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©  Method  of  erasing  data  on  non-volatile  semi-conductor  memory. 

©  In  order  to  suppress  dispersion  of  threshold 
level  voltages  upon  erasure  of  a  large  number  of 
cells  constituted  from  FETs  having  a  floating 
gate  electrode,  drain  electrode  D,  source  elec- 
trode  S  and  substrate  Sub  of  each  memory  cell, 
all  of  the  above  electrodes  are  set  to  0  V  while  a 
pulse  of  -19  v  and  a  pulse  width  of  0.01  second 
is  applied  to  control  gate  electrode  CG  to  re- 
move  electrons  accumulated  in  floating  gate 
electrode  FG  by  an  F-N  tunnel  current.  Then, 
while  drain  electrode  D,  source  electrode  S  and 
substrate  Sub  are  kept  set  to  0  V,  another  pulse 
of  14  V  and  a  pulse  width  of  0.1  second  is 
applied  to  control  gate  electrode  CG  to  effect 
injection  of  electrons  into  floating  gate  elec- 
trode  FG  by  the  F-N  tunnel  current. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention: 

This  invention  relates  to  a  method  of  erasing  data 
on  a  non-volatile  semi-conductor  memory,  and  more 
particularly  to  a  method  of  erasing  data  on  a  non-vol- 
atile  semi-conductor  memory  wherein  a  large  number 
of  field  effect  transistors  each  having  a  floating  gate 
electrode  are  arrayed  as  memory  cells. 

Description  of  Related  Art: 

Fig.  1(A)  is  a  circuit  diagram  of  a  memory  cell  of 
a  non-volatile  semi-conductor  memory  wherein  a 
large  number  of  field  effect  transistors  (hereinafter  re- 
ferred  to  as  FETs)  each  having  a  floating  gate  elec- 
trode  are  arrayed  as  memory  cells,  and  Fig.  1(B)  is  a 
sectional  view  showing  the  structure  of  the  memory 
cell. 

The  memory  cell  shown  in  Figs.  1(A)  and  1(B)  in- 
cludes  P-type  silicon  substrate  1,  tunnel  oxide  film  2 
formed  by  using  a  silicon  thermal  oxidation  techni- 
que,  a  thin  film  forming  technique  based  on  the  CVD 
(chemical  vapour  deposition)  method,  a  photolithog- 
raphy  technique,  a  thin  film  dry  etching  technique  or 
some  other  suitable  technique,  floating  gate  elec- 
trode  FG  of  polycrystalline  silicon,  interlayer  insulator 
film  3,  a  gate  electrode  portion  of  the  two  polycrys- 
talline  silicon  layer  type,  and  source  electrode  S  and 
drain  electrode  D  of  a  diffused  layer  formed  by  using 
an  ion  implantation  technique  of  phosphor  or  arsenic. 
In  the  non-volatile  memory,  electrons  are  accumulat- 
ed  into  floating  gate  electrode  FG  through  tunnel  ox- 
ide  film  2  to  raise  the  threshold  level  voltage  of  the 
FET  memory  cell  at  control  gate  electrode  CG  in  order 
to  write  data,  and  the  electrons  are  removed  from 
floating  gate  electrode  FG  through  tunnel  oxide  film 
2  to  lower  the  threshold  level  voltage  in  order  to  erase 
the  data. 

In  the  non-volatile  memory  described  above,  it  is 
known  that  the  threshold  levels  of  the  memory  cells 
after  erasure  of  data  disperse  within  a  range  of  sev- 
eral  volts  due  to  dispersion  in  film  thickness,  film  qual- 
ity  or  working  accuracy  of  tunnel  oxide  film  2  of  the 
memory  cells.  As  one  countermeasure  for  suppress- 
ing  dispersion,  a  method  which  makes  use  of  injection 
of  hot  carriers  into  the  floating  gate  electrodes  arising 
from  the  drain  avalanche  phenomenon  is  convention- 
ally  known  (Seiji  Yamada,  Technical  Digest  of  1  991  In- 
ternational  Electron  Devices  Meeting,  pp.307-310). 

