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©  Solid  state  imager. 
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©  The  solid  state  imager  is  comprised  of  an  im- 
ager  unit  (10)  composed  of  a  plurality  of  sensitive 
units  (1)  arrayed  in  the  unit  of  pixels  in  a  two- 
dimensional  manner  in  the  horizontal  and  vertical 
directions  and  vertical  transfer  units  (2)  for  transfer- 
ring  electric  charges  read-out  from  the  sensitive 
units  in  the  vertical  direction  at  every  vertical  col- 
umn,  and  a  horizontal  transfer  unit  formed  of  charge 
transfer  unit  group  (81  ,  82,  83,...)  of  a  plurality  of  bits 
in  which  a  clock  voltage  (4>m)  is  applied  to  a  first 
charge  transfer  unit  group  (81,  83,  ...)  at  every  other 
bit  including  the  charge  transfer  unit  (81  )  of  a  final  bit 
and  a  clock  voltage  {i>H2)  is  applied  to  a  second 
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charge  transfer  unit  group  (82,  84,  ...)  at  every  other 
bit  of  the  remaining  bit  to  transfer  the  electric 
charges  supplied  from  the  image  unit  in  the  horizon- 
tal  direction,  wherein  a  cross  point  between  a  lead- 
ing  edge  of  the  clock  voltage  (4>m)  and  a  trailing 
edge  of  the  clock  voltage  ($H2)  is  set  to  be  a  level 
higher  than  an  intermediate  level  between  peak  val- 
ues  of  the  clock  voltages.  Thus,  a  so-called  electric 
charge  flooding  phenomenon  from  the  final  bit  (final 
stage)  of  the  horizontal  transfer  unit  to  the  output 
circuit  unit  can  be  prevented  and  therefore  the  dy- 
namic  range  of  the  final  bit  can  be  increased  rela- 
tively. 
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Field  of  the  Invention 

The  present  invention  generally  relates  to  solid 
state  imagers  and,  more  particularly,  is  directed  to 
a  solid  state  imager  in  which  a  dynamic  range  of  a 
final  bit  in  a  horizontal  transfer  unit  is  improved. 

Description  of  the  Prior  Art 

FIG.  1  shows  a  structure  of  a  solid  state  imager 
of,  for  example,  an  interline  transfer  type  as  an 
example  of  a  conventional  solid  state  imager. 

Referring  to  FIG.  1,  it  will  be  seen  that  an 
imager  unit  3  is  formed  of  a  plurality  of  sensitive 
units  1  arrayed  in  the  unit  of  pixels  in  the  horizontal 
and  vertical  directions  for  storing  electric  charges 
corresponding  to  an  amount  of  an  incident  light  and 
a  vertical  transfer  unit  composed  of  a  plurality  of 
vertical  shift  registers  2  for  transferring  electric 
charges  instantly  read  out  from  these  sensitive 
units  1  during  one  portion  of  a  vertical  blanking 
period  at  every  vertical  column.  In  the  imager  unit 
3,  each  of  the  sensitive  units  1  is  formed  of,  for 
example,  a  photodiode  and  each  of  the  vertical 
shift  registers  2  is  formed  of  a  charge  coupled 
device  (CCD).  An  electric  charge  read  out  to  the 
vertical  shift  register  2  is  sequentially  transferred  to 
a  horizontal  shift  register  (horizontal  transfer  unit)  4 
at  its  every  portion  corresponding  to  one  line  by 
driving  the  vertical  shift  register  2  by  4-phase  clock 
voltages  <f>Ui  to  4>U4  during  one  portion  of  the  hori- 
zontal  blanking  period.  The  horizontal  shift  register 
4  is  formed  of  a  CCD.  An  electric  charge  of  one 
line  is  sequentially  transferred  to  the  horizontal 
direction  by  driving  the  horizontal  shift  register  4  by 
2-phase  clock  voltages  4>Hi  and  <t>H2.  An  output 
circuit  unit  5  formed  of  a  floating  diffusion  amplifier 
(FDA)  or  the  like  is  provided  at  the  final  stage  of 
the  horizontal  shift  register  4.  The  output  circuit  unit 
5  converts  electric  charges,  which  are  photo- 
electrically-converted  by  the  sensing  unit  1  and 
vertically  and  horizontally  transferred,  into  voltages 
and  then  derives  the  same  as  a  signal  output 
voltage  OUT. 

