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©  Solid  state  image  sensor. 

©  In  a  solid  state  image  sensor  in  which  all  of  a 
photoelectric  conversion  section,  a  transfer  gate  sec- 
tion  and  a  charge  transfer  section  are  formed  in  the 
same  N-type  region,  a  P-type  region  for  controlling  a 
channel  potential  of  the  transfer  gate  section  is 
formed  in  self-alignment  with  the  storage  gate  elec- 
trode  and  the  gate  electrode  of  the  charge  transfer 

section.  With  this  arrangement,  since  there  is  formed 
no  potential  well  other  than  the  potential  well  inher- 
ent  in  the  transfer  gate  section,  the  movement  of  the 
electric  charge  is  smoothly  carried  out,  and  there- 
fore,  the  generation  of  the  afterimage  is  effectively 
prevented. 
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Background  of  the  Invention 

Field  of  the  invention 

The  present  invention  relates  to  a  solid  state 
image  sensor,  and  more  particularly,  to  a  solid 
state  image  sensor  which  can  be  advantageously 
used  in  a  facsimile,  an  image  scanner,  a  digital 
copier,  and  the  like. 

Description  of  related  art 

For  example,  JP-A-02-050480  discloses  one 
example  of  conventional  solid  state  image  sensors, 
a  sectional  view  of  which  is  shown  Figure  1A.  In 
the  drawing,  Reference  Numeral  1  shows  a  P-type 
silicon  substrate,  and  Reference  Numeral  3  des- 
ignates  an  N-type  region  formed  at  a  surface  por- 
tion  of  the  P-type  silicon  substrate  1.  In  addition, 
Reference  Numeral  4  indicates  P+  region  which  is 
selectively  formed  at  a  portion  of  a  surface  of  the 
N-type  region  3,  and  which  has  a  concentration 
higher  than  that  of  the  substrate  1  .  This  P+  region 
4,  the  N-type  region  3  and  the  substrate  1  con- 
stitutes  a  photoelectric  conversion  section  12A  of  a 
PN  photodiode  structure.  Reference  Numeral  2 
designates  a  P+  channel  stopper  region  for  pre- 
venting  signal  charges  generated  in  the  photoelec- 
tric  conversion  section  12A  from  flowing  out  to  a 
region  other  than  an  electric  charge  storage  section 
13A  which  will  be  described  hereinafter.  Adjacent 
to  the  photoelectric  conversion  section  12A,  there 
is  formed  a  P+  region  21  having  a  PN  junction  at  a 
level  shallower  than  that  formed  by  the  P+  region  4. 
This  P+  region  21  and  the  N-type  region  3  con- 
stitute  the  electric  charge  storage  section  13A.  Be- 
cause  of  existence  of  these  P+  regions  4  and  21, 
the  N-type  region  in  the  photoelectric  conversion 
section  12A  and  the  electric  charge  storage  section 
13A  is  depleted.  In  addition,  Reference  Numeral  10 
shows  an  interlayer  insulating  film  formed  on  the 
semiconductor  substrate,  and  Reference  Numeral 
8A  indicates  a  transfer  gate  electrode.  Reference 
Numeral  9-1  a  designates  a  gate  electrode  in  a 
CCD  register  section.  Each  of  these  gate  elec- 
trodes  8A  and  9-1  a  has  a  double  layered  structure. 
The  gate  electrodes  8A  and  9-1  a  are  supplied  with 
clocks  4>tg  and  <£i  ,  respectively  (as  shown  in  Fig- 
ure  7).  A  P~  region  5A  is  formed  in  tile  substrate 
surface  under  the  transfer  gate  electrode  8A  in 
order  to  settle  a  channel  potential  of  a  transfer  gate 
section  14A.  The  gate  electrode  9-1  a  and  a  portion 
of  the  N-type  region  3  under  tile  gate  electrode  9- 
1a  constitute  a  buried  channel  type  CCD.  Refer- 
ence  Numeral  11  designates  a  light  shield  formed 
on  the  interlayer  insulating  film  10  and  having  an 
opening  above  the  photoelectric  conversion  section 
12A. 

Figure  1B  is  a  diagram  illustrating  a  potential 
profile  of  the  substrate  surface  when  a  zero  poten- 
tial  is  applied  to  the  P-type  silicon  substrate  1  and 
the  channel  stopper  region  2  of  the  solid  state 

5  image  sensor,  and  the  clocks  <£Tg  and  <£i  are 
applied  to  the  gate  electrodes  8A  and  9-1  a,  respec- 
tively.  In  the  drawing,  $PD  shows  a  depth  of  a 
potential  well  of  the  depleted  photoelectric  conver- 
sion  section  12A,  and  $Tgh  indicates  a  potential 

io  under  the  transfer  gate  electrode  8A  when  the 
clock  4>tg  applied  to  the  gate  electrodes  8A  is  at  a 
high  level  "H"  (the  timing  t2  shown  in  Figure  7). 

