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@)  Non-volatile  memory  and  method  of  manufacturing  the  same. 

(57)  A  non-volatile  memory  comprises  an  auxiliary 
gate  of  polysilicon  provided  on  a  Si  substrate 
having  a  gate  insulating  and  a  field  oxidation 
film  ;  a  floating  gate  which  is  provided  on  a  side 
wall  of  the  auxiliary  gate  lying  in  an  active 
region  with  a  small  piece  of  a  first  insulating 
film  interposed  between  them  and  which  is 
formed  by  etchback  of  useless  part  of  a  polysili- 
con  side  wall  spacer  ;  and  a  control  gate  of 
polysilicon  provided  at  least  on  the  floating  gate 
including  a  second  insulating  film  interposed 
between  them  ;  the  floating  gate  being  formed 
in  self-alignment  to  the  control  gate. 
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BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention 

5  The  present  invention  relates  to  a  non-volatile  memory  which  can  be  integrated  or  a  large  scale  and  a  meth- 
od  of  manufacturing  the  same,  and  more  specifically,  it  relates  to  a  flash  memory  in  which  writing  can  be  per- 
formed  with  a  single  power  source  as  low  as  5  volts  or  under. 

2.  Description  of  the  Prior  Art 
10 

Since  writing  in  a  conventional  flash  memory  is  performed  by  hot  electron  injection  from  a  drain  side  in  a 
single  transistor,  it  results  in  a  low  efficiency  in  writing,  and  approximately  1  mA  of  writing  current  is  required 
for  writing.  Hence,  a  flash  memory  where  a  single  power  source  of  such  low  voltage  as  5  volts  or  under  is 
enough  for  writing  cannot  be  achieved. 

15  To  overcome  the  above-mentioned  disadvantages,  there  has  been  proposed  a  memory  cell  having  a  split 
type  configuration.  However,  such  a  cell  is  1  .5  to  2  times  as  large  as  a  conventional  cell  in  area;  thus,  it  is  difficult 
to  fabricate  high  density  devices. 

SUMMARY  OF  THE  INVENTION 
20 

In  accordance  with  the  present  invention,  a  non-volatile  memory  comprises  an  auxiliary  gate  of  polysilicon 
provided  on  a  Si  substrate  having  a  gate  insulating  film  and  a  field  oxidation  film;  a  floating  gate  which  is  pro- 
vided  on  a  side  wall  of  the  auxiliary  gate  lying  in  an  active  region  with  a  small  piece  of  a  first  insulating  film 
interposed  between  them  and  which  is  formed  by  etchback  of  useless  part  of  a  polysilicon  side  wall  spacer; 

25  and  a  control  gate  of  polysilicon  provided  at  least  on  the  floating  gate  including  a  second  insulating  film  inter- 
posed  between  them;  the  floating  gate  being  formed  in  self-alignment  to  the  control  gate. 

Also,  in  another  aspect  of  the  present  invention,  a  buried  diffusion  layer  is  provided  just  below  the  field 
oxidation  film  and  serves  as  a  bit  line  by  which  pairs  of  source  and  drain  diffusion  layers  in  memory  cells  are 
connected. 

30  Moreover,  the  present  invention  is  directed  to  a  method  of  manufacturing  a  non-volatile  memory  comprising 
the  steps  of  (aO  forming  an  ion  implantation  layer  in  a  field  region  on  a  Si  substrate,  forming  a  field  oxidation 
film  simultaneous  with  activating  the  ion  implantation  layer  to  convert  it  into  a  buried  diffusion  layer  provided 
just  below  the  field  oxidation  film,  and  then  forming  a  gate  insulating  film  on  the  Si  substrate;  (b)  after  depositing 
a  first  polysilicon  layer  over  the  entire  surface  of  the  Si  substrate  having  a  the  gate  insulating  film  and  the  field 

35  oxidation  film,  etching  it  to  form  an  auxiliary  gate  in  an  active  region  and  the  field  region;  (c)  forming,  with  a 
mask,  an  ion  implantation  layer  on  one  side  alone  of  the  auxiliary  gate  in  the  active  region,  removing  the  mask, 
thereafter  depositing  a  first  insulating  film  over  the  entire  surface  of  the  Si  substrate  including  the  auxiliary  gate, 
and  activating  the  ion  implantation  layerformed  on  said  side  alone  of  the  auxiliary  gate  to  convert  it  into  a  source 
diffusion  layer;  (d)  etching  the  first  insulating  film  to  form  a  small  piece  of  the  first  insulating  film  on  the  auxiliary 

40  gate;  (e)  after  depositing  a  second  polysilicon  layer  over  the  entire  surface  of  the  Si  substrate  including  the 
small  piece  of  the  first  insulating  film,  etching  it  to  form  a  side  wall  spacer  in  the  active  region  and  the  field 
region;  (f)  after  depositing  a  second  insulating  film  over  the  entire  surface  of  the  Si  substrate  which  has  the 
auxiliary  gate  including  the  small  piece  of  the  first  insulating  film  and  the  side  wall  spacer,  forming  an  ion  im- 
plantation  layer  on  each  side  of  the  auxiliary  gate  in  the  active  region,  depositing  a  third  polysilicon  layer  over 

45  the  entire  surface  of  the  Si  substrate  which  has  the  auxiliary  gate  including  the  small  piece  of  the  first  insulating 
film  and  the  side  wall  spacer,  and  activating  the  ion  implantation  layer  formed  on  each  side  of  the  auxiliary 
gate  in  the  active  region  and  converting  it  into  a  drain  diffusion  layer  so  as  to  be  directly  connected  to  the  source 
diffusion  layer;  and  (g)  etching  away  the  third  polysilicon  layer  and  the  side  wall  spacer  on  the  field  oxidation 
film  to  simultaneously  form  a  control  gate  and  a  floating  gate  in  self-alignment  with  each  other,  so  that  the  con- 

50  trol  gate  can  lie  on  the  floating  gate  with  the  second  insulating  film  interposed  between  them,  and  forming  a 
buried  diffusion  layer  provided  just  below  the  field  oxidation  film  and  serving  as  a  bit  line  by  which  pairs  of 
source  and  drain  diffusion  layers  in  memory  cells  are  connected. 

