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Description 

BACKGROUND  OF  THE  INVENTION 

This  information  relates  to  an  apparatus  for 
reproducing  information  which  has  been  recorded 
as  a  charge  latent  image. 

There  is  a  conventional  apparatus  for  record- 
ing/reproducing  information  such  as  a  graphic  im- 
age  in  the  form  of  a  charge  latent  image  as  shown 
in  Figs.  1  and  2.  Figs.  1  and  2  depict  a  recording 
system  and  a  reproducing  system,  respectively. 

Throughout  the  drawings,  like  reference  nu- 
merals  and  letters  are  used  to  designate  like  or 
equivalent  elements  for  the  sake  of  simplicity  of 
explanation. 

First,  the  recording  system  will  be  explained 
with  reference  to  Fig.  1.  In  Fig.  1,  a  recording 
medium  1  on  which  a  charge  latent  image  is  in- 
tended  to  be  recorded  is  composed  of  a  charge 
holding  layer  2  and  an  electrode  3.  A  photoelectric 
recording  head  4  is  composed  of  a  photoconduc- 
tive  layer  5  and  a  transparent  electrode  6. 

The  recording  medium  1  and  the  photoelectric 
recording  head  4  are  arranged  such  that  the  charge 
holding  layer  2  and  the  photoconductive  layer  5 
face  each  other  across  a  predetermined  space. 
The  light  carrying  the  optical  image  of  an  object  0  
is  allowed  to  be  incident  to  the  transparent  elec- 
trode  6  of  the  photoelectric  recording  head  4 
through  an  imaging  lens  7,  as  depicted  by  an  arrow 
A1. 

A  d.c.  voltage  source  9  is  connected  across  the 
electrodes  3  and  6  through  a  switch  8.  There  will 
be  a  discharge  generated  across  the  charge  hold- 
ing  layer  2  and  the  photoconductive  layer  5  by 
turning  on  the  switch  8. 

In  the  configuration,  the  charge  holding  layer  2 
is  to  hold  charges  for  a  long  period  of  time  and  is 
formed  of  a  material  having  extremely  high  insula- 
tion  resistance,  such  as  silicon  resin.  While,  the 
photoconductive  layer  5  is  to  generate  pairs  of  an 
electron  and  a  hole  and  is  formed  of  such  as 
amorphous  silicon.  In  Fig.  1,  the  electrodes  are 
transferred  to  the  transparent  electrode  6  side  in 
the  photoconductive  layer  5,  on  the  other  hand,  the 
holes  to  the  side  in  the  layer  5,  facing  the  charge 
holding  layer  2.  The  electrodes  3  and  6  are  formed 
of  a  material  such  as  ITO  (Indium  Tin  Oxide). 

The  recording  operation  of  the  recording  sys- 
tem  constituted  as  above  will  be  explained.  As  is 
depicted  by  the  arrow  A1,  the  light  carrying  the 
optical  image  of  the  object  0  is  incident  to  the 
imaging  lens  7  as  depicted  by  the  arrow  A1  and  is 
further  incident  to  the  photoconductive  layer  5  of 
the  photoelectric  recording  head  4,  through  the 
imaging  lens  7  and  the  transparent  electrode  6. 
The  light  is  then  absorbed  in  the  photoconductive 

layer  5  to  generate  the  electron-hole  pairs  therein. 
Now  the  switch  8  is  turned  on  to  allow  the 

voltage  source  9  to  apply  a  voltage  across  the 
electrodes  3  and  6.  This  causes  the  electrons  in 

5  the  photoconductive  layer  5  being  attracted  by  the 
positive  polarity  of  the  voltage  source  9  to  be 
transferred  to  the  transparent  electrode  6  side, 
while  the  holes  to  the  side  of  the  layer  5,  facing  the 
charge  holding  layer  2,  as  described  above.  The 

io  holes  or  the  positive  charge  image  corresponding 
to  the  optical  image  of  the  object  0  are  therefore 
formed  on  the  surface  of  the  photoconductive  layer 
5,  facing  the  charge  holding  layer  2. 

Furthermore,  there  is  a  discharge  generated 
75  across  the  photoconductive  layer  5  and  the  charge 

holding  layer  2  due  to  the  voltage  applied  by  the 
voltage  source  9.  This  discharge  causes  electrifica- 
tion  on  the  surface  of  the  charge  holding  layer  2 
facing  the  photoconductive  layer  5,  so  that  charges 

20  Q  are  stored  thereon. 
The  electrification  due  to  the  discharge  de- 

pends  on  the  distribution  of  the  holes  or  the  posi- 
tive  charge  image  on  the  surface  of  the  photocon- 
ductive  layer  5.  The  charge  latent  image  corre- 

25  sponding  to  the  optical  image  of  the  object  0  is 
thus  transferred  to  the  surface  of  the  charge  hold- 
ing  layer  2.  Since  the  switch  9  causes  the  forma- 
tion  of  the  charge  latent  image,  the  switch  9  may 
be  applied  to  a  shutter  of  a  camera. 

30  Next,  the  reproducing  system  will  be  explained 
with  reference  to  Fig.  2.  In  Fig.  2,  there  is  arranged 
an  optical  reproducing  head  10  facing  the  record- 
ing  medium  1  on  which  the  charge  latent  image 
has  been  recorded.  The  optical  reproducing  head 

35  10  is  composed  of  a  photo-modulation  layer  11  and 
a  transparent  electrode  12.  The  surface  of  the 
photo-modulation  layer  1  1  faces  the  charge  holding 
layer  2  of  the  recording  medium  1  ,  in  the  configu- 
ration.  An  optical  reading  unit  13  is  further  arranged 

40  to  emit  a  reading  light  to  the  transparent  electrode 
12  of  the  optical  reproducing  head  10  as  depicted 
by  an  arrow  A2.  The  reading  light  passing  the 
optical  reproducing  head  10  and  the  recording  me- 
dium  1  is  allowed  to  be  incident  to  a  photo-detec- 