In  this  image  sensor,  signal  charges  Q  are 
generated  in  the  photoelectric  conversion  section 

75  12A  in  response  to  an  incident  light,  and  then 
accumulated  in  the  potential  well  of  the  electric 
charge  storage  section  13A.  The  accumulated  sig- 
nal  charges  Q  are  transferred  to  the  region  under 
the  gate  electrode  9-1  a  of  the  CCD  register  by 

20  opening  the  transfer  gate  (namely,  by  bringing  the 
<?>tg  to  the  high  level  "H"). 

The  photoelectric  conversion  section  and  the 
electric  charge  storage  section  of  the  conventional 
solid  state  image  sensor  as  mentioned  above,  have 

25  a  structure  of  reducing  an  afterimage  by  depleting 
these  sections.  However,  at  a  boundary  between 
the  charge  storage  section  13A  and  the  transfer 
section  14A,  there  exists  a  region  22  which  is 
positioned  under  the  transfer  gate  8A  and  where 

30  the  P~  region  5A  does  not  exist.  The  depth  $Tge  of 
the  potential  well  formed  in  this  region  22  is  larger 
than  the  depth  $Tgh  of  the  potential  well  of  the  P~ 
region  5A  in  the  transfer  gate  section.  Because  of 
this  configuration,  when  the  signal  charges  Q  are 

35  caused  to  flow  from  the  charge  storage  section  1  3A 
to  the  region  under  the  gate  electrode  9-1  a  of  tile 
CCD  register  by  bringing  <£Tg  to  the  high  level  "H", 
the  signal  charges  Q  pass  through  the  transfer  gate 
section,  but  are  partially  collected  in  the  deep 

40  potential  well  22.  Therefore,  the  time  required  for 
passing  through  the  transfer  gate  section  is  in- 
creased,  and  the  afterimage  occurs.  In  order  to 
extinguish  this  afterimage,  it  might  be  sufficient  if 
generation  of  the  potential  well  $Tge  is  prevented  in 

45  the  transfer  gate  section.  However,  it  can  be  said 
that,  for  the  following  reason,  this  is  substantially 
practically  impossible  in  the  above  mentioned 
structure,  and  the  variation  of  the  afterimage 
amount  becomes  large. 

50  Figures  2A  to  2B  are  sectional  views  for  illus- 
trating  a  process  of  the  method  for  manufacturing 
the  solid  state  image  sensor  shown  in  Figure  1A. 
First,  as  shown  in  Figure  2A,  the  N-type  region  3  is 
selectively  formed  at  the  surface  of  the  P-type 

55  silicon  substrate  1,  and  then,  the  gate  electrode  9- 
1a  for  the  CCD  register  is  formed  on  a  portion  of 
the  substrate  surface  through  a  gate  insulating  film 
6-3.  Thereafter,  by  using  a  patterned  photoresist 
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film  23  and  the  gate  electrode  9-1  a  as  a  mask,  P- 
type  impurity  ions  are  implanted  to  the  surface  of 
the  N-type  region  3  so  as  to  form  the  P~  region 
5A.  Then,  as  shown  in  Figure  2B,  the  transfer  gate 
electrode  8A  is  formed  on  an  upper  surface  of  the 
P~  region  5A  through  a  gate  insulating  film  6-2a. 
Here,  it  is  to  be  noted  that  a  left  edge  "A"  of  the 
transfer  gate  electrode  8A  is  not  in  conformity  with 
a  left  edge  "B"  of  the  P~  region  5A.  This  noncon- 
formity  is  caused  due  to  an  error  in  alignment 
between  the  mask  for  formation  of  the  transfer  gate 
electrode  8A  and  the  mask  for  formation  of  the  P~ 
region  5A.  On  the  other  hand,  it  can  be  regarded 
that  a  left  edge  of  the  gate  electrode  9-1  a  of  the 
CCD  register  is  in  conformity  with  a  right  edge  of 
the  P~  region  5A.  This  is  because  the  right  edge  of 
the  region  implanted  with  the  P-type  impurity  ions 
is  determined  by  the  left  edge  of  the  gate  electrode 
9-1  a  of  the  CCD  register,  in  a  so-called  self-align- 
ment. 

