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Description 

This  invention  relates  to  a  sense  circuit  and,  more 
particularly,  to  a  sense  circuit  incorporated  in  a  non- 
volatile  semiconductor  memory  device. 

BACKGROUND  OF  THE  INVENTION 

A  non-volatile  semiconductor  memory  device  is 
known  as  an  electrically  erasable  read  only  memory 
device  provided  with  a  plurality  of  floating  gate  ava- 
lanche  injection  MOS  transistors  arranged  in  matrix 
for  forming  a  memory  cell  array.  Such  a  floating  gate 
avalanche  injection  MOS  transistor  has  a  double  gate 
structure  consisting  of  a  floating  gate  and  a  control 
gate.  Atypical  example  of  the  floating  gate  avalanche 
injection  MOS  transistor  is  illustrated  in  Fig.  1  of  the 
drawings  and  fabricated  on  a  p-type  semiconductor 
substrate  1.  The  floating  gate  avalanche  injection 
MOS  transistor  has  n-channel  type  source  and  drain 
regions  2  and  3  spaced  from  each  other  by  a  channel 
forming  region,  a  floating  gate  4  located  over  the 
channel  forming  region  and  a  control  gate  5  provided 
over  the  floating  gate  4,  and  both  of  the  floating  gate 
4  and  the  control  gate  5  are  wrapped  into  an  insulating 
film  6.  The  floating  gate  avalanche  injection  MOS 
transistor  thus  arranged  is  usually  symborized  as 
illustrated  in  Fig.  2,  and  a  data  bit  of  "0"  level  is 
memorized  into  the  floating  gate  avalanche  injection 
MOS  transistor  by  producing  an  avalanche  break- 
down  around  the  drain  region  3  with  application  of  a 
relatively  high  voltage  level  of  about  12.5  volts  to  both 
of  the  drain  region  3  and  the  control  gate  6.  With  the 
injected  floating  gate,  the  floating  gate  avalanche 
injection  MOS  transistor  is  referred  to  as  "write-in 
state".  When  the  avalanche  breakdown  is  produced 
around  the  drain  region  3,  hot  electrons  are  injected 
into  the  floating  gate  4,  and,  accordingly,  the  threshold 
voltage  is  shifted  to  a  relatively  high  voltage  level  as 
indicated  by  plots  A  in  Fig.  3.  However,  if  no  hot  elec- 
trons  are  injected  into  the  floating  gate  4  for  memori- 
zing  a  data  bit  of  "1"  level  (which  is  referred  to  as  "non 
write-in  state"  the  threshold  voltage  remains  in  a  rela- 
tively  low  voltage  level  of  about  2  volts  as  indicated  by 
plots  B  in  Fig.  3.  In  this  manner,  the  floating  gate  ava- 
lanche  injection  MOS  transistor  memorizes  the  data 
bit  by  using  the  difference  in  the  threshold  voltage 
level  between  the  electron  injected  state  and  the  non- 
injected  state. 

Turning  to  Fig.  4  of  the  drawings,  there  is  shown 
the  circuit  arrangement  of  a  non-volatile  semiconduc- 
tor  memory  device  which  has  a  memory  cell  array  11 
formed  by  using  memory  cells  MC11  to  MCmn.  Each 
of  the  memory  cells  MC11  to  MCmn  is  formed  by  the 
floating  gate  avalanche  injection  MOS  transistor.  The 
memory  cells  in  each  row  are  coupled  between  res- 
pective  digit  lines  D1  to  Dn  and  a  ground  terminal  Vg, 
and  each  word  line  W1,  W2  or  Wn  is  shared  by  the 

control  gates  of  these  memory  cells  in  each  row.  With 
a  row  address  signal,  a  row  address  decoder  circuit 
12  activates  one  of  the  word  lines  W1  to  Wn  and, 
accordingly,  the  memory  cells  in  the  selected  row. 

5  Each  of  the  digit  lines  D1  to  Dn  is  coupled  at  one  end 
thereof  to  each  gate  transistor  Y1  ,  Y2  or  Yn  of  the  n- 
channel  type  the  gate  electrode  of  which  is  coupled  to 
a  column  decoder  circuit  13.  The  column  decoder  cir- 
cuit  13  is  responsive  to  a  column  address  signal  and 

10  activates  one  of  the  gate  transistors  Y1  to  Yn,  so  that 
only  one  data  bit  is  transferred  from  one  of  the  digit 
lines  D1  to  Dn  to  a  sense  circuit  14.  Parasitic  capaci- 
tance  C1,  C2,..,  and  Cn  are  coupled  to  the  digit  lines 
D1,  D2,..,  and  Dn,  respectively. 