45  tion  unit  14  as  depicted  by  an  arrow  A3. 
In  the  configuration,  a  photo-modulation  layer 

11  of  the  optical  reproducing  head  10  is  formed  of 
a  material  such  as  LiNb03,  BSO  (Bh2Si02o),  liquid 
crystal,  PLZT  (Lead  lanthanum  zirconate  titanate) 

50  or  EC  (Electrochomic),  having  the  photoelectric  ef- 
fect  that  light  is  varied  accordingly  with  electric 
field.  The  photoelectric  effect  may  be  a  double 
reflection  effect,  scattering  effect  or  colouring  ef- 
fect.  Selection  of  the  material  thus  depends  on  the 

55  purpose.  The  optical  reading  unit  13  is  composed 
of  a  laser  light  source,  an  analyzer,  etc.  (not 
shown),  to  generate  the  light  for  reading  the  charge 
latent  image.  The  photo-detection  unit  14  is  further 

3 
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composed  of  a  wave-plate,  an  analyzer,  a  pho- 
toelectric  converter,  etc.  (not  shown),  to  detect  the 
light  incident  thereto. 

The  operation  of  the  reproducing  system  will 
be  explained.  The  charge  latent  image  correspond- 
ing  to  the  object  0  has  already  been  recorded  on 
the  recording  medium  1  as  described  with  refer- 
ence  to  Fig.  1.  The  optical  reproducing  head  10  is 
arranged  adjacent  to  the  recording  medium  1  and 
the  transparent  electrodes  3  and  12  are  electrically 
connected  to  each  other.  Under  the  configuration, 
electric  field  due  to  the  latent  charges  Q  will  affect 
the  photo-modulation  layer  11  to  cause  an  electro- 
optic  effect  in  the  incident  light. 

Now  the  optical  reading  unit  13  emits  the  read- 
ing  light  to  the  optical  reproducing  head  10  to  force 
the  photo-modulation  layer  1  1  to  cause  the  electro- 
optic  effect.  The  phase  of  the  light  emitted  to  the 
photo-modulation  layer  11  and  that  of  the  light 
subjected  to  the  electro-optic  effect  therein  are 
therefore  varied  with  respect  to  each  other. 

The  reading  light  subjected  to  the  electro-optic 
effect  passes  the  recording  medium  1  and  is  in- 
cident  to  the  photo-detection  unit  14.  The  intensity 
distribution  of  the  reading  light  is  varied  accord- 
ingly  with  the  distribution  of  the  latent  charges  Q 
by  the  analyzer  (not  shown)  and  is  converted  to 
elecric  signals.  As  a  result,  the  electric  signals 
corresponding  to  the  optical  image  of  the  object  0  
are  generated. 

In  the  case  of  colour  image  photographing,  the 
light  from  the  object  0  is  divided  into  primary 
colours  by  means  of  proper  optical  equipment,  to 
be  recorded,  reproduced  and  combined  with  each 
other. 

The  conventional  charge  latent  image  record- 
ing/reproducing  apparatus  as  described  above  has 
a  drawback  in  that  the  intensity  of  the  electric  field 
due  to  the  charge  latent  image,  which  affects  the 
photo-modulation  layer  is  gradually  reduced  as 
time  lapses,  because  of  the  finite  impedance  of  the 
photo-modulation  layer  of  the  reproducing  system. 
This  results  in  the  reduction  of  gain,  resolution,  etc. 
during  the  reproduction. 

An  object  of  the  present  invention  is  to  provide 
an  apparatus  for  reproducing  a  charge  latent  im- 
age,  without  the  lapsed  reduction  of  gain,  resolu- 
tion,  etc.  during  the  reproduction. 

A  first  aspect  of  the  present  invention  provides 
an  apparatus  for  reproducing  a  prerecorded  charge 
latent  image  said  apparatus  comprising  :  a  record- 
ing  medium  composed  of  at  least  a  photomodula- 
tion  layer  and  a  charge  holding  layer  laminated 
thereto  and  holding  said  prerecorded  charge  latent 
image, 

two  electrodes  between  which  said  recording 
medium  is  positioned  in  use,  said  two  electrodes 
being  connected  to  each  other,  and  at  least  one 

electrode  being  spaced  from  the  recording  me- 
dium; 

a  reading  light  for  permeating  said 
photomodulation  layer;  and 

5  vibrating  means  for  vibrating  said  at  least  one 
of  the  two  electrodes  to  modulate  an  electric  field 
generated  between  the  two  electrodes  by  said 
charge  latent  image  prerecorded  on  the  recording 
medium,  whereby  to  electro-optically  modulate  said 

io  reading  light  to  reproduce  said  charge  latent  im- 
age. 

A  second  aspect  of  the  present  invention  pro- 
vides  an  apparatus  for  reproducing  a  prerecorded 
charge  latent  image  said  apparatus  comprising:  a 

is  recording  medium  comprising  a  photomodulation 
layer,  a  charge  holding  layer  laminated  to  one  side 
of  the  photomodulation  layer  and  an  electrode  in 
the  form  of  a  layer  laminated  to  the  other  side  of 
the  photomodulation  layer,  said  charge  holding  lay- 

20  er  holding  said  prerecorded  charge  latent  image, 
an  electrode  arranged  to  face  the  charge  hold- 

ing  layer  of  the  recording  medium  at  a  spacing 
therefrom  and  connectable  to  the  laminated  elec- 
trode  for  generating  an  electric  field  therebetween: 

25  a  reading  light  for  permeating  said 
photomodulation  layer;  and 

vibrating  means  for  vibrating  said  electrode  to 
modulate  the  electric  field  generated  between  the 
electrode  and  the  laminated  electrode  by  said 

30  charge  latent  image  whereby  to  electro-optically 
modulate  said  reading  light  to  reproduce  said 
charge  latent  image. 