Thereafter,  as  shown  in  Figure  2C,  by  using  a 
patterned  photoresist  film  24  and  the  transfer  gate 
electrode  8A  as  a  mask,  P-type  impurity  ions  are 
implanted  so  as  to  form  the  P+  surface  region  4. 
Here,  a  right  edge  of  the  P+  region  4  is  substan- 
tially  in  conformity  with  the  left  edge  of  the  transfer 
gate  electrode  8A.  Explanation  of  processes  suc- 
ceeding  to  the  above  mentioned  processes  will  be 
omitted  since  those  processes  have  no  relation 
with  the  point  of  the  present  invention. 

As  mentioned  above,  the  left  edge  of  the  trans- 
fer  gate  electrode  8A  and  the  left  edge  of  the  P~ 
region  5A  are  ordinarily  not  in  conformity  with  each 
other,  because  of  the  error  in  the  mask  alignment. 
As  a  result,  the  deep  potential  well  has  occurred  at 
a  portion  of  the  transfer  gate  section. 

If  the  nonconformity  portion  was  generated  as 
shown  in  Figure  3A,  differently  from  Figure  1A, 
namely,  if  the  ion  implantation  is  performed  in  such 
a  manner  that  a  left  edge  of  a  P~  region  5A  is 
positioned  on  the  left  hand  of  the  left  edge  of  the 
transfer  gate  electrode  8A,  a  shallow  potential  por- 
tion  21a  is  formed  at  a  transfer  gate  side  portion  of 
the  P+  surface  region  21.  Accordingly,  also  in  this 
case,  all  of  the  signal  charges  accumulated  in  the 
charge  storage  section  1  3A  is  not  transferred  to  the 
CCD  register  section,  and  therefore,  a  residual 
electric  charge  AQ  exists  as  shown  in  Figure  3B, 
with  the  result  that  the  afterimage  becomes  more 
remarkable  than  that  of  the  case  shown  in  Figure 
1A. 

As  another  example  of  the  conventional  solid 
state  image  sensors,  there  has  been  known  a  de- 
vice  having  a  structure  as  shown  in  Figure  4A. 

This  example  has  a  photo  gate  electrode  26 
formed  on  the  N-type  region  3  through  a  gate 
insulating  film  6-4.  A  positive  voltage  VPD  is  applied 
to  this  photo  gate  electrode  26,  so  that  a  pho- 

toelectric  conversion  section  is  formed.  An  N+  re- 
gion  25  is  formed  under  the  photo  gate  electrode 
26  and  adjacent  to  a  P~  region  5C,  so  as  to  form 
an  electric  charge  storage  section.  However,  as 

5  shown  in  a  potential  diagram  of  Figure  4B,  since  a 
right  edge  of  the  N+  region  25  is  not  necessarily  in 
conformity  with  a  right  edge  of  the  photo  gate 
electrode  26  because  of  a  mask  alignment  error, 
the  afterimage  characteristics  also  has  variation. 

io  As  mentioned  above,  the  conventional  solid 
state  image  sensors  are  possible  in  principle  to 
reduce  the  afterimage,  but,  since  the  actual  after- 
image  characteristics  greatly  varies  dependently 
upon  the  alignment  precision,  those  have  been  bad 

is  in  reproducibility. 

Summary  of  the  Invention 

Accordingly,  it  is  an  object  of  the  present  in- 
20  vention  to  provide  a  solid  state  image  sensor  which 

has  overcome  the  above  mentioned  defect  of  the 
conventional  one. 

Another  object  of  the  present  invention  is  to 
provide  a  solid  state  image  sensor  having  the  after- 

25  image  characteristics  which  is  greatly  improved 
and  which  has  reproducibility. 

The  above  and  other  objects  of  the  present 
invention  are  achieved  in  accordance  with  the 
present  invention  by  a  solid  state  image  sensor 

30  comprising: 
a  semiconductor  substrate  of  a  first  conductiv- 

ity  type; 
a  photoelectric  conversion  section  formed  at  a 

principal  surface  of  the  semiconductor  substrate 
35  and  for  generating  signal  charges  as  a  function  of 

an  incident  light,  the  photoelectric  conversion  sec- 
tion  being  composed  of  a  first  region  of  a  second 
conductivity  type  opposite  to  the  first  conductivity 
type,  selectively  formed  in  said  principal  surface  of 

40  the  semiconductor  substrate,  and  a  second  region 
of  the  first  conductivity  type  selectively  formed  in  a 
surface  of  the  first  region; 

an  electric  charge  storage  section  formed  at 
the  principal  surface  of  the  semiconductor  sub- 