In  the  CCD  solid  state  imager  thus  arranged, 
as  is  clear  from  FIG.  2  which  shows  a  sectional 
structure  of  the  horizontal  shift  register  4,  the  hori- 
zontal  shift  register  4  is  constructed  as  follows:  As 
shown  in  FIG.  2,  a  plurality  of  transfer  electrodes 
81  ,  82  8n,  each  formed  of  electrode  pair  of 
bilayer  structure  are  arrayed,  for  example,  on  a 
silicon  semiconductor  substrate  6  via  an  insulating 
film  7  in  the  transfer  direction  and  one  electrode  of 
each  electrode  pair  and  the  other  electrode  thereof 
are  coupled  each  other  as  a  transfer  unit  TR  and  a 
storage  unit  ST,  thereby  the  horizontal  shift  register 
4  being  constructed  as  charge  transfer  units 
(transfer  electrodes)  of  a  plurality  of  bits.  Then, 

transfer  electrode  groups  (81,  83,  ...)  of  every  other 
bit  involving  the  transfer  electrode  81  of  the  final  bit 
are  commonly  coupled  and  other  transfer  electrode 
groups  (82,  84,  ...)  of  every  other  bit  are  similarly 

5  commonly  coupled  and  the  clock  voltages  4>Hi  and 
4>H2  of  the  same  waveform  shown  in  FIG.  3  are 
applied  to  these  two  sets  of  transfer  electrode 
groups,  thereby  the  horizontal  shift  register  4  being 
driven  in  a  two-phase  fashion.  A  gate  electrode  9  is 

10  formed  at  the  rear  stage  of  the  transfer  electrode 
81  of  the  final  bit  on  the  substrate  6  through  the 
insulating  layer  7  to  thereby  construct  a  horizontal 
output  gate  unit  HOG. 

In  the  above-mentioned  horizontal  shift  register 
15  4,  a  dynamic  range  of  the  electric  charge  transfer 

unit  (transfer  electrode  81)  of  the  final  bit  (final 
stage)  is  determined  by  a  difference  between  a 
potential  of  the  horizontal  output  gate  unit  HOG  and 
a  potential  of  the  storage  unit  ST  in  the  transfer 

20  electrode  81  of  the  final  bit  unlike  the  electric 
charge  transfer  unit  of  other  bit.  As  a  consequence, 
before  electric  charges  are  transferred  to  the  output 
circuit  unit  5  (see  FIG.  1),  when  electric  charges 
are  stored  in  the  transfer  electrode  81  of  the  final 

25  bit,  electric  charges  are  stored  from  the  transfer 
electrode  82  to  the  transfer  electrode  81  and  si- 
multaneously  electric  charges  are  transferred  from 
the  transfer  electrode  81  through  the  horizontal 
output  gate  unit  HOG  to  the  floating  diffusion  por- 

30  tion  (FD)  which  is  the  output  circuit  unit  5  from  a 
timing  relation  of  the  clock  voltages  4>H1  and  4>H2 
as  shown  in  a  potential  diagram  of  FIG.  4.  That  is, 
electric  charges  are  overflowed  at  the  horizontal 
output  gate  unit  HOG  and  flowed  to  the  floating 

35  diffusion  portion  FD,  which  phenomenon  will 
hereinafter  be  referred  to  as  an  electric  charge 
flooding  phenomenon  for  simplicity.  If  this  electric 
charge  flooding  phenomenon  occurs,  there  is  then 
the  problem  that  the  dynamic  range  of  the  final  bit 

40  becomes  smaller  than  the  dynamic  range  obtained 
from  a  principle  standpoint. 

In  order  to  increase  the  dynamic  range  of  the 
final  bit,  the  following  methods  are  proposed: 

(1)  To  increase  the  amplitudes  of  the  clock 
45  voltages  4>Hi  and  <£H2  for  horizontal  transfer  driv- 

ing;  and 
(2)  To  apply  other  clock  voltage  only  to  the  final 
bit. 

The  method  (1)  becomes  opposite  to  the  recent 
50  trend  such  that  the  clock  voltage  is  lowered  more 

and  more.  Further,  the  method  (2)  causes  the  num- 
ber  of  terminals  to  be  increased  and  also  causes  a 
clock  voltage  generator  to  become  complicated  in 
arrangement. 

