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©  Charge  transfer  device. 

©  A  charge  transfer  device  of  two-line  read  struc- 
ture  is  formed  with  a  first  charge  transfer  path  for 
transferring  first-group  charges,  a  second  charge 
transfer  path  for  transferring  second-group  charges, 
and  a  transfer  gate  portion  (106).  To  complete  the 
transfer  operation  of  all  the  second-group  charges 
outputted  at  a  time,  the  transfer  operation  of  the 

charges  from  the  first  charge  transfer  path  to  the 
second  charge  transfer  path  by  the  transfer  gate 
portion  is  divided  into  a  plurality  of  times.  In  addition, 
the  second-group  charges  outputted  at  a  time  are 
transferred  for  each  divided  set  of  pixels  in  each 
divided  transfer  operation. 
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BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  charge  trans- 
fer  device,  and  more  particularly  to  a  charge  trans- 
fer  device  suitable  for  use  for  a  charge  transferring 
section  of  a  high  density  solid-state  image  sensing 
device,  for  instance. 

As  a  charge  transfer  device  (CTD),  there  exists 
a  charge  coupled  device  (CCD)  for  transferring 
charges  generated  at  pixels  by  controlling  poten- 
tials  generated  in  a  semiconductor  substrate. 

Fig.  1  shows  a  most  typical  CCD  of  single-line 
read  structure.  In  Fig.  1,  pixels  601,  a  buried  chan- 
nel  region  602  as  the  CCD  register,  a  shift  gate 
electrode  603  and  two  register  transfer  electrodes 
604  and  605  are  formed  in  a  substrate.  A  great 
number  of  pixels  601  are  formed  one  by  one  in  a 
line  at  regular  intervals,  and  each  pixel  601  gen- 
erates  and  accumulates  a  signal  charge  according 
to  the  intensity  of  incident  light.  The  shift  gate 
electrode  603  controls  the  charge  transfer  from  the 
pixels  601  to  the  buried  channel  region  602.  The 
register  transfer  electrodes  604  and  605  control  the 
charge  transfer  on  and  along  the  buried  channel 
region  602. 

A  drive  pulse  signal  6a  is  applied  to  the  shift 
electrode  603;  a  drive  pulse  signal  6b  is  applied  to 
the  transfer  electrode  604;  and  a  drive  pulse  signal 
6c  is  applied  to  the  transfer  electrode  605,  respec- 
tively. 

In  operation,  when  a  shift  gate  channel  region 
under  the  shift  gate  electrode  603  in  the  substrate 
is  turned  on  in  response  to  the  drive  pulse  signal 
6a,  the  accumulated  charges  of  the  respective  pix- 
els  601  flow  through  the  turned-on  shift  gate  chan- 
nel  region  into  potential  wells  formed  in  the  buried 
channel  region  602  and  under  the  two  register 
transfer  electrodes  604  and  605.  Thereafter,  the 
charges  in  the  wells  are  transferred  in  sequence  to 
an  output  circuit  (not  shown)  when  the  drive  pulse 
signals  6b  and  6c  are  turned  on  or  off  alternately 
and  reciprocally. 

In  the  technical  field  of  the  above-mentioned 
CTD,  the  pixels  are  recently  microminiaturized 
more  and  more  into  a  higher  density  in  the  same 
way  as  with  the  case  of  other  semiconductor  de- 
vices.  Therefore,  when  the  pitch  of  the  pixels  is 
decreased  in  the  CCD  for  higher  density,  the  pitch 
of  the  potential  wells  (formed  in  the  buried  channel 
region  602  so  as  to  function  as  register  sections) 
arranged  for  the  respective  pixels  and  the  register 
transfer  electrodes  604  and  605  are  also  inevitably 
decreased,  thus  restricting  the  further  micro- 
miniaturization  of  the  CCD. 

To  overcome  this  problem,  a  CCD  of  multi-line 
read  structure  has  been  so  far  proposed  such  that 
the  charge  transfer  from  a  great  number  of  pixels 
to  the  buried  channel  region  (potential  wells)  is 

divided  or  shared  by  a  plurality  of  transfer  register 
lines. 

Fig.  2  shows  a  charge  transfer  device  of  two- 
line  read  structure,  as  the  basic  device  of  the  multi- 

5  line  read  CCD.  In  Fig.  2,  there  are  formed  pixels 
701  ,  two  buried  channel  regions  702  and  703  of  the 
CCD  register  (referred  to  as  a  first  RC  (register 
channel)  region  702  and  a  second  RC  region  703, 
respectively),  a  shift  gate  electrode  704,  a  transfer 

io  gate  electrode  705  for  controlling  the  charge  trans- 
fer  from  the  first  RC  region  702  to  the  second  RC 
region  703  in  a  substrate.  The  transfer  gate  elec- 
trode  705  is  arranged  so  as  to  face  the  alternate 
pixels. 

75  Charges  of  a  number  of  pixels  701  are  once 
transferred  to  the  first  RC  region  702  by  the  shift 
gate  electrode  704,  and  then  the  charges  of  the 
alternate  pixels  701  are  further  transferred  to  the 
second  RC  region  703  by  the  transfer  gate  elec- 

20  trade  705.  Thereafter,  the  charges  in  the  first  and 
second  RC  regions  702  and  703  are  transferred  to 
an  output  circuit  (not  shown),  respectively. 

Fig.  3  and  Figs.  4A  and  4B  are  enlarged  views 
showing  the  structure  of  the  charge  transfer  device 

25  shown  in  Fig.  2,  in  which  a  two-layer  poly  silicon 
electrode  structure  is  shown  by  use  of  the  same 
reference  numerals  as  with  the  case  of  the  charge 
transfer  device  shown  in  Fig.  2. 

In  these  drawings,  a  plurality  of  n-type  pixels 
30  701  and  n-type  first  and  second  RC  regions  702 

and  703  are  formed  in  a  p-type  substrate  801. 
Under  transfer  gate  electrode  705,  a  transfer  gate 
burying  channel  region  802  (referred  to  as  TC 
region,  hereinafter)  is  formed.  The  TC  region  802  is 

35  composed  of  an  n-type  region  803  and  n-type 
region  804,  adjacent  to  each  other.  The  n-type 
region  803  is  adjacent  to  the  first  RC  region  702. 
Further,  under  a  shift  gate  region  704,  an  n-type 
shift  gate  channel  region  805  (referred  to  as  GC 

40  region,  hereinafter)  is  formed. 
Transfer  control  electrodes  806  to  809  are  ar- 

ranged  on  the  first  and  second  RC  regions  702  and 
703.  A  drive  signal  8a  as  shown  in  Fig.  5C  is 
applied  to  the  transfer  control  electrodes  806  and 

45  809,  and  a  drive  signal  8b  as  shown  in  Fig.  5D  is 
applied  to  the  transfer  control  electrodes  807  and 
808.  The  charges  on  the  first  and  second  RC 
regions  702  and  703  are  transferred  to  an  output 
circuit  by  inverting  the  drive  signals  8a  and  8b 

50  alternately  and  reciprocally. 
Figs.  5A  to  5D  show  a  timing  chart  of  these 

drive  pulse  signals  7a,  7b,  8a  and  8b,  respectively. 
Further,  Figs.  6A  and  6B  show  two  potential  dis- 
tributions  at  the  cross  sections  as  shown  in  Fig.  3. 