15  The  prior  art  sense  circuit  14  incorporated  in  the 
non-volatile  semiconductor  memory  device  com- 
prises  a  series  combination  of  an  n-channel  type  MOS 
field  effect  transistor  15  and  a  p-channel  type  MOS 
field  effect  transistor  16  coupled  between  an  input 

20  node  1  7  of  the  sense  circuit  14  and  a  source  of  posi- 
tive  voltage  level  Vc,  and  an  inverter  circuit  18  coup- 
led  between  the  input  node  17  and  the  gate  electrode 
of  the  n-channel  type  MOS  field  effect  transistor  15, 
and  the  drain  electrode  of  the  p-channel  type  field 

25  effect  transistor  16  is  coupled  to  the  gate  electrode 
thereof  serving  as  an  output  node  19  of  the  sense  cir- 
cuit  14.  The  sense  circuit  14  thus  arranged  is  opera- 
tive  to  detect  a  variation  in  voltage  level  at  the  input 
node  17  on  the  basis  of  the  level  of  the  data  bit  and 

30  transfers  the  data  bit  to  the  output  node  1  9.  The  output 
node  1  9  is  coupled  to  a  differential  amplifier  circuit  20 
which  largely  comprises  a  series  combination  of  a  p- 
channel  type  field  effect  transistor  21  and  an  n-chan- 
nel  type  field  effect  transistor  22  coupled  between  the 

35  source  of  positive  voltage  level  Vc  and  the  ground  ter- 
minal  Vg,  and  a  series  combination  of  a  p-channel 
type  field  effect  transistor  23  and  an  n-channel  type 
field  effect  transistor  24  also  coupled  between  the 
source  of  positive  voltage  level  Vc  and  the  ground  ter- 

40  minal  Vg.  Both  n-channel  type  field  effect  transistors 
22  and  24  form  in  combination  a  current  mirror  circuit, 
so  that  the  data  bit  is  rapidly  amplified  in  voltage  level 
and  supplied  to  an  output  node  25  provided  between 
the  p-channel  type  field  effect  transistor  21  and  the  n- 

45  channel  type  field  effect  transistor  22. 
Description  is  hereinunder  made  for  circuit 

behaviors  on  the  assumption  that  the  memory  cell 
MC11  is  accessed  from  the  outside  thereof.  The 
waveforms  of  the  essential  signals  are  shown  in  Fig. 

so  5.  In  a  ready  for  access  stage  T1  ,  the  ground  voltage 
level  is  supplied  to  the  gate  electrode  of  the  gate  tran- 
sistor  Y1  ,  the  word  line  W1  ,  the  gate  electrode  of  the 
n-channel  type  field  effect  transistor  15,  the  output 
node  25  of  the  differential  amplifier  circuit  20,  and  the 

55  digit  line  D1,  however,  the  output  node  19  of  the  sense 
circuit  14  remains  in  a  positive  voltage  level  slightly 
lower  than  the  positive  voltage  level  Vc.  When  the 
access  to  the  memory  cell  MC11  starts  with  the  row 
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address  signal  and  the  column  address  signal,  the 
row  address  decoder  circuit  12  allows  the  word  line 
W1  to  go  up  to  the  positive  voltage  level  Vc,  and  the 
column  address  decoder  circuit  13  provides  the  posi- 
tive  voltage  level  Vc  to  the  gate  electrode  of  the  gate 
transistor  Y1  for  causing  the  gate  transistor  Y1  to  turn 
on.  Then,  the  gate  electrode  of  the  n-channel  type 
field  effect  transistor  15  is  higher  in  voltage  level  than 
the  source  node  thereof  by  virtue  of  the  inverter  circuit 
1  8,  and,  for  this  reason,  the  n-channel  type  field  effect 
transistor  15  turns  on.  As  a  result,  a  current  path  is 
established  from  the  source  of  positive  voltage  level 
Vc  through  the  series  combination  of  the  p-channel 
type  field  effect  transistor  16  and  the  n-channel  type 
field  effect  transistor  1  5  and  the  gate  transistor  Y1  to 
the  digit  line  D1.  If  the  data  bit  of  "0"  level  is  the  mem- 
ory  cell  MC11,  no  channel  is  produced  in  the  memory 
cell  MC11.  Then,  the  current  is  consumed  to  charge 
up  the  parasitic  capacitance  C1  coupled  to  the  digit 
line  D1,  and,  for  this  reason,  the  digit  line  D1  is  gradu- 
ally  increased  in  voltage  level  over  a  relatively  long 
time  period  T2  and,  finally,  reaches  a  positive  voltage 
level.  When  the  digit  line  D1  reaches  the  positive  high 
voltage  level,  the  inverter  circuit  18  produces  a  low 
voltage  level  with  respect  to  the  source  electrode  of 
the  n-channel  type  field  effect  transistor  15,  so  that 
the  n-channel  type  field  effect  transistor  15  turns  off. 
When  the  n-channel  type  field  effect  transistor  15  is 
turned  off,  the  current  is  used  for  increasing  the  volt- 
age  level  of  the  output  node  19.  With  the  high  voltage 
level  at  the  output  node  19,  the  p-channel  type  field 
effect  transistor  21  turns  off,  so  that  the  output  node 
of  the  differential  amplifier  circuit  20  is  recovered  to 
the  ground  level.  In  this  manner,  the  read-out  data  bit 
is  fixed  to  the  low  voltage  level,  and,  for  this  reason, 
the  memory  cell  MC11  is  detected  to  be  in  the  write-in 
state  in  a  time  period  T3.  However,  if  the  data  bit  of  "1  " 
is  memorized  in  the  memory  cell  MC11,  the  current 
flows  into  the  ground  terminal,  so  that  the  n-channel 
type  field  effect  transistor  15  remains  in  the  on  state, 
thereby  causing  the  output  node  19  to  stay  in  the  low 
voltage  level.  This  results  in  that  the  p-channel  type 
field  effect  transistor  21  is  turned  on  to  maintain  the 
output  node  25  in  the  high  voltage  level.  Then,  the 
memory  cell  MC1  1  is  detected  to  be  in  the  non  write-in 
state. 