Thus,  in  contrast  to  the  prior  art  recording  and 
reproducing  system  described  above,  the  appara- 

35  tus  of  the  present  invention  is  designed  for  use 
with  a  recording  medium  which  includes  a 
photomodulation  layer. 

The  use  of  photomodulation  layers  has  been 
previously  proposed  for  image  pick-up  devices.  For 

40  example,  EP-A-0273773  discloses  an  image  pick 
up  device  including  an  optical  modulator  including 
a  layer  of  photoconductive  material  and  a  nematic 
liquid  crystal  layer.  An  optical  image  is  formed  on 
the  photoconductive  layer  whose  resistance  then 

45  varies  according  to  the  intensity  pattern  of  the 
image.  Thus  when  a  voltage  is  applied  across  the 
modulator  the  light  from  the  image  is  modulated  by 
the  liquid  crystal  layer.  The  stored  image  is  read 
out  from  the  device  at  the  same  time  as  it  is 

50  illuminated  by  the  image,  for  subsequent  recordal 
on  a  recording  medium.  Thus,  an  image  pick  up 
device  is  really  an  image  transfer  medium  rather 
than  a  recording  medium.  The  apparatus  of  the 
present  invention  is  intended  to  reproduce  an  im- 

55  age  which  has  been  pre-recorded  in  a  recording 
medium. 

Various  embodiments  of  the  invention  will  now 
be  described  by  way  of  example  only  and  with 
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reference  to  the  accompanying  drawings  in  which  : 
Fig.  1  is  an  explanatory  view  of  the  recording 
system  of  a  conventional  charge  latent  image 
recording/reproducing  apparatus; 
Fig.  2  is  an  explanatory  view  of  the  reproducing 
system  of  the  conventional  charge  latent  image 
recording/reproducing  apparatus; 
Figs.  3  to  5  are  explanatory  views  of  the  first 
preferred  embodiment  of  the  charge  latent  im- 
age  reproducing  apparatus  of  the  present  inven- 
tion; 
Fig.  6  shows  a  vibration  unit  used  for  the  first 
embodiment; 
Figs.  7  to  24  show  variations  of  the  first  embodi- 
ment; 
Figs.  25  to  27  show  vibrating  units  for  the  vari- 
ations  shown  in  Figs.  7  to  24; 
Fig.  28  is  an  explanatory  view  of  an  alternative, 
which  however,  does  not  fall  within  the  scope  of 
the  claims  of  the  charge  latent  image  reproduc- 
ing  apparatus  of  the  present  invention;  and 
Figs.  29  and  30  are  variations  of  the  alternative 
of  Fig.  28. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

The  preferred  embodiments  of  the  present  in- 
vention  will  be  explained  in  detail,  with  reference  to 
the  accompanying  drawings. 

The  first  embodiment  of  the  present  invention 
will  be  explained  with  reference  to  Figs.  3  to  6.  Fig. 
3  shows  a  recording  medium  15  related  to  the  first 
embodiment.  The  recording  medium  15  is  con- 
stituted  by  laminating  a  charge  holding  layer  16 
and  a  photo-modulation  layer  17.  A  charge  latent 
image  is  conventionally  recorded  on  the  recording 
medium  15. 

Fig.  4  shows  a  reproducing  system  for  the 
recording  medium  15.  There  are  electrodes  18  and 
19  electrically  connected  to  each  other  and  ar- 
ranged  forward  and  backward  of  the  recording  me- 
dium  15  with  proper  spaces.  The  electrode  19  is 
arranged  to  vibrate  substantially  perpendicular  to 
the  recording  medium  as  depicted  by  an  arrow  A4. 

Fig.  5  shows  the  state  of  the  incident  reading 
light  in  the  reproducing  system.  Arrows  A5  and  A6 
depict  two  ways  for  the  reading  light  to  pass 
through  the  recording  medium  as  well  as  the  two 
electrodes  18  and  19.  While,  arrows  A7  and  A8 
depict  two  ways  for  the  reading  light  to  be  reflected 
at  the  electrodes  18  or  19. 

Fig.  6  shows  a  vibration  unit  for  the  electrode 
19.  In  Figs.  6,  the  electrode  19  is  affixed,  at  both 
ends  thereof,  to  piezoelectric  resonators  20  and  21  , 
respectively.  The  piezoelectric  resonators  20  and 
21  are  constituted  by  providing  bimorph-type  reso- 
nating  elements  24  to  27  on  the  both  surfaces  of 

supporters  22  and  23,  respectively.  The  supporters 
22  and  23  at  both  ends  thereof  are  affixed  to  fixing 
members  28  to  31,  respectively.  Voltages  applied 
across  the  resonating  elements  24  and  25  and  also 

5  26  and  27  cause  the  piezoelectric  resonators  20 
and  21  to  vibrate  as  depicted  by  the  dashed  and 
solid  lines.  This  further  causes  the  electrode  19  to 
vibrate  in  the  directions  depicted  by  the  arrow  A4. 

Next,  the  operation  of  the  first  embodiment  will 
io  be  explained.  Firstly,  the  electrode  19  is  vibrated 

by  the  vibration  unit  shown  in  Fig.  6,  in  the  vertical 
direction  to  the  surface  of  the  recording  medium  15 
(the  directions  depicted  by  the  arrow  A4)  as  shown 
in  Fig.  4.  The  reading  light  is  then  incident  to  the 

is  photo-modulation  layer  17  as  depicted  by  either 
the  arrows  A5  or  A6  in  Fig.  5. 

The  charge  latent  image  corresponding  to  the 
object  (not  shown)  has  preliminary  been  recorded 
as  latent  charges  Q  on  the  charge  holding  layer  16. 

20  The  electric  field  due  to  the  latent  charges  Q  on 
the  surface  of  the  charge  holding  layer  16  subjects 
the  photo-modulation  layer  17  which  is  laminated  to 
the  charge  holding  layer  16,  to  cause  an  electro- 
optic  effect  in  the  incident  light. 

