  as  to  PN  tunneling 
current  hereinafter)  is  more  effectively  caused  and 

45  tends  to  be  considerably  larger  than  the  FN  tunnel- 
ing  current.  Therefore,  in  the  erase  mode  opera- 
tion,  each  of  the  memory  cell  transistors  MCT111, 
MCTD11,  etc.,  in  particular  in  the  programmed 
state,  causes  a  large  current,  making  the  total 

50  current  to  be  transferred  via  each  of  the  source 
lines  SL1,  SL2,  SL3,  SL4  and  SLD  very  large. 
Accordingly,  since  the  transfer  gate  transistors 
TG1,  TG2,  TG3,  TG4  and  TGD  are  formed  in  a 
common  small  size  and  have  a  very  small  driving 

55  capability  intended  for  maintaining  the  respective 
source  lines  SL1  SL4  and  SLD  at  the  erase 
voltage  Ve,  the  voltage  levels  at  the  source  lines 
SL1  SL4  and  SLD  are  decreased  from  the 
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erase  voltage  Ve  during  the  erase  mode  operation. 
Moreover,  the  voltage  decrease  at  each  of  the 
source  lines  SL1,  SL2,  SL3  and  SL4  is  larger  than 
that  at  the  source  line  SLD  owing  to  the  large 
number  of  the  memory  cell  transistors  MCT111, 
MCT112,  MCT11m,  etc.  connected  thereto.  There- 
fore,  as  a  result,  in  this  device,  the  erase  mode 
operation  on  the  memory  cell  block  CB1,  CB2, 
CB3  or  CB4  needs  considerably  long  time  in  com- 
parison  with  the  redundant  memory  cell  block  DCB. 
Accordingly,  in  a  case  where  one  of  the  memory 
cell  blocks  CB1,  CB2,  CB3  and  CB4  and  the  re- 
dundant  memory  cell  block  DCB  should  be  erased 
at  the  same  time  as  explained  above,  if  the  erase 
mode  operation  is  performed  for  a  enough  time  to 
erase  all  memory  cell  transistors  MCT111, 
MCT112,  MCT11m,  etc.  in  the  memory  cell  block 
CB1,  CB2,  CB3  or  CB4,  the  memory  cell  transis- 
tors  MCTD11  and  MCTD12  in  the  redundant  mem- 
ory  cell  block  DCB  is  over  erased,  that  is,  the 
electrons  in  the  floating  gate  electrode  FGE  thereof 
are  transported  to  the  source  region  SR  more  than 
the  necessitate  so  that  the  redundant  memory  cell 
transistors  MCTD11  and  MCTD12  becomes  de- 
pression  state.  Once  any  memory  cell  transistors 
MCTD11  and  MCTD12  becomes  depression  state, 
the  redundant  bit  lines  BLD1  and  BLD2  associated 
therewith  are  continuously  electrically  connected  to 
the  source  line  SLD  regardless  of  the  voltage  at  the 
word  lines  WL1  and  WL2  so  that  they  fails  to 
function  normally,  making  the  total  reliability  of  the 
device  extremely  low.  On  the  other  hand,  if  the 
erase  mode  operation  is  performed  for  a  time  only 
enough  to  erase  the  memory  cell  transistors 
MCTD11  and  MCTD12  in  the  redundant  memory 
cell  block  DCB,  the  memory  cell  transistors 
MCT111,  MCT112,  MCT11m,  etc.  in  the  memory 
cell  block  CB1,  CB2,  CB3  or  CB4  are  not  erased 
sufficiently,  preventing  the  normal  function  of  the 
device. 

SUMMARY  OF  THE  INVENTION 

Therefore,  an  object  of  the  present  invention  is 
to  provide  a  semiconductor  memory  device  with  a 
redundant  memory  cell  block  in  which  a  data  eras- 
ing  operation  is  performed  with  a  high  reliability. 

A  memory  device  according  to  the  present 
invention  is  characterized  in  that  a  transfer  gate 
provided  for  a  memory  cell  array  has  a  current 
driving  capability  larger  than  the  current  driving 
capability  of  a  transfer  gate  provided  for  a  redun- 
dant  memory  cell  array. 