A  problem  is  encountered  in  the  prior  art  sense 
circuit  14  in  the  relatively  long  access  time.  For  dec- 
reasing  the  access  time,  the  n-channel  type  field 
effect  transistor  1  5  may  be  formed  by  a  field  effect 
transistor  with  a  broader  gate  electrode.  When  the 
gate  electrode  is  increased  in  gate  width,  the  field 
effect  transistor  has  a  large  current  driving  capability, 
so  that  the  parasitic  capacitance  C1  would  be  rapidly 
charged  up.  However,  if  the  field  effect  transistor  15 
has  a  broader  gate  electrode,  the  sense  circuit  14  is 
more  sensitive  to  noises  riding  on  the  ground  voltage 
level.  This  results  in  that  an  error  data  bit  tends  to  be 

transiently  delivered  to  the  outside. 
In  detail,  assuming  now  that  the  inverter  circuit  18 

has  a  threshold  voltage  Vth18  of  1  volt  on  an  input 
voltage  to  output  voltage  characteristic  line  31a  and 

5  that  the  n-channel  type  field  effect  transistor  1  5  also 
has  a  threshold  voltage  Vth15  of  1  volt  in  which  the 
back  gate  biasing  effect  is  taken  into  account,  the  n- 
channel  type  field  effect  transistor  15  turns  off  at  the 
gate  voltage  level  V1  5  due  to  the  voltage  level  on  the 

10  digit  line  D1  increased  in  voltage  level  if  the  memory 
cell  MC11  is  in  the  write-in  state.  The  gate  voltage 
level  V1 5qff  causing  the  field  effect  transistor  15  to 
turn  off  is  indicated  by  an  intersecting  point  33a  of  the 
characteristic  line  31a  and  a  linear  line  32a.  The  linear 

15  line  32a  is  representative  of  the  the  gate  voltage  level 
V15  or  the  total  voltage  in  terms  of  the  voltage  level 
V17  at  the  input  node  17  and  calculated  as: 

V15  =  V17  +  Vth15 
However,  if  the  non  write-in  state  has  been 

20  established  in  the  memory  cell  MC11,  a  current  pas- 
ses  through  the  n-channel  type  field  effect  transistor 
1  5  for  inverting  the  voltage  level  at  the  output  node  25, 
and  the  voltage  level  V1  50n  for  allowing  the  current  to 
flow  is  calculated  as 

25  V150N  =  V17  +  Vth15  +  2  volt 
The  voltage  level  V150n  allowing  the  current  to  flow 
is  represented  by  an  intersecting  point  33c  of  the 
characteristic  line  31a  and  a  linear  line  32c.  However, 
if  the  n-channel  type  field  effect  transistor  15  is  for- 

30  med  by  a  field  effect  transistor  with  a  broader  gate 
electrode,  the  current  for  inverting  the  voltage  level  at 
the  output  node  25  takes  place  at  the  gate  voltage 
level  V150n,  which  is  lower  than  that  indicated  by  the 
intersecting  point  33c.  An  intersecting  point  33b  rep- 

35  resentative  of  the  voltage  level  V1  50n>  is  by  way  of 
example  calculated  as: 