An  outline  of  the  method  is  described  with  refer- 
ence  to  Fig.  5.  Fig.  5  is  a  diagram  showing  the  rela- 
tionship  of  gate  current  lg  to  floating  gate  voltage  Vfg, 
and  control  gate  voltage  Vcg  when  floating  gate  elec- 
trode  FG  is  charged  positively. 

When  the  relationship  between  source-drain  vol- 
tage  Vds  and  floating  gate  voltage  Vfg  is  Vds  >  Vfg,  hot 

carriers  generated  by  the  source-drain  current  are  in- 
jected  into  floating  gate  electrode  FG.  The  types  of 
hot  carriers  depend  upon  the  floating  gate  voltage, 
and  are  classfied,  from  the  low  voltage  side  as,  hot 

5  holes  (in  the  area  of  (H.H.)  in  Fig.  5)  originating  in  a 
drain  avalanche  phenomenon,  hot  electrons  (in  the 
area  of  (H.E.)  in  Fig.  5)  originating  from  a  drain  ava- 
lanche  phenomenon,  and  channel  hot  electrons  (in 
the  area  of  (C.H.E.)  in  Fig.  5).  It  is  important  here  that, 

10  when  the  floating  gate  voltage  increases  to  the  level 
indicated  by  Vfg*  in  Fig.  5,  hot  carriers  are  not  injected 
into  floating  gate  electrode  FG  any  more  and  the  po- 
larity  of  the  carrier  charge  is  reversed.  As  a  result, 
when,  for  example,  the  floating  gate  voltage  is  higher 

15  than  Vfg*  and  the  relationship  of  Vds  >  Vfg  is  satisfied, 
a  feedback  mechanism  in  which  injection  of  hot  elec- 
trons  into  floating  gate  electrode  FG  drops  the  float- 
ing  gate  voltage  and  the  drop  of  the  floating  gate  vol- 
tage  reduces  the  injection  amount  of  hot  electrons  is 

20  formed  between  the  floating  gate  voltage  and  the  hot 
electron  injection  amount,  so  that  the  floating  gate 
voltage  converges  to  Vfg*. 

Timings  of  voltage  application  to  the  electrodes  in 
order  to  actually  erase  data  are  described  with  refer- 

25  ence  to  Fig.  6. 
First,  drain  electrode  D  is  set  to  0  volt  and  -13  V 

is  applied  to  control  gate  electrode  CG  while  a  pulse 
of  5  V  is  applied  for  0.1  second  to  source  electrode  S 
to  remove  electrons  accumulated  in  floating  gate 

30  electrode  FG  by  an  F-N  (Fowler-Nordhein)  tunnel  cur- 
rent,  and  then  so-called  excessive  erasure  is  per- 
formed  to  accumulate  positive  holes  to  charge  float- 
ing  gate  electrode  3  to  Vfg*  =  2.0  V  or  more. 

Then,  control  gate  electrode  CG  is  set  to  0  V,  and 
35  a  pulse  of  5.0  V  is  applied  for  0.5  seconds  to  source 

electrode  S.  As  a  result  of  the  disposition,  the  feed- 
back  mechanism  between  the  floating  gate  electrode 
and  the  hot  electron  injection  amount  described 
above  operates  so  that  the  floating  gate  voltage  con- 

40  verges  to  2.0  V.  As  a  result,  the  threshold  level  of  con- 
trol  gate  electrode  CG  after  data  erasure  also  con- 
verges  to  a  fixed  value,  which  can  suppress  possible 
fluctuation  of  the  threshold  levels  of  the  memory 
cells.  In  fact,  the  threshold  level  voltage  can  be  con- 

45  trolled  within  a  range  of  about  0.7  V  depending  upon 
the  dispersion  of  the  configuration  of  source  elec- 
trode  S  or  some  other  factor. 