With  this  feature,  a  required  current  is  supplied 
to  the  cell  array  with  suppressing  an  excessive 
current  from  flowing  the  redundant  memory  cell 
array. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  above  and  other  objects,  advantages  and 
features  of  the  present  invention  will  be  more  ap- 

5  parent  from  the  following  description  taken  in  con- 
junction  with  the  accompanying  drawings,  in  whcih 

Fig.  1  is  a  block  diagram  showing  a  memory 
device  according  to  an  embodiment  of  the 
present  invention; 

io  Fig.  2  is  a  circuit  diagram  indicative  of  one  of 
memory  cell  blocks  and  a  redundant  memory 
cell  block  shown  in  Fig.  1; 
Fig.  3  is  a  block  diagram  showing  a  memory 
device  according  to  another  embodiment  of  the 

is  present  invention; 
Fig.  4  is  a  circuit  diagram  indicative  of  one  of 
memory  cell  blocks  and  a  redundant  memory 
cell  block  shown  in  Fig.  4; 
Fig.  5  is  a  block  diagram  showing  a  conventional 

20  EEPROM  device; 
Fig.  6  shows  a  circuit  configuration  of  one  of 
memory  cell  block  and  a  redundant  memory  cell 
block  shown  in  Fig.  5;  and 
Fig.  7  shows  a  cross  sectional  view  of  a  typical 

25  memory  cell  transistor  used  in  an  EEPROM. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

30  Referring  now  to  Figs.  1  and  2,  a  memory 
device  according  to  an  embodiment  of  the  present 
invention  has  the  same  constitution  as  the  conven- 
tional  device  except  that  each  of  the  memory  cell 
blocks  CB1,  CB2,  CB3  and  CB4  comprises  a  plu- 

35  rality  of  sub-blocks  SB11,  SB1n,  SB21,  SB2n, 
SB31,  SB3n,  SB41  and  SB4n  each  associated  with 
one  of  transfer  gate  transistors  TG11,  TG1n,  TG21, 
TG2n,  TG31,  TG3n,  TG41  and  TG4n  as  shown  in 
Fig.  1.  The  memory  cell  block  CB1  and  the  redun- 

40  dant  memory  cell  block  DCB  are  shown  in  Fig.  2  in 
detail.  The  other  memory  cell  blocks  CB2,  CB3  and 
CB4  has  the  same  configuration  as  the  memory 
cell  block  CB1.  As  shown  in  Fig.  2,  the  redundant 
memory  cell  block  DCB  includes  two  redundant  bit 

45  lines  BLD1  and  BLD2  whereas  the  memory  cell 
block  CB1  comprises  n  sub-blocks  SB11  SB1n 
each  including  two  bit  lines  BL11/1  and  BL11/2 
BL1n/1  and  BL1n/2.  That  is,  the  memory  cell  block 
CB1  comprises  a  multiple  number  of  memory  cell 

50  transistors  T11/11  T11/22  as  those  in  the  re- 
dundant  memory  cell  block  DCB.  Each  of  the  sub- 
blocks  SB11  SB1n  in  the  memory  cell  block 
CB1  is  associated  with  a  source  line  SL11 
SL1n,  respectively.  In  each  of  the  sub-blocks  SB11, 

55  SB1n,  for  example  in  the  sub-block  SB11  as  an 
typical  one,  each  memory  cell  transistors  T11/11, 
T11/12,  T11/21  and  T11/22  is  formed  in  the  same 
manner  as  shown  in  Fig.  7  and  has  its  control  gate 

4 
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electrode  CGE,  source  region  SR  and  drain  region 
DR  connected  to  one  of  word  lines  WL1  and  WL2, 
one  of  bit  lines  BL11/1  and  BL11/2  and  the  source 
line  SL11,  respectively.  The  source  line  SL11  is 
selectively  connected  to  the  common  source  line 
SL  via  the  transfer  gate  transistor  TG11.  Therefore, 
in  this  device,  according  to  this  configuration,  each 
of  the  transfer  gate  transistors  TG11,  TG1n,  TG21, 
TG2n,  TG31,  TG3n,  TG41  and  TG4n  associated 
with  the  sub-blocks  SB11,  SB1n,  SB21,  SB2n, 
SB31,  SB3n,  SB41  and  SB4n  respectively  and  the 
transfer  gate  transistor  TGD  associated  with  the 
redundant  memory  cell  block  DCB  corresponds  to 
the  same  number  of  the  bit  lines,  that  is,  the  same 
number  of  the  memory  cell  transistors,  so  as  to  be 
formed  in  a  common  small  size  having  a  common 
driving  capability  as  described  below. 