V150N,  =  V18  +  Vth15  +  1  volt 
In  this  situation,  if  noises  takes  place  in  the  ground 
voltage  level  Vg,  the  input  voltage  to  output  voltage 

40  characteristics  of  the  inverter  circuit  1  8  is  shifted  from 
the  line  31a  to  a  line  31b.  The  gate  voltage  level 
V1 5qff  allowing  the  n-channel  type  field  effect  tran- 
sistor  15  to  stay  in  the  stable  state  is  accordingly 
moved  from  the  intersecting  point  33a  to  an  interse- 

45  cting  point  34.  The  intersecting  point  34  is  higher  in 
voltage  level  than  the  intersecting  point  33b,  so  that 
the  output  node  25  transiently  indicates  the  non  wri- 
te-in  state  even  though  the  memory  cell  MC11  has 
been  established  in  the  write-in  state.  The  field  effect 

so  transistorwith  the  broader  gate  electrode  is  thus  liable 
to  cause  the  output  node  25  to  indicate  the  opposite 
state  to  the  accesses  memory  cell.  Then,  there  is  a 
trade-off  between  the  rapid  read-out  operation  and 
the  reliability  of  the  data  bit  read  out  through  the  field 

55  effect  transistor  1  5  of  the  broader  gate  electrode. 
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SUMMARY  OF  THE  INVENTION 

It  is  therefore  an  important  object  of  the  present 
invention  to  provide  a  sense  circuit  which  is  conducive 
to  an  improvement  in  access  time.  5 

It  is  also  an  important  object  of  the  present  inven- 
tion  to  provide  a  sense  circuit  which  is  less  sensitive 
to  noises  on  the  constant  voltage  level. 

To  accomplish  these  objects,  the  present  inven- 
tion  proposes  to  divide  the  current  path  into  a  plurality  10 
of  channels  provided  in  parallel  between  the  gate 
transistors  and  the  differential  amplifier  circuit. 

In  accordance  with  the  present  invention,  there  is 
provided  a  a  non-volatile  semiconductor  memory 
device  having  a  sense  circuit,  a  plurality  of  memory  15 
cells,  memory  cell  specifying  means  operative  to 
specify  one  of  the  memory  cells  for  reading  out  a  data 
bit  memorized  therein,  each  of  the  memory  cells  hav- 
ing  a  conduction  path  or  no  conduction  path  between 
an  input  node  and  a  first  constant  voltage  source  20 
depending  upon  the  data  bit  memorized  therein,  and 
the  sense  circuit  comprises  a)  a  plurality  of  field  effect 
transistors  different  in  threshold  voltage  and  coupled 
in  parallel  between  the  input  node  and  an  output  node, 
the  field  effect  transistors  respectively  having  gate  25 
electrodes,  b)  current  supplying  means  coupled  be- 
tween  a  second  constant  voltage  source  different  in 
voltage  level  from  the  first  constant  voltage  source 
and  the  output  node,  and  c)  gating  means  coupled  be- 
tween  the  input  node  and  the  gate  electrodes  and  res-  30 
ponsive  to  a  voltage  level  at  the  input  node  for 
sequentially  shifting  the  field  effect  transistors  be- 
tween  on  states  and  off  states,  thereby  transferring 
the  data  bit  memorized  in  the  memory  cell  specified 
by  the  memory  cell  specifying  means  to  the  output  35 
node. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  features  and  advantages  of  a  sense  circuit  40 
according  to  the  present  invention  will  be  more  clearly 
understood  from  the  following  description  taken  in 
conjunction  with  the  accompanying  drawings  in 
which: 

Fig.  1  is  a  cross  sectional  view  showing  the  struc-  45 
ture  of  a  floating  gate  avalanche  injection  MOS 
field  effect  transistor  used  for  a  memory  cell 
array; 
Fig.  2  is  a  diagram  showing  the  symbol  of  the 
floating  gate  avalanche  injection  MOS  field  effect  50 
transistor  shown  in  Fig.  1; 
Fig.  3  is  a  graph  showing  the  drain  current  in 
terms  of  the  control  gate  voltage  level  achieved 
by  the  floating  gate  avalanche  injection  MOS  field 
effect  transistor  shown  in  Fig.  1;  55 
Fig.  4  is  a  diagram  showing  the  circuit  arrange- 
ment  of  a  non-volatile  semiconductor  memory 
device  provided  with  a  prior  art  sense  circuit; 