45  strate  and  for  receiving  the  signal  charges  from  the 
photoelectric  conversion  section,  the  charge  stor- 
age  section  being  composed  of  a  storage  gate 
electrode  formed  through  a  first  gate  insulating  film 
on  the  first  region  adjacent  to  the  second  region, 

50  and  a  means  for  applying  a  negative  potential  to 
the  storage  gate  electrode; 

a  transfer  gate  section  formed  at  the  principal 
surface  of  the  semiconductor  substrate  and  for 
receiving  the  signal  charges  from  the  charge  stor- 

55  age  section  at  a  predetermined  timing,  the  transfer 
gate  section  including  a  third  region  of  the  first 
conductivity  type,  selectively  formed  in  a  surface  of 
the  first  region  adjacent  to  the  charge  storage 

3 
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section,  a  transfer  gate  electrode  formed  on  the 
third  region  through  a  second  gate  insulating  film, 
and  a  mean  for  applying  a  predetermined  clock 
pulse  to  the  transfer  gate  electrode;  and 

an  electric  charge  transfer  section  formed  at 
the  principal  surface  of  the  semiconductor  sub- 
strate  and  for  receiving  the  signal  charges  from  the 
transfer  gate  section  at  a  predetermined  timing,  the 
electric  charge  transfer  section  being  composed  of 
a  gate  electrode  formed  through  a  third  gate  in- 
sulating  film  on  the  first  region  adjacent  to  the  third 
region  of  the  transfer  gate  section. 

The  above  and  other  objects,  features  and  ad- 
vantages  of  the  present  invention  will  be  apparent 
from  the  following  description  of  preferred  embodi- 
ments  of  the  invention  with  reference  to  the  accom- 
panying  drawings. 

Brief  Description  of  the  Drawings 

Figure  1A  is  a  sectional  view  of  one  example  of 
conventional  solid  state  image  sensors; 
Figure  1B  is  a  diagram  illustrating  a  potential 
profile  of  the  substrate  surface  in  the  conven- 
tional  solid  state  image  sensor  shown  in  Figure 
1A; 
Figures  2A  to  2C  are  sectional  views  for  illustrat- 
ing  a  process  of  the  method  for  manufacturing 
the  solid  state  image  sensor  shown  in  Figure 
1A; 
Figure  3A  is  a  sectional  view  showing  a  modi- 
fication  of  the  conventional  solid  state  image 
sensor  shown  in  Figure  1A; 
Figure  3B  is  a  diagram  illustrating  a  potential 
profile  of  the  substrate  surface  in  the  conven- 
tional  solid  state  image  sensor  shown  in  Figure 
3A; 
Figure  4A  is  a  sectional  view  of  another  example 
of  conventional  solid  state  image  sensors; 
Figure  4B  is  a  diagram  illustrating  a  potential 
profile  of  the  substrate  surface  in  the  conven- 
tional  solid  state  image  sensor  shown  in  Figure 
4A; 
Figure  5  is  a  layout  plan  view  diagrammatically 
illustrating  one  embodiment  of  the  solid  state 
image  sensor  in  accordance  with  the  present 
invention; 
Figure  6A  is  sectional  view  taken  along  the  line 
A-A  in  Figure  5; 
Figure  6B  is  a  potential  diagram  used  for  illus- 
trating  the  solid  state  image  sensor  shown  in 
Figure  5; 
Figure  7  is  a  timing  chart  used  for  illustrating  the 
operation  of  the  solid  state  image  sensor  shown 
in  Figure  5; 
Figure  8  shows  a  potential  profile  in  a  depth 
direction  of  the  respective  sections  (12,  13,  14) 
of  the  solid  state  image  sensor  shown  in  Figure 

5; 
Figures  9A  to  9H  are  sectional  views  illustrating 
a  method  for  illustrating  the  solid  state  image 
sensor  shown  in  Figure  5; 

5  Figure  1  0A  is  a  diagrammatic  plan  view  of  the 
dual-channel  type  line  image  sensor  which  is  a 
modification  of  the  one  embodiment  of  the 
present  invention;  and 
Figure  10B  is  a  circuit  diagram  of  a  negative 

io  voltage  generating  circuit  associated  with  the 
solid  state  image  sensor  shown  in  Figure  10A. 

Description  of  the  Preferred  embodiments 

is  Referring  to  Figure  5,  there  is  shown  a  layout 
plan  view  diagrammatically  illustrating  one  embodi- 
ment  of  the  present  invention.  Figure  6A  is  sec- 
tional  view  taken  along  the  line  A-A  in  Figure  5. 
Figure  6B  is  a  potential  diagram  used  for  illustrat- 

20  ing  the  embodiment  of  the  present  invention.  Fig- 
ure  7  is  a  timing  chart  used  for  illustrating  the 
operation  of  the  embodiment  of  the  present  inven- 
tion. 