Also  in  this  device,  if  a  memory  cell  transistor, 
for  example  the  transistor  T11/11,  is  defective,  the 
column  address  signal  designating  that  defective 
transistor  is  preliminary  detected  and  programmed 
in  the  address  latch  circuit  AL  as  defective  address 
signal.  Therefore,  an  input  column  address  signal 
Add2  which  equals  to  the  defective  address  signal 
is  repladed  by  the  redundant  column  address  sig- 
nal  AddR1  or  AddR2.  That  is,  the  bit  line  BL11/1  is 
replaced  by  the  redundant  bit  line  BDL1  or  BDL2. 

Then  the  program  mode  operation  will  be  de- 
scribed  on  the  same  condition  that  the  bit  lines 
BL11/1  is  replaced  by  the  redundant  bit  line  BLD1. 
At  first  the  clock  generator  CG  outputs  a  high  level 
control  signal  $2  according  to  a  external  input 
signal  PGM.  An  address  buffer  AB  is  supplied  with 
an  address  signal  Add  and  outputs  the  row  address 
signal  Add1  to  the  row  decoder  and  word  driver 
circuit  WD  and  a  column  address  signal  Add2  to 
the  comparator  COMP.  At  the  same  time,  the  volt- 
age  controller  VC1  supplies  the  program  voltage 
Vp,  that  is  about  12V,  according  to  the  control 
signal  $2  to  the  row  decoder  and  word  driver 
circuit  WD  which  drives  the  word  line  WL1  to  the 
voltage  Vp  according  to  the  row  address  signal 
Add1.  The  comparator  COMP  compares  the  input 
column  address  signal  Add2  with  the  defective 
address  and  replaces  the  address  signal  by  the 
redundant  address  signal  AddR1,  as  described 
hereinbefore.  The  redundant  memory  cell  block 
DCB  thereby  works  as  a  part  of  the  memory  cell 
block  CB1  ,  that  is,  for  example,  in  place  of  the  sub- 
block  SB11.  Meanwhile,  a  program  amplifier  PA  is 
activated  by  the  control  signal  $2  to  supply  a 
power  voltage  Vcc  of  the  device,  that  is  about  5V, 
via  a  data  line  DL  to  the  column  selectors  CS1, 
CS2,  CS3,  CS4  and  CSD.  The  column  decoder  CD 
decodes  the  address  signal  Add3,  which  indicates 
the  redundant  bit  line  BLD1  in  place  of  the  bit  line 
BL11/1,  and  outputs  a  column  selection  signal  YS 
to  the  column  selector  CSD  which  drives  the  bit 

line  BLD1  to  the  voltage  Vcc.  On  the  other  hand,  a 
source  controller  SCC  also  decodes  the  address 
signal  Add3  and  outputs  a  control  signal  SCD  to 
the  transfer  gate  transistor  TGD  which  is  turned  to 

5  be  conductive  state  according  thereto.  The  voltage 
controller  VC2  supplies  the  ground  voltage  Vgnd 
according  to  the  control  signal  $2  to  a  common 
source  line  SL  which  is  electrically  connected  to 
the  source  line  SLD  in  the  redundant  memory  cell 

io  block  DCB  via  the  transfer  gate  transistor  TGD. 
Therefore,  the  channel  current  flows  in  the  redun- 
dant  memory  cell  transistor  MCTD11,  causing 
channel  hot  electrons  (CHE)  in  the  vicinity  of  the 
drain  region  DR  thereof.  These  channel  hot  elec- 

15  trons  are  transported  to  the  floating  gate  electrode 
FGE  owing  to  the  high  voltage  Vp  at  the  control 
gate  electrode  CGE,  making  the  threshold  voltage 
Vt  of  the  redundant  memory  cell  transistor 
MCTD11  high,  for  example,  from  about  2V  in  non- 

20  programmed  state  to  about  7V  in  programmed 
state,  as  mentioned  above.  This  programmed  state 
corresponds  to,  for  example,  the  logical  memory 
data  "1  ".  In  this  case,  likely  to  the  conventional 
device,  the  transfer  gate  transistor  is  only  needed 

25  to  transfer  the  current  caused  by  one  memory  cell 
transistor  MCT11  so  that  it  can  be  formed  in  a 
small  size. 