With  the  conventional  method  of  erasing  data  on 
a  non-volatile  semi-conductor  memory  described 

so  above,  however,  since  the  drain  avalanche  phenom- 
enon  is  used  for  erasure,  there  is  a  problem  in  that 
source  electrode  S  and  drain  electrode  D  suffer  from 
some  damage,  resulting  in  degradation  of  the  vol- 
tage-withstanding  property  of  the  junction  between 

55  the  diffused  layer  of  the  electrodes  and  the  substrate. 
Further,  in  order  to  make  the  threshold  voltages 

of  the  memory  cells  uniform  after  an  erasure,  positive 
holes  are  injected  into  floating  gate  electrode  FG  so 
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as  to  effect  excessive  erasure  upon  each  erasure.  Ac- 
cordingly,  since  the  injection  of  positive  holes  accel- 
erates  degradation  of  tunnel  oxide  film  2,  there  is  an- 
other  problem  that  the  switching  characteristic  be- 
tween  writing  and  erasure  is  degraded  by  the  degra- 
dation  of  tunnel  oxide  film  2. 

Furthermore,  in  order  to  make  the  threshold  vol- 
tages  uniform  after  erasure  of  data,  the  source-drain 
current  for  causing  the  drain  avalanche  phenomenon 
is  required,  in  addition  to  electrons  to  flow  into  floating 
gate  electrode  FG.  Accordingly,  there  is  a  further 
problem  in  that  the  disposition  to  make  the  threshold 
voltages  uniform  after  erasure  of  data  results  in  high- 
er  power  dissipation. 

SUMMARY  OF  THE  INVENTION 

It  is  a  first  object  of  the  present  invention  to  pro- 
vide  a  data  erasing  method  which  does  not  depend 
upon  the  drain  avalanche  phenomenon. 

It  is  a  second  object  of  the  present  invention  to 
provide  a  data  erasing  method  which  does  not  cause 
degradation  of  a  tunnel  oxide  film  arising  from  exces- 
sive  erasure  performed  for  a  floating  gate  upon  era- 
sure  of  data. 

It  is  a  third  object  of  the  present  invention  to  pro- 
vide  a  data  erasing  method  which  is  low  in  power  dis- 
sipation. 

In  order  to  attain  the  objects  described  above,  a 
method  of  erasing  data  on  a  non-volatile  semi- 
conductor  memory  is  provided  according  to  one  as- 
pect  of  the  present  invention,  the  semi-conductor 
memory  comprises  a  plurality  of  n-  and  p-type  field 
effect  transistors  formed  on  a  semi-conductor  sub- 
strate,  each  transistor  having  a  source  electrode,  a 
drain  electrode,  a  floating  gate  electrode  and  a  control 
gate  electrode  arrayed  as  non-volatile  memory  cells. 
Assuming  that  a  low  threshold  voltage  state  is  the 
erasing  state  and  a  high  threshold  voltage  state  is  the 
writing  state,  the  method  of  erasing  data  comprises 
the  steps  of  applying,  for  each  of  the  n-type  field  ef- 
fect  transistors,  a  negative  first  voltage,  and  for  each 
of  the  p-type  field  effect  transistors,  a  positive  first 
voltage  to  the  control  gate  electrode,  with  respect  to 
the  potential  at  the  source  electrode  and  the  drain 
electrode  for  the  first  application  time  so  that  the 
threshold  level  voltage  of  the  field  effect  transistor 
which  is  lowest  in  speed  of  data  erasing  operation  by 
the  F-N  tunnel  current  becomes  the  nearest  value  of 
the  writing  state  within  a  predetermined  range  in  the 
data  erasing  state,  and  applying,  to  each  of  the  n-type 
field  effect  transistors,  a  positive  second  voltage,  and 
for  each  of  the  p-type  field  effect  transistors,  a  nega- 
tive  second  voltage  to  the  control  gate  electrode,  with 
respect  to  the  potential  at  the  source  electrode  and 
the  drain  electrode  for  the  second  application  time  so 
t  hat  t  he  t  hreshold  level  voltage  of  t  he  field  effect  tran- 
sistor  which  is  highest  in  speed  of  data  writing  opera- 

tion  by  the  F-N  tunnel  current  becomes  the  nearest 
value  of  the  writing  state  within  the  range  of  the  data 
erasing  state. 