Fig.  5  is  a  diagram  showing  the  waveforms  of 
essential  signals  produced  in  the  non-volatile 
semiconductor  memory  device  illustrated  in  Fig. 
4; 
Fig.  6  is  a  graph  showing  the  switching  character- 
istics  of  a  sense  circuit  forming  part  of  the  non- 
volatile  semiconductor  memory  device  shown  in 
Fig.  4; 
Fig.  7  is  a  diagram  showing  the  circuit  arrange- 
ment  of  a  non-volatile  semiconductor  memory 
device  provided  with  a  sense  circuit  embodying 
the  present  invention; 
Fig.  8  is  a  diagram  showing  the  switching  charac- 
teristics  of  a  sense  circuit  incorporated  in  the  non- 
volatile  semiconductor  memory  device  shown  in 
Fig.  7;  and 
Fig.  9  is  a  diagram  showing  the  circuit  arrange- 
ment  of  another  sense  circuit  embodying  the  pre- 
sent  invention. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

First  embodiment 

Referring  first  to  Fig.  7  of  the  drawings,  there  is 
shown  a  non-volatile  semiconductor  memory  device 
which  comprises  a  memory  cell  array  41  accom- 
panied  with  a  plurality  of  word  lines  and  a  plurality  of 
digit  lines,  a  row  address  decoder  circuit  42  provided 
for  an  activation  of  the  memory  cells  coupled  to  one 
of  the  word  lines,  gate  transistors  43  respectively 
coupled  to  the  digit  lines  for  allowing  a  data  bit  on  one 
of  the  digit  lines  to  pass  therethrough,  a  column 
address  decoder  circuit  44  for  causing  one  of  the  gate 
transistors  43  to  turn  on,  a  sense  circuit  45  coupled 
to  the  gate  transistors  43,  and  a  differential  amplifier 
circuit  46.  Each  of  the  memory  cell  is  formed  by  the 
floating  gate  avalanche  injection  MOS  field  effect 
transistor  illustrated  Fig.  1,  and  the  component  cir- 
cuits  except  for  the  sense  circuit  45  are  similar  in  cir- 
cuit  arrangement  to  those  of  the  non-volatile 
semiconductor  memory  device  illustrated  in  Fig.  4,  so 
that  description  is  focused  upon  the  sense  circuit  45 
and  no  further  description  is  made  for  the  other  com- 
ponent  circuits  for  the  sake  of  simplicity. 

The  sense  circuit  45  has  an  input  node  coupled 
to  the  gate  transistors  43  and  an  output  node  48  coup- 
led  to  the  differential  amplifier  circuit  46  and  is  res- 
ponsive  to  a  voltage  level  at  the  input  node  47  for 
transferring  a  data  bit  on  the  input  node  47  to  the  out- 
put  node  48.  The  sense  circuit  45  further  has  two  n- 
channel  type  field  effect  transistors  49  and  50 
coupled  in  parallel  between  the  input  node  47  and  the 
output  node  48,  an  inverter  circuit  51  coupled  be- 
tween  a  positive  voltage  node  Vc  and  a  ground  volt- 
age  node  Vg,  and  a  p-channel  type  field  effect 
transistor  52  coupled  between  the  positive  voltage 

4 
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node  Vc  and  the  output  node  48.  The  voltage  level  at 
the  input  node  47  is  supplied  to  the  input  node  of  the 
inverter  circuit  51  ,  the  n-channel  type  field  effect  tran- 
sistors  49  and  50  are  gated  by  the  output  node  of  the 
inverter  circuit  51.  The  n-channel  type  field  effect 
transistors  49  and  50  are  different  in  threshold  voltage 
from  each  other  and  simultaneously  turn  on  for  allow- 
ing  a  currentfrom  the  positive  voltage  node  Vc  to  pass 
therethrough  upon  an  access  to  a  memory  cell  in  the 
non  write-in  state.  If  the  total  current  driving  capability 
of  the  n-channel  type  field  effect  transistors  49  and  50 
is  approximately  equal  to  that  of  a  single  field  effect 
transistor  with  a  broader  gate  electrode,  the  two  n- 
channel  type  field  effect  transistors  are  greater  in 
threshold  voltage  than  the  single  field  effect  transistor 
with  the  broader  gate  electrode.  This  results  in  that  the 
two  n-channel  type  field  effect  transistors  49  and  50 
are  less  sensitive  to  noises  than  the  single  field  effect 
transistor  with  the  broader  gate  electrode.  The  p- 
channel  type  field  effect  transistor  52  has  a  gate  elec- 
trode  coupled  to  the  output  node  48,  so  that  the 
positive  voltage  node  Vc  supplies  the  n-channel  type 
field  effect  transistors  49  and  50  with  the  current  in  so 
far  as  the  output  node  48  is  sufficiently  lower  in  volt- 
age  level  than  the  positive  voltage  node  Vc.  However, 
if  the  n-channel  type  field  effect  transistors  49  and  50 
turn  off  for  allowing  the  output  node  48  to  rise  in  volt- 
age  level,  the  p-channel  type  field  effect  transistor  52 
gradually  turns  off  to  keep  the  output  node  48  in  a  cer- 
tain  positive  voltage  level. 