55  The  operation  of  the  device  as  shown  in  Fig.  2 
will  be  described  hereinbelow  with  reference  to 
these  drawings.  Further,  the  charges  of  the  pixels 
701  transferred  from  the  first  RC  region  702  to  the 
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output  circuit  are  referred  to  as  charges  e1  ,  and  the 
charges  of  the  pixels  701  transferred  from  the 
second  RC  region  703  to  the  output  circuit  are 
referred  to  as  charges  e2,  respectively. 

With  reference  to  Figs.  3,  6A  and  6B,  at  time 
point  t1  ,  the  drive  pulse  signals  7a  and  8a  are  both 
at  an  "H"  level  and  the  drive  pulse  signals  7b  and 
8b  are  both  at  a  "L"  level.  Accordingly,  the  charges 
e1  and  e2  of  the  pixels  701  are  in  the  wells  under 
the  shift  gate  electrodes  704.  Under  these  con- 
ditions,  at  time  point  t2,  when  the  drive  signal  7a 
changes  to  the  "L"  level,  the  charges  e1  and  e2 
under  the  shift  gate  electrode  704  are  transferred 
to  the  first  RC  region  702.  Further,  at  time  point  t3, 
since  the  drive  signal  8a  is  also  changed  to  the  "L" 
level,  the  charges  e1  and  e2  transferred  to  the  first 
RC  region  702  stand  by  thereat.  From  this  time 
point,  the  transfer  of  only  the  charges  e2  starts 
from  the  first  RC  (register  channel)  region  702  to 
the  second  RC  (register  channel)  region  703. 

First,  at  time  point  t4,  since  only  the  drive 
pulse  signal  7b  is  at  the  "H"  level,  the  TC  (transfer 
channel)  region  802  is  turned  on,  so  that  the 
charges  e2  in  the  first  RC  region  702  are  trans- 
ferred  to  the  TC  region  802.  Next,  at  time  point  t5, 
since  all  the  drive  pulse  signals  are  changed  to  the 
"L"  level,  the  TC  region  802  is  turned  off,  so  that 
the  charges  e2  in  the  TC  region  802  are  transferred 
to  the  second  RC  region  703  lower  in  potential  than 
the  TC  region  802,  thus  completing  the  transfer  of 
the  charges  e2  between  the  two  RC  regions  702 
and  703. 

Further,  the  charges  e1  are  kept  remaining  in 
the  first  RC  region  702  between  the  time  points  t2 
to  t5.  At  the  time  point  t6,  since  the  drive  pulse 
signal  8a  changes  to  the  "L"  level  and  the  drive 
pulse  signal  8b  changes  to  the  "H"  level,  the 
charges  e1  and  e2  are  all  transferred  from  the 
regions  under  the  electrodes  806  to  the  regions 
under  the  electrodes  807  and  808  in  the  first  and 
second  RC  regions  702  and  703,  respectively. 
Thereafter,  whenever  the  drive  pulse  signals  8a 
and  8b  are  inverted  alternately  and  reciprocally,  the 
charges  e1  and  e2  are  transferred  to  the  output 
circuit  on  the  first  and  second  RC  regions  702  and 
703. 

Further,  Fig.  7  shows  a  conventional  charge 
transfer  device  of  two-line  read  and  three-layer 
poly  silicon  electrodes  structure,  in  which  a  first 
layer  electrode  is  denoted  by  dot-dashed  lines,  a 
second  layer  electrode  is  denoted  by  dot-dot- 
dashed  lines,  and  a  third  layer  electrode  is  denoted 
by  dashed  lines,  respectively. 

In  Fig.  7,  electrodes  C01  to  C04  for  constituting 
a  CCD  register  portion,  and  an  electrode  C05  for 
constituting  a  transfer  gate  potion  are  all  formed  in 
a  substrate.  The  electrode  C01  and  C03  are  ar- 
ranged  on  the  first  layer,  the  electrodes  C02  and 

C04  are  arranged  on  the  second  layer,  and  the 
electrode  C05  is  arranged  on  the  third  layer,  re- 
spectively. 

Further,  in  Fig.  7,  a  drive  pulse  signal  Ca  is 
5  applied  to  the  electrodes  C03  and  C04  and  a  drive 

pulse  signal  Cb  is  applied  to  the  electrodes  C01 
end  C02,  respectively  to  control  the  charges  on  the 
first  and  second  RC  regions  702  and  703. 

In  comparison  between  the  devices  shown  in 
io  Fig.  3  and  Fig.  7,  a  difference  between  the  two  is 

as  follows:  in  the  case  of  the  charge  transfer  device 
shown  in  Fig.  3,  the  shapes  of  the  electrodes  806 
to  809  are  such  that  both  ends  of  the  electrodes 
806  to  809  are  located  on  the  same  longitudinal 

is  position  of  the  first  and  second  RC  regions  702  and 
703,  respectively.  In  other  words,  the  charges  on 
the  first  and  second  RC  regions  702  and  703  are 
arranged  at  the  same  positions  in  the  longitudinal 
transfer  direction  of  the  RC  regions. 

20  In  contrast  with  this,  in  the  case  of  the  charge 
transfer  device  shown  in  Fig.  7,  the  shapes  of  the 
electrodes  C01  to  C04  are  such  that  one  portions 
of  the  electrodes  C01  to  C04  located  on  the  first 
RC  region  702  are  offset  by  one  pitch  of  the  pixel 

25  701  from  other  portionss  of  the  same  electrodes 
C01  to  C04  located  on  the  second  RC  region  703. 
Therefore,  the  charges  on  the  second  RC  region 
703  are  transferred  being  advanced  by  one  pitch  of 
the  pixel  701  with  respect  to  the  charges  on  the 

30  first  RC  region  702  in  synchronism  with  one  an- 
other.  Accordingly,  the  drive  pulse  signal  Ca  shown 
in  Fig.  7  corresponds  to  the  drive  pulse  signal  8b 
shown  in  Fig.  5D,  and  the  drive  pulse  signal  Cb 
shown  in  Fig.  7  corresponds  to  the  drive  pulse 

35  signal  8a  shown  in  Fig.  5C,  respectively. 
The  charge  transfer  device  shown  in  Fig.  7 

operates  in  quite  the  same  way  as  with  the  case  of 
the  charge  transfer  device  shown  in  Fig.  3,  al- 
though  the  shapes  of  the  electrodes  are  different 

40  between  both. 
In  the  conventional  charge  transfer  device  of 

two-line  read  structure  as  described  above,  it  is 
possible  to  double  the  pitch  of  the  register  portion 
as  compared  with  the  conventional  device  of  sin- 

45  gle-line  read  structure.  Further,  in  the  case  of  the 
device  of  structure  of  three  or  more  lines,  it  is 
possible  to  increase  the  pitch  of  the  register  portion 
three  times  or  more  according  to  the  number  of 
lines.  Accordingly,  the  charge  transfer  device  of 

50  multi-line  read  structure  is  effective,  when  the  high 
density  charge  transfer  device  in  which  the  pitch  of 
the  pixels  is  small  is  required  to  be  manufactured. 