The  shown  embodiment  includes  a  photoelec- 
25  trie  conversion  section  12  for  generating  signal 

charges  as  a  function  of  an  incident  light.  This 
photoelectric  conversion  section  12  is  composed  of 
an  N-type  region  3  selectively  formed  in  a  surface 
of  a  P-type  silicon  substrate  1  and  a  P+  region  4 

30  (first  P-type  region;  indicated  by  the  hatching  in  a 
lower-right  direction  in  Figure  5  for  convenience) 
selectively  formed  in  a  surface  of  the  N-type  region 
3.  The  shown  embodiment  also  includes  an  electric 
charge  storage  section  13  for  receiving  the  signal 

35  charges  from  the  photoelectric  conversion  section 
12.  This  charge  storage  section  13  is  composed  of 
a  storage  gate  electrode  7  formed  through  a  first 
gate  insulating  film  6-1  on  the  N-type  region  3 
adjacent  to  the  P+  region  4,  and  a  means  for 

40  applying  a  negative  potential  VST  to  the  storage 
gate  electrode  7.  Furthermore,  the  shown  embodi- 
ment  includes  a  transfer  gate  section  14  for  receiv- 
ing  the  signal  charges  from  the  charge  storage 
section  13  at  a  predetermined  timing  t2.  This  trans- 

45  fer  gate  section  14  includes  a  P~  region  5  (second 
P-type  region;  indicated  by  the  coarse  hatching  in 
a  lower-right  direction  in  Figure  5  for  convenience) 
selectively  formed  in  a  surface  of  the  N-type  region 
3  adjacent  to  the  charge  storage  section  13,  a 

50  transfer  gate  electrode  8  formed  on  the  P~  region 
5  through  a  second  gate  insulating  film  6-2,  and  a 
mean  for  applying  a  predetermined  clock  pulse  <£Tg 
to  the  transfer  gate  electrode  8.  In  addition,  the 
shown  embodiment  includes  an  electric  charge 

55  transfer  section  for  receiving  the  signal  charge  from 
the  transfer  gate  section  14  at  a  predetermined 
timing  t2.  This  electric  charge  transfer  section  is 
composed  of  a  gate  electrode  9-1  a  formed  through 

4 
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a  third  gate  insulating  film  6-3  on  the  N-type  region 
3  adjacent  to  the  P~  region  5  of  the  transfer  gate 
section  14. 

In  the  charge  storage  section  13  of  the  shown 
embodiment,  there  does  not  exist  the  shallow  P+ 
region  21  of  the  conventional  example  shown  in 
Figure  1A,  but  the  storage  gate  electrode  7  is 
formed  on  the  substrate  surface.  In  addition,  op- 
posite  sides  of  the  transfer  gate  electrode  8  overlap 
the  storage  gate  electrode  7  and  the  gate  electrode 
9-1  a  of  the  CCD  register. 

Figure  8  shows  a  potential  profile  in  a  depth 
direction  of  the  respective  sections  (12,  13,  14)  of 
the  shown  solid  state  image  sensor.  Since  the  N- 
type  region  3  is  depleted  in  each  of  these  sections, 
and  since  the  lowest  potential  portion  is  a  so-called 
buried  channel  existing  the  internal  body  of  the 
substrate,  the  mobility  of  the  charge  is  large.  Com- 
paring  the  photoelectric  conversion  section  12  with 
the  charge  storage  section  13,  the  N-type  region  3 
is  thicker  in  the  charge  storage  section  13  than  in 
the  photoelectric  conversion  section  12,  and  fur- 
ther,  the  storage  gate  electrode  7  is  supplied  with  a 
sufficient  negative  potential  (for  example,  VST  = 
-8V)  to  make  the  substrate  surface  potential  under 
the  storage  gate  electrode  7  equal  to  that  of  the 
substrate  electrode. 

Therefore,  as  can  be  seen  from  the  potential 
diagram  of  Figure  8,  the  depth  $St  of  the  potential 
well  of  the  charge  storage  section  13  is  larger  than 
the  depth  $PD  of  the  potential  well  of  the  photoelec- 
tric  conversion  section  12.  Furthermore,  it  is  de- 
signed  that  when  a  high  level  voltage  4>tg<h)  of  the 
clock  4>tg  is  applied  to  the  transfer  gate  electrode  8 
(the  clock  4>tg  at  the  timing  t2  in  Figure  7),  the 
depth  $tgh  of  the  potential  well  of  the  transfer  gate 
section  14  is  larger  than  the  depth  $St  of  the 
potential  well  of  the  charge  storage  section  13. 
Incidentally,  the  dotted  line  in  Figure  6B  shows  the 
potential  when  <£Tg  is  at  a  low  level  "L". 