55  On  the  other  hand,  there  is  a  large  possibility 
that  the  above-mentioned  so-called  electric  charge 
flooding  phenomenon  occurs  when  the  amplitude 
of  the  clock  voltage  applied  to  the  transfer  elec- 
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trade  81  of  the  final  bit  is  selected  to  be  the  same 
as  that  of  the  clock  voltage  applied  to  the  other 
transfer  electrode.  At  that  time,  the  electric  charge 
flooding  phenomenon  is  associated  with  the  phase 
of  the  leading  edge  of  the  clock  voltage  4>Hi  and 
the  phase  of  the  trailing  edge  of  the  clock  voltage 
4>H2  and  the  assignee  of  the  present  application  has 
confirmed  that  the  above-mentioned  electric  charge 
flooding  phenomenon  occurred  when  the  cross 
point  P  therebetween  was  at  low  level. 

OBJECTS  AND  SUMMARY  OF  THE  INVENTION 

Therefore,  it  is  an  object  of  the  present  inven- 
tion  to  provide  an  improved  solid  state  imager  in 
which  the  aforesaid  shortcomings  and  disadvan- 
tages  encountered  with  the  prior  art  can  be  elimi- 
nated. 

More  specifically,  it  is  an  object  of  the  present 
invention  to  provide  a  solid  state  imager  which  can 
prevent  the  aforesaid  flooding  phenomenon  in 
which  electric  charges  are  flooded  from  the  final  bit 
(final  stage)  of  the  horizontal  transfer  unit  to  the 
output  circuit  unit. 

It  is  a  second  object  of  the  present  invention  to 
provide  a  solid  state  imager  in  which  a  dynamic 
range  of  the  final  stage  can  be  increased. 

In  order  to  attain  the  above-mentioned  objects, 
a  solid  state  imager  is  comprised  of  an  imager  unit 
composed  of  a  plurality  of  sensitive  units  arrayed 
in  the  unit  of  pixels  in  a  two-dimensional  manner  in 
the  horizontal  and  vertical  directions  and  vertical 
transfer  units  for  transferring  electric  charges  read- 
out  from  the  sensitive  units  in  the  vertical  direction 
at  every  vertical  column,  and  a  horizontal  transfer 
unit  formed  of  charge  transfer  units  of  a  plurality  of 
bits  in  which  a  first  clock  voltage  is  applied  to  a 
first  charge  transfer  group  of  every  other  bit  includ- 
ing  a  charge  transfer  unit  of  a  final  bit  and  a 
second  clock  voltage  is  applied  to  a  second  charge 
transfer  group  of  every  other  bit  of  the  remaining 
bit  to  transfer  the  signal  electric  charges  supplied 
from  the  image  unit  to  the  horizontal  direction, 
wherein  a  cross  point  between  a  leading  edge  of 
the  first  clock  voltage  and  a  trailing  edge  of  the 
second  clock  voltage  is  set  to  be  a  level  higher 
than  an  intermediate  level  between  peak  values  of 
the  first  and  second  clock  voltages. 

According  to  a  solid  state  imager  of  the 
present  invention,  a  horizontal  transfer  unit  com- 
posed  of  a  first  charge  transfer  electrode  group  to 
which  a  first  clock  voltage  is  supplied  and  which 
includes  a  final  bit  and  a  second  charge  transfer 
electrode  group  to  which  a  second  clock  voltage  of 
a  phase  opposite  to  the  first  clock  voltage  is  ap- 
plied  to  thereby  transfer  electric  charges  in  the 
horizontal  direction,  a  clock  generator  for  generat- 
ing  the  first  and  second  clock  voltages,  and  a 

floating  diffusion  unit  to  which  electric  charges 
stored  in  the  final  bit  of  the  horizontal  transfer  unit 
are  transferred  through  a  horizontal  output  gate, 
wherein  a  cross  point  between  a  leading  edge  of 