In  the  above-mentioned  conventional  charge 
transfer  device  of  multi-line  structure,  however,  the 

55  TC  region  802  for  transferring  charges  between 
registers  702  and  703  must  be  formed  additionally. 
In  this  case,  since  the  width  of  TC  region  802  tends 
to  be  limited  and  thereby  narrowed  due  to  the 

3 
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layout  of  other  portions  (e.g.,  electrode  wiring  and 
channel  separating  regions  must  be  formed),  there 
exists  a  problem  in  that  potential  barriers  X  (see 
Fig.  6A)  are  produced  at  the  outlet  portions  of  the 
first  RC  region  702  on  the  side  of  the  TC  region 
802  and  thereby  transfer  of  the  charges  e2  is 
obstructed  by  the  presence  of  the  potential  barriers 
X,  thus  causing  the  charges  to  be  not  transferred 
and  thereby  to  remain. 

In  addition,  although  being  suitable  for  high 
density  device,  the  multi-line  structure  raises  an- 
other  problem  in  that  it  is  difficult  to  form  the  TC 
region  802  according  to  the  pixel  pitch  from  the 
layout  standpoint. 

SUMMARY  OF  THE  INVENTION 

With  these  problems  in  mind,  therefore,  the 
object  of  the  present  invention  is  to  provide  a 
charge  transfer  device  which  can  reduce  the  limita- 
tion  in  the  channel  width  of  the  transfer  gate  por- 
tion. 

To  achieve  the  above-mentioned  object,  the 
present  invention  provides  a  charge  transfer  de- 
vice,  comprising:  a  first  charge  transfer  path  for 
transferring  charges  of  pixels  of  a  first  group;  a 
second  charge  transfer  path  arranged  in  parallel  to 
said  first  charge  transfer  path,  for  transferring 
charges  of  pixels  of  a  second  group  interposed 
between  the  two  pixels  of  the  first  group;  a  transfer 
gate  portion  for  transferring  charges  of  the  second- 
group  pixels  from  said  first  charge  transfer  path  to 
said  second  charge  transfer  path;  and  transfer  con- 
trol  electrodes  for  completing  transfer  operation  of 
all  the  charges  outputted  at  a  time  from  the  sec- 
ond-group  pixels,  by  dividing  the  transfer  operation 
of  the  charges  outputted  at  a  time  from  the  sec- 
ond-group  pixels  through  said  transfer  gate  portion 
into  a  plurality  of  times  and  further  by  transferring 
charges  outputted  at  a  time  from  the  second-group 
pixels  for  each  divided  set  of  pixels  in  each  divided 
transfer  operation. 

The  charge  transfer  device  further  comprises 
charge  keeping  means  interposed  between  the  pix- 
els  and  said  first  charge  transfer  path,  for  keeping 
charges  of  the  second-group  pixels  other  than 
those  being  transferred  among  the  charges  to  be 
transferred  by  said  transfer  gate  portion. 

Further,  the  transfer  control  electrodes  com- 
prises:  shift  gate  electrode  portions  for  transferring 
charges  of  the  first  and  second  groups  from  the 
pixels  to  said  charge  keeping  means;  second-group 
transfer  control  electrodes  responsive  to  a  first  con- 
trol  signal,  for  transferring  the  second-group 
charges  from  said  charge  keeping  means  to  said 
first  charge  transfer  path;  first-set  transfer  control 
electrodes  responsive  to  a  second  control  signal 
generated  after  the  first  control  signal,  for  transfer- 

ring  first-set  charges  of  a  half  of  the  pixels  for 
generating  the  second-group  charges,  from  said 
first  charge  transfer  path  to  said  second  charge 
transfer  path;  second-set  transfer  control  electrodes 

5  responsive  to  a  third  control  signal  generated  after 
the  second  control  signal,  for  transferring  second- 
set  charges  of  a  remaining  half  of  the  pixels  for 
generating  the  second-group  charges,  from  said 
first  charge  transfer  path  to  said  second  charge 

io  transfer  path:  and  first-group  transfer  control  elec- 
trodes  responsive  to  a  fourth  control  signal  after  the 
third  control  signal,  for  transferring  the  first-group 
charges  from  said  charge  keeping  means  to  said 
first  charge  transfer  path. 

is  The  transfer  control  electrodes  are  formed  in 
multilayer  (e.g.,  two  or  three)  structure  on  a  semi- 
conductor  substrate  in  which  the  pixels,  said  first 
charge  transfer  path,  said  second  charge  transfer 
path,  and  said  transfer  gate  portion  are  formed. 

20  In  the  charge  transfer  device  according  to  the 
present  invention,  since  the  transfer  operation  of  all 
the  second-group  charges  to  be  transferred  be- 
tween  the  two  transfer  paths  by  the  transfer  gate 
portion  is  divided  into  a  plurality  of  times,  it  is 

25  possible  to  reduce  the  number  of  transfer  gates  by 
the  number  of  divisions,  thus  relaxing  the  restric- 
tion  on  the  channel  width  of  the  transfer  gate 
portion.  Consequently,  it  is  possible  to  eliminate 
the  potential  barrier  due  to  the  narrow  channel 

30  effect,  thus  preventing  charges  from  being  kept 
remaining  during  the  charge  transfer  operation  be- 
tween  the  first  and  second  transfer  paths. 

Further,  since  the  charge  keeping  portion  is 
formed,  it  is  possible  to  prevent  the  charges  of  two 

35  adjacent  pixels  from  being  mixed  with  one  another, 
by  keeping  some  charges  at  the  charge  keeping 
portion  when  the  other  remaining  charges  are  be- 
ing  transferred  from  the  first  transfer  path  to  the 
second  transfer  path. 

40  Therefore,  it  is  possible  to  freely  determine  the 
number  of  charge  transfer  operations  of  the  trans- 
fer  gate  portion. 

In  this  case,  when  two  sets  of  the  charges  are 
transferred  at  a  time  from  the  charge  keeping  por- 

45  tion  to  the  first  charge  transfer  path,  while  keeping 
another  set  of  remaining  charges  at  the  charge 
keeping  portion,  it  is  possible  to  prevent  the 
charges  of  different  pixels  from  being  mixed  with 
one  another  on  the  first  charge  transfer  path  with- 

50  out  respect  to  the  number  of  charge  transfer  oper- 
ations  of  the  transfer  gate  portion. 