Also,  in  another  aspect  of  the  present  invention,  a  method  of  manufacturing  a  non-volatile  memory  com- 
prises  the  steps  of  (a)  forming  a  field  oxidation  film  in  a  field  region  on  a  Si  substrate,  and  forming  a  gate  in- 

55  sulating  film  on  the  Si  substrate;  (b)  after  depositing  a  first  polysilicon  layer  over  the  entire  surface  of  the  Si 
substrate  having  the  field  oxidation  film,  etching  it  to  form  an  auxiliary  gate  in  an  active  region  and  the  field 
region;  (c)  forming,  with  a  mask,  an  ion  implantation  layer  or  one  side  alone  of  the  auxiliary  gate  in  the  active 
region,  removing  the  mask,  thereafter  depositing  a  first  insulating  film  over  the  entire  surface  of  the  Si  substrate 
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including  the  auxiliary  gate,  and  activating  the  ion  implantation  layer  formed  on  that  side  alone  of  the  auxiliary 
gate  to  convert  it  into  a  source  diffusion  layer;  (d)  etching  the  first  insulating  film  to  form  a  small  piece  of  the 
first  insulating  film  on  the  auxiliary  gate;  (e)  after  depositing  a  second  polysilicon  layer  over  the  entire  surface 
of  the  Si  substrate  including  the  small  piece  of  the  first  insulating  film,  etching  it  to  form  a  side  wall  spacer  in 

5  the  active  region  and  the  field  region;  (f)  after  forming  a  resist  pattern  on  the  auxiliary  gate  and  the  side  wall 
spacer  partially  removing  the  field  oxidation  film  to  an  extent  that  impurity  ions  can  be  implanted  in  a  surface 
of  the  Si  substrate;  (g)  forming  an  ion  implementation  layer  on  each  side  of  the  auxiliary  gate  in  the  active  region, 
and  simultaneously  forming  an  ion  implantation  layer  just  below  the  remaining  field  oxidation  film;  (h)  after  re- 
moving  the  resist  pattern,  depositing  a  second  insulating  film  over  the  entire  surface  of  the  Si  substrate  which 

10  has  the  auxiliary  gate  including  the  small  piece  of  the  first  insulating  film  and  the  side  wall  spacer,  depositing 
a  third  polysilicon  layer  over  the  entire  surface  of  the  Si  substrate,  activating  the  ion  implantation  layer  formed 
on  each  side  of  the  auxiliary  gate  in  the  active  region  and  converting  it  into  a  drain  diffusion  layer,  and  simul- 
taneously  activating  the  ion  implantation  layer  formed  just  below  the  field  oxidation  film  to  convert  it  into  a  buried 
diffusion  layer  just  below  the  field  oxidation  film;  and  (i)  etching  away  the  third  polysilicon  layer  and  the  side 

15  wall  spacer  on  the  field  oxidation  film  to  simultaneously  form  a  control  gate  and  a  floating  gate  in  self-alignment 
with  each  other,  so  that  the  control  gate  can  lie  on  the  floating  gate  with  the  second  insulating  film  interposed 
between  them,  and  forming  a  buried  diffusion  layer  provided  just  below  the  field  oxidation  film  and  serving  as 
a  bit  line  by  which  pairs  of  source  and  drain  diffusion  layers  in  memory  cells  are  connected. 

20  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  diagram  for  explaining  a  layout  arrangement  of  a  non-volatile  memory  of  an  embodiment  ac- 
cording  to  the  present  invention; 
Figs.  2(a)  to  2(n)  are  diagrams  showing  a  first  embodiment  of  a  manufacturing  method  according  to  the 

25  present  invention; 
Figs.  3(a)  to  3(k)  are  diagrams  showing  a  second  embodiment  of  the  manufacturing  method  according  to 
the  present  invention; 
Fig.  4  is  a  plan  view  showing  a  non-volatile  memory  cell  according  to  the  present  invention; 
Fig.  5  is  a  diagram  showing  a  process  according  to  the  manufacturing  method,  seen  from  the  position  or- 

30  thogonal  to  the  line  B  -  B'  of  Fig.  4;  and 
Figs.  6  and  7  are  an  equivalent  circuit  diagram  of  the  non-volatile  memory  according  to  the  present  inven- 
tion  and  an  equivalent  circuit  diagram  of  the  non-volatile  memory  cell. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 
35 

In  the  present  invention,  as  shown  in  Figs.  5(a)  and  5(b),  simultaneous  with  etching  to  form  a  control  gate 
(abbreviated  as  "CG"  in  this  embodiment)  30,  a  side  wall  spacer  22  (see  Fig.  2(k))  is  etched  so  as  to  be  con- 
tiguous  to  a  side  wall  of  an  auxiliary  gate  (abbreviated  as  "AG"  hereinafter)  14  [self-aligning],  and  also  a  floating 
gate  (abbreviated  as  "FG")  92  is  simultaneously  formed  The  FG  92  is  formed  in  each  of  cells  C1  and  C2,  isolated 

40  from  each  other.  In  other  words,  according  to  the  present  invention,  the  FG  92  can  be  formed  in  self-alignment 
with  the  AG  14  as  well  as  the  CG  30.  Thus,  a  mask  in  forming  the  FG  92  is  no  longer  required,  and  this  makes 
a  margin  on  a  superimposition  in  masking  useless. 