In  a  read  mode  operation,  in  the  same  case 
where  the  address  signal  Add  which  indicates  the 

30  memory  cell  transistor  MCT11/11  is  input,  the  clock 
generator  CG  outputs  a  control  signal  4>3  according 
to  a  external  input  signal  OE  which  activates  the 
read  amplifier  RA  to  supply  a  read  voltage  Vr,  that 
is  about  1V,  to  the  column  selector  CSD  via  the 

35  data  line  DL.  The  column  decoder  CD  and  the 
column  selector  CSD  select  the  bit  line  BLD1  in  the 
same  manner  as  the  program  mode  operation  and 
supplies  it  with  the  read  voltage  Vr.  The  word  line 
WL1  is  also  selected  and  driven  to  the  voltage  Vcc 

40  according  to  the  address  signal  Add1  from  the 
address  buffer  AB  and  thus  the  memory  cell  tran- 
sistor  MCTD11  is  selected.  In  this  case,  the  source 
line  controller  SCC  also  select  the  transfer  gate 
transistor  TGD  according  to  the  address  signal 

45  Add3.  The  voltage  controller  VC2  outputs  the 
ground  voltage  Vgnd  according  to  the  control  sig- 
nal  <£3.  Therefore  the  source  line  SLD  is  main- 
tained  at  the  ground  voltage.  In  this  case,  since  the 
memory  cell  transistor  MCTD11  is  programmed 

50  and  has  its  threshold  voltage  Vt  about  7V,  no 
channel  current  flows  therein.  Accordingly,  the  volt- 
age  level  at  the  bit  line  BLD1  and  the  data  line  DL 
are  maintained  at  the  read  voltage  Vr  so  that  the 
read  amplifier  RA  detects  the  voltage  level  at  the 

55  data  line  DL  and  outputs  a  high  level  read  data 
signal  representing  the  logical  memory  data  "1  ". 
However,  in  this  read  mode  operation,  if  the  se- 
lected  memory  cell  transistor  MCTD11  is  in  the 

5 
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non-programmed  state,  the  channel  current  occurs 
therein,  causing  the  voltage  decrease  at  the  bit  line 
BLD1  and  the  data  line  DL  so  that  the  read  am- 
plifier  RA  outputs  a  low  level  read  data  signal 
representing  the  logical  memory  data  "0". 