In  other  words,  it  is  possible  to  obtain  a  suffi- 
cient  margin  with  respect  to  the  layout  of  the 
transfer  gate  portion,  thus  realizing  a  CCD  of  higher 

55  density  pixels  and  higher  reliability. 

4 



7 EP  0  587  179  A2 8 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  plane  view  showing  a  conventional 
one-line  read  charge  transfer  device; 
Fig.  2  is  a  plane  view  showing  a  conventional 
two-line  read  charge  transfer  device; 
Fig.  3  is  an  enlarged  plane  view  showing  the 
essential  portion  from  the  pixels  to  the  register 
portions  of  the  two-line  read  charge  transfer 
device  (shown  in  Fig.  2)  of  two-layer  poly  silicon 
electrode  structure; 
Figs.  4A  and  4B  are  cross-sectional  views  show- 
ing  the  same  conventional  charge  transfer  de- 
vice  shown  in  Fig.  3,  taken  along  the  lines  A  -  A 
and  B  -  B,  respectively; 
Figs.  5A  to  5D  are  timing  charts  of  drive  pulse 
signals  applied  to  the  electrodes  of  the  charge 
transfer  device  shown  in  Fig.  3; 
Figs.  6A  and  6B  are  potential  distribution  dia- 
grams  at  the  cross  sections  shown  in  Figs.  4A 
and  4B,  respectively; 
Fig.  7  is  an  enlarged  plane  view  showing  the 
essential  portion  from  the  pixels  to  the  register 
portions  of  the  two-line  read  charge  transfer 
device  (shown  in  Fig.  2)  of  three-layer  poly 
silicon  electrode  structure; 
Fig.  8  is  a  plane  view  showing  a  first  embodi- 
ment  of  the  charge  transfer  device  according  to 
the  present  invention; 
Figs.  9A  to  9C  are  cross-sectional  views  show- 
ing  the  same  charge  transfer  device  shown  in 
Fig.  8,  taken  along  the  lines  A  -  A,  B  -  B,  and  C 
-  C,  respectively; 
Figs.  10A  to  10E  are  timing  charts  of  drive  pulse 
signals  applied  to  the  electrodes  of  the  first 
embodiment  of  the  charge  transfer  device 
shown  in  Fig.  8; 
Figs.  11A  to  1  1  C  are  potential  distribution  dia- 
grams  at  the  cross  sections  shown  in  Figs.  9A  to 
9C,  respectively; 
Fig.  12  is  a  plane  view  showing  a  second  em- 
bodiment  of  the  charge  transfer  device  accord- 
ing  to  the  present  invention;  and 
Figs.  13A  to  13E  are  timing  charts  of  drive  pulse 
signals  applied  to  the  electrodes  of  the  second 
embodiment  of  the  charge  transfer  device 
shown  in  Fig.  12. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

The  embodiments  of  the  charge  transfer  device 
according  to  the  present  invention  will  be  described 
hereinbelow  with  reference  to  the  attached  draw- 
ings. 

Figs.  8  and  9A  to  9C  show  the  first  embodi- 
ment  of  the  present  invention,  in  which  the  device 
of  two-line  read  and  two-layer  poly  silicon  electrode 

structure  is  shown.  Further,  in  Fig.  8,  the  substrate 
buried  regions  are  denoted  by  solid  lines;  the  first 
layer  electrodes  are  denoted  by  dot-dashed  lines, 
and  the  second  layer  electrodes  are  denoted  by 

5  dot-dot-dashed  lines.  Further,  Fig.  9A  is  a  cross- 
sectional  view  taken  along  the  line  A  -  A  in  Fig.  8; 
Fig.  9B  is  a  cross-sectional  view  taken  along  the 
line  B  -  B  in  Fig.  8;  and  Fig.  9C  is  a  cross-sectional 
view  taken  along  the  line  C  -  C  in  Fig.  8. 

io  Further,  in  these  drawings,  n-type  pixels  102 
and  an  n-type  buried  channel  region  103  are 
formed  in  a  p-type  substrate  101.  A  great  number 
of  pixels  102  are  arranged  in  a  line.  The  pixels  of  a 
first  group  whose  charges  are  transferred  on  and 

is  along  a  first  charge  transfer  path  (described  later) 
and  the  pixels  of  a  second  group  whose  charges 
are  transferred  on  and  along  a  second  charge 
transfer  path  (described  later)  are  arranged  alter- 
nately. 

20  A  buried  channel  region  103  is  provided  with  a 
CCD  register  channel  region  (referred  to  as  a  first 
RC  region)  104  used  as  a  first  charge  transfer  path 
and  another  CCD  register  channel  region  (referred 
to  as  a  second  RC  region)  105  used  as  a  second 

25  charge  transfer  path  in  such  a  way  that  both  the 
register  channel  regions  104  and  105  are  arranged 
in  parallel  to  each  other. 

Channel  regions  (referred  to  as  TC  regions, 
hereinafter)  106  of  the  transfer  gate  portion  are 

30  formed  between  the  first  and  second  RC  regions 
104  and  105  and  in  the  buried  channel  region  103. 
Each  of  the  TC  regions  106  is  provided  in  the 
proportion  of  one  to  two  pixels  of  the  second 
group.  Each  TC  region  106  is  composed  of  an  n- 

35  type  region  107  formed  in  the  vicinity  of  the  first 
RC  region  104  and  an  n-type  region  108  formed  in 
the  vicinity  of  the  second  RC  region  105.  Accu- 
mulation  gate  register  regions  (referred  to  as  GR 
regions)  110  for  constituting  charge  keeping  por- 

40  tions  are  formed  between  the  pixels  102  and  the 
first  RC  region  (first  charge  transfer  path)  104  and 
in  the  buried  channel  region  103.  Each  of  these  GR 
regions  110  is  formed  for  each  pixel  102  so  as  to 
project  from  the  first  RC  region  104.  Further,  an  n- 

45  type  charge  keeping  barrier  portion  109  as  a  poten- 
tial  barrier  is  formed  between  the  GR  region  110 
and  the  first  RC  region  104,  respectively. 

Further,  two  p-type  shift  gate  channel  regions 
(referred  to  as  GC  regions,  hereinafter)  111  and 

50  112  are  formed  between  the  pixels  102  and  the  GR 
regions  110  and  in  the  substrate  101.  The  GC 
region  111  is  formed  in  the  vicinity  of  the  pixels 
102  and  the  GC  region  112  is  formed  in  the  vicinity 
of  the  first  RC  region  104. 