The  circuit  behavior  of  the  sense  circuit  45  is 
hereinunder  described  with  reference  to  Fig.  8  in 
which  a  line  61  is  indicative  of  input  voltage  to  output 
voltage  characteristics  of  the  inverter  circuit  51.  As- 
suming  now  that  the  inverter  circuit  51  hasathreshold 
voltage  of  1  volt  and  that  the  n-channel  type  field 
effect  transistors  49  and  50  have  threshold  voltages 
of  1  volt  and  0  volt,  respectively,  the  n-channel  type 
field  effect  transistor  49  turns  off  with  the  gate  voltage 
level  V490ff  calculated  as 

V49OFF  =  V47  +  Vth49 
where  V47  is  the  voltage  level  at  the  input  node  47  and 
Vth49  is  the  threshold  voltage  of  the  n-channel  type 
field  effect  transistor  49.  The  gate  voltage  level 
V490ff  is  indicated  by  an  intersecting  point  62a  of  the 
characteristic  line  61  and  a  linear  line  63a.  By  the  way, 
back  gate  biasing  effects  are  respectively  taken  into 
account  for  deciding  the  threshold  voltages  of  the  n- 
channel  type  field  effect  transistors.  On  the  other 
hand,  when  the  input  node  47  is  decreased  in  voltage 
level  and,  accordingly,  the  inverter  circuit  51  goes  up 
in  voltage  level,  the  n-channel  type  field  effect  tran- 
sistor  49  turns  on  with  the  gate  voltage  level  V490n  for 
allowing  the  output  node  48  to  invert  the  logic  level. 
The  gate  voltage  level  V490n  is  given  by  the  following 
equation: 

V49ON  =  V47  +  Vth49  +  2  volts 
The  gate  voltage  level  V490n  is  indicated  by  an 

intersecting  point  62b  of  the  characteristic  line  61  and 
a  linear  line  63b. 

As  to  the  field  effect  transistor  50,  when  the  input 
node  47  is  increased  in  voltage  level  and,  accordingly, 

5  the  output  voltage  level  of  the  inverter  circuit  51  goes 
down,  the  n-channel  type  field  effect  transistor  50 
turns  off  with  the  gate  voltage  level  V50Off  which  is 
represented  as 

V50OFF  =  V47  +  Vth50 
10  where  Vth50  is  the  threshold  voltage  of  the  n-channel 

type  field  effect  transistor  50  selected  to  be  about  0 
volt.  The  gate  voltage  level  V50Off  is  indicated  by  an 
intersecting  point  of  the  characteristic  line  61  and  a 
linear  line  65a.  However,  the  input  node  47  is  dec- 

is  reased  in  voltage  level  and,  accordingly,  the  output 
voltage  of  the  inverter  circuit  51  goes  up,  the  n-chan- 
nel  type  field  effect  transistor  50  turns  on  with  the  gate 
voltage  level  V50On  for  allowing  the  output  node  48  to 
invert  the  logic  level.  The  gate  voltage  level  V50On  is 

20  calculated  as  follows: 
V50ON  =  V47  +  Vth50  +  2  volts 

the  gate  voltage  level  V50On  is  represented  by  an 
intersecting  point  64b  of  the  characteristic  line  61  and 
a  linear  line  65b.  The  gate  voltage  levels  V490ff. 

25  V490n>  V50Off  and  V50On  are  thus  provided  on  the 
characteristic  line  61  in  so  far  as  no  noise  takes  place 
in  the  ground  voltage  level.  When  the  n-channel  type 
field  effect  transistor  49  cooperates  with  the  n-chan- 
nel  field  effect  transistor  50,  both  of  the  n-channel 

30  type  field  effect  transistors  49  and  50  remain  in  the 
respective  off  states  with  the  gate  voltage  level  not 
greater  than  that  of  the  intersecting  point  64a.  How- 
ever,  the  output  node  48  is  inverted  at  a  voltage  level 
between  the  intersecting  point  62a  and  the  intersect- 

35  ing  point  64b  such  as,  for  example,  a  point  66.  In  other 
words,  when  the  gate  voltage  level  goes  up  to  the 
point  66,  the  current  path  is  established  between  the 
positive  voltage  node  Vc  and  the  memory  cell  speci- 
fied  by  the  row  address  decoder  12  and  the  column 

40  address  decoder,  so  that  the  output  node  48  is  dec- 
reased  in  voltage  level  and,  finally,  inverted  in  logic 
level.  Since  the  n-channel  type  field  effect  transistors 
49  and  50  turn  off  at  intersecting  points  62a  and  64a, 
respectively,  at  least  a  part  of  the  current  path  simul- 

