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©  A  display  apparatus  includes  two  substrates 
(10,  15)  having  electrodes,  respectively,  and  a 
liquid  crystal  layer  (17)  arranged  between  the 
two  substrates.  One  of  the  two  substrates  in- 
cludes  a  plurality  of  linear  luminous  sources 
(Yl  Y2  Yn)  ranged  in  parallel  each  other,  a 
plurality  of  linear  electrodes  (X  ̂ X2  Xm) 
ranged  in  parallel  each  other  and  the  linear 
electrodes  being  crossed  with  the  plurality  of 
linear  luminous  sources,  and  a  plurality  of 
photoconductive  layers  (13)  provided  at  cros- 
sed  positions  of  the  plurality  of  linear  luminous 
sources  and  the  plurality  of  linear  electrodes, 
the  photoconductive  layers  serving  to  perform 
switching  operation  in  response  to  light  applied 
from  the  plurality  of  linear  luminous  sources. 
The  liquid  crystal  layer  has  pixels  to  be  driven 
by  a  signal  applied  through  the  plurality  of 
linear  electrodes  and  the  plurality  of  photocon- 
ductive  layers. 
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BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention 

The  present  invention  relates  to  a  display 
apparatus  of  matrix  type,  for  example,  a  matrix  type 
liquid  crystal  display  apparatus  which  has  large 
capacitance  which  can  be  used  for  AV  (Audio-  Visual) 
instruments,  OA  (Office  Automation)  instruments, 
computers  and  the  like. 

2.  Description  of  the  Related  Art 

With  advance  of  a  highly  computerized  society,  a 
request  for  a  larger  display  having  larger  capacitance 
has  been  rising.  To  comply  with  the  request,  a  ca- 
thode-ray  tube  (CRT),  which  is  called  as  "a  king  of  dis- 
plays",  is  being  developed  to  be  more  fine.  As  to  the 
size  of  the  CRT,  the  maximum  size  of  a  direct-view 
type  CRT  is  40  inches  and  the  maximum  size  of  a  pro- 
jection  type  CRT  is  200  inches.  The  CRTs  known  by 
the  present  inventors,  however,  are  too  heavy  and 
long  in  depth  to  prevent  the  realization  of  a  large  dis- 
play  having  larger  capacitance.  To  avoid  the 
shortcomings  the  CRTs  entails,  a  drastic  solution  has 
been  desirous. 

A  planar  type  display,  which  is  operated  on  the 
different  principle  from  the  known  CRTs,  is  now  under 
steady  study  toward  the  higher  quality  stage  for  a 
highvision  or  an  engineering  workstation  (EWS)  from 
the  current  way  of  use  for  a  word  processor  or  a  per- 
sonal  computer. 

The  planar  type  display  includes  an  electrolumi- 
nescent  panel  (ELP),  a  plasma  display  panel  (PDP), 
a  fluorescence  character  display  tube  (VFD),  an  elec- 
tro-chromic  display  (ECD),  and  a  liquid  crystal  display 
(LCD).  The  most  promising  planar  typedisplay  among 
those  displays  is  the  liquid  crystal  display  because  it 
has  the  shortest  way  to  the  realization  of  full  color  and 
the  most  suitable  characteristics  to  an  LSI  (Large- 
Scale  Integration).  Hence,  the  liquid  crystal  display  is 
remarkable  in  technical  progress. 

In  recent  days,  a  matrix  type  liquid  crystal  display 
apparatus  is  more  likely  to  be  requested  to  have  larger 
capacitance.  That  is,  with  the  recent  request  for 
higher  resolution  of  display  apparatuses,  it  has  been 
requested  that  the  number  of  pixels  is  increased  from 
400  x  600  to  1000  x  1000  or  more  and  the  size  of  the 
screen  is  also  increased  from  10  inches  to  20  inches 
or  more. 

The  present  inventors  know  that  the  matrix  type 
liquid  crystal  display  apparatus  (referred  to  as  a  matrix 
type  LCD  apparatus)  is,  in  large,  divided  into  an  active 
matrix  driven  type  liquid  crystal  display  (referred  to  as 
an  active  matrix  type  LCD)  and  a  simple  matrix  driven 
type  liquid  crystal  display  (referred  to  as  a  simple  mat- 
rix  type  LCD).  The  division  standard  depends  on  the 
difference  of  the  driving  method  therebetween. 