Also,  in  the  present  invention,  as  shown  in  Fig.  4,  a  buried  diffusion  layer  10  just  below  a  field  oxidation 
film  8  is  employed  for  connecting  source  and  drain  diffusion  layers  19,  19a  (see  Fig.  2(n))  in  adjacent  memory 

45  cells  C1  and  C2  and  adjacent  memory  cells  C3  and  C4,  and  therefore,  a  Si  substrate  1  in  the  buried  diffusion 
layer  1  0  can  be  prevented  from  being  dug  when  the  CG  30  and  the  FG  92  are  formed  by  etching.  The  formation 
of  the  buried  layer  10  may  be  performed  in  either  way  as  follows:  (  I  )  simultaneous  with  forming  a  field  oxidation 
film  after  forming  an  ion  implantation  layer  in  a  field  region,  or  (  II  )  after  forming  an  ion  implantation  layer  just 
below  a  region  which  is  left,  after  the  field  oxidation  film  is  partially  etched  away  In  the  present  invention,  the 

so  buried  diffusion  layer  10  for  connecting  the  drain  diffusion  layers  19a  (the  source  diffusion  layer  19  is  directly 
connected  to  the  drain  diffusion  layer  19a)  in  adjacent  memory  cells  is  formed  just  under  the  field  oxidation 
film  8  so  as  not  to  be  affected  by  the  etching  in  forming  the  CG  30  and  the  FG  92  (seen  Figs.  2(k)  and  2(l)), 
or  the  field  oxidation  film  8  is  left  so  as  not  to  be  affected  by  such  etching  in  order  to  form  the  buried  diffusion 
layer  10  (see  Figs.  3(j)  and  3(k)). 

55  Thus,  a  reduction  of  the  size  of  the  memory  cells  enables  a  reduction  of  the  size  of  the  chip,  and  the  yield 
of  chips  can  be  enhanced  This  makes  this  invention  useful  in  the  art. 

The  present  invention  will  now  be  described  in  detail  in  conjunction  with  the  preferred  embodiments  shown 
in  the  accompanying  drawings.  However,  it  is  not  intended  that  the  present  invention  be  limited  to  the  precise 
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form  of  the  description. 
A  flash  memory  cell  where  hot  electrons  are  injected  from  a  side  of  its  source  is,  as  shown  in  Figs.  2(n) 

and  4,  mainly  composed  of  the  FG  92,  the  CG  30  and  AG  14. 
The  FG  92  is  formed  by  etching  away  a  needless  portion  of  the  polysilicon  side  wall  spacer  22  which  is 

5  provided  on  the  side  wall  of  the  AG  14  with  a  small  piece  Si02  piece  (small  piece  of  a  first  insulating  film)  20 
interposed  between  them,  and  on  the  Si  substrate  1  having  the  field  oxidation  film  8  and  the  gate  insulating 
film  9,  the  source  diffusion  layer  19,  the  drain  diffusion  layer  19a  directly  connected  to  the  source  diffusion 
layer  19,  the  buried  diffusion  layer  10  just  below  the  field  oxidation  film  8  and  a  gate  oxidation  film  9  are  dis- 
posed,  while  the  CG  30  is  provided  at  least  above  the  FG  92  through  an  ONO  film  of  Si02-Sin-Si02  (a  second 

10  insulating  film)  23. 
As  shown  in  Fig.  4,  pairs  of  the  above-mentioned  diffusion  layers  (19  and  19a)  in  the  adjacent  cells  C1 

and  C2  are  connected  to  each  other  by  the  buried  diffusion  layer  1  0.  Also  pairs  of  the  above-mentioned  diffusion 
layers  (19,  19a)  in  the  adjacent  cells  C3  and  C4  are  connected  to  each  other  by  the  buried  diffusion  layer  10. 

As  shown  in  Fig.  2(n),  on  the  AG  14,  a  Si02  film  1  5  is  provided.  Over  the  CG  30,  a  BPSG  film  29  is  provided 
15  with  a  NSG  film  28  interposed  between  them. 

Now,  a  first  manufacturing  method  according  to  the  present  invention  will  be  described  with  reference  to 
Figs.  2(a)  to  2(n). 

First,  as  shown  in  Fig.  2(a),  a  Si02  film  2  of  400  A  thickness  is  formed  on  the  Si  substrate  1  by  a  thermal 
oxidation  method;  thereafer,  a  SiN  layer  3  of  1200  Athickness  and  a  resist  layer  are  deposited  on  it,  and  a  resist 

20  pattern  4  is  formed  to  make  a  hole  in  the  field  region.  The  resist  pattern  4  corresponding  to  a  portion  other 
than  the  layout  pattern  200  in  Fig.  1)  corresponds  to  a  a  portion  other  than  active  regions  in  the  layout  pattern 
in  Fig.  1. 

Then,  the  SiN  layer  3  is  etched  away  using  a  mask  of  the  resist  pattern  4,  and  a  SiN  film  5  is  exposed. 
After  the  resist  pattern  4  is  removed,  a  resist  pattern  6  (corresponding  to  the  layout  pattern  in  Fig.  1)  for 

25  an  ion  implantation  is  further  formed  over  the  Sin  film  5  and  he  Si02  film  2  (Fig.  2(b)).  Then,  in  the  memory 
cells  C1  and  C2  (see  Fig.  4),  arsenic  (As)  ions  are  implanted  in  a  region  A  shown  in  Fig.  2(b)  to  form  an  ion 
implantation  layer  7  (Fig.  2(b)  for  forming  the  buried  diffusion  layer  10  which  is  to  connect  the  pairs  of  the  source 
and  drain  diffusion  layers  (19,  19a)  in  the  cells  C1  and  C2.  An  acceleration  energy  is  40  Kev,  and  an  amount 
of  the  implanted  ions  is  1  x  1016  cm-2. 

30  At  this  time,  as  can  be  seen  from  the  layout  pattern  1  0  in  Fig.  1  ,  the  resist  pattern  6  has  an  opening  6a  on 
the  SiN  film  5,  however,  no  As  ions  are  implanted  into  any  region  of  the  Si  substrate  1  where  the  SiN  film  5 
and  the  Si02film  2  lie. 