55  Further,  an  electrode  113  for  constituting  the 
shift  gate  portion  is  formed  in  the  substrate  101  so 
as  to  extend  on  and  along  the  GC  region  111,  in 
order  to  control  the  charge  transfer  from  the  pixels 
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102  to  the  GC  region  111. 
Further,  an  electrode  114  for  constituting  a 

charge  keeping  portion  end  electrodes  115  to  122 
for  constituting  CCD  register  portions  are  formed 
on  the  substrate  101.  The  electrode  114  extends 
along  the  GR  region  110  and  has  a  width  extending 
from  over  the  GC  region  112  to  over  the  GR  region 
110.  The  electrode  114  controls  the  charge  transfer 
from  the  GC  region  111  to  the  GR  region  110.  The 
electrodes  115  to  121  are  arranged  over  the  first 
and  second  RC  regions  104  and  105  to  control  the 
charge  transfer  operation  on  the  RC  regions  104 
and  105. 

The  electrodes  115,  117,  118  and  120  are  also 
arranged  on  the  n-type  charge  keeping  barrier  por- 
tion  109.  The  electrodes  117  and  118  control  the 
charge  transfer  of  the  first-group  pixels  102  from 
the  GR  region  110  to  the  first  RC  region  104,  and 
the  electrodes  115  and  120  control  the  charge 
transfer  of  the  second-group  pixels  102  from  the 
GR  region  110  to  the  first  RC  region  104. 

In  addition,  electrodes  123  for  constituting  the 
transfer  gate  portion  are  formed  on  the  TC  regions 
106  and  the  substrate  101,  in  order  to  control  the 
charge  transfer  from  the  first  RC  region  104  to  the 
second  RC  region  105. 

Further,  as  shown  in  Fig.  8,  a  shift  gate  drive 
pulse  signal  1a  is  applied  to  the  electrode  113;  an 
accumulation  gate  drive  pulse  signal  1b  is  applied 
to  the  electrode  114;  a  CCD  register  drive  pulse 
signal  1c  is  applied  to  the  electrodes  115,  116, 
120,  and  121;  a  CCD  register  drive  pulse  signal  1d 
is  applied  to  the  electrodes  116  to  119;  and  a 
transfer  gate  drive  pulse  signal  1e  is  applied  to  the 
electrode  123,  respectively.  These  signals  1a  to  1e 
are  applied  by  control  means  (not  shown)  to  control 
the  charge  transfer  operation  by  the  transfer  gate 
portion.  In  more  detail,  the  transfer  of  all  the 
charges  outputted  at  a  time  from  the  second-group 
pixels  can  be  completed  as  follows:  the  charge 
transfer  operation  by  the  transfer  gate  portion  for 
the  charges  outputted  at  a  time  from  the  second- 
group  pixels  are  divided  into  several  times,  and 
further  the  charges  outputted  at  a  time  from  the 
second-group  by  the  above-mentioned  respective 
charge  transfer  operation  are  transferred  set  by  set 
divided  in  unit  of  pixel. 

Figs.  10A  to  10E  show  the  timing  charts  of 
these  drive  signals,  and  Figs.  11A  to  1  1  C  show  the 
control  operation  on  the  basis  of  these  drive  sig- 
nals. 

The  above-mentioned  control  operation  based 
upon  the  drive  signals  will  be  described  herein- 
below  with  reference  to  Figs,  10A  to  10E  and  Fig.s 
11A  to  1  1  C.  Further,  the  potential  distribution  dia- 
grams  shown  in  Figs.  11A  to  1  1  C  are  obtained  at 
the  cross-sectional  views  shown  in  Figs.  9A  to  9C, 
respectively. 

In  the  respective  drawings,  charges  e1  are  the 
first-group  charges  transferred  on  and  along  the 
first  RC  region  104  and  charges  e21  and  e22  are 
the  second-group  charges  transferred  on  and  along 

5  the  second  RC  region  105.  Further,  the  charges 
e21  and  e22  are  transferred  from  the  first  RC 
region  104  to  the  second  RC  region  105  being 
divided  into  two  times.  Here,  charges  e21  are  the 
second  group  charges  (referred  to  as  the  second- 

io  group  first-set  charges)  transferred  to  the  second 
RC  region  105  (the  second  charge  transfer  path) 
by  the  first  transfer  operation  and  transferred  on 
and  along  the  second  RC  region  105.  The  charges 
e22  are  the  second  group  charges  (referred  to  as 

is  the  second-group  second-set  charges)  transferred 
to  the  second  RC  region  105  by  the  second  trans- 
fer  operation  and  transferred  on  and  along  the 
second  RC  region  105. 

First,  at  time  t1,  the  drive  pulse  signals  1a  and 
20  1b  are  both  at  an  "H"  level,  and  the  drive  pulse 

signals  1c  to  1e  are  at  an  "L"  level.  Therefore,  the 
GR  (gate  register)  region  110  and  the  GC  (shift 
gate  channel)  regions  111  and  112  are  turned  on, 
and  the  first  RC  (register  channel)  region  104  (first 

25  charge  transfer  path)  and  the  charge  keeping  bar- 
rier  portion  109  are  turned  off,  so  that  all  the 
charges  of  the  pixels  102  are  transferred  to  the  GR 
region  110,  respectively. 

Next,  at  time  t2,  since  only  the  drive  pulse 
30  signal  1c  changes  to  the  "H"  level,  the  region 

under  the  electrodes  115,  116,  120  and  121  and  in 
the  first  RC  region  104  and  the  n-type  charge 
keeping  barrier  portion  109  are  turned  on,  and  the 
regions  under  the  electrodes  117  to  119  are  turned 

35  off.  Accordingly,  the  second  group  charges  e21 
and  e22  are  transferred  from  the  GR  region  110  to 
the  first  RC  region  104.  On  the  other  hand,  the  first 
group  charges  e1  are  kept  remaining  in  the  GR 
region  110. 

40  Thereafter,  at  time  t3,  since  the  drive  pulse 
signals  1b  and  1e  change  both  to  the  "H"  level  and 
the  drive  pulse  signals  1a,  1c  and  1d  are  at  the  "L" 
level,  the  GR  region  110  and  the  TC  (transfer 
channel)  regions  107  and  108  are  turned  on,  and 

45  the  first  RC  region  104  (all  over)  and  the  n-type 
charge  keeping  barrier  portion  109  are  turned  off. 
Accordingly,  the  second-group  first-set  charges 
e21  are  transferred  from  the  first  RC  region  104  to 
the  TC  region  108.  On  the  other  hand,  since  the 

50  first  RC  region  104  is  off  all  over,  the  second-group 
second-set  charges  e22  are  kept  remaining  in  the 
region  under  the  electrode  116  and  in  the  first  RC 
region  104.  Further,  since  the  GR  region  110  is  in 
the  turn-on  status,  the  first  group  charges  e1  still 

55  remain  in  the  GR  region  1  10. 
At  time  t4,  since  only  the  drive  pulse  signal  1b 

is  at  the  "H"  level,  only  the  GR  region  110  is 
turned  on.  Accordingly,  the  TC  region  108  and  the 
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second  RC  region  105  are  turned  off,  so  that  the 
second-group  first-set  charges  e21  are  transferred 
from  the  TC  region  108  to  the  second  RC  region 
105,  thus  completing  the  transfer  of  the  second- 
group  first-set  charges  e21  by  the  transfer  gate 
portion.  For  the  same  reason  as  at  the  time  t3,  the 
second-group  second-set  charges  e22  remain  in 
the  region  under  the  electrode  116  and  in  the  first 
RC  region  104.  Further,  the  first-group  charges  e1 
remain  in  the  GR  region  110. 