In  this  solid  state  image  sensor,  the  electric 
charge  generated  in  the  photoelectric  conversion 
section  12  is  temporarily  accumulated  in  the 
charge  storage  section  13  having  the  potential  well 
depth  larger  than  that  of  the  photoelectric  conver- 
sion  section  12.  This  electric  charge  is  read  out 
toward  the  region  under  the  gate  electrode  9-1  a  by 
controlling  the  potential  of  the  transfer  gate  elec- 
trode  8  (so  as  to  cause  $Tgh  is  deeper  than  $St  but 
shallower  than  the  potential  under  the  gate  elec- 
trode  9-1  a  of  the  CCD  register  at  the  timing  t2).  In 
this  charge  moving  process,  in  a  charge  passing 
path  there  is  formed  no  deep  potential  well  other 
than  those  inherent  in  the  respective  regions,  dif- 
ferently  from  the  conventional  example.  Therefore, 
the  charge  is  quickly  transferred,  and  the  genera- 
tion  of  the  afterimage  is  prevented. 

Now,  explanation  will  be  made  about  why  there 
is  formed  no  deep  potential  well  other  than  those 
inherent  in  the  structure  of  the  solid  state  image 
sensor. 

5  Figures  9A  to  9H  are  sectional  views  illustrating 
a  method  for  illustrating  the  one  embodiment  of  the 
present  invention. 

As  shown  in  Figure  9A,  an  ion  doped  layer  16 
is  formed  by  implanting  N-type  impurity  ions  such 

io  as  phosphorus  ions  at  a  dose  of  1x1012/cm2  at  an 
acceleration  energy  of  100  KeV,  using  a  photores- 
ist  film  15  as  a  mask.  Then,  a  heat  treatment  is 
performed  at  1000°C  for  about  three  hours,  so  as 
to  form  the  N-type  region  3  having  the  depth  of 

is  about  1  urn  and  the  impurity  concentration  of 
5x101G/cm3,  as  shown  in  Figure  9B.  Thereafter,  as 
shown  in  Figure  9C,  in  order  to  form  a  channel 
stopper  region  2  (indicated  by  the  hatching  in  a 
lower-right  direction  in  Figure  5),  an  ion  doped 

20  layer  18  having  the  impurity  concentration  on  the 
order  of  1x1018/cm3  is  formed  by  implanting  P- 
type  impurity  ions  such  as  boron  ions  at  an  accel- 
eration  energy  of  100  KeV,  using  a  photoresist  film 
17  as  a  mask.  Then,  a  heat  treatment  is  performed 

25  at  1000°C  for  about  three  hours,  so  as  to  form  the 
channel  stopper  region  2  having  the  impurity  con- 
centration  of  about  1x1017/cm3,  as  shown  in  Figure 
9D.  At  this  time,  the  impurity  concentration  of  the 
N-type  region  3  has  become  about  2x101G/cm3. 

30  Furthermore,  a  silicon  oxide  film  having  its  thick- 
ness  of  100  nm  is  formed,  and  then,  a  phosphorus 
doped  polysilicon  film  having  its  thickness  of  500 
nm  is  deposited.  These  deposited  films  are  pat- 
terned  to  form  the  storage  gate  7  and  the  gate 

35  electrodes  9-1  a  and  9-1  b  of  the  CCD  register  as 
shown  in  Figures  5  and  9E. 

Thereafter,  as  shown  in  Figures  5  and  9F,  in 
order  to  form  the  P~  region  5  (the  impurity  con- 
centration  of  about  5x1015/cm3),  boron  is  implanted 

40  using  a  photoresist  film  19,  the  storage  gate  elec- 
trode  7  and  the  gate  electrode  9-1  a  as  a  mask. 
Similarly,  a  barrier  layer  5a  (the  impurity  concentra- 
tion  of  1x101G/cm3)  is  formed.  Here,  a  left  edge 
and  a  right  edge  of  the  P~  region  5  are  actually  in 

45  conformity  with  a  right  edge  of  the  storage  gate 
electrode  7  and  a  left  edge  of  the  gate  electrode  9- 
1a  of  the  CCD  register,  respectively.  This  is  be- 
cause  the  region  implanted  with  the  P-type  impuri- 
ties  is  confined  by  those  gate  electrodes,  namely, 