Then,  after  the  resist  pattern  6  is  removed,  a  Si02  field  oxidation  film  8  having  a  thickness  6̂   of  5000  A  is 
formed  to  isolate  devices  by  a  selective  oxidation  method. 

35  At  this  time,  the  ion  implantation  layer  7  is  activated  by  the  above-mentioned  thermal  treatment  in  forming 
the  field  oxidation  film  8  and  converted  into  the  buried  diffusion  layer  10  just  below  the  field  oxidation  film  8. 

After  that,  removing  the  SiN  film  5  and  the  Si02f  ilm  2,  a  gate  oxidation  film  (gate  insulating  film)  9  is  formed 
(see  Fig.  2(c)). 

Then,  on  the  overall  surface  of  the  Si  substrate  1  including  the  field  oxidation  film  8  and  the  gate  oxidation 
40  film  9,  a  polysilicon  layer  (first  polysilicon  layer)  11  having  a  thickness  d2  of  2000  A,  a  Si02film  (NSG  film)  12 

having  a  thickness  d3  of  2000  A  are  deposited  one  after  another.  Furthermore,  a  resist  layer  is  formed  on  it, 
and  a  resist  pattern  13  (corresponding  to  the  layout  pattern  in  Fig.  1)  is  formed  to  form  the  AG  14  (see  Fig. 
2(d)). 

Next,  using  a  mask  of  the  resist  pattern  13,  the  Si02film  12  and  the  polysilicon  layer  11  are  etched  to  form 
45  the  AG  14  having  the  Si02  film  15  on  its  upper  surface. 

Then,  a  resist  pattern  16  (corresponding  to  a  layout  pattern  19  in  Fig.  1)  for  an  ion  implantation  is  formed 
for  forming  a  source  region  in  the  Si  substrate,  and  ions  of  As  are  implanted  to  form  an  N+  ion  implantation 
layer  17  (see  Fig.  2(e)).  At  this  time,  the  resist  pattern  16  has  an  opening  16a  in  which  a  part  of  the  AG  14 
exists.  An  acceleration  energy  is  80  Kev  while  an  amount  of  the  implanted  ions  is  1  x  1016  cm-2. 

so  After  the  resist  pattern  16  is  removed,  a  Si02  (NSG  film)  layer  18  having  a  thickness  d4  of  500  A  is  formed 
over  the  entire  surface  of  the  Si  substrate  1  including  the  AG  14  (see  Fig.  2(f)). 

Then,  the  Si02  layer  18  is  etched  back  by  reactive  ion  etching  (RIE).  Consequently,  the  small  Si02  piece 
(small  piece  of  the  first  insulating  film)  20  is  formed  on  the  side  wall  of  the  AG  14  (see  Fig.  2(g)).  Instead  of 
the  small  Si02  piece  20  as  the  first  insulating  film,  an  ONO  film  may  be  used  which  can  be  obtained  by  oxidizing 

55  the  side  wall  of  the  AG  14  after  the  removal  of  the  resist  pattern  16,  depositing  a  SiN  layer,  and  then  further 
oxidizing  the  SiN  layer.  Instead,  a  SiN  layer  alone  may  be  used  as  the  first  insulating  film. 

Next,  a  polysilicon  layer  (second  polysilicon  layer)  having  a  thickness  d5  of  4000  A  is  deposited  over  the 
entire  surface  of  the  Si  substrate  including  the  AG  14  with  the  small  Si02  piece  20  (see  Fig.  2(h)),  and  suc- 
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ceedingly,  the  polysilicon  layer  21  is  etched  back  by  means  of  RIE  to  form  the  polysilicon  side  wall  spacer  22 
contiguous  to  the  small  Si02  piece  20  on  the  side  wall  of  the  AG  14  (see  Fig.  2(i)). 

Then,  a  SiN  layer  is  formed  over  the  entire  surface  of  the  Si  substrate  including  the  AG  14  where  the  small 
Si02  piece  20  and  the  side  wall  spacer  22  are  provided  after  the  oxidation  of  the  side  wall  spacer  22,  and  the 

5  ONO  layer  23  into  which  a  surface  of  the  SiN  layer  is  converted  by  oxidation  is  formed  having  a  thickness  d6 
of  200  A  over  the  entire  surface  of  the  Si  substrate  so  as  to  serve  as  the  second  insulating  film  (seen  Fig.  2(j)). 

At  this  time,  instead  of  the  ONO  layer  23,  a  SiN  layer  alone  may  be  used  as  the  second  insulating  film. 
Then,  with  a  mask  of  the  AG  14  and  the  side  wall  spacer  22,  As  ions  are  implanted  through  the  ONO  layer 

23  into  the  entire  surface  of  the  Si  substrate  including  the  AG  14  to  form  an  ion  implantation  layer  24  in  a  region 
10  B.  At  this  time,  an  acceleration  energy  is  80  Kev  while  an  amount  of  the  implanted  ions  is  1  x  1015crrr2.  Because 

of  a  succeeding  thermal  treatment,  the  ion  implantation  layer  24  serves  as  the  drain  diffusion  layer  19a,  which 
is  directly  connected  to  the  source  diffusion  layer  19. 

After  that,  a  polysilicon  layer  having  a  thickness  d7  of  2000  A  (third  polysilicon  layer)  25  is  deposited  over 
the  entire  surface  of  the  ONO  layer  23  (see  Fig.  2(k)). 

15  Then,  on  the  polysilicon  layer  25,  a  resist  pattern  (corresponding  to  a  layout  pattern  30  in  Fig.  1)  26  for 
forming  the  CG  is  formed  (see  Figs.  2(k)  and  5(a)). 