Further,  at  time  t5,  the  drive  pulse  signals  1b 
and  1d  are  at  the  "H"  level  and  the  other  drive 
pulse  signals  1a,  1c  and  1e  are  at  the  "L"  level. 
Therefore,  the  regions  under  the  electrodes  117  to 
119  and  122  and  in  the  first  and  second  RC  re- 
gions  104  and  105  are  turned  on,  and  the  regions 
under  the  electrodes  115,  116,  120  and  121  and  in 
the  first  and  second  RC  regions  104  and  105  are 
turned  off.  As  a  result,  the  second-group  second- 
set  charges  e22  are  transferred  from  the  region 
under  the  electrodes  115  and  116  in  the  first  RC 
region  104  to  the  region  under  the  electrodes  118 
and  119  in  the  same  RC  region  104.  Further,  the 
second-group  first-set  charges  e21  are  transferred 
from  the  region  under  the  electrodes  120  and  121 
in  the  second  RC  region  105  to  the  region  under 
the  electrodes  117  and  122.  The  first-group 
charges  e1  remain  in  the  GR  resion  110  for  the 
same  reason  as  above. 

At  time  t6,  since  the  drive  pulse  signals  1b  and 
1c  are  at  the  "H"  level  and  the  drive  pulse  signals 
1a,  1d  and  1e  are  at  the  "L"  level,  the  region  under 
the  electrodes  115,  116,  120  and  121  and  in  the 
first  RC  region  104  are  turned  on,  and  the  region 
under  the  electrodes  117  to  119  and  122  and  in  the 
same  RC  region  104  are  turned  off.  Accordingly, 
the  second-group  second-set  charges  e22  are 
transferred  from  the  region  under  the  electrodes 
118  and  119  and  in  the  first  RC  region  104  to  the 
region  under  the  electrodes  120  and  121  and  in  the 
same  RC  region  104  so  as  to  face  the  transfer  gate 
portion.  The  second-group  first-set  charges  e21  are 
also  transferred  from  the  region  under  the  elec- 
trodes  117  and  122  and  in  the  second  RC  region 
105  to  the  region  under  the  electrodes  115  and 
116.  The  first-group  charges  e1  remain  in  the  GR 
region  110  for  the  same  reason  as  above. 

At  time  t7,  the  drive  pulse  signals  1b  and  1e 
are  at  the  "H"  level  and  the  drive  pulse  signals  1a, 
1c  and  1d  are  at  the  "L"  level,  so  that  the  TC 
regions  107  and  108  are  turned  on  and  the  first 
and  second  RC  regions  104  and  105  are  turned  off. 
Accordingly,  the  second-group  second-set  charges 
e22  are  transferred  from  the  region  under  the  elec- 
trodes  120  and  121  and  in  the  first  RC  region  104 
to  the  TC  region  108.  Further,  since  the  second  RC 
region  105  are  turned  off  all  over,  the  second-group 
first-set  charges  e21  remain  as  they  are,  and  the 

first-group  charges  e1  remain  in  the  GR  region  110 
in  the  same  way  as  above. 

At  time  t8,  all  the  drive  pulse  signal  1a  to  1e 
change  to  the  "L"  level.  Then,  first  since  the  TC 

5  regions  107  and  108  are  turned  off,  the  second- 
group  second-set  charges  e22  are  transferred  to 
the  region  under  the  electrodes  120  and  121  in  the 
second  RC  region  105  turned  off  in  the  same  way, 
thus  completing  the  transfer  of  the  second-group 

io  second-set  charges  e22  by  the  transfer  gate  por- 
tion.  At  this  time,  since  the  second-group  first-set 
charges  e21  remain  at  the  region  under  the  elec- 
trodes  117  and  122  and  in  the  second  RC  legion 
105  for  the  same  reason  as  above,  the  charges  e21 

is  are  not  mixed  with  the  charges  e22.  Under  these 
conditions,  all  the  second-group  charges  e21  and 
e22  have  been  transferred  to  the  second  RC  legion 
105.  The  first-group  charges  e1  are  kept  remaining 
at  the  GR  region  110,  because  the  n-type  charge 

20  keeping  barrier  portion  109  are  turned  off. 
Further,  at  time  t9,  since  only  the  drive  pulse 

signal  1d  is  at  the  "H"  level,  the  regions  under  the 
electrodes  117  to  119  and  122  and  in  the  first  and 
second  RC  regions  104  and  105  are  turned  on  and 

25  the  regions  under  the  electrodes  115,  116,  120  and 
121  are  turned  off.  Further,  since  the  GR  region 
110  is  turned  off,  the  first-group  charges  e1  are 
transferred  from  the  GR  region  110  to  the  region 
under  the  electrodes  117  to  119  and  122  and  in  the 

30  first  RC  region  104.  Further,  the  second-group 
charges  e21  and  e22  are  transferred  from  the  re- 
gion  under  the  electrodes  115,  116,  120  and  121 
and  in  the  second  RC  region  105  to  the  region 
under  the  electrodes  117  to  119  and  122.  There- 

35  after,  the  charges  e1,  e21  and  e22  are  transferred 
on  and  along  the  first  and  second  RC  regions  104 
and  105  to  an  output  circuit,  by  turning  on  and  off 
the  drive  pulse  signals  1c  and  1d  alternately  and 
reciprocally. 

40  As  described  above,  in  the  first  embodiment, 
since  the  transfer  operation  of  the  transfer  gate 
portion  for  the  second-group  charges  e21  and  e22 
is  divided  into  two  transfer  steps,  it  is  possible  to 
reduce  the  number  of  the  transfer  gates  half  as 

45  compared  with  the  case  of  the  conventional  charge 
transfer  device  as  shown  in  Fig.  2.  In  other  words, 
it  is  possible  to  relax  the  restriction  on  the  channel 
width  of  the  outlet  portion  from  the  first  RC  region 
104  to  the  TC  region  106  of  the  transfer  gate 

50  portion.  Therefore,  the  potential  barrier  due  to  the 
narrow  channel  effect  can  be  eliminated,  thus  pre- 
venting  the  charges  from  remaining  during  the 
charge  transfer  between  the  first  and  second  RC 
(register  channel)  regions  104  and  105  or  the  first 

55  and  second  transfer  paths. 
Further,  as  well  understood  in  comparison  with 

the  conventional  charge  transfer  device  as  shown 
in  Fig.  3,  it  is  possible  to  obtain  a  space  margin  for 
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element  layout  of  the  transfer  gate  portion,  thus 
realizing  a  CCD  of  higher  density  pixels.  For  exam- 
ple,  it  is  possible  to  realize  a  CCD  of  multi-line  read 
and  two-layer  poly  silicon  structure  in  which  the 
pitch  of  the  CCD  register  portion  is  1  1  urn  in  2.  5 
linn  rule,  so  that  it  is  possible  to  realize  a  linear 
image  sensing  device  of  5.  5  urn  pitch. 