50  the  region  is  formed  in  a  self  alignment  manner. 
Thereafter,  a  silicon  oxide  film  having  its  thick- 

ness  of  100  nm,  and  a  phosphorus  doped  poly- 
silicon  film  having  its  thickness  of  500  nm  are 
deposited  in  the  named  order,  and  then,  patterned 

55  to  form  the  transfer  gate  electrode  8  and  a  gate 
electrode  9-2  of  the  CCD  register,  as  shown  in 
Figures  5  and  9G.  The  transfer  gate  electrode  8 
overlaps  the  storage  gate  electrode  7  and  the  gate 

5 
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electrode  9-1  a  of  the  CCD  register,  respectively.  In 
addition,  as  mentioned  hereinbefore,  tile  P~  region 
5  is  formed  completely  under  the  transfer  gate 
electrode  8,  and  no  P~  region  5  is  formed  under 
the  storage  gate  electrode  7  and  the  gate  electrode 
9-1  a  of  the  CCD  register.  Accordingly,  at  a  bound- 
ary  between  the  regions  there  is  not  formed  a  deep 
potential  well  which  was  formed  in  the  conventional 
example. 

Then,  as  shown  in  Figures  5  and  9H,  in  order 
to  the  P+  region  4  (having  its  depth  of  300  nm  and 
its  impurity  concentration  of  about  2x101G/cm3), 
boron  ions  are  implanted  using  a  photoresist  film 
20  and  the  storage  gate  electrode  7  as  a  mask. 

Because  of  a  self-alignment,  a  right  edge  of 
this  P+  region  4  is  actually  in  conformity  with  a  left 
edge  of  the  storage  gate  electrode  7.  Accordingly, 
no  deep  potential  well  is  formed  at  a  boundary 
between  the  photoelectric  conversion  section  and 
the  charge  storage  section. 

As  shown  in  Figure  6A,  the  interlayer  insulating 
film  10  is  formed,  and  an  aluminum  film  is  depos- 
ited  and  then  patterned  to  form  the  light  shield  1  1 
(outlined  by  the  double-dotted  chain  line  in  Figure 
5  for  convenience). 

Thus,  a  single  channel  type  line  image  sensor 
has  been  described.  However,  the  present  inven- 
tion  can  be  applied  to  a  dual-channel  type  line 
image  sensor. 

Figure  1  0A  is  a  diagrammatic  plan  view  of  the 
dual-channel  type  line  image  sensor  which  is  a 
modification  of  the  one  embodiment  of  the  present 
invention.  Figure  10B  is  a  circuit  diagram  of  a 
negative  voltage  generating  circuit. 

A  central  photoelectric  conversion  cell  array 
110  is  composed  of  a  plurality  of  photoelectric 
conversion  sections  which  are  similar  to  the  first 
embodiment  as  mentioned  above  and  which  are 
arranged  in  the  form  of  a  signal  array.  However, 
these  photoelectric  conversion  sections  are  alter- 
nately  coupled  to  a  CCD  register  54-1  and  a  CCD 
register  54-2.  Since  the  central  photoelectric  con- 
version  cell  array  110  is  similar  to  that  of  a  conven- 
tional  dual-channel  type  line  image  sensor,  its  de- 
tailed  explanation  will  be  omitted. 

The  voltage  VST  applied  to  storage  gate  elec- 
trodes  7A-1  and  7A-2  is  supplied  from  a  negative 
voltage  generating  circuit  52,  which  is  formed  of 
capacitors  C  and  MOS  transistors  M1  so  as  to  form 
a  charge  pump  circuit  similar  to  a  BBD  from  the 
viewpoint  of  a  circuit.  A  MOS  transistor  M2  is 
provided  for  preventing  a  reverse  direction  current, 
and  therefore,  is  not  necessarily  required.  <£i  and 
<t>2  constitute  a  double  phase  clock  for  driving  the 
CCD  register  (See  Figure  7).  With  this  arrange- 
ment,  the  solid  state  image  sensor  needs  no  spe- 
cial  external  negative  voltage.  Accordingly,  this  fea- 
ture  is  very  convenient.  It  is  a  matter  of  course  that 

this  negative  voltage  generating  circuit  can  be  used 
in  the  first  embodiment  mentioned  hereinbefore. 
Transfer  gate  electrodes  8A-1  and  8A-2,  the  stor- 
age  gate  electrodes  7A-1  and  7A-2,  and  the  CCD 

5  registers  54-1  and  54-2  have  constructions  similar 
to  corresponding  ones  of  the  first  embodiment.  The 
signal  charges  transferred  through  the  CCD  regis- 
ters  54-1  and  54-2  are  outputted  through  a  read-out 
gate  53  from  an  output  circuit  51  to  an  external. 