In  an  erase  mode  operation,  in  a  case  where 
the  memory  cell  block  CB1  is  to  be  erased,  as  in 
the  same  manner  as  the  conventional  device  ex- 
plained  above,  since  the  redundant  memory  cell 
block  DCB  works  in  place  of  the  sub-block  SB11  in 
the  memory  cell  block  CB1,  the  redundant  memory 
cell  block  DCB  also  have  to  be  erased  at  the  same 
time.  That  is,  at  first  the  clock  generator  CG  out- 
puts  a  control  signal  <£1  according  to  the  external 
input  signal  EE  to  the  comparator  COMP  which  is 
also  supplied  with  an  address  signal  Add2  from  the 
address  buffer  AB.  In  this  case,  the  address  signal 
Add2  indicates  the  memory  cell  block  CB1  .  There- 
fore,  the  comparator  COMP,  according  to  the  con- 
trol  signal  4>1,  compares  the  information  indicating 
the  memory  cell  block  CB1  included  in  the  defec- 
tive  address  signals  AddD1  and  AddD2  with  that  in 
the  input  address  signal  Add2.  That  is,  each  of  the 
defective  address  signals  AddD1  and  AddD2  con- 
sists  of  a  block  address  signal  AddK1  or  AddK2 
which  indicates  the  memory  cell  block  CB1  and  a 
bit  line  address  signal  AddT1  or  AddT2  which 
indicates  one  of  the  bit  lines  in  the  cell  block  CB1. 
The  comparator  COMP,  being  activated  by  the 
control  signal  4>1,  detects  the  block  address  signal 
AddK1  or  AddK2  in  the  defective  address  signal 
AddD1  or  AddD2  respectively  to  compare  it  with 
the  input  address  signal  Add2  and,  if  they  are 
cooncident  with  each  other,  outputs  the  address 
signal  Add3  which  indicates  both  of  the  memory 
cell  blocks  CB1  and  the  redundant  memory  cell 
block  DCB.  The  column  decoder  CD,  in  response 
to  the  control  signal  <£1  and  the  address  signal 
Add3,  outputs  the  column  selection  YS  to  the 
memory  cell  block  CB1  and  the  redundant  memory 
cell  block  DCB  which  select  all  bit  lines  BL11/1, 
BL11/2  BL1n/2  and  redundant  bit  lines  BLD1, 
BLD2  therein  and  connect  them  to  the  data  line  DL. 
The  data  line  DL  is  supplied  with  the  ground  volt- 
age  Vgnd  from  a  erase  controller  EC  which  is 
supplied  with  the  control  signal  4>1.  Meanwhile,  the 
source  line  controller  SCC,  according  to  the  control 
signal  <£1  and  the  address  signal  Add3,  outputs  the 
control  signals  SC1  and  SCD  to  the  transfer  gate 
transistors  TG11  TG1n  and  the  transfer  gate 
transistor  TGD  respectively  which  turn  to  be  con- 
ductive  according  thereto.  The  voltage  controller 
VC2  outputs  the  erase  voltage  Ve,  that  is  about 
12V,  according  to  the  control  signal  <£1  to  the 
common  source  line  SL.  Accordingly,  each  of  the 
source  lines  SL11  SL1n  and  SLD  is  connected 
to  the  common  source  line  SL  via  the  transfer  gate 
transistor  TG11  TG1n  and  TGD  respectively 

and  supplied  with  the  voltage  Ve  from  the  voltage 
controller  VC2.  At  the  same  time,  the  row  decoder 
and  word  driver  circuit  WD  maintains  all  the  word 
lines  WL1  and  WL2  at  the  ground  voltage  Vgnd 

5  according  to  the  control  signal  4>1.  In  this  case,  the 
semiconductor  substrate  SUB  is  maintained  at  the 
ground  voltage  Vgnd.  Therefore,  the  electrons 
stored  in  the  floating  gate  electrode  FGE  of  each  of 
the  memory  cell  transistors  T11/11  T1n/12  in 

io  the  memory  cell  block  CB1  and  the  redundant 
memory  cell  transistors  MCTD11  MCTD22  in 
the  redundant  memory  cell  block  which  are  in  the 
programmed  state  are  transported  to  the  source 
region  RE  by  the  FN  tunneling. 

is  In  this  erase  mode  operation,  as  mentioned 
above,  the  PN  tunneling  current  occurs  in  the 
memory  cell  transistors  T11/11  T1n/22  and 
MCTD11  MCTD22,  in  particular  in  the  pro- 
grammed  state,  so  that  the  memory  cell  block  CB1 

20  causes  the  considerably  larger  amount  of  total  cur- 
rent  which  is  to  be  transferred  to  the  common 
source  line  SL  than  the  current  caused  by  the 
redundant  memory  cell  block  which  is  also  to  be 
transferred  to  the  common  source  line  SL.  How- 

25  ever,  according  to  this  embodiment,  since  the 
memory  cell  transistors  T11/11  T1n/22  in  the 
memory  cell  block  CB1  is  divided  into  n  sub-blocks 
SB11  SB1n  each  associated  with  a  respective 
transfer  gate  transistor  TG11  TG1n  and  includ- 

30  ing  the  same  number  of  memory  cell  transistors 
T11/11  T11/22  as  the  redundant  memory  cell 
block  DCB,  which  is  associated  with  a  transfer  gate 
transistor  TGD,  and  since  the  transfer  gate  transis- 
tors  TG11  TG1n  and  TGD  are  formed  in  the 

35  same  size  having  the  same  driving  capability  as 
each  other  as  mentioned  above,  the  source  lines 
SL11  SL1n  and  SLD  are  maintained  at  the 
same  voltage  level  as  each  other  and  as  nearly  the 
same  voltage  level  as  the  erase  voltage  Ve.  Thus 

40  the  all  memory  cell  transistors  T11/11  T11/22 
and  MCTD11  MCTD22  in  the  memory  cell 
block  CB1  and  the  redundant  memory  cell  block 
DCB  are  regulated  to  be  in  the  non-programmed 
state  at  the  same  time. 