25  In  this  case,  the  vibrating  electrode  19  causes 
the  capacitance  across  the  electrodes  18  and  19  to 
be  varied,  whereas  the  amount  of  the  charges  held 
on  the  charge  holding  layer  16  is  constant.  As  a 
result,  an  alternating  electric  field  two  dimensionally 

30  corresponding  to  the  potential  distribution  of  the 
latent  charges  Q  is  applied  to  the  photo-modulation 
layer  17,  to  cause  the  electro-optic  effect  in  the 
reading  light.  This  has  already  been  described  in 
detail  in  EP-A-0  376  282  (EP  Application  No. 

35  89124024.4). 
The  reading  light  thus  modulated  accordingly 

with  the  electro-optic  effect  is  then  incident  to  a 
photo-detection  unit  (not  shown)  which  in  turn  con- 
verts  the  modulated  light  into  an  intensity  modu- 

40  lated  light  resulting  a  pattern  of  intensity  distribu- 
tion  corresponding  to  the  preliminary  recorded  la- 
tent  charges  Q,  thus  detecting  the  charge  latent 
image. 

Next,  the  variations  of  the  first  embodiment  will 
45  be  explained.  Firstly,  the  variations  of  the  recording 

medium  will  be  explained  with  reference  to  Figs.  7 
to  13.  Fig.  7  shows  the  configuration  that  an  elec- 
trode  32  is  laminated  to  the  photo-modulation  layer 
17  of  the  recording  medium  15  in  Fig.  3.  An 

50  aluminum  film  to  reflect  light,  An  ITO  film  through 
which  light  passes,  etc.  may  be  selected  as  the 
electrode  32,  according  to  the  nature  of  the  in- 
cident  reading  light. 

Figs.  8  and  9  show  other  configurations  that  a 
55  dielectric  mirror  33  which  reflects  the  reading  light 

is  disposed  between  the  charge  holding  layer  16 
and  the  photo-modulation  layer  17  in  the  configura- 
tions  in  Figs.  3  and  7,  respectively. 

5 
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Figs.  10  to  13  show  futher  configurations  that  a 
charge  holding  layer  34  which  holds  charges  inside 
thereof  is  provided,  instead  of  the  charge  holding 
layer  16  on  which  charges  are  held,  in  the  configu- 
rations  in  Figs.  3  and  7  to  9. 

The  variations  of  the  electrode  vibration  will  be 
explained  with  reference  to  Figs.  14  to  17.  Fig.  14 
shows  the  configuration  that  the  recording  medium 
shown  in  Fig.  7  is  employed  and  the  electrode  18 
vibrates  in  the  directions  depicted  by  an  arrow  A9. 

Figs.  15  and  16  show  the  configurations  that 
the  electrodes  35  and  36  vibrate  along  the  surface 
of  the  recording  medium  in  the  directions  depicted 
by  arrows  A10  and  A11,  instead  of  the  electrodes 
19  and  18  in  Figs.  4  and  14,  respectively. 

Each  of  the  electrodes  35  and  36  is  composed 
of  a  flat  insulative  support  SP  and  a  plurality  of 
conductive  stripes  SE  spaced  with  a  distance  Aa 
between  each  other  and  formed  on  the  insulative 
support  SP,  extending  horizontally  to  form  a  striped 
pattern  which  confronts  the  recording  medium. 
When  the  electrode  35  or  36  vibrates,  each  of  the 
stripes  SE  displaces  to  go  in  and  out  of  a  space 
equal  to  the  distance  Aa.  This  causes  in  effect  that 
each  of  the  conductive  stripes  SE,  when  observed 
from  a  line  of  the  charges  on  the  charge  holding 
layer  16  in  Fig.  17,  displaces  off  and  on  the  line 
alternately  as  the  electrode  35  or  46  vibrates.  As  a 
result,  an  alternating  electric  field  is  generated  in 
the  photo-modulation  layer  17. 

Next,  the  variations  of  the  reading  light  incident 
to  the  reproducing  system  will  be  explained  with 
reference  to  Figs.  5  and  18  to  24.  As  is  shown  in 
Figs.  18  to  20,  in  the  case  of  excluding  the  dielec- 
tric  mirror  33,  the  configuration  is  the  same  that 
shown  in  Fig.  5.  Whereas  in  Figs.  21  to  24,  the 
dielectric  mirror  33  is  included,  the  reading  light 
passes  the  photo-modulation  layer  17  and  is  re- 
flected  at  the  dielectric  mirror  33,  as  depicted  by 
arrows  A12.  In  this  case,  the  reading  light  is  not 
optically  affected  by  the  charge  holding  layer  16  so 
that  information  recorded  as  the  charge  latent  im- 
age  is  read  out  more  precisely. 

The  variations  of  the  electrode  vibration  unit 
are  explained  with  reference  to  Figs.  25  to  27.  Fig. 
25  shows  the  configuration  that  the  electrode  19  is 
formed  on  a  piezoelectric  resonator  37.  The  thick- 
ness  of  the  resonator  37  is  varied  in  response  to  a 
driving  voltage  applied  thereto.  This  causes  the 
electrode  19  to  vibrate  in  the  thickness  directions 
depicted  by  an  arrow  A13. 

Fig.  26  shows  the  configuration  that  the  elec- 
trode  35  is  affixed  to  the  ends  of  two  bimorph-type 
resonating  elements  40  and  41  which  are  rooted  to 
members  38  and  39,  respectively.  The  electrode 
35  vibrates  in  the  lateral  directions  depicted  by  an 
arrow  A14  as  applying  a  proper  driving  voltage 
thereto. 

Fig.  27  shows  the  configuration  that  the  piezo- 
electric  resonators  20  and  21  shown  in  Fig.  6  are 
vertically  arranged  and  the  electrode  35  is  mounted 
thereon  at  both  ends  thereof.  The  vibration  of  the 

5  resonators  20  and  21  as  depicted  by  the  dashed 
and  solid  lines  causes  the  electrode  35  to  vibrate 
horizontally  as  depicted  by  an  arrow  A15. 