According  to  another  aspect  of  the  present  inven- 
5  tion,  there  is  provided  a  method  of  erasing  data  on  a 

non-volatile  semi-conductor  memory  of  the  type 
wherein  a  plurality  of  n-  and  p-type  field  effect  tran- 
sistors  formed  on  a  semi-conductor  substrate,  each 
transistor  having  a  source  electrode,  a  drain  elec- 

10  trade,  a  floating  gate  electrode  and  a  control  gate 
electrode  arrayed  as  non-volatile  memory  cells.  As- 
suming  that  a  low  threshold  voltage  state  is  the  writ- 
ing  state  and  a  high  threshold  voltage  state  is  the 
erasing  state,  the  method  of  erasing  data  comprises 

15  the  steps  of  applying,  for  each  of  the  n-type  field  ef- 
fect  transistors,  a  positive  first  voltage,  and  for  each 
of  the  p-type  field  effect  transistors,  a  negative  first 
voltage  to  the  control  gate  electrodes,  with  respect  to 
the  potential  at  the  source  electrode  and  the  drain 

20  electrode  for  a  first  application  time  so  that  the 
threshold  level  voltage  of  the  field  effect  transistor 
which  is  lowest  in  speed  of  data  erasing  operation  by 
the  F-N  tunnel  current  becomes  the  nearest  value  of 
writing  state  within  a  predetermined  range  of  the  data 

25  erasing  state  and  applying,  to  each  of  the  n-type  field 
effect  transistors,  a  negative  second  voltage,  and  to 
each  of  the  p-type  field  effect  transistors,  a  positive 
second  voltage  to  the  control  gate  electrode,  with  re- 
spect  to  the  potential  at  the  source  electrode  and  the 

30  drain  electrode  for  a  second  application  time  so  that 
the  threshold  voltage  of  the  field  effect  transistor 
which  is  highest  in  speed  of  data  writing  operation  by 
the  F-N  tunnel  current  becomes  the  nearest  value  of 
writing  state  within  the  range  of  the  data  erasing 

35  state. 
In  particular,  the  first  application  time  is  prefer- 

ably  0.01  second,  the  first  voltage  is  19volts,  the  sec- 
ond  applicaion  time  is  0.1  second  and  the  second  vol- 
tage  is  14  volts. 

40 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figs.  1(A)  and  1(B)  are  a  circuit  diagram  of  a 
memory  cell  of  a  non-volatile  semi-conductor 

45  memory  as  an  object  for  erasure  of  data  and  a 
sectional  viewshowing  the  structure  of  the  mem- 
ory,  respectively; 
Figs.  2(A)  and  2(B)  are  a  circuit  diagram  of  the 
memory  cell  of  a  first  embodiment  of  the  present 

so  invention  and  a  timing  chart  illustrating  applica- 
tion  of  voltages  to  the  electrodes  of  the  memory 
cell  upon  erasure  of  data,  respectively; 
Fig.  3  is  a  characteristic  diagram  illustrating  vari- 
ations  with  respect  to  time  of  the  memory  cell 

55  threshold  voltage  upon  erasure  of  data  by  the  F- 
N  tunnel  current  and  upon  injection  of  electrons 
into  the  floating  gate; 
Fig.  4  is  a  timing  chart  of  application  of  voltages 

3 
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to  the  electrodes  upon  erasure  of  data  of  a  mem- 
ory  cell  of  a  second  embodiment  of  the  present 
invention; 
Fig.  5  is  a  characteristic  diagram  of  the  gate  cur- 
rent  with  respect  to  the  floating  gate  voltage  and 
the  control  gate  voltage  of  a  memory  cell  accord- 
ing  to  a  method  of  erasing  data  on  a  conventional 
non-volatile  semi-conductor  memory;  and 
Fig.  6  is  a  timing  chart  of  application  of  voltages 
to  the  electrodes  upon  erasure  of  data  of  a  mem- 
ory  cell  of  a  conventional  non-evaporate  semi- 
conductor  memory. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

In  the  following  description,  embodiments  of  the 
present  invention  are  described  with  reference  to  the 
drawings. 