Further,  when  the  second-group  charges  e21 
and  e22  are  being  transferred  to  the  second  RC 
region  105,  the  first-group  charges  e1  are  kept 
remaining  at  the  GR  region  110,  so  that  it  is 
possible  to  prevent  the  first-group  charges  e1  from 
being  mixed  with  the  second-group  charges  e21 
and  e22  at  the  first  RC  region  104. 

Further,  in  the  above-mentioned  first  embodi- 
ment,  the  second-group  charges  are  divided  into 
two  sets  of  charges  e21  and  e22  and  transferred 
twice  to  the  second  RC  region  105  by  the  transfer 
gate  portion.  Without  being  limited  thereto,  it  is 
possible  to  prevent  the  mixture  of  charges  between 
the  pixels  by  dividing  the  transfer  operation  of  the 
second-group  charges  into  three  times  or  more  by 
the  presence  of  the  GR  (accumulation  gate  regis- 
ter)  region  110.  In  this  case,  two  sets  of  the 
charges  are  transferred  at  a  time  from  the  GR 
region  110  to  the  first  RC  region  104,  while  keeping 
another  set  of  remaining  charges  at  the  GR  region 
110.  Therefore,  it  is  also  possible  to  transfer 
charges  for  each  6  or  8  pixels,  as  far  as  a  sufficient 
long  transfer  time  is  allowed. 

Fig.  12  shows  a  second  embodiment  of  the 
charge  transfer  device  of  the  present  invention,  in 
which  the  two-line  read  three-layer  structure  is 
shown.  The  same  reference  numerals  have  been 
retained  for  the  similar  elements  or  parts  which 
have  the  same  functions  as  with  the  case  of  the 
first  embodiment  shown  in  Fig.  8.  In  Fig.  12,  the 
first  layer  electrodes  are  shown  by  dot-dashed 
lines;  the  second  layer  electrodes  are  shown  by 
dot-dot-dashed  lines;  and  the  third  layer  electrodes 
are  shown  by  dashed  lines,  respectively. 

In  Fig.  12,  electrodes  501  to  508  for  constitut- 
ing  the  CCD  register  portion  and  an  electrode  509 
for  constituting  the  transfer  gate  portion  are  formed 
in  the  substrate.  As  shown  in  Fig.  12,  the  elec- 
trodes  502,  505,  507  and  508  are  formed  on  the 
first  layer;  the  electrodes  501,  503,  504  and  506 
are  formed  on  the  second  layer;  and  the  electrode 
509  is  formed  on  the  third  layer,  respectively.  The 
electrode  509  for  constituting  the  transfer  gate  por- 
tion  is  arranged  separately  on  the  third  layer  in 
such  a  way  as  to  extend  all  over  the  TC  region  106 
formed  in  the  substrate  in  continuous  band  shape. 

In  Fig.  12,  two  drive  pulse  signals  5a  and  5b 
are  also  shown  to  control  the  transfer  operation  of 
the  charges  on  the  first  and  second  RC  regions 
104  and  105.  The  drive  pulse  signal  5a  is  applied 
to  the  electrodes  501,  502,  506  and  507;  and  the 

drive  pulse  signal  5b  is  applied  to  the  electrodes 
503,  505  and  508,  respectively. 

In  the  case  of  the  first  embodiment  shown  in 
Fig.  8,  the  shapes  of  the  electrodes  115  to  122  are 

5  such  that  both  ends  of  the  electrodes  115  to  122 
are  located  on  the  same  longitudinal  positions  of 
the  first  and  second  RC  regions  104  and  105,  so 
that  the  charges  on  the  first  and  second  RC  re- 
gions  104  and  105  are  transferred  therealong  in 

io  juxtapositonal  relationship  with  respect  to  one  an- 
other. 

In  contrast  with  this,  in  the  second  embodiment 
shown  in  Fig.  12,  the  shapes  of  the  electrodes  501 
to  508  are  such  that  one  ends  thereof  located  on 

is  the  first  RC  region  104  are  offset  from  the  other 
ends  thereof  located  on  the  second  RC  region  105, 
so  that  the  charges  on  the  second  RC  region  105 
are  transferred  being  advanced  one  pitch  of  the 
pixels  102  with  respect  to  the  charges  transferred 

20  on  the  first  RC  region  104  in  synchronism  with  one 
another.  Accordingly,  the  drive  pulse  signals  5a 
and  5b  are  determined  as  shown  in  Figs.  13C  and 
13D,  respectively.  In  comparison  with  the  drive 
pulse  signals  1c  and  1d  shown  in  Figs.  10C  and 

25  10D,  the  drive  pulse  signals  5a  and  5b  are  the 
same  as  the  drive  pulse  signals  1c  and  1d  till  time 
t4  (until  the  second-group  first-set  charges  e21  are 
transferred  to  the  second  RC  region  105).  However, 
after  time  t5,  in  the  second  embodiment,  the  sec- 

30  ond-group  first-set  charges  e21  are  transferred  on 
and  along  the  second  RC  region  105  by  turning  on 
and  off  the  drive  pulse  signals  5a  and  5b  al- 
ternately  and  reciprocally  in  opposition  to  the  pulse 
signals  1c  and  1d. 

35  The  operation  of  the  second  embodiment  other 
than  the  above  is  substantially  the  same  as  with 
the  case  of  the  first  embodiment.  Therefore,  in  this 
second  embodiment,  it  is  also  possible  to  relax  the 
restriction  on  the  channel  width  of  the  TC  region 

40  106  of  the  transfer  gate  portion.  Further,  as  well 
understood  in  comparison  with  the  conventional 
charge  transfer  device  as  shown  in  Fig.  7,  it  is 
possible  to  obtain  a  space  margin  with  respect  to 
the  element  layout  of  the  transfer  gate  portion,  thus 

45  realizing  a  CCD  of  higher  density  pixels. 
As  described  above,  in  the  charge  transfer 

device  according  to  the  present  invention,  since  the 
transfer  operation  of  all  the  second-group  charges 
to  be  transferred  between  the  two  transfer  paths  by 

50  the  transfer  gate  portion  is  divided  into  a  plurality 
of  times,  it  is  possible  to  reduce  the  number  of 
transfer  gates  by  the  number  of  divisions,  thus 
relaxing  the  restriction  on  the  channel  width  of  the 
transfer  gate  portion.  Consequently,  it  is  possible  to 

55  eliminate  the  potential  barrier  due  to  the  narrow 
channel  effect,  thus  preventing  charges  from  being 
kept  remaining  during  the  charge  transfer  operation 
between  the  first  and  second  transfer  paths. 