In  Figs.  6  and  27,  the  piezoelectric  resonator 
may  be  composed  of  two  pieces  of  piezoelectric 

io  resonating  elements  or  more.  Either  one  of  the 
resonating  elements  may  be  replaced  with  a  leaf 
spring. 

As  is  described  above,  the  photo-modulation 
layer  is  laminated  to  the  charge  holding  layer  and 

is  the  electrode  vibrates  to  generate  the  alternating 
electric  field  applied  to  the  photo-modulation  layer, 
according  to  the  first  embodiment  and  the  vari- 
ations  thereof.  This  enables  reading  of  the  charge 
latent  image  with  high  gain  and  resolution  using  the 

20  photo-modulation  layer  and  the  dielectric  mirror 
both  with  finite  impedances. 

A  further  alternative,  which  however,  does  not 
fall  within  the  scope  of  the  claims  will  be  explained 
with  reference  to  Figs.  28  to  30.  In  Fig.  28,  a 

25  recording  medium  42  having  at  least  a  charge 
holding  layer  on  which  frames  of  charge  latent 
images  are  prerecorded  is  formed  to  a  tape,  like  a 
film  for  a  still  camera.  Each  frame  43  of  the  charge 
latent  image  is  arranged  to  advance  vertically  in 

30  the  direction  depicted  by  an  arrow  A16. 
A  reproducing  head  44  for  the  recording  me- 

dium  42  is  constituted  as  a  line  head  capable  of 
one-line  (horizontal)  reproduction  of  the  charge  la- 
tent  image  and  is  arranged  to  face  and  scan  verti- 

35  cally  the  recording  medium  42  as  the  recording 
medium  42  is  transported  vertically. 

The  reading  light  is  allowed  to  be  incident  to 
the  reproducing  head  44  and  to  scan  horizontally 
the  frame  43  in  the  direction  depicted  by  an  arrow 

40  A18.  The  frame  43  is  thus  entirely  scanned  by  this 
scanning  and  the  transport  of  the  recording  me- 
dium  42  in  the  direction  depicted  by  the  arrow  A16. 

The  operation  of  the  further  alternative  will  be 
explained.  A  construction  of  the  reproducing  head 

45  44  is  conventional  i.e.  the  reproducing  head  is 
composed  to  have  at  least  a  photo-modulation  lay- 
er.  Every  time  the  reading  light  scans  horizontally 
the  recording  medium  42  in  the  direction  depicted 
by  the  arrow  A18,  a  corresponding  line  of  the 

50  charge  latent  image  is  reproduced.  Moreover,  as 
the  recording  medium  42  is  transported  in  the 
direction  depicted  by  the  arrow  A16,  the  charge 
latent  image  is  successively  reproduced  line  by 
line.  The  charge  latent  image  of  full  frame  43  is 

55  thus  reproduced.  This  process  is  like  beam  scan- 
ning  in  a  television  system. 

In  this  arrangement  of  Fig.  28,  the  reproducing 
head  44  faces  the  charge  latent  image  prerecorded 

6 
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on  the  recording  medium  42  only  once  at  every 
scan  of  the  reading  light.  In  other  words,  the  re- 
producing  head  44  is  subjected  by  the  electric  field 
of  the  charge  latent  image  only  upon  the  charge 
latent  image  is  reproduced.  This  prevents  the  deg- 
radation  of  the  electric  field  intensity  of  the  charge 
latent  image  due  to  the  finite  impedance  of  the 
photo-modulation  layer.  Therefore,  the  reproduction 
gain  and  the  resolution  is  improved. 

The  variations  of  the  second  embodiment  will 
be  explained  with  reference  to  Fig.  29  and  30.  Fig. 
29  shows  the  configuration  that  a  reproducing  head 
45  is  provided,  which  is  capable  of  reproducing 
one  full  frame  43  of  the  charge  latent  image  at  a 
time,  and  is  composed  of  at  least  a  photo-modula- 
tion  layer. 

The  scanning  by  the  reading  light  in  the  direc- 
tion  depicted  by  the  arrow  A18  in  Fig.  28  is  not 
required  in  this  case.  The  recording  medium  42  is 
transported  frame  by  frame  in  the  longitudinal  di- 
rection  of  the  recording  medium  depicted  by  the 
arrow  A16.  The  reading  light  having  a  large  enough 
section  irradiates  the  entire  surface  of  the  repro- 
ducing  head  45,  upon  the  instance  that  the  frame 
43  and  the  reproducing  head  45  fully  confront  each 
other.  Or,  as  an  alternative,  the  reproducing  head 
45  being  irradiated  by  the  reading  light  is  brought 
into  the  position  to  confront  the  frame  43  for  re- 
production  as  the  frame  43  is  intermittently  trans- 
ported. 

Fig.  30  shows  the  further  alternative  applied  to 
a  disk-type  recording  medium  46  having  at  least  a 
photo-modulation  layer.  A  reproducing  head  47 
successively  reproduces  the  charge  latent  image 
recorded  on  a  recording  medium  46  while  rotating 
in  the  direction  depicted  by  an  arrow  A20.  The 
reading  light  irradiates  the  entirety  of  the  reproduc- 
ing  head  47  from  the  top  as  depicted  by  an  arrow 
A21  upon  the  instance  that  the  reproducing  head 
47  confronts  the  frame  43  same  as  in  the  alter- 
native  of  Fig.  29.  Or,  the  recording  medium  46  may 
be  rotated  intermittently  to  alight  the  frame  43  with 
the  recording  head  47  which  is  constantly  irradi- 
ated  by  the  reading  light.  A  position  of  the  re- 
producing  head  47  is  controlled  radially  as  de- 
picted  by  an  arrow  A22  to  track  the  frames  aligned 
circumferentially  in  this  alternative. 