45  Therefore,  according  to  this  embodiment,  while 
the  memory  cell  block  CB1  and  the  redundant 
memory  cell  block  DCB  comprises  the  different 
number  of  memory  cell  transistors  T11/11 
T1n/22  and  MCTD11  MCTD22  from  each  other, 

50  the  voltage  at  the  source  region  RE  of  each  of  the 
memory  cell  transistors  T11/11  T1n/22  and 
MCTD1  1  MCTD22  are  maintained  at  the  same 
level  during  the  erase  mode  operation  so  that  the 
erase  mode  operation  is  performed  in  such  a  man- 

55  ner  that  all  the  memory  cell  transistors  T11/11 
T1  n/22  and  MCTD1  1  MCTD22  to  be  erased  are 
sufficiently  and  normally  erased  at  the  same  time. 
As  a  result,  the  device  of  this  embodiment  can 

6 



11 EP  0  607  780  A2 12 

utilizes  the  redundant  memory  cell  block  safely, 
making  the  total  operation  reliability  thereof  very 
high. 

Fig.  3  shows  a  memory  device  according  to 
another  embodiment  of  the  present  invention.  This 
device  has  nearly  the  same  constitution  as  the 
device  of  the  first  embodiment  described  above 
except  that  each  of  the  memory  cell  block  CB1, 
CB2,  CB3  and  CB4  comprises  a  respedtive  source 
line  SL101,  SL102,  SL103  or  SL104  each  con- 
nected  to  a  respective  transfer  gate  transistor 
TG101,  TG102,  TG103  or  TG104.  Each  of  the 
memory  cell  blocks  CB1,  CB2,  CB3  and  CB4,  for 
example  CB1  as  a  typical  one,  comprises  k  bit 
lines  BL1/I  BL1/k  whereas  the  redundant  mem- 
ory  cell  block  DCB  comprises  two  bit  lines  BLD1 
and  BLD2.  That  is,  the  memory  cell  block  CB1 
comprises  k/2  times  number  of  memory  cell  tran- 
sistors  T1/1/I  T1/2/k  as  the  redundant  memory 
cell  block  DCB  as  shown  in  Fig.  4.  Moreover,  the 
transfer  gate  transistor  T101  has  a  k/2  times  large 
driving  capability  as  the  transfer  gate  transistor 
TGD  associated  with  the  redundant  memory  cell 
block  DCB.  The  memory  cell  blocks  CB2,  CB3  and 
CB4  and  the  transfer  gate  transistors  TG102, 
TG103  and  TG104  have  the  same  configuration  as 
the  memory  cell  block  CB1  and  the  transfer  gate 
transistor  TG101.  The  driving  capabilities  of  the 
transfer  gate  transistors  TG101,  TG102,  TG103, 
TG104  and  TGD,  which  are  of  MOS  type,  are 
determined  by  adjusting  their  gate  widths,  gate 
lengths  or  impurity  concentrations  at  the  channel 
regions. 

The  operations  of  this  device  are  almost  the 
same  as  those  of  the  device  of  the  first  embodi- 
ment.  Therefore,  according  to  this  constitution,  in 
the  erase  mode  operation,  for  example  in  a  case 
where  the  memory  cell  block  CB1  and  the  redun- 
dant  memory  cell  block  DCB  have  to  be  erased  at 
the  same  time,  while  those  two  memory  cell  blocks 
comprise  the  different  number  of  memory  cell  tran- 
sistors  T1/1/I  T1/2/k  and  MCTD11  MCTD22 
from  each  other,  the  voltage  level  at  the  source 
lines  SL101  and  SLD  are  maintained  at  the  same 
level  as  each  other  and  as  the  erase  voltage  Ve,  in 
spite  of  the  PN  tunneling  currents  therein.  This 
device  is  also  capable  of  utilizing  the  redundant 
memory  cell  block  in  safety  and  raising  the  oper- 
ational  reliability  thereof. 