Next,  using  a  mask  of  the  resist  pattern  26,  the  CG  30  is  formed  by  etching  the  polysilicon  layer  25  (see 
Fig.  2(1)).  Simultaneously,  the  side  wall  spacer  22  which  lies  on  a  field  oxidation  film  region  (see  symbol  C  in 
Fig.  2  (k))is  removed  by  etching  with  a  mask  of  the  resist  pattern  26  and  then  the  FG  92  is  formed  (see  Figs. 

20  2(l)  and  5(b)).  Fig.  2(m)  shows  a  preparation  where  the  resist  pattern  26  in  Fig.  2(l)  is  removed.  The  CG  30 
does  not  necessarily  have  to  formed  on  the  AG  14;  it  may  formed  at  least  on  the  FG  92. 

Figs.  2(m)  and  2(n)  are  sectional  views  taken  along  the  line  A  -  A'  of  Fig.  4  while  Figs.  5(a)  and  5(b)  are 
sectional  views  taken  along  the  line  B  -  B'  of  Fig.  4,  and  Fig.  5(a)  corresponds  to  Fig.  2(k)  while  Fig.  5(b)  cor- 
responds  to  Fig.  2(l). 

25  In  this  way,  in  the  present  invention,  a  needless  portion  of  the  side  wall  spacer  22  on  the  side  wall  of  the 
AG  14  is  etched  away  with  the  mask  of  the  resist  pattern  26  employed  for  forming  the  CG  by  etching,  and  the 
FG  92  is  simultaneously  formed,  so  that  they  can  all  be  formed  at  the  same  time  with  a  single  mask. 

Last,  a  NSG  film  28  having  a  thickness  d8  of  1500  A  and  serving  as  a  layer  insulating  film  is  deposited 
over  the  entire  surface,  and  a  BPSG  film  29  having  a  thickness  d9  of  8000  A  is  deposited  on  the  NSG  film  28 

30  (see  Fig.  2(n)).  At  this  time,  a  BPSG  film  may  be  used  as  a  layer  insulating  film  instead  of  the  NSG  film  28. 
In  this  way,  the  intended  memory  cell  can  be  fabricated. 
The  operation  of  the  resultant  memory  cells  will  be  explained  below. 
Referring  to  Figs.  6  and  7,  under  the  condition  that  an  MT1  transistor  is  excessively  reversed  (high  voltage 

is  applied  to  the  CG  30),  voltage  near  the  threshold  voltage  Vth  is  applied  to  the  AG  14,  and  as  a  result,  an 
35  injection  of  hot  electrons  from  the  source  side  to  the  FG  92  enables  writing. 

TABLE  1 
40 

45 

1  1  1  I  T  1 
1  1  BLI  1  BL2  1  CGI  1  AG  1  1 

1  WRITE  1  GND  1 5 V   1  12V  1  2V  1 

1  ERASE  1  GND  1  5V  1  -  11V  1  GND  1 

1  READ  1  GND  1  3V  1  5V  1  5V  1 
i—  -  -  i  i  i  i  i 

Thus,  in  this  embodiment,  the  FG29can  be  formed  by  removing  the  needless  portion  of  the  side  wall  spacer 
on  the  side  wall  of  the  AG  14  with  the  same  mask  of  the  resist  pattern  26  which  is  used  in  forming  the  CG  30 
by  etching,  so  that  the  resultant  cell  can  be  reduced  in  area.  Moreover,  since  a  buried  diffusion  layer  as  bit  line 
is  formed  just  below  a  field  oxidation  film,  the  Si  substrate  1  in  the  buried  diffusion  layer  car  be  prevented  from 

55  being  dug  because  of  the  etching  of  the  CG. 
Then,  with  reference  to  Figs.  3(a)  to  3(k),  a  second  manufacturing  method  according  to  the  present  inven- 

tion  will  be  described. 
First,  as  shown  in  Fig.  3(a),  a  Si02  film  2  of  400  A  thickness  is  formed  on  a  Si  substrate  1  by  thermal  ox- 
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idation.  After  that,  a  SiN  layer  3  of  1200  A  thickness  and  a  resist  layer  are  deposited  on  it,  and  a  resist  pattern 
4  is  formed  to  make  a  hole  in  a  field  region  to  form  a  field  oxidation  film. 

Then,  the  SiN  layer  3  is  etched  away  using  a  mask  of  the  resist  pattern  4  to  expose  the  SiN  film  5  (see 
Fig.  3(b)). 

5  At  this  time,  the  Si02  film  2  is  exposed  in  the  field  region. 
After  the  resist  pattern  4  is  removed,  the  Si02  film  2  is  removed,  and  then,  a  field  oxidation  film  of  Si02 

having  a  thickness  of  5000  A  is  formed  by  a  selective  oxidation  method.  After  that,  the  SiN  film  5  and  the  Si02 
film  2  is  removed,  and  a  gate  oxidation  film  (gate  insulating  film)  9  of  Si02  is  formed  (see  Fig.  3(c)). 

Over  the  whole  surface  of  the  Si  substrate  1  including  the  field  oxidation  film  8  and  the  gate  oxidation  film 
10  9,  a  polysilicon  layer  (a  first  polysilicon  layer)  11  having  a  thickness  d2  of  2000  A,  a  Si02  film  (NSG  film)  12 

having  a  thickness  d3  of  2000  A  are  deposited  one  after  another.  Furthermore,  a  resist  layer  is  deposited  on 
it,  and  a  resist  pattern  13  (corresponding  to  the  layout  pattern  14  in  Fig.  1)  is  formed  to  form  the  AG  14  (see 
Fig.  3(d)). 

Next,  using  a  mask  of  the  resist  pattern  13,  the  Si02film  12  and  the  polysilicon  layer  11  are  etched  to  form 
15  the  AG  14  having  a  Si02film  15  on  its  upper  surface. 