5  the  first  clock  voltage  and  a  trailing  edge  of  the 
second  clock  voltage  is  set  to  be  a  level  higher 
than  an  intermediate  level  between  peak  values  of 
the  first  and  second  clock  voltages.  Thus,  the 
transfer  of  electric  charges  from  the  charge  transfer 

io  unit  of  the  preceding  bit  to  the  charge  transfer  unit 
of  the  final  bit  is  carried  out  at  the  low  potential 
portion  so  that  the  horizontal  output  gate  unit  can 
function  as  a  potential  barrier  sufficiently,  thereby 
avoiding  the  aforesaid  electric  charge  flooding  phe- 

15  nomenon. 
The  above  and  other  object,  features,  and  ad- 

vantage  of  the  present  invention  will  become  ap- 
parent  from  the  following  detailed  description  of 
illustrative  embodiments  thereof  to  be  read  in  con- 

20  junction  with  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  schematic  diagram  showing  a  struc- 
25  ture  of  a  solid  state  imager  of  an  interline  trans- 

fer  system  according  to  the  prior  art; 
FIG.  2  is  a  cross-sectional  view  of  a  horizontal 
transfer  unit  of  the  conventional  solid  state  im- 
ager  shown  in  FIG.  1  ; 

30  FIG.  3  is  a  waveform  diagram  showing  a  timing 
relation  of  clock  voltages  4>Hi  and  <£H2  according 
to  the  prior  art; 
FIG.  4  is  a  potential  diagram  of  the  horizontal 
transfer  unit  when  electric  charges  are  trans- 

35  ferred  in  the  example  of  the  conventional  solid 
state  imager  of  FIG.  1  ; 
FIG.  5  is  a  block  diagram  showing  an  embodi- 
ment  of  a  solid  state  imager  according  to  the 
present  invention; 

40  FIG.  6  is  a  waveform  diagram  showing  a  timing 
relation  of  clock  voltages  4>Hi  and  <£H2  used  in 
the  solid  state  imager  according  to  the  present 
invention; 
FIG.  7  is  a  potential  diagram  of  a  horizontal 

45  transfer  unit  when  electric  charges  are  trans- 
ferred  in  the  solid  state  imager  according  to  the 
present  invention; 
FIG.  8  is  a  waveform  diagram  showing  another 
example  of  the  timing  relation  of  the  clock  vol- 

50  tages  4>Hi  and  <£H2  used  in  the  solid  state  imager 
according  to  the  present  invention;  and 
FIG.  9  is  a  block  diagram  showing  another  em- 
bodiment  of  the  solid  state  imager  according  to 
the  present  invention. 

55 
DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 
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The  present  invention  will  now  be  described  in 
detail  with  reference  to  the  drawings. 

FIG.  5  shows  an  embodiment  of  the  solid  state 
imager  according  to  the  present  invention.  Refer- 
ring  to  FIG.  5,  there  is  provided  a  CCD  solid  state 
imager  10  which  might  be  formed  as,  for  example, 
shown  in  FIG.  1.  The  horizontal  shift  register  4  (see 
FIG.  1)  of  this  CCD  solid  state  imager  10  is  sup- 
plied  with  2-phase  clock  voltages  4>Hi  and  <£H2 
through  a  horizontal  transfer  driver  1  1  from  a  clock 
generator  12.  The  clock  generator  12  reads  out 
data  stored  in  a  memory  13  such  as  a  read  only 
memory  (ROM)  or  the  like  and  generates  2-phase 
voltages  4>Hi  and  <£H2  at  a  timing  corresponding  to 
such  read-out  data.  More  specifically,  a  duty  ratio 
between  the  clock  voltages  4>Hi  and  <£H2  is  set  in 
such  a  fashion  that  a  cross  point  P  between  the 
leading  edge  of  the  clock  voltage  4>Hi  and  the 
trailing  edge  of  the  clock  voltage  <£H2  may  become 
higher  in  level  than  an  intermediate  level  (shown  by 
a  one-dot  chain  line)  between  peak  values  of  the 
clock  voltages  4>Hi  and  <£H2  as  shown  in  FIG.  6. 
This  duty  ratio  is  given  in  the  form  of  data  from  the 
memory  13,  and  the  data  of  the  memory  13  can  be 
set  arbitrarily.  The  horizontal  shift  register  4  is 
placed  in  the  charge  transfer  state  when  the  clock 
voltages  4>Hi  and  <£H2  are  low  (Lo)  in  level  and  is 
placed  in  the  charge  storage  state  when  they  are 
high  (Hi)  in  level. 