As  for  the  recording  medium  and  the  reproduc- 
ing  head  in  the  further  alternative  and  the  variations 
thereof,  such  devices  described  in  the  conventional 
reproducing  apparatus  already  explained,  the  first 
embodiment  or  in  EP-A-0  369  794  (EP  Application 
No.  89311893.5)  may  be  applied.  And  the  repro- 
ducing  head  may  be  separated  from  the  recording 
medium  except  for  performing  a  reproduction. 

As  is  described  in  the  further  alternative  and 
the  variations  thereof,  the  reproducing  head  having 
at  least  a  photo-modulation  layer  is  brought  to 

confront  the  charge  latent  image  intended  to  be 
reproduced,  upon  the  instance  of  the  reproduction, 
and  is  displaces  off  the  charge  latent  image  right 
after  the  reproduction.  The  adverse  effect  on  the 

5  electric  field  of  the  latent  charges  from  the  photo- 
modulation  layer  is  thus  reduced,  so  that  the  detec- 
tion  gain  and  the  resolution  of  the  charge  latent 
image  are  improved. 

The  present  invention  may  be  practiced  or 
io  embodied  in  still  other  ways  without  departing  from 

the  essential  character  thereof.  For  instance,  the 
polarity  of  the  latent  charges  can  not  only  be 
positive  but  also  negative.  The  information  intended 
to  be  recorded/reproduced  may  be  voices,  data, 

is  etc.,  other  than  images.  The  recording  medium 
may  be  formed  in  a  card,  etc.,  other  than  the  sheet, 
the  tape  and  the  disk  described  in  this  specifica- 
tion.  The  medium  may  further  be  constituted  so  as 
to  be  flexible  or  solid. 

20 
Claims 

1.  An  apparatus  for  reproducing  a  prerecorded 
charge  latent  image  said  apparatus  compris- 

25  ing:  a  recording  medium  (15)  composed  of  at 
least  a  photo-modulation  layer  (17)  and  a 
charge  holding  layer  (16,  34)  laminated  thereto 
and  holding  said  prerecorded  charge  latent 
image, 

30  two  electrodes  (18,  19)  between  which 
said  recording  medium  (15)  is  positioned  in 
use,  said  two  electrodes  (18,  19)  being  con- 
nected  to  each  other,  and  at  least  one  elec- 
trode  being  spaced  from  the  recording  me- 

35  dium  (15); 
a  reading  light  for  permeating  said 

photomodulation  layer  (17);  and 
vibrating  means  (20,  21)  for  vibrating  said 

at  least  one  of  the  two  electrodes  (18,  19)  to 
40  modulate  an  electric  field  generated  between 

the  two  electrodes  (18,  19)  by  said  charge 
latent  image  prerecorded  on  the  recording  me- 
dium  (15),  whereby  to  electro-optically  modu- 
late  said  reading  light  to  reproduce  said  charge 

45  latent  image. 

2.  An  apparatus  for  reproducing  a  prerecorded 
charge  latent  image  said  apparatus  compris- 
ing:  a  recording  medium  (15)  comprising  a 

50  photomodulation  layer  (17),  a  charge  holding 
layer  (16,  34)  laminated  to  one  side  of  the 
photomodulation  layer  (17)  and  an  electrode  in 
the  form  of  a  layer  (32)  laminated  to  the  other 
side  of  the  photomodulation  layer  (17),  said 

55  charge  holding  layer  holding  said  prerecorded 
charge  latent  image, 

an  electrode  (18)  arranged  to  face  the 
charge  holding  layer  of  the  recording  medium 

7 
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at  a  spacing  therefrom  and  connectable  to  the 
laminated  electrode  (32)  for  generating  an 
electric  field  therebetween: 

a  reading  light  for  permeating  said 
photomodulation  layer;  and 

vibrating  means  (20,  21)  for  vibrating  said 
electrode  (18)  to  modulate  the  electric  field 
generated  between  the  electrode  (18)  and  the 
laminated  electrode  (32)  by  said  charge  latent 
image  whereby  to  electro-optically  modulate 
said  reading  light  to  reproduce  said  charge 
latent  image. 

3.  An  apparatus  as  claimed  in  claim  1  or  2  in 
which  the  vibrating  means  (20,  21)  operates  to 
vibrate  the  electrode  in  a  direction  perpendicu- 
lar  to  the  plane  of  the  charge  holding  layer. 

4.  An  apparatus  as  claimed  in  claim  1  or  2 
wherein  the  electrode  which  is  vibrated  by  said 
vibrating  means  (20,  21)  comprises  a  plurality 
of  stripes  extending  in  one  direction  and  facing 
said  recording  medium  in  use,  and  said  vibrat- 
ing  means  operates  to  vibrate  said  one  elec- 
trode  in  a  direction  perpendicular  to  the  direc- 
tion  of  the  stripes. 

5.  An  apparatus  as  claimed  in  any  preceding 
claim  wherein  said  vibrating  means  (20,  21) 
includes  two  piezoelectric  resonating  elements 
(24,  25,  26,  27;  40,  41). 

6.  An  apparatus  as  claimed  in  claim  5  in  which 
the  piezoelectric  resonating  elements  are  of 
bimorph-type. 

7.  An  apparatus  as  claimed  in  claim  5  or  6 
wherein  the  vibrating  means  comprises  two 
piezoelectric  resonators  (20,  21)  each  compris- 
ing  bimorph-type  piezoelectric  resonating  ele- 
ments  (24,  25,  26,  27)  provided  on  the  sur- 
faces  of  supporters  (22,  23). 

8.  An  apparatus  as  claimed  in  any  of  claims  1  to 
4  wherein  the  vibrating  means  (20,  21)  in- 
cludes  a  piezoelectric  resonating  element  and 
a  leaf  spring. 