Then,  a  resist  pattern  16  (corresponding  to  a  layout  pattern  19  in  Fig.  1)  for  an  ion  implantation  is  formed 
forformimg  a  source  diffusion  layer  region  in  the  Si  substrate  1  including  the  AG  14,  and  ions  of  As  are  implanted 
to  form  an  N+  ion  implantation  layer  17  (see  Fig.  3(e)).  At  this  time,  the  resist  pattern  16  has  an  opening  16a 
in  which  a  part  of  the  AG  14  exists.  An  acceleration  energy  is  80  Kev  while  an  amount  of  the  implanted  ions  is 

20  1  x  1015crrr2.  The  resultant  N+  ion  implantation  layer  is  later  activated  by  a  thermal  treatment  and  converted 
into  a  source  diffusion  layer  19  (see  Fig.  3(f)). 

After  the  resist  pattern  16  is  removed,  a  Si02  (NSG)  layer  (a  first  insulating  film)  18  having  a  thickness  d4 
of  500  A  is  formed  over  the  entire  surface  of  the  Si  substrate  1  including  the  AG  14  (see  Fig.  3(f)).  At  this  time, 
instead  of  the  Si02  layer  18  serving  as  the  first  insulating  film,  an  ONO  film  may  be  used  which  can  be  obtained 

25  by  oxidizing  the  side  wall  of  the  AG  14  after  the  removal  of  the  resist  pattern  16,  depositing  a  SiN  layer,  and 
further  oxidizing  the  SiN  layer.  Instead,  a  SiN  layer  alone  may  be  used  as  the  first  insulating  film. 

Then,  the  Si02  layer  18  is  etched  back  by  reactive  ion  etching  (RIE).  Consequently,  a  small  Si02  (small 
piece  of  the  first  insulating  film)  20  is  formed  on  the  side  wall  of  the  AG  14  (see  Fig.  3(g)). 

Next,  a  polysilicon  layer  (second  polysilicon  layer)  21  having  a  thickness  d5  of  4000  A  is  deposited  over 
30  the  entire  surface  of  the  Si  substrate  including  the  AG  14  with  the  small  Si02  piece  20  (see  Fig.  3(h)),  and  suc- 

ceedingly,  the  polysilicon  layer  21  is  etched  back  by  means  of  RIE  to  form  a  polysilicon  side  wall  spacer  22 
contiguous  to  the  small  Si02  piece  20  on  the  side  wall  of  the  AG  14  (see  Fig.  3(i)). 

Then,  as  shown  in  Fig.  3(j),  a  resist  pattern  100  is  formed  so  as  to  cover  the  AG  14  where  the  small  Si02 
piece  20  and  the  polysilicon  side  wall  spacer  22  are  provided  on  its  side  wall,  and  with  a  mask  of  the  resist 

35  pattern  1  00,  the  field  oxidation  film  8  originally  having  the  5000  A  thickness  is  etched  by  about  4500  A. 
After  that,  with  a  mask  of  the  resist  pattern  1  00,  arsenic  (As)  ions  are  implanted  into  the  whole  surface  of 

the  Si  substrate  1  to  form  an  ion  implantation  layer  in  a  region  B  The  ion  implantation  layer  24  is  activated  by 
a  thermal  treatment  performed  later  and  converted  into  a  drain  diffusion  layer  1  9a,  which  is  directly  connected 
to  a  source  diffusion  layer  19.  At  the  same  time,  in  a  region  C,  an  ion  implantation  layer  107  is  formed.  The  ion 

40  implantation  layer  107  is  activated  by  a  thermal  treatment  performed  later  and  converted  into  a  buried  diffusion 
layer  10  serving  as  bit  line  for  connecting  pairs  of  the  source  and  drain  diffusion  layers  19  and  19a  in  adjacent 
memory  cells  C1  and  C2,  and  adjlacent  memory  cells  C3  and  C4  (Fig.  4). 

An  acceleration  energy  in  the  ion  implantation  is  80  Kev  while  an  amount  of  the  implanted  ions  is  1  X  1015 
cm-2  (Fig.  30)). 

45  Then,  after  the  side  wall  spacer  22  is  oxidized,  a  SiN  layer  is  formed  over  the  entire  surface  of  the  Si  sub- 
strate  including  the  AG  14  where  the  small  Si02  piece  20  and  the  side  wall  spacer  22  are  provided,  and  an 
ONO  layer  23  into  which  a  surface  of  the  SiN  layer  is  converted  by  oxidation  is  formed  having  a  thickness  d6 
of  200  A  so  as  to  serve  as  a  second  insulating  film  (see  Fig.  3(k)). 

At  this  time,  instead  of  the  ONO  layer  23,  a  SiN  layer  alone  may  be  used  as  the  second  insulating  film. 
so  After  that,  a  polysilicon  layer  (third  polysilicon  layer)  25  having  a  thickness  d7  of  2000  A  is  deposited  over 

the  whole  surface  of  the  SiN  layer  23  (see  Fig.  3(k)). 
At  this  time,  the  ion  implantation  layer  107  is  activated  by  a  thermal  treatment  for  forming  the  ONO  layer 

23  and  the  polysilicon  layer  (third  polysilicon  layer)  25  and  converted  into  the  buried  diffusion  layer  10  just  under 
the  piece  of  the  field  oxidation  film.  Simultaneously,  the  ion  implantation  layer  24  is  activated  and  converted 

55  into  the  drain  diffusion  layer  19  a. 
Then,  similar  to  Fig.  2(k),  a  resist  pattern  26  (corresponding  to  the  layout  pattern  30  in  Fig.  1)  for  forming 

the  CG  is  formed  on  the  polysilicon  layer  25.  The  process  steps  thereafter  are  similar  to  those  shown  in  Figs. 
2(k)  to  2(n). 
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Thus,  in  this  embodiment,  in  addition  to  the  above-mentioned  effects  in  the  previous  embodiment,  the  bur- 
ied  diffusion  layer  10  can  be  formed  simultaneous  with  the  drain  diffusion  layer  19a,  and  a  simplification  of  the 
process  can  be  implemented. 