Figs.  2(A)  and  2(B)  are  a  circuit  diagram  of  a 
memory  cell  illustrating  a  first  embodiment  of  the 
present  invention  and  a  timing  chart  of  applying  vol- 
tages  to  the  electrodes  of  the  memory  cell  upon  era- 
sure  of  data,  respectively.  In  the  following  description, 
the  first  embodiment  is  described  in  accordance  with 
the  progress  of  the  disposition  upon  erasure  of  data. 
It  is  to  be  noted  that  the  structure  of  the  memory  cell 
is  the  same  as  that  of  the  conventional  memory  cell 
shown  in  Figs.  1(A)  and  1(B). 

First,  drain  electrode  D,  source  electrode  S  and 
substrate  Sub  of  each  memory  cell  are  set  to  0  V  while 
a  pulse  of  -19V  and  a  pulse  width  of  0.01  second  is 
applied  to  control  gate  electrode  CG  to  remove  elec- 
trons  accumulated  in  floating  gate  electrode  FG  by  an 
F-N  tunnel  current.  The  fluctuation  with  respect  to  ap- 
plication  time  of  the  threshold  voltage  of  the  memory 
cell  upon  erasure  of  data  by  the  F-N  tunnel  current  is 
indicated  by  curves  C1  and  C2  in  Fig.  3. 

All  the  memory  cells  are  designed  as  same  char- 
acteristics.  However,  actual  memory  cells  easy  to 
have  different  characteristics.  Therefore,  data  eras- 
ing  operation  speed  fluctuates  in  every  memory  cells. 
In  case  of  a  memory  cell  having  lowest  data  erasing 
operation  speed,  a  threshold  voltage  is  lowered  as 
the  curve  C1.  When  the  application  time  is  equal  to 
0.01  second,  the  threshold  voltage  becomes  equal  to 
3  V  which  is  the  upper  limit  value  (value  nearest  to 
that  in  the  writing  state)  within  the  range  of  the 
threshold  voltage  set  for  the  data  erasing  condition. 
Meanwhile,  the  threshold  voltage  of  another  memory 
cell  having  highest  erasing  operation  speed  is  low- 
ered  as  the  curve  C2.  When  the  application  time  is 
equal  to  the  0.01  second,  the  threshold  votage  be- 
comes  equal  to  1  V.  As  a  result,  the  threshold  level 
voltages  fluctuate  within  the  range  of  2  V. 

It  should  be  noted  that  in  case  of  the  memory  cell 
having  highest  erasing  speed,  the  highest  F-N  tunnel 
current  flows  through  tunnel  oxide  film  2  per  unit  time. 

In  addition,  the  memory  cell  exhibits  a  higher  injection 
speed  than  any  other  memory  cell  when  a  positive 
voltage  is  applied  between  the  control  gate  electrode 
and  the  substrate  to  inject  electrons  into  the  floating 

5  gate  electrode.  If  the  threshold  voltage  is  sufficiently 
low,  the  variation  of  the  threshold  voltage  upon  injec- 
tion  is  raised  in  accordance  with  curve  C4  in  Fig.  3. 

Meanwhile,  in  case  of  the  memory  cell  having 
lowest  erasing  speed,  the  lowest  F-N  tunnel  current 

10  flows  through  tunnel  oxide  film  2  per  unit  time.  The 
memory  cell  exhibits  a  lower  injection  speed  than  any 
other  memory  cell.  If  the  threshold  voltage  is  suffi- 
ciently  low,  the  threshold  voltage  upon  injection  is 
raised  in  accordance  with  curve  C3  in  Fig.  3. 