9.  An  apparatus  as  claimed  in  claim  8  in  which 
said  resonating  element  is  of  bimorph  type. 

10.  An  apparatus  as  claimed  in  claim  3  in  which 
said  vibrating  means  comprises  a  single  piezo- 
electric  resonator  (37)  on  which  said  at  least 
one  electrode  (19)  is  formed. 

Patentanspruche 

1.  Gerat  zur  Wiedergabe  von  einem  voraufge- 
zeichneten,  latenten  Ladungsbild,  welches  Ge- 

5  rat  aufweist: 
ein  Aufzeichungsmedium  (15),  das  aus  zu- 

mindest  einer  Fotomodulationsschicht  (17)  und 
einer  Ladungshalteschicht  (16,34)  aufgebaut 
ist,  die  hierauf  laminiert  ist  und  das  voraufge- 

io  zeichnete  latente  Ladungsbild  halt, 
zwei  Elektroden  (18,19),  zwischen  denen 

das  Aufzeichnungsnungsmedium  (15)  im  Ein- 
satz  positioniert  ist,  wobei  die  beiden  Elektro- 
den  (18,19)  miteinander  verbunden  sind  und 

is  zumindest  eine  Elektrode  vom  Aufzeichnungs- 
medium  (15)  beabstandet  ist; 

ein  Leselicht  zum  Durchdringen  der  Foto- 
modulationsschicht  (17);  und 

eine  Schwingungseinrichtung  (20,21),  die 
20  die  zumindest  eine  der  beiden  Elektroden 

(18,19)  zur  Modulation  eines  elektrischen  Fel- 
des,  das  zwischen  den  beiden  Elektroden 
(18,19)  durch  das  latente  Ladungsbild,  das  auf 
dem  Aufzeichnungsmedium  (15)  voraufge- 

25  zeichnet  ist,  erzeugt  wird,  in  Schwingungen 
versetzt,  urn  hierdurch  das  Leselicht  zur  Wie- 
dergabe  des  latenten  Ladungsbildes  elektroop- 
tisch  zu  modulieren. 

30  2.  Gerat  zur  Wiedergabe  von  einem  voraufge- 
zeichneten  latenten  Ladungsbild,  welches  Ge- 
rat  aufweist: 

ein  Aufzeichnungsmedium  (15),  das  eine 
Fotomodulationsschicht  (17)  aufweist; 

35  eine  Ladungshalteschicht  (16,17),  die  auf 
eine  Seite  der  Fotomodulationsschicht  (17)  la- 
miniert  ist,  und  eine  Elektrode  in  Form  einer 
Schicht  (32),  die  auf  die  andere  Seite  der  Foto- 
modulationsschicht  (17)  laminiert  ist,  wobei  die 

40  Ladungshalteschicht  das  voraufgezeichnete  la- 
tente  Ladungsbild  halt; 

eine  Elektrode  (18),  die  dazu  ausgelegt  ist, 
der  Ladungshalteschicht  des  Aufzeichnungs- 
mediums  unter  einem  Abstand  von  dieser  und 

45  verbindbar  mit  der  laminierten  Elektrode  (34) 
zum  Erzeugen  eines  elektrischen  Feldes  da- 
zwischen  gegenuberzuliegen; 

eine  Leselicht  zum  Durchdringen  der  Foto- 
modulationsschicht;  und 

50  eine  Schwingungseinrichtung  (20,21),  die 
die  Elektrode  (18)  zur  Modulation  des  elektri- 
schen  Feldes,  das  zwischen  der  Elektrode  (18) 
und  der  laminierten  Elektrode  (32)  durch  das 
latente  Ladungsbild  erzeugt  wird,  in  Schwin- 

55  gung  versetzt,  urn  hierdurch  das  Leselicht  zur 
Wiedergabe  des  latenten  Ladungsbildes  elek- 
trooptisch  zu  modulieren. 

8 
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3.  Gerat  nach  Anspruch  1  oder  2,  in  welchem  die 
Schwingungseinrichtung  (20,21)  so  wirkt,  daB 
sie  die  Elektrode  in  einer  Richtung  senkrecht 
zur  Ebene  der  Ladungshalteschicht  in  Schwin- 
gung  versetzt. 

4.  Gerat  nach  Anspruch  1  oder  2,  in  welchem  die 
Elektrode,  die  durch  die  Schwingungseinrich- 
tung  (20,21)  in  Schwingung  versetzt  wird,  meh- 
rere  Streifen  umfaBt,  die  sich  in  eine  Richtung 
erstrecken  und  im  Einsatz  dem  Aufzeichnungs- 
medium  gegenuberliegen,  und  in  welchem  die 
Schwingungseinrichtung  so  wirkt,  daB  sie  diese 
eine  Elektrode  in  einer  Richtung  senkrecht  zur 
Richtung  der  Streifen  in  Schwingung  versetzt. 

5.  Gerat  nach  einem  der  vorhergehenden  An- 
spruche,  in  welchem  die  Schwingungseinrich- 
tung  (20,21)  zwei  piezoelektrische  resonieren- 
de  Elemente  (24,25,26,27;40,41)  umfaBt. 

6.  Gerat  nach  Anspruch  5,  in  welchem  die  piezo- 
elektrischen  resonierenden  Elemente  von  bi- 
morpher  Art  sind. 

7.  Gerat  nach  Anspruch  5  oder  6,  in  welchem  die 
Schwingungseinrichtung  zwei  piezoelektrische 
Resonatoren  (20,21)  umfaBt,  die  jeweils  bi- 
morphe  piezoelektrische  resonierende  Elemen- 
te  (24,25,26,27)  umfassen,  die  auf  den  Oberfla- 
chen  von  Tragern  (22,23)  vorgesehen  sind. 

8.  Gerat  nach  einem  der  Anspruche  1  bis  4,  in 
welchem  die  Schwingungseinrichtung  (20,21) 
ein  piezoelektrisches  resonierendes  Element 
und  eine  Blattfeder  umfaBt. 