8 
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Further,  it  is  possible  to  obtain  a  sufficient 
margin  with  respect  to  the  layout  of  the  transfer 
gate  portion,  so  that  the  CCD  of  higher  pixel  den- 
sity  can  be  realized.  For  example,  it  is  possible  to 
realize  a  CCD  of  multi-line  read  and  two-layer  poly  5 
silicon  structure  in  which  the  pitch  of  the  CCD 
register  portion  is  1  1  urn  in  2.  5  urn  rule,  so  that  it 
is  possible  to  realize  a  linear  image  sensing  device 
of  5.  5  urn  pitch. 

Further,  since  the  charge  keeping  portion  is  10 
formed,  it  is  possible  to  prevent  the  charges  of  two 
adjacent  pixels  from  being  mixed  with  one  another, 
by  keeping  some  charges  at  the  charge  keeping 
portion  when  the  other  remaining  charges  are  be- 
ing  transferred  from  the  first  transfer  path  to  the  is 
second  transfer  path.  Therefore,  it  is  possible  to 
freely  determine  the  number  of  charge  transfer 
gates  of  the  transfer  gate  portion.  In  this  case, 
when  two  sets  of  the  charges  are  transferred  at  a 
time  from  the  charge  keeping  portion  to  the  first  20 
transfer  path,  while  keeping  another  set  of  remain- 
ing  charges  at  the  charge  keeping  portion,  it  is 
possible  to  prevent  the  charges  of  different  pixels 
from  being  mixed  with  one  another  on  the  first 
transfer  path.  In  other  words,  it  is  possible  to  obtain  25 
a  sufficient  margin  with  respect  to  the  layout  of  the 
transfer  gate  portion,  thus  realizing  a  CCD  of  higher 
density  pixels  and  higher  reliability. 

Claims  30 

1.  A  charge  transfer  device,  comprising: 
a  first  charge  transfer  path  for  transferring 

charges  of  pixels  of  a  first  group; 
a  second  charge  transfer  path  arranged  in  35 

parallel  to  said  first  charge  transfer  path,  for 
transferring  charges  of  pixels  of  a  second 
group  interposed  between  the  two  pixels  of  the 
first  group; 

a  transfer  gate  portion  for  transferring 
charges  of  the  second-group  pixels  from  said 
first  charge  transfer  path  to  said  second 
charge  transfer  path;  and 

transfer  control  electrodes  for  completing 
transfer  operation  of  all  the  charges  outputted 
at  a  time  from  the  second-group  pixels,  by 
dividing  the  transfer  operation  of  the  charges 
outputted  at  a  time  from  the  second-group 
pixels  through  said  transfer  gate  portion  into  a 

ond-group  pixels  other  than  those  being  trans- 
ferred  among  the  charges  to  be  transferred  by 
said  transfer  gate  portion. 

5  3.  The  charge  transfer  device  of  claim  2,  wherein 
said  transfer  control  electrodes  comprises: 

shift  gate  electrode  portions  for  transfer- 
ring  charges  of  the  first  and  second  groups 
from  the  pixels  to  said  charge  keeping  means; 

io  second-group  transfer  control  electrodes 
responsive  to  a  first  control  signal,  for  transfer- 
ring  the  second-group  charges  from  said 
charge  keeping  means  to  said  first  charge 
transfer  path; 

is  first-set  transfer  control  electrodes  respon- 
sive  to  a  second  control  signal  generated  after 
the  first  control  signal,  for  transferring  first-set 
charges  of  a  half  of  the  pixels  for  generating 
the  second-group  charges,  from  said  first 

20  charge  transfer  path  to  said  second  charge 
transfer  path; 

second-set  transfer  control  electrodes  re- 
sponsive  to  a  third  control  signal  generated 
after  the  second  control  signal,  for  transferring 

25  second-set  charges  of  a  remaining  half  of  the 
pixels  for  generating  the  second-group 
charges,  from  said  first  charge  transfer  path  to 
said  second  charge  transfer  path;  and 

first-group  transfer  control  electrodes  re- 
30  sponsive  to  a  fourth  control  signal  after  the 

third  control  signal,  for  transferring  the  first- 
group  charges  from  said  charge  keeping 
means  to  said  first  charge  transfer  path. 

35  4.  The  charge  transfer  device  of  claim  1  ,  wherein 
said  transfer  control  electrodes  are  formed  in 
two  layer  structure  on  a  semiconductor  sub- 
strate  in  which  the  pixels,  said  first  charge 
transfer  path,  said  second  charge  transfer  path, 

40  and  said  transfer  gate  portion  are  formed. 

5.  The  charge  transfer  device  of  claim  1  ,  wherein 
said  transfer  control  electrodes  are  formed  in 
three  layer  structure  on  a  semiconductor  sub- 

45  strate  in  which  the  pixels,  said  first  charge 
transfer  path,  said  second  charge  transfer  path, 
and  said  transfer  gate  portion  are  formed. 

6.  A  method  of  transferring  charges,  comprising 
50  steps  of: 

transferring  charges  of  pixels  of  a  first 
group  through  a  first  charge  transfer  path; 

transferring  charges  of  pixels  of  a  second 
group  interposed  between  the  two  pixels  of  the 

55  first  group  through  a  second  charge  transfer 
path  arranged  in  parallel  to  the  first  charge 
transfer  path; 

transferring  charges  of  the  second-group 

plurality  of  times  and  further  by  transferring  50 
charges  outputted  at  a  time  from  the  second- 
group  pixels  for  each  divided  set  of  pixels  in 
each  divided  transfer  operation. 

2.  The  charge  transfer  device  of  claim  1,  which  55 
further  comprises  charge  keeping  means  inter- 
posed  between  the  pixels  and  said  first  charge 
transfer  path,  for  keeping  charges  of  the  sec- 

9 
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pixels  from  the  first  charge  transfer  path  to  the 
second  charge  transfer  path;  and 

completing  transfer  operation  of  all  the 
charges  outputted  at  a  time  from  the  second- 
group  pixels,  by  dividing  the  transfer  operation  5 
of  the  charges  outputted  at  a  time  from  the 
second-group  pixels  from  the  first  transfer  path 
to  the  second  transfer  path,  into  a  plurality  of 
times  and  further  by  transferring  charges  out- 
putted  at  a  time  from  the  second-group  pixels  10 
for  each  divided  set  of  pixels  in  each  divided 
transfer  operation. 
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