15  Therefore,  following  erasure  of  data  by  the  F-N 
tunnel  current  described  above,  while  drain  electrode 
D,  source  electrode  S  and  substrate  Sub  are  kept  set 
to  0  V,  a  pulse  of  14  Vand  a  pulse  width  of  0.1  second 
is  applied  to  control  gate  electrode  CG  to  inject  elec- 

20  trons  into  floating  gate  electrode  FG  by  the  F-N  tunnel 
current.  The  required  condition  forthe  injection  is  that 
the  threshold  voltage  of  the  memory  cell  having  high- 
est  injecting  operation  speed  is  raised  to  3  V  which  is 
the  upper  limit  value  within  the  range  of  data  erasing 

25  condition.  In  this  instance,  the  threshold  level  voltage 
of  the  memory  cell  having  highest  erasing  operation 
speed  becomes  equal  to  3  V  in  accordance  with  curve 
C4  in  Fig.  3.  However,  the  threshold  voltage  of  the 
memory  cell  having  lowest  erasing  operation  speed  is 

30  already  equal  to  3  V,  and  in  this  instance,  even  if  a 
pulse  of  14  Vand  0.1  second  is  applied  to  control  gate 
electrode  CG,  the  threshold  level  voltage  of  the  mem- 
ory  cell  remains  equal  to  3  V,  because  injection  of 
electrons  into  floating  gate  electrode  FG  by  the  F-N 

35  tunnel  current  does  not  take  place  unless  the  pulse 
width  is  longer  than  0.1  second  (refer  to  curve  C3  in 
Fig.  3).  Consequently,  the  threshold  voltages  con- 
verge  approximately  to  3  V,  and  dispersion  of  the 
threshold  level  voltages  is  suppressed. 

40  Fig.  4  is  a  timing  chart  of  application  of  voltages 
to  the  electrodes  upon  erasure  of  data  of  a  memory 
cell  of  a  second  embodiment  of  the  present  invention. 
The  second  embodiment  is  described  below  in  accor- 
dance  with  the  procedure  of  the  disposition  upon  era- 

45  sure  of  data. 
First,  drain  electrode  D,  source  electrode  S  and 

substrate  Sub  of  each  memory  cell  are  set  to  5  V  while 
a  pulse  of  -14  V  and  a  pulse  width  of  0.01  second  is 
applied  to  control  gate  electrode  CG  to  remove  elec- 

50  trons  accumulated  in  floating  gate  electrode  FG  by 
the  F-N  tunnel  current.  Following  the  erasure  of  data 
by  the  F-N  current,  drain  electrode  D,  source  elec- 
trode  S  and  substrate  Sub  are  set  to  -5  V  while  a  pulse 
of  9  V  and  a  pulse  width  of  0.1  second  is  applied  to 

55  control  gate  electrode  CG  to  inject  electrons  into  float- 
ing  gate  electrode  FG  by  the  F-N  tunnel  current. 

In  the  present  embodiment,  the  absolute  values 
of  the  voltages  applied  to  the  electrodes  are  different 

4 
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from  those  in  the  first  embodiment,  but  the  effective 
bias  voltages  between  the  control  gate  electrode  and 
the  source,  drain  and  substrate  electrodes,  as  well  as 
the  effects  are  exactly  the  same  as  those  of  the  first 
embodiment.  However,  with  the  second  embodiment, 
since  the  absolute  values  of  the  voltages  applied  to 
the  electrodes  are  lower  than  those  in  the  first  em- 
bodiment.  Therefore  the  second  embodiment  is  more 
advantageous  in  terms  of  the  voltage  withstanding 
property  and  the  required  power  supply. 

While  a  P-type  silicon  substrate  is  employed  as 
the  semi-conductor  substrate  in  the  embodiments  de- 
scribed  above,  a  different  semi-conductor  substrate 
may  be  employed  instead.  Further,  other  voltage  val- 
ues  may  be  employed  as  the  voltage  values  to  be  ap- 
plied  to  the  electrodes  if  erasure  of  data  and  suppres- 
sion  of  the  dispersion  of  the  threshold  voltages  by  the 
F-N  tunnel  current  after  erasure  of  data  are  per- 
formed. 