1.  A  semiconductor  memory  device  comprising  a 
first  memory  cell  array  including  a  plurality  of 

first  memory  cells,  a  second  memory  cell  array 
including  a  plurality  of  second  memory  cells 
which  are  smaller  in  number  than  said  second 
memory  cells,  a  voltage  generator  operatively 

5  generating  a  predetermined  voltage,  first 
means  coupled  between  said  first  memory  cell 
array  and  said  voltage  generator  for  operatively 
supplying  said  predetermined  voltage  to  each 
of  said  first  memory  cells,  and  second  means 

io  coupled  between  said  second  memory  cell  ar- 
ray  and  said  voltage  generator  for  operatively 
supplying  said  predetermined  voltage  to  each 
of  said  second  memory  cells,  said  first  means 
having  a  first  current  capability  and  said  sec- 

15  ond  means  having  a  second  current  capability 
smaller  than  said  first  current  capability. 

2.  The  memory  device  as  claimed  in  claim  1, 
wherein  said  first  means  includes  a  plurality  of 

20  first  transfer  gate  transistors  each  controlled  by 
a  first  control  signal  to  be  brought  into  one  of 
conductive  and  non-conductive  states  simulta- 
neously  with  one  another  and  said  second 
means  includes  at  least  one  second  transfer 

25  gate  transistor  which  is  smaller  in  number  than 
said  first  transfer  gate  transistors,  said  second 
transfer  gate  transistor  being  controlled  by  a 
second  control  signal. 

30  3.  The  memory  device  as  claimed  in  claim  2, 
wherein  each  of  said  first  transfer  gate  transis- 
tors  is  connected  to  associated  ones  of  said 
first  memory  cells,  said  associated  ones  of 
said  first  memory  cells  being  equal  in  number 

35  to  said  second  memory  cells  connected  to 
said  at  least  one  second  transfer  gate  transis- 
tor,  and  each  of  first  transfer  gate  transistors 
having  a  current  capability  substantially  equal 
to  a  current  capability  of  said  at  least  one 

40  second  transfer  gate  transistor. 

4.  The  memory  device  as  claimed  in  claim  1, 
wherein  said  first  means  includes  a  first  trans- 
fer  gate  transistor  having  said  first  current  ca- 

45  pability  and  said  second  means  includes  a 
second  transfer  gate  transistor  having  said 
second  current  capability. 

5.  A  semiconductor  memory  device  comprising  a 
50  memory  cell  array  having  a  plurality  of  word 

lines,  a  plurality  of  bit  lines  and  a  plurality  of 
memory  cells  each  connected  to  one  of  said 
word  lines  and  one  of  said  bit  lines,  said  mem- 
ory  cell  array  being  divided  into  a  plurality  of 

55  first  memory  cell  blocks  and  a  second  memory 
cell  block,  said  second  memory  cell  block  hav- 
ing  a  predetermined  number  of  said  memory 
cells  and  a  second  signal  line  connected  to 

It  is  apparent  that  the  present  invention  is  not  50 
limited  to  the  above  embodiments  but  may  be 
modified  and  changed  without  departing  from  the 
scope  and  spirit  of  the  invention. 

Claims  55 

7 
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each  of  said  memory  cells  contained  therein, 
each  of  said  first  memory  cell  blocks  being 
divided  into  a  plurality  of  sub-blocks  each  hav- 
ing  said  predetermined  number  of  said  mem- 
ory  cells,  each  of  said  sub-blocks  further  hav- 
ing  a  first  signal  line  connected  to  each  of  said 
memory  cells  contained  therein,  a  voltage  gen- 
erator  operatively  generating  a  control  voltage 
at  an  output  node  thereof,  a  plurality  by  first 
transfer  gates  each  connected  between  an  as- 
sociated  one  of  said  first  signal  lines  of  said 
sub-blocks  and  said  output  node  of  said  volt- 
age  generator,  and  a  second  transfer  gate  con- 
nected  between  said  second  signal  line  and 
said  output  node  of  said  voltage  generator. 75 

70 

5 

said  first  signal  lines  and  said  output  node  of 
said  voltage  generator,  and  a  second  transfer 
gate  connected  between  said  second  signal 
line  and  said  output  node  of  said  voltage  gen- 
erator,  said  first  transfer  gate  having  a  first 
driving  capability,  said  second  transfer  gate 
having  a  second  driving  capability,  and  a  ratio 
of  said  first  driving  capability  to  said  second 
driving  capability  being  equal  to  a  ratio  of  said 
first  number  to  said  second  number. 