45  taneously  takes  place  in  the  n-channel  type  field 
effect  transistors  49  and  50  in  so  far  as  the  voltage 
level  at  the  input  node  47  is  fallen  within  a  range  indi- 
cated  by  an  arrow  67.  Then,  the  n-channel  type  field 
effect  transistors  49  and  50  rapidly  charge  up  a  para- 

50  sitic  capacitance  coupled  to  the  digit  line  which  in  turn 
is  coupled  to  the  memory  cell  specified  by  the  row 
address  decoder  circuit  42  and  the  column  address 
decoder  circuit  44.  This  results  in  improvement  in  the 
access  time. 

55  When  noises  takes  place  in  the  ground  voltage 
level,  the  characteristic  line  61  is  replaced  with  dash 
lines  68  as  similar  to  the  prior  art  example.  Then,  the 
gate  voltage  level  V50Off  is  moved  from  the  interse- 

5 
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cting  point  64a  to  an  intersecting  point  69,  however, 
the  intersecting  point  69  is  lower  in  voltage  level  than 
the  point  66,  so  that  no  inversion  in  logic  level  does 
not  take  place  at  the  output  node  48.  In  other  words, 
the  sense  circuit  45  is  less  sensitive  to  the  noises  and, 
accordingly,  less  liable  to  produce  an  error  data  bit. 

Second  embodiment 

Turning  to  Fig.  9  of  the  drawings,  the  circuit 
arrangement  of  another  sense  circuit  71  is  illustrated. 
In  the  sense  circuit  71,  the  inverter  circuit  51  is  rep- 
laced  with  a  NOR  gate  72,  however,  the  other  compo- 
nent  elements  are  similar  to  those  of  the  sense  circuit 
45,  so  that  no  further  description  is  made  for  the  other 
component  elements.  The  other  component  elements 
are  denoted  by  like  reference  numerals  designating 
the  corresponding  elements  of  the  sense  circuit  45. 
The  NOR  gate  72  has  two  input  nodes  one  of  which 
is  coupled  to  the  input  node  47  and  the  other  of  which 
is  supplied  with  a  chip  enable  signal  CE.  The  chip 
enable  signal  CE  is  supplied  from  the  outside  of  the 
non-volatile  semiconductor  memory  device  for  acti- 
vation  thereof.  The  NOR  gate  72  causes  the  n-chan- 
nel  type  field  effect  transistors  49  and  50  to  remain  in 
the  off  states  without  the  chip  enable  signal  CE,  and, 
for  this  reason,  the  current  consumption  in  the  sense 
circuit  71  is  decreased  with  respect  to  the  sense  cir- 
cuit  45. 

Although  particular  embodiments  of  the  present 
invention  have  been  shown  and  described,  it  will  be 
obvious  to  those  skilled  in  the  art  that  various  changes 
and  modifications  may  be  made  without  departing 
from  the  scope  of  the  present  invention.  For  example, 
the  current  path  may  be  divided  into  more  than  two 
each  formed  by  a  field  effect  transistor. 

Claims 

1.  A  non-volatile  semiconductor  memory  device 
having  a  sence  circuit  (45,46),  a  plurality  of  memory 
cells  (41),  memory  cell  specifying  means  (42-44) 
operative  to  specify  one  of  the  memory  cells  for  read- 
ing  out  a  data  bit  memorized  therein,  each  of  said 
memory  cells  having  a  conduction  path  or  no  conduc- 
tion  path  between  an  input  node  (47)  and  a  first  con- 
stant  voltage  source  depending  upon  the  data  bit 
memorized  therein  and,  current  supplying  means  (52) 
coupled  between  a  second  constant  voltage  source 
(Vc)  different  in  voltage  from  said  first  constant  volt- 
age  source  and  an  output  node  (48),  characterized  in 
that  said  sense  circuit  (45,46)  comprises  a)  a  plurality 
of  field  effect  transistors  (49,50)  different  in  threshold 
voltage  and  coupled  in  parallel  between  said  input 
node  (47)  and  said  output  node  (48),  said  field  effect 
transistors  respectively  having  gate  electrodes,  and 
b)  gating  means  (51)  coupled  between  said  input 

node  (47)  and  said  gate  electrodes  and  responsive  to 
a  voltage  level  at  the  input  node  (47)  for  sequentially 
shifting  said  field  effect  transistors  (49,50)  between 
on  states  and  off  states,  thereby  transferring  the  data 

5  bit  memorized  in  said  memory  cell  specified  by  said 
memory  cell  specifying  means  (42-44)  to  said  output 
node  (48). 