As  described  above,  according  to  the  present  in- 
vention,  since  it  is  constructed  so  that  injection  of 
electrons  into  floating  gate  electrode  3  using  the  F-N 
tunnel  current  is  performed  for  a  predetermined  per- 
iod  of  time  after  erasure  of  data,  there  is  an  advantage 
in  that  possible  dispersion  of  the  threshold  level  vol- 
tages  after  erasure  of  data  can  be  suppressed.  Fur- 
ther,  since  only  the  F-N  tunnel  current  is  used  in  order 
to  control  the  threshold  voltages  to  a  fixed  value, 
there  is  another  advantage  in  that  the  voltage  with- 
standing  property  of  the  junction  between  each  dif- 
fused  layer  and  the  substrate  is  not  degraded  at  all. 
Further,  since  the  current  which  is  produced  when 
the  threshold  level  voltages  are  controlled  to  a  fixed 
value  after  erasure  of  data  involves  only  electrons 
flowing  into  the  floating  gate  electrode,  there  is  a  fur- 
ther  advantage  in  that  power  dissipation  can  be  re- 
duced. 

Claims 

1.  A  method  of  erasing  data  on  a  non-volatile  semi- 
conductor  memory  on  which  a  plurality  of  n-  and 
p-type  field  effect  transistors  each  having  a 
source  electrode,  a  drain  electrode,  a  floating 
gate  electrode  and  a  control  gate  electrode  are 
arrayed  on  a  semiconductor  substrate  as  non- 
volatile  memory  cells  and  assuming  that  a  low 
threshold  voltage  state  is  the  erasing  state  and  a 
high  threshold  voltage  state  is  the  writing  state, 
comprising  the  steps  of: 

applying,  to  each  of  the  n-type  field  effect 
transistors,  a  negative  first  voltage,  and  to  each 
of  the  p-type  field  effect  transistors,  a  positive 
first  voltage  to  the  control  gate  electrode,  with  re- 
spect  to  the  potential  at  the  source  electrode  and 
the  drain  electrode  for  a  first  application  time  so 
that  the  threshold  voltage  of  the  field  effect  tran- 

sistor  having  lowest  data  erasing  operation  speed 
by  an  F-N  Fowler-Nordheim  tunnel  current  be- 
comes  the  nearest  value  of  the  writing  state  with- 
in  a  predetermined  range  in  the  data  erasing 

5  state;  and 
applying,  to  each  of  the  n-type  field  effect 

transistors,  a  positive  second  voltage,  and  to 
each  of  the  p-type  field  effect  transistors,  a  neg- 
ative  second  voltage  to  the  contorl  gate  elec- 

10  trade,  with  respect  to  the  potential  at  the  source 
electrode  and  the  drain  electrode  for  a  second  ap- 
plication  time  so  that  the  threshold  voltage  of  the 
field  effect  transistor  having  highest  data  writing 
operation  speed  by  the  F-N  tunnel  current  be- 

15  comes  the  nearest  value  of  the  writing  state  with- 
in  the  range  of  the  data  erasing  state. 

2.  A  method  of  erasing  data  on  a  non-volatile  semi- 
conductor  memory  on  which  a  plurality  of  n-  and 

20  p-type  field  effect  transistors  each  having  a 
source  electrode,  a  drain  electrode,  a  floating 
gate  electorde  and  a  control  gate  electrode  are 
arrayed  on  a  semiconductor  substrate  as  non- 
volatile  memory  cells  and  assuming  that  a  low 

25  threshold  voltage  state  is  the  writing  state  and  a 
high  threshold  voltage  state  is  the  erasing  state, 
comprising  the  steps  of: 

applying,  to  each  of  the  n-type  field  effect 
transistors,  a  positive  first  voltage,  and  to  each  of 

30  the  p-type  field  effect  transistors,  a  negative  first 
voltage  to  the  control  gate  electrode,  with  respect 
to  the  potential  at  the  source  electrode  and  the 
drain  electrode  for  a  first  application  time  so  that 
the  threshold  voltage  of  the  field  effect  transistor 

35  having  lowest  data  erasing  operation  speed  by  an 
F-N  tunnel  current  becomes  the  nearest  value  of 
the  writing  state  within  a  predetermined  range  in 
the  data  erasing  state;  and 

applying,  to  each  of  the  n-type  field  effect 
40  transistors,  a  negative  second  voltage,  and  to 

each  of  the  p-type  field  effect  transistors,  a  pos- 
itive  second  voltage  to  the  control  gate  electrode, 
with  respect  to  the  potential  at  the  source  elec- 
trode  and  the  drain  electrode  for  a  second  appli- 

es  cation  time  so  that  the  threshold  level  voltage  of 
the  field  effect  transistor  which  is  highest  in 
speed  of  data  writing  operation  by  the  F-N  tunnel 
current  becomes  the  nearest  value  of  the  writing 
state  within  the  range  of  the  data  erasing  state. 