io  As  mentioned  above,  the  present  invention  is 
characterized  in  that,  in  a  solid  state  image  sensor 
in  which  not  only  a  photoelectric  conversion  section 
but  also  a  transfer  gate  section  and  a  charge 
transfer  section  are  formed  in  the  same  N-type  (or 

is  P-type)  region,  a  P-type  (or  N-type)  region  for 
controlling  a  channel  potential  of  the  transfer  gate 
section  is  formed  in  self-alignment  with  the  storage 
gate  electrode  and  the  gate  electrode  of  the  charge 
transfer  section.  With  this  arrangement,  since  there 

20  is  formed  no  potential  well  other  than  the  potential 
well  inherent  in  the  transfer  gate  section,  the  move- 
ment  of  the  electric  charge  is  smoothly  carried  out, 
and  therefore,  the  generation  of  the  afterimage  is 
effectively  prevented. 

25  The  invention  has  thus  been  shown  and  de- 
scribed  with  reference  to  the  specific  embodi- 
ments.  However,  it  should  be  noted  that  the 
present  invention  is  in  no  way  limited  to  the  details 
of  the  illustrated  structures  but  changes  and  modi- 

30  fications  may  be  made  within  the  scope  of  the 
appended  claims. 

Claims 

35  1.  A  solid  state  image  sensor  comprising; 
a  semiconductor  substrate  of  a  first  con- 

ductivity  type; 
a  photoelectric  conversion  section  formed 

at  a  principal  surface  of  said  semiconductor 
40  substrate  and  for  generating  signal  charges  as 

a  function  of  an  incident  light,  said  photoelec- 
tric  conversion  section  being  composed  of  a 
first  region  of  a  second  conductivity  type  op- 
posite  to  said  first  conductivity  type,  selectively 

45  formed  in  said  principal  surface  of  said  semi- 
conductor  substrate,  and  a  second  region  of 
said  first  conductivity  type  selectively  formed 
in  a  surface  of  said  first  region; 

an  electric  charge  storage  section  formed 
50  at  said  principal  surface  of  said  semiconductor 

substrate  and  for  receiving  the  signal  charges 
from  said  photoelectric  conversion  section, 
said  charge  storage  section  being  composed 
of  a  storage  gate  electrode  formed  through  a 

55  first  gate  insulating  film  on  said  first  region 
adjacent  to  said  second  region,  and  a  means 
for  applying  a  negative  potential  to  said  stor- 
age  gate  electrode; 

6 
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a  transfer  gate  section  formed  at  said  prin- 
cipal  surface  of  said  semiconductor  substrate 
and  for  receiving  the  signal  charges  from  said 
charge  storage  section  at  a  predetermined  tim- 
ing,  said  transfer  gate  section  including  a  third  5 
region  of  said  first  conductivity  type,  selec- 
tively  formed  in  a  surface  of  said  first  region 
adjacent  to  said  charge  storage  section,  a 
transfer  gate  electrode  formed  on  said  third 
region  through  a  second  gate  insulating  film,  10 
and  a  mean  for  applying  a  predetermined 
clock  pulse  to  said  transfer  gate  electrode;  and 

an  electric  charge  transfer  section  formed 
at  said  principal  surface  of  said  semiconductor 
substrate  and  for  receiving  the  signal  charges  is 
from  said  transfer  gate  section  at  a  predeter- 
mined  timing,  said  electric  charge  transfer  sec- 
tion  being  composed  of  a  gate  electrode 
formed  through  a  third  gate  insulating  film  on 
said  first  region  adjacent  to  said  third  region  of  20 
said  transfer  gate  section. 

2.  A  solid  state  image  sensor  claimed  in  Claim  1 
wherein  said  third  region  is  in  a  self-alignment 
with  said  storage  gate  electrode  and  said  gate  25 
electrode  of  said  electric  charge  transfer  sec- 
tion. 

3.  A  solid  state  image  sensor  claimed  in  Claim  2 
wherein  said  electric  charge  transfer  section  is  30 
composed  of  a  CCD  register  formed  at  said 
principal  surface  of  said  semiconductor  sub- 
strate. 

4.  A  solid  state  image  sensor  claimed  in  Claim  3  35 
further  including  a  negative  voltage  generating 
circuit  receiving  a  multiphase  clock  for  driving 
said  CCD  register  for  generating  said  negative 
potential  to  said  storage  gate  electrode,  said 
negative  potential  having  a  magnitude  for  mak-  40 
ing  a  substrate  surface  potential  under  said 
storage  gate  electrode  substantially  equal  to 
that  of  said  substrate  itself. 

7 
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