As  has  been  described,  according  to  the  present  invention,  with  a  mask  of  a  resist  pattern  which  is  used 
5  in  forming  a  control  gate  by  etching,  a  part  of  a  side  wall  spacer  on  an  auxiliary  gate  which  lies  on  a  field  ox- 

idation  film  is  simultaneously  etched  (i.e.,  they  are  self-aligned  with  each  other),  and  therefore,  an  additional 
mask  for  forming  a  floating  gate  is  needless  Thus,  a  margin  required  on  a  superimposition  in  masking  becomes 
useless,  and  an  area  for  a  memory  cell  can  be  reduced.  Such  a  reduction  of  the  size  of  the  memory  cell  leads 
to  a  reduction  of  the  size  of  a  chip,  which,  in  turn,  leads  to  an  enhancement  of  a  yield. 

10  Since  a  buried  diffusion  layer  just  below  a  field  oxidation  film  is  used  for  connecting  pairs  of  source  and 
drain  diffusion  layers  in  adjacent  memory  cells,  a  Si  substrate  in  the  buried  diffusion  layer  can  be  prevented 
from  being  dug  in  forming  the  control  gate  and  the  floating  gate  by  etching.  In  this  point,  the  present  invention 
is  useful  in  the  art. 

15 
Claims 

1.  A  non-volatile  memory  comprising: 
an  auxiliary  gate  of  polysilicon  provided  on  a  Si  substrate  having  a  gate  insulating  film  and  a  field 

20  oxidation  film; 
a  floating  gate  which  is  provided  on  a  side  wall  of  the  auxiliary  gate  lying  in  an  active  region  with 

a  small  piece  of  a  first  insulating  film  interposed  between  them  and  which  is  formed  by  etchback  of  useless 
part  of  a  polysilicon  side  wall  spacer;  and 

a  control  gate  of  polysilicon  provided  at  least  on  the  floating  gate  including  a  second  insulating  film 
25  interposed  between  them; 

the  floating  gate  being  formed  in  self-alignment  to  the  control  gate. 

2.  A  non-volatile  memory  comprising: 
an  auxiliary  gate  of  polysilicon  provided  on  a  Si  substrate  having  a  gate  insulating  film  and  a  field 

30  oxidation  film; 
a  floating  gate  which  is  provided  or  a  side  wall  of  the  auxiliary  gate  lying  in  an  active  region  with  a 

small  piece  of  a  first  insulating  film  interposed  between  them  and  which  is  formed  by  etchback  of  useless 
part  of  a  polysilicon  side  wall  spacer; 

a  control  gate  of  polysilicon  provided  at  least  on  the  floating  gate  including  a  second  insulating  film 
35  interposed  between  them;  and 

a  buried  diffusion  layer  provided  just  below  the  field  oxidation  film  and  serving  as  a  bit  line  by  which 
pairs  of  source  and  drain  diffusion  layers  in  memory  cells  are  connected. 

3.  A  non-volatile  memory  according  to  claim  1  or  2,  wherein  said  first  insulating  is  a  Si02  film,  a  SiN  film,  or 
a  multi-stratum  ONO  film  having  a  Si02-SiN-Si02  configuration. 

4.  A  non-volatile  memory  according  to  claim  1  or  2,  wherein  said  second  insulating  film  is  a  multi-stratum 
ONO  film  having  a  Si02-SiN-Si02  configuration,  or  a  SiN  film. 

5.  A  non-volatile  memory  according  to  claim  1  or  claim  2,  wherein  said  auxiliary  gate  and  the  control  gate 
are  orthogonal  to  each  other  in  parallel  with  a  surface  of  the  Si  substrate. 

6.  A  method  of  manufacturing  a  non-volatile  memory,  comprising  the  steps  of: 
(a)  forming  an  ion  implantation  layer  in  a  field  region  on  a  Si  substrate,  forming  a  field  oxidation  film 
simultaneous  with  activating  the  ion  implantation  layer  to  convert  it  into  a  buried  diffusion  layer  provided 
just,  below  the  field  oxidation  film,  and  then  forming  a  gate  insulating  film  or  the  Si  substrate. 
(b)  after  depositing  a  first  polysilicon  layer  over  the  entire  surface  of  the  Si  substrate  having  the  gate 
insulating  film  and  the  field  oxidation  film,  etching  it  to  form  an  auxiliary  gate  in  an  active  region  and 
the  field  region; 
(c)  forming,  with  a  mask,  an  ion  implantation  layer  on  one  side  alone  of  the  auxiliary  gate  in  the  active 
region,  removing  the  mask,  thereafter  depositing  a  first  insulating  film  over  the  entire  surface  of  the  Si 
substrate  including  the  auxiliary  gate,  and  activating  the  ion  implantation  layer  formed  on  said  side  alone 
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of  the  auxiliary  gate  to  convert  it  into  a  source  diffusion  layer; 
(d)  etching  the  first  insulating  film  to  form  a  small  piece  of  the  first  insulating  film  on  the  auxiliary  gate: 
(e)  after  depositing  a  second  polysilicon  layer  over  the  entire  surface  of  the  Si  substrate  including  the 
small  piece  of  the  first  insulating  film,  etching  it  to  form  a  side  wall  spacer  in  the  active  region  and  the 
field  region; 
(f)  after  depositing  a  second  insulating  film  over  the  entire  surface  of  the  Si  substrate  which  has  the 
auxiliary  gate  including  the  small  piece  of  the  first  insulating  film  and  the  side  wall  spacer,  forming  an 
ion  implantation  layer  on  each  side  of  the  auxiliary  gate  in  the  active  region,  depositing  a  third  polysilicon 
layer  over  the  entire  surface  of  the  Si  substrate  which  has  the  auxiliary  gate  including  the  small  piece 
of  the  first  insulating  film  and  the  side  wall  spacer,  and  activating  the  ion  implantation  layer  formed  on 
each  side  of  the  auxiliary  gate  in  the  active  region  and  converting  it  into  a  drain  diffusion  layer  so  as 
to  be  directly  connected  to  the  source  diffusion  layer;  and 
(g)  etching  away  the  third  polysilicon  layer  and  the  side  wall  spacer  on  the  field  oxidation  film  to  simul- 
taneously  form  a  control  gate  and  a  floating  gate  in  self-alignment  with  each  other,  so  that  the  control 
gate  can  lie  on  the  floating  gate  with  the  second  insulating  film  interposed  between  them,  and  forming 
a  buried  diffusion  layer  provided  just  below  the  field  oxidation  film  and  serving  as  a  bit  line  by  which 
pairs  of  source  and  drain  diffusion  layers  in  memory  cells  are  connected. 