The  simple  matrix  type  LCD  includes  the  struc- 
ture  wherein  liquid  crystal  is  enclosed  in  an  XY  matrix 
panel  composed  of  a  pair  of  glass  substrates  located 
in  opposition  in  a  manner  to  cross  the  striped  elec- 

5  trades  formed  on  one  of  the  glass  substrates  with  the 
striped  electrodes  formed  on  the  other  of  the  glass 
substrates  at  right  angles,  and  is  operated  to  display 
through  the  effect  of  sharpness  of  liquid  crystal  dis- 
play  characteristic.  The  active  matrix  type  LCD 

10  includes  the  structure  wherein  non-linear  elements 
are  directly  added  to  pixels  and  are  operated  to  dis- 
play  through  the  effect  of  the  non-linear  characteristic 
of  each  element  (switching  characteristic,  and  the 
like).  As  compared  to  the  simple  matrix  type  LCD,  the 

15  active  matrix  type  LCD  has  lower  dependency  on  the 
display  characteristics  of  the  liquid  crystal  itself,  so 
that  it  can  realize  a  high-contrast  and  high-response 
display.  This  kind  of  non-linear  elements  are  divided 
into  a  two-terminal  type  and  a  three-terminal  type.  The 

20  two-terminal  type  non-linear  element  is  MIM  (Metal- 
Insulating  material-Metal)  or  a  diode.  The  three-termi- 
nal  type  non-linear  element  is  TFT  (Thin  Film 
Transistor),  Si-MOS  (Silicon  Metal  Oxide  Semicon- 
ductor)  or  SOS  (Silicon-On-Sapphire).  For  each  of  the 

25  LCDs,  the  study  for  enhancing  the  resolution  and 
enlarging  the  screen  has  been  made. 

Both  the  active  matrix  type  LCD  and  the  simple 
matrix  type  LCD  are  disadvantageous  to  realization  of 
a  large  screen  display  having  large  capacitance  in 

30  light  of  contrast,  a  response  speed,  and  reliability. 
For  the  active  matrix  type  LCD,  in  particular,  a  thin 

film  transistor  (referred  to  as  TFT)  active  matrix  type 
LCD,  some  problems  to  be  mentioned  below  still  exist 
in  the  study  for  enhancing  the  resolution  and  enlarg- 

35  ing  the  screen. 
As  the  scan  lines  are  increased  in  number,  the 

writing  time  for  one  scan  line  is  decreased.  It  results 
in  needing  larger  current  for  properly  driving  TFT  ele- 
ments.  In  order  to  increase  the  on  current,  it  is  neces- 

40  sary  to  use  a  semiconductor  material  having  large 
mobility  for  composing  the  TFT  element  or  to  enhance 
a  W/L  (Width/Length)  ratio  of  the  TFT  element.  The 
former  case  concerns  with  the  property  of  the  semi- 
conductor  material,  which  it  is  difficult  to  greatly 

45  improve.  To  implement  the  latter  case,  it  is  necessary 
to  control  the  manufacturing  process  of  the  TFT  ele- 
ment  very  finely,  which  may  result  in  greatly  lowering 
the  yields  of  the  TFT  element. 

If  an  area  ratio  of  a  TFT  element  to  a  pixel  is  made 
so  larger  as  the  resolution  becomes  higher,  the  capaci- 

tance  between  a  gate  and  a  drain  of  the  TFT  element 
is  made  larger  than  the  capacitance  of  the  liquid  crys- 
tal.  It  results  in  allowing  a  gate  signal  to  have  a  large 
adverse  effect  on  pixels. 

55  That  is,  since  the  active  matrix  type  LCD  makes 
a  positive  use  of  a  switching  characteristic  and  a  non- 
linear  characteristic  of  a  nonlinear  element  for  dis- 
playing  an  image,  the  degradation  of  the  display 
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resulting  from  the  realization  of  larger  capacitance  is 
not  so  remarkable  as  the  simple  matrix  type  LCD.  In 
actual,  since  the  parasitic  capacitance  exists  in  the 
nonlinear  element  through  the  scan  lines,  the  prob- 
lems  such  as  a  lower  contrast,  an  after  image,  and  a 
shorter  life  of  a  panel  may  appear  which  are  caused 
by  a  leakage  of  a  scanning  electric  signal  to  pixel  elec- 
trodes.  As  to  the  size  of  the  screen,  since  the  wires  are 
made  longer,  the  connection  of  the  increase  of  wire 
resistance  and  the  parasitic  capacitance  results  in 
bringing  about  attenuation  on  signal  lines,  thereby 
giving  a  large  adverse  effect  on  the  evenness  and  the 
contrast  of  the  display.  It  means  that  this  type  of  LCD 
earnestly  needs  an  epoch-making  novel  technique  for 
realizing  the  larger  LCD  having  large  capacitance. 