9.  Gerat  nach  Anspruch  8,  in  welchem  das  reso- 
nierende  Element  bimorpher  Art  ist. 

10.  Gerat  nach  Anspruch  3,  in  welchem  die 
Schwingungseinrichtung  einen  einzelnen  pie- 
zoelektrischen  Resonator  (37)  umfaBt,  auf  dem 
die  zumindest  eine  Elektrode  (19)  ausgebildet 
ist. 

Revendicatlons 

1.  Appareil  pour  reproduire  une  image  latente  de 
charges  pre-enregistree,  ledit  appareil  compor- 
tant: 

un  support  d'enregistrement  (15)  constitue 
d'au  moins  une  couche  de  photo-modulation 
(17)  et  d'une  couche  de  retention  de  charges 
(16,  34)  deposee  sur  celle-ci  et  retenant  ladite 
image  latente  de  charges  pre-enregistree; 

deux  electrodes  (18,  19)  entre  lesquelles 
ledit  support  d'enregistrement  (15)  est  posi- 

tionne  pour  I'utilisation,  lesdites  deux  electro- 
des  (18,  19)  etant  connectees  entre  elles,  et  au 
moins  une  electrode  etant  espacee  du  support 
d'enregistrement  (15); 

5  une  lumiere  de  lecture  destinee  a  traverser 
ladite  couche  de  photo-modulation  (17);  et 

un  moyen  oscillant  (20,  21)  pour  faire  os- 
ciller  ladite  au  moins  I'une  des  deux  electrodes 
(18,  19),  afin  de  moduler  un  champ  electrique 

io  genere  entre  les  deux  electrodes  (18,  19)  par 
ladite  image  latente  de  charges  pre-enregistree 
sur  le  support  d'enregistrement  (15),  ce  par 
quoi  ladite  lumiere  de  lecture  est  modulee  de 
fagon  electro-optique  pour  reproduire  ladite 

is  image  latente  de  charges. 

2.  Appareil  pour  reproduire  une  image  latente  de 
charges  pre-enregistree,  ledit  appareil  compor- 
tant: 

20  un  support  d'enregistrement  (15)  compor- 
tant  une  couche  de  photo-modulation  (17),  une 
couche  de  retention  de  charges  (16,  34)  depo- 
see  sur  une  face  de  la  couche  de  photo- 
modulation  (17),  et  une  electrode  sous  forme 

25  d'une  couche  (32)  deposee  sur  I'autre  face  de 
la  couche  de  photo-modulation  (17),  ladite  cou- 
che  de  retention  de  charges  retenant  ladite 
image  latente  de  charges  pre-enregistree; 

une  electrode  (18)  amenagee  de  fagon  a 
30  se  trouver  en  face  de  la  couche  de  retention 

de  charges  du  support  d'enregistrement,  a  une 
certaine  distance  de  celle-ci,  et  pouvant  etre 
connectee  a  I'electrode  deposee  (32)  pour  ge- 
nerer  un  champ  electrique  entre  celles-ci: 

35  une  lumiere  de  lecture  destinee  a  traverser 
ladite  couche  de  photo-modulation;  et 

un  moyen  oscillant  (20,  21)  pour  faire  os- 
ciller  ladite  electrode  (18)  afin  de  moduler  le 
champ  electrique  genere  entre  I'electrode  (18) 

40  et  I'electrode  deposee  (32)  par  ladite  image 
latente  de  charges,  ce  par  quoi  ladite  lumiere 
de  lecture  est  modulee  de  fagon  electro-opti- 
que  pour  reproduire  ladite  image  latente  de 
charges. 

45 
3.  Appareil  selon  la  revendication  1  ou  2,  dans 

lequel  le  moyen  oscillant  (20,  21)  fonctionne 
en  faisant  osciller  I'electrode  dans  une  direc- 
tion  perpendiculaire  au  plan  de  la  couche  de 

50  retention  de  charges. 

4.  Appareil  selon  la  revendication  1  ou  2,  dans 
lequel  I'electrode  que  fait  osciller  ledit  moyen 
oscillant  (20,  21)  comporte  plusieurs  bandes 

55  s'etendant  dans  une  direction  et  se  trouvant  en 
face  dudit  support  d'enregistrement  utilise,  et 
ledit  moyen  oscillant  fonctionne  de  fagon  a 
faire  osciller  ladite  une  electrode  dans  une 

9 
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direction  perpendiculaire  a  la  direction  des 
bandes. 

5.  Appareil  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  ledit  moyen  5 
oscillant  (20,  21)  comporte  deux  elements  re- 
sonateurs  piezo-electriques  (24,  25,  26,  27;  40, 
41). 

6.  Appareil  selon  la  revendication  5,  dans  lequel  10 
les  elements  resonateurs  piezo-electriques 
sont  du  type  bimorphe. 

7.  Appareil  selon  la  revendication  5  ou  6,  dans 
lequel  le  moyen  oscillant  comporte  deux  reso-  is 
nateurs  piezo-electriques  (20,  21)  comportant 
chacun  des  elements  resonateurs  piezo-electri- 
ques  du  type  bimorphe  (24,  25,  26,  27)  prevus 
sur  les  surfaces  de  supports  (22,  23). 

20 

25 

Appareil  selon  I'une  quelconque  des  revendi- 
cations  1  a  4,  dans  lequel  le  moyen  oscillant 
(20,  21)  comporte  un  element  resonateur  pie- 
zo-electrique  et  un  ressort  a  lames. 

Appareil  selon  la  revendication  8,  dans  lequel 
ledit  element  resortateur  est  du  type  bimorphe. 

10.  Appareil  selon  la  revendication  3,  dans  lequel 
ledit  moyen  oscillant  comporte  un  element  re-  30 
sonateur  piezo-electrique  unique  (37)  sur  le- 
quel  est  constitute  ladite  au  moins  une  elec- 
trode  (19). 

35 

40 

45 

50 

55 
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