As  described  above,  the  cross  point  P  between 
the  leading  edge  of  the  clock  voltage  4>Hi  and  the 
trailing  edge  of  the  clock  voltage  <£H2  is  set  to  be 
the  level  higher  than  the  intermediate  level  of  the 
peak  values  of  the  clock  voltages  4>Hi  and  <t>H2, 
whereby  the  leading  edge  of  the  clock  voltage  in 
which  the  potential  of  the  transfer  electrode  81  of 
the  final  bit  is  shifted  from  the  transfer  state  to  the 
storage  state  and  the  trailing  edge  of  the  clock 
voltage  applied  to  the  transfer  electrode  82  of  the 
preceding  bit  cross  each  other  at  a  point  of  high 
level.  As  a  result,  a  transition  time  where  the  poten- 
tial  of  the  transfer  bit  81  of  the  final  bit  changes 
from  the  transfer  state  to  the  storage  state  be- 
comes  relatively  shorter  than  the  transition  time 
where  the  potential  of  the  transfer  electrode  82  of 
the  preceding  bit  changes  from  the  storage  state  to 
the  transfer  state.  Accordingly,  electric  charges  are 
transferred  from  the  transfer  electrode  82  of  the 
preceding  stage  to  the  transfer  electrode  81  of  the 
final  bit  at  low  potential  portions  as  shown  in  a 
potential  diagram  of  FIG.  7  so  that  the  horizontal 
output  gate  unit  HOG  functions  as  a  potential  bar- 
rier  sufficiently,  thereby  preventing  the  electric 
charge  flooding  phenomenon  positively.  As  a  con- 
sequence,  the  dynamic  range  of  the  final  bit  can  be 
increased  relatively. 

While  the  cross  point  P  of  the  leading  edge  of 
the  clock  voltage  <j>m  and  the  trailing  edge  of  the 

clock  voltage  <£H2  is  set  to  be  level  higher  than  the 
intermediate  level  of  the  peak  values  between  the 
clock  voltages  4>Hi  and  <£H2  by  changing  the  duty 
ratio  of  the  clock  voltages  4>Hi  and  <£H2  by  the  clock 

5  generator  12  as  described  above,  the  present  in- 
vention  is  not  limited  thereto  and  the  following 
variant  is  also  possible:  By  carrying  out  a  relative 
phase  adjustment  in  which  the  phase  of  the  clock 
voltage  4>Hi  is  advanced  or  the  phase  of  the  clock 

10  voltage  <£H2  is  delayed,  the  cross  point  P  between 
the  leading  edge  of  the  clock  voltage  4>Hi  and  the 
trailing  edge  of  the  clock  voltage  <£H2  can  be  set  to 
a  level  higher  than  the  intermediate  level  of  the 
peak  values  between  the  clock  voltages  4>Hi  and 

15  4>H2  as  shown  in  FIG.  8.  This  relative  phase  adjust- 
ment  can  be  realized  by  rewriting  the  data  supplied 
to  the  clock  generator  12  from  the  memory  13. 
Further,  as  shown  in  FIG.  9,  this  relative  phase 
adjustment  can  be  realized  by  phase-shifting  the 

20  clock  voltage  4>Hi  or  <£H2  by  a  phase-shifter  circuit 
14  provided  at  the  output  stage  of  the  clock  gener- 
ator  12. 

As  set  out  above,  according  to  the  solid  state 
imager  of  the  present  invention,  since  in  the  hori- 

25  zontal  transfer  unit  the  the  cross  point  between  the 
leading  edge  of  the  clock  voltage  of  the  electric 
charge  transfer  unit  of  the  final  bit  and  the  trailing 
edge  of  the  clock  voltage  of  the  electric  charge 
transfer  unit  of  the  preceding  bit  is  set  to  be  the 

30  level  higher  than  the  intermediate  level  of  the  peak 
values  between  the  clock  voltages,  the  transfer  of 
electric  charges  from  the  electric  charge  transfer 
unit  of  the  preceding  bit  to  the  electric  charge 
transfer  unit  of  the  final  bit  is  carried  out  at  low 