A  method  of  manufacturing  a  non-volatile  memory,  comprising  the  steps  of: 
(a)  forming  a  field  oxidation  film  in  a  field  region  on  a  Si  substrate,  and  forming  a  gate  insulating  film 
on  the  Si  substrate; 
(b)  after  depositing  a  first  polysilicon  layer  over  the  entire  surface  of  the  Si  substrate  having  the  field 
oxidation  film,  etching  it  to  form  an  auxiliary  gate  in  an  active  region  and  the  field  region; 
(c)  forming,  with  a  mask,  an  ion  implantation  layer  on  one  side  alone  of  the  auxiliary  gate  in  the  active 
region,  removing  the  mask,  thereafter  depositing  a  first  insulating  film  over  the  entire  surface  of  the  Si 
substrate  including  the  auxiliary  gate,  and  activating  the  ion  implantation  layerformed  on  that  side  alone 
of  the  auxiliary  gate  to  convert  it  into  a  source  diffusion  layer; 
(d)  etching  the  insulating  film  to  form  a  small  piece  of  the  first  insulating  film  on  the  auxiliary  gate; 
(e)  after  depositing  a  second  polysilicon  layer  over  the  entire  surface  of  the  Si  substrate  including  the 
small  piece  of  the  first  insulating  film  etching  it  to  form  a  side  wall  spacer  in  the  active  region  and  the 
field  region; 
(f)  after  forming  a  resist  pattern  on  the  auxiliary  gate  and  the  side  wall  spacer,  partially  removing  the 
field  oxidation  film  to  an  extent  that  impurity  ions  can  be  implanted  in  a  surface  of  the  Si  substrate; 
(g)  forming  an  ion  implantation  layer  on  each  side  of  the  auxiliary  gate  in  the  active  region,  and  simul- 
taneously  forming  an  ion  implantation  layer  just  below  the  remaining  field  oxidation  film; 
(h)  after  removing  the  resist  pattern,  depositing  a  second  insulating  film  over  the  entire  surface  of  the 
Si  substrate  which  has  the  auxiliary  gate  including  the  small  piece  of  the  first  insulating  film  and  the 
side  wall  spacer,  depositing  a  third  polysilicon  layer  over  the  entire  surface  of  the  Si  substrate,  activating 
the  ion  implantation  layer  formed  on  each  side  of  the  auxiliary  gate  in  the  active  region  and  converting 
it  into  a  drain  diffusion  layer,  and  simultaneously  activating  the  ion  implantation  layerformed  just  below 
the  field  oxidation  film  to  convert  it  into  a  buried  diffusion  layer  just  below  the  field  oxidation  film;  and 
(i)  etching  away  the  third  polysilicon  layer  and  the  side  wall  spacer  or  the  field  oxidation  film  to  simul- 
taneously  form  a  control  gate  and  a  floating  gate  in  self-alignment  with  each  other,  so  that  the  control 
gate  can  lie  on  the  floating  gate  with  the  second  insulating  film  interposed  between  them,  and  forming 
a  buried  diffusion  layer  provided  just  below  the  field  oxidation  film  and  serving  as  a  bit  line  by  which 
pairs  of  source  and  drain  diffusion  layers  in  memory  cells  are  connected. 

A  method  according  to  claim  6  or  7,  wherein  said  first  insulating  film  is  a  Si02  film,  a  SiN  film,  or  a  multi- 
stratum  ONO  film  having  a  Si02-SiN-Si02  configuration. 

A  method  according  to  claim  6  or  7,  wherein  said  second  insulating  film  is  a  multi-stratum  ONO  film  having 
a  Si02-SiN-Si02  configuration,  or  a  SiN  film. 

A  method  according  to  claim  6  or  7,  wherein  said  control  gate  is  formed  orthogonal  to  said  auxiliary  gate 
in  parallel  to  a  surface  of  the  Si  substrate. 

A  method  of  manufacture  of  a  non-volatile  memory  comprising  an  array  of  memory  cells  provided  at  over- 
lapping  portions  of  respective  pluralities  of  auxiliary  and  control  gates  electrically  insulated  one  from  the 
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other,  each  memory  cell  comprising  a  floating  gate  electrically  insulated  from  both  the  auxiliary  and  control 
gates,  comprising  the  steps 

forming  the  plurality  of  auxiliary  gates  by  etching  a  first  layer  through  a  first  mask, 
forming  the  plurality  of  control  gates  by  etching  a  second  layer  through  a  second  mask,  character- 

ised  in  that  the  floating  gates  are  formed  by 
forming  strips  aligned  with  one  of  the  auxiliary  and  control  gates;  and 
etching  the  strips  through  the  mask  for  forming  the  other  of  the  auxiliary  and  control  gates. 

A  non-volatile  memory  having  a  plurality  of  memory  cells  each  comprising; 
an  auxiliary  gate  having  a  gate  insulating  film  and  a  field  oxidation  film; 
a  floating  gate  lying  in  an  active  region;  and 
a  control  gate 
characterised  in  that  buried  diffusion  layers  are  provided  just  below  the  field  oxidation  film  so  as 

to  serve  as  bit  lines  for  connecting  source  and  drain  diffusion  layers  of  the  memory  cells. 
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