6.  A  semiconductor  memory  device  according  to 
Claim  1,  wherein  each  of  said  memory  cells 
comprises  a  memory  cell  transistor  having  a 
control  gate,  a  drain  and  a  source  connected  20 
to  an  associated  one  of  said  word  lines,  an 
associated  one  of  said  bit  lines  and  an  asso- 
ciated  one  of  said  first  and  second  signal  lines, 
respectively. 

7.  A  semiconductor  memory  device  according  to 
Claim  1,  wherein  each  of  said  first  transfer 
gates  is  substantially  equal  in  current  capabil- 
ity  to  said  second  transfer  gate. 

8.  A  semiconductor  memory  device  according  to 
Claim  1,  wherein  said  first  transfer  gates  are 
divided  into  a  plurality  of  groups  each  cor- 
responding  to  an  associated  one  of  said  sub- 
blocks,  the  first  transfer  gates  in  each  of  said  35 
groups  being  made  conductive  simultaneously 
with  one  another. 

9.  A  semiconductor  memory  device  comprising  a 
memory  cell  array  having  a  plurality  of  word  40 
lines,  a  plurality  of  bit  lines  and  a  plurality  of 
memory  cells  each  connected  to  one  of  said 
word  lines  and  one  of  said  bit  lines,  said  mem- 
ory  cell  array  being  divided  into  a  plurality  of 
first  memory  cell  blocks  each  having  a  first  45 
number  of  said  memory  cells  and  a  second 
memory  cell  block  having  a  second  number  of 
said  memory  cells,  said  first  number  being 
larger  than  said  second  number,  each  of  said 
first  memory  cell  blocks  further  having  with  a  50 
first  signal  line  connected  to  each  of  said 
memory  cells  contained  therein,  said  second 
memory  cell  block  further  having  a  second 
signal  line  connected  to  each  of  said  memory 
cells  contained  therein,  a  voltage  generator  55 
operatively  generating  a  control  voltage  at  an 
output  node,  a  plurality  of  first  transfer  gates 
each  connected  between  an  associated  one  of 

25 

30 

8 



EP  0  607  780  A2 

;>1 

J  vn 
) 

ID" I-  " y d  

—  ̂  v- 

o 

"■has 

1-hQS 

a/A 
T  

u  

>- 

C73 

"0 

-J 

i .  

•5 

o5> 

1  

j  Vj" 

a. 
0 

L0 

i. —  °  c- 

vi3 

5 ^  

9 



P  0  607  780  A2 

0  M 

10 



EP  0  607  780  A2 

03  .  Q  . <J  -  V) 

5k 

-J  

U 

s9 

v5 

4 >  
ex. 
o _o <" 

<  

11 



EP  0  607  780  A2 

a  m 

12 



EP  0  607  780  A2 

vci 

1  

vCZ 

5L/ 
Mr-T^i  qr-.TQ2  h l ~ t q 3  

SL 

Sl.2 5^.3- 

L-5 

2 

C 5 f  

SI 

JV  Ys- 

CSZ CS3- c  Sf- 
P  

^9  J  4l_ 

A  6 
J U L J L  

02  

n  

1  1  i  

13 



EP  0  607  780  A2 

S L  

SL1- 

X  

&  L  1  1 

MCT\Z\ 

H c r n z  

sop  II 

M  C  Ti  2  Z 

i  ! 

SLD 7 

BL.DI 

c s p  

v. 
PC/3 

6  

14 



EP  0  607  780  A2 

WL1 
SL/  MCT7f/ 

e s t  

H S R  

P  
Sl/B 

i f -  

15 


	bibliography
	description
	claims
	drawings