10  Patentanspruche 

1.  Nichtfluchtige  Halbleiter-Speichervorrichtung 
mit  einer  Leseschaltung  (54,  46),  einer  Anzahl  von 
Speicherzellen  (41),  einer  Speicherzellen-Bezeich- 

15  nungseinrichtung  (42-44),  die  zur  Bezeichnung  einer 
der  Speicherzellen  zum  Auslesen  eines  darin  gespei- 
cherten  Datenbits  arbeitet,  wobei  jede  der  Speicher- 
zellen  einen  Leitungsweg  oder  einen 
Nichtleitungsweg  zwischen  einem  Eingangsknoten 

20  (47)  und  einer  ersten  Konstantspannungsquelle,  ab- 
hangig  von  dem  darin  gespeicherten  Datenbit  auf- 
weist,  mit  einer  Stromversorgungseinrichtung  (52), 
die  zwischen  eine  zweite  Konstantspannungsquelle 
(Vc),  deren  Spannungspegel  unterschiedlich  zu  dem 

25  der  ersten  Konstantspannungsquelle  ist,  und  einem 
Ausgangsknoten  (48)  gekoppelt  ist,  dadurch  gekenn- 
zeichnet,  dali  die  Leseschaltung  (45,  46)  aufweist  a) 
eine  Anzahl  von  Feldeffekt-Transistoren  (49,  50),  die 
unterschiedliche  Schwellspannungen  aufweisen  und 

30  parallel  zwischen  den  Eingangsknoten  (47)  und  den 
Ausgangsknoten  (48)  geschaltetsind,  wobei  die  Feld- 
effekttransistoren  Gateelektroden  aufweisen,  und  b) 
einer  Toreinrichtung  (51),  die  zwischen  den  Eingangs- 
knoten  (47)  und  die  Gateelektroden  geschaltet  sind 

35  und  auf  einen  Spannungspegel  am  Eingangsknoten 
(47)  ansprechen  zum  sequentiellen  Verandern  der 
Feldeffekt-Transistoren  (49,  50)  zwischen  den  Ein- 
schaltzustanden  und  den  Ausschaltzustanden,  sodaft 
das  in  derdurch  die  Speicherzellenbezeichnungsein- 

40  richtung  (42-44)  bezeichnete  Speicherzelle  gespei- 
cherte  Bit  an  den  Ausgangsknoten  (48)  ubertragen 
wird. 

45  Revendications 

LDispositif  de  memoire  a  semiconducteur  non 
volatile  ayant  un  circuit  de  lecture  (45,  46),  une  plura- 
lity  de  cellules  de  memoire  (41),  un  moyen  specif  ica- 

50  teur  de  cellule  de  memoire  (42-44)  ayant  pour 
fonction  de  specifier  I'une  des  cellules  de  memoire 
pour  lire  un  binaire  de  donnee  qui  y  est  memorise, 
chacune  desdites  cellules  de  memoire  ayant  un  trajet 
de  conduction  ou  un  trajet  de  non  conduction  entre  un 

55  noeud  d'entree  (47)  et  une  premiere  source  de  ten- 
sion  constante,  selon  le  binaire  de  donnee  qui  y  est 
memorise  et  un  moyen  d'alimentation  en  courant  (52) 
relie  entre  une  seconde  source  de  tension  constante 

6 
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(Vc)  ayant  un  niveau  de  tension  different  de  celui  de 
la  premiere  source  de  tension  constante  et  un  noeud 
de  sortie  (48),  caracterise  en  ce  que  ledit  circuit  de 
lecture  (45,  46)  comprend  a)  une  pluralite  de  transis- 
tors  a  effet  de  champ  (49,  50)  ayant  des  tensions  de  5 
seuil  differentes,  et  relies  en  parallele  entre  ledit 
noeud  d'entree  (47)  et  ledit  noeud  de  sortie  (48),  les- 
dits  transistors  a  effet  de  champ  ayant  respective- 
ment  des  Electrodes  de  grille,  et  b)  un  moyen  de 
deblocage  (51)  relie  entre  ledit  noeud  d'entree  (47)  et  10 
lesdites  electrodes  de  grille  et  sensible  a  un  niveau  de 
tension  sur  le  noeud  d'entree  (47)  pourfaire  sequen- 
tiellement  commuter  lesdits  transistors  a  effet  de 
champ  (49,  50)  entre  des  etats  passants  et  des  etats 
non  passants,  ce  qui  permet  de  transferer  le  binaire  15 
de  donnee  memorise  dans  ladite  cellule  de  memoire 
specif  iee  par  ledit  moyen  specif  icateur  de  cellule  de 
memoire  (42-44),  vers  ledit  noeud  de  sortie  (48). 
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