50 
3.  A  method  of  erasing  data  on  a  non-volatile  semi- 

conductor  memory  as  claimed  in  claim  1  ,  wherein 
the  first  applicaiton  time  is  0.01  second,  the  first 
voltage  is  19  volts,  the  second  application  time  is 

55  0.1  second  and  the  second  voltage  is  14  volts. 

4.  A  method  of  erasing  data  on  a  non-volatile  sem- 
iconductor  memory  as  claimed  in  claim  2,  where- 

5 
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in  the  first  application  time  is  0.01  second  ,  the 
first  voltage  is  19  volts,  the  second  application 
time  is  0.1  second  and  the  second  voltage  is  14 
volts. 

5 
5.  A  method  of  erasing  data  on  a  non-volatile  sem- 

iconductor  memory  with  a  plurality  of  cells  each 
having  a  control  gate,  a  floating  gate,  a  tunnel  in- 
sultion  film,  a  source  and  a  drain  area,  and  data 
are  written  by  storing  electrons  in  said  floating  10 
gate  through  said  tunnel  insulation  film  and 
erased  by  taking  out  electrons  stored  in  the  float- 
ing  gate  through  the  tunnel  insulation  film,  where- 
in  said  method  of  erasing  data  comprising  the 
steps  of:  15 

applying  a  first  data  erasing  voltage  to  said 
control  gate  until  a  voltage  that  a  threshold  vol- 
tage  of  a  cell  having  lowest  data  erasing  opera- 
tion  speed  in  said  non-volatile  semiconductor 
memory  becomes  highest  threshold  voltage  20 
within  the  threshold  voltages  of  dataerasing 
state; 

applying  a  second  erasing  data  voltage  to 
said  control  gate  for  storing  electrons  in  said  float- 
ing  gate  until  a  voltage  that  a  threshold  voltage  of  25 
a  non-volatile  memory  cell  having  highest  data 
erasing  operation  speed  becomes  highest 
threshold  valtage  within  the  threshold  voltages  of 
data  erasing  state. 

30 
6.  A  method  of  erasing  data  on  a  non-volatile  sem- 

iconductor  memory  as  claimed  in  claim  5,  where- 
in  said  first  data  erasing  voltage  to  apply  to  said 
control  gate  is  negative  and  said  second  data 
erasing  voltage  to  apply  to  said  control  gate  is  35 
positive. 

7.  A  method  of  erasing  data  on  a  non-volatile  sem- 
iconductor  memory  as  claimed  in  claim  6,  said 
step  of  applying  the  first  data  easing  voltage  ap-  40 
plies  a  positive  voltage  to  said  source  and  drain 
area  and  said  step  of  applying  the  second  data 
erasing  voltage  applies  a  negative  voltage  to  said 
control  gate. 

45 
8.  A  method  of  erasing  data  on  a  non-volatile  sem- 

iconductor  memory  as  caimed  in  claim  5,  wherein 
said  cell  having  a  lowest  data  erasing  operation 
speed  allows  a  least  Fowler-Nordheim  current  to 
pass  said  tunnel  insulation  film  and  said  cell  hav-  50 
ing  a  highest  erasing  operation  speed  allows  a 
greatest  Fowler-Nord-heim  current  to  pass  said 
tunnel  insulation  film. 

9.  A  method  of  erasing  data  on  a  non-volatile  sem-  55 
iconductor  memory  as  claimed  in  claim  5,  where- 
in  said  a  plurality  of  cells  are  n-type  field  effect 
transistors. 

6 
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