35  potential  portion,  enabling  the  horizontal  output 
gate  unit  HOG  to  function  as  the  potential  barrier 
sufficiently.  Therefore,  the  electric  charge  flooding 
phenomenon  can  be  avoided  positively  and  as  a 
consequence,  the  dynamic  range  of  the  final  bit 

40  can  be  increased  relatively. 
Having  described  the  preferred  embodiments 

of  the  invention  with  reference  to  the  accompany- 
ing  drawings,  it  is  to  be  understood  that  the  inven- 
tion  is  not  limited  to  those  precise  embodiments 

45  and  that  various  changes  and  modifications  thereof 
could  be  effected  by  one  skilled  in  the  art  without 
departing  from  the  spirit  or  scope  of  the  novel 
concepts  of  the  invention  as  defined  in  the  appen- 
ded  claims. 

50 
Claims 

1.  A  solid  state  imager  comprising: 
an  imager  unit  composed  of  a  plurality  of 

55  sensitive  units  (1)  arrayed  in  the  unit  of  pixels 
in  a  two-dimensional  manner  in  the  horizontal 
and  vertical  directions  and  vertical  transfer 
units  (2)  for  transferring  electric  charges  read- 

4 
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out  from  said  sensitive  units  in  the  vertical 
direction  at  every  vertical  column;  and 

mined  value  by  a  phase-adjusting  operation  of 
said  phase-shifting  circuit. 

a  horizontal  transfer  unit  (4)  formed  of 
charge  transfer  units  of  a  plurality  of  bits  in 
which  a  first  clock  voltage  (*H1)  is  applied  to  a  5 
first  charge  transfer  unit  group  at  every  other 
bit  including  a  charge  transfer  unit  of  a  final  bit 
and  a  second  clock  voltage  (*H2)  is  applied  to 
a  second  charge  transfer  unit  group  of  every 
other  bit  of  the  remaining  bit  to  transfer  the  10 
electric  charges  supplied  from  said  image  unit 
in  the  horizontal  direction;  and 

means  for  setting  a  cross  point  (P)  be- 
tween  a  leading  edge  of  said  first  clock  voltage 
and  a  trailing  edge  of  said  second  clock  volt-  is 
age  to  be  a  level  higher  than  an  intermediate 
level  between  peak  values  of  said  first  and 
second  clock  voltages. 

2.  A  solid  state  imager  comprising:  20 
a  horizontal  transfer  unit  (4)  composed  of  a 

first  charge  transfer  electrode  group 
(81  ,83,85,...)  to  which  a  first  clock  voltage  (*H1) 
is  supplied  and  which  includes  a  final  bit  and  a 
second  charge  transfer  electrode  group  25 
(82,84,86,...)  to  which  a  second  clock  voltage 
(*H2)  of  a  phase  opposite  to  said  first  clock 
voltage  is  applied  to  thereby  transfer  signal 
electric  charges  in  the  horizontal  direction; 

a  clock  generator  (12)  for  generating  said  30 
first  and  second  clock  voltages;  and 

a  floating  diffusion  unit  to  which  electric 
charges  stored  in  the  final  bit  of  said  horizontal 
transfer  unit  are  transferred  through  a  horizon- 
tal  output  gate  (11),  wherein  a  cross  point  (P)  35 
between  a  leading  edge  of  said  first  clock 
voltage  (*H1)  and  a  trailing  edge  of  said  sec- 
ond  clock  voltage  (*H2)  is  set  to  be  a  level 
higher  than  an  intermediate  level  between  peak 
values  of  said  first  and  second  clock  voltages.  40 

3.  A  solid  state  imager  according  to  claim  2, 
wherein  said  clock  generator  includes  means 
(13)  for  varying  a  duty  ratio  between  said  first 
and  second  clock  voltages  and  sets  said  cross  45 
point  to  a  predetermined  value  by  varying  said 
duty  ratio. 

4.  A  solid  state  imager  according  to  claim  3, 
wherein  said  duty  ratio  varying  means  is  so 
formed  of  a  memory  and  said  cross  point  is 
set  to  said  predetermined  value  by  varying 
data  written  in  said  memory. 

5.  A  solid  state  imager  according  to  claim  2,  55 
further  comprising  a  phase  shifting  circuit  (14) 
coupled  to  an  output  of  said  clock  generator 
and  said  cross  point  is  set  to  said  predeter- 

5 
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