Turning  to  the  simple  matrix  type  LCD,  some 
problems  to  be  mentioned  below  still  exist  in  the  study 
forenhancing  the  resolution  and  enlarging  the  screen. 

As  the  number  of  the  scan  lines  is  increased 
more,  it  is  difficult  to  keep  a  voltage  ratio  of  selective 
pixels  to  non-selective  pixels  large,  resulting  in  bring- 
ing  about  some  shortcomings  such  as  a  lower  con- 
trast,  a  smaller  visual  area  and  a  slower  response. 
Those  shortcomings  greatly  degrade  the  quality  of  the 
display.  In  actual  situations,  the  critical  duty  factor  is 
about  1/200  to  1/400.  To  overcome  the  appearance  of 
such  shortcomings,  an  upper  and  lower  divisional 
driving  system  has  been  proposed.  This  system  is 
composed  by  dividing  the  signal  lines  formed  on  the 
panel  display  into  an  upper  and  a  lower  blocks  and 
individually  scanning  the  upper  and  lower  display 
blocks.  Concretely,  if  not  divided,  the  number  of  the 
scan  lines  is  400,  while  if  divided,  the  number  of  the 
scan  lines  is  apparently  800.  The  system  at  the  trial 
stage  reaches  the  display  capacitance  of  800  x  1024 
lines.  This  system  makes  it  possible  to  scan  2N  scan 
lines  at  a  1/N  duty  factor,  so  that  the  number  of  the 
scan  lines  is  apparently  doubled.  This  system,  how- 
ever,  has  some  problems  as  well.  For  example,  it 
requires  twice  as  many  driving  circuits  as  the  simple 
matrix  type  LCD  without  using  this  system.  Further,  it 
is  incapable  of  scanning  2N  or  more  scan  lines. 

That  is,  in  the  simple  matrix  type  LCD,  a  ratio  of 
an  effective  voltage  of  selective  pixel  electrodes  to 
non-selective  pixel  electrodes  comes  closer  to  1  as 
the  scan  lines  are  increased  in  number.  The  display 
characteristic  of  the  liquid  crystal  itself  is  required  to 
have  sharpness.  The  securable  sharpness  is  limited. 
In  actual,  the  number  of  the  scan  lines  is  suppressed 
to  be  about  400.  The  response  speed  is  likely  to  be 
opposed  to  the  sharpness  of  the  display  characteristic 
and  is  made  slower  as  the  number  of  the  scan  lines 
(the  number  of  duties).  In  general,when  the  number  of 
the  scan  lines  is  400,  the  response  time  is  1  00  ms  (mil- 
lisecond)  to  300  ms  or  some. 

The  foregoing  upper  and  lower  divisional  driving 
system  needs  two  drivers  for  the  data  signal  lines  for 
the  upper  and  the  lower  blocks,  resulting  in  providing 

twice  as  many  as  the  normal  simple  matrix  type  LCD, 
thereby  making  the  LCD  costlier  if  this  divisional  sys- 
tem  is  used.  Moreover,  the  divisional  system  is  inferior 
to  the  active  matrix  type  LCD  in  light  of  contrast  and 

5  response  speed.  The  wires  of  the  transparent  elec- 
trodes  are  made  longer  as  the  display  panel  is  made 
larger.  It  results  in  increasing  the  wiring  resistance, 
thereby  disadvantageously  lowering  the  display  une- 
venness  and  contrast  resulting  from  the  attenuation  of 

10  the  signals.  It  means  that  a  breakthrough  technique  is 
necessary  to  the  realization  of  the  larger  display  hav- 
ing  larger  capacitance. 

SUMMARY  OF  THE  INVENTION 
15 

It  is  therefore  an  object  of  the  present  invention  to 
provide  a  high-resolution  display  apparatus  which 
provides  a  light  switching  function  for  the  purpose  of 
easily  increasing  current  for  driving  the  pixels  and  the 

20  apparent  number  of  scan  lines  without  having  to 
greatly  lower  a  voltage  ratio  of  selected  pixels  to  non- 
selected  pixels. 

It  is  another  object  of  the  present  invention  to  pro- 
vide  a  planar  type  display  apparatus  which  is  capable 

25  of  displaying  an  image  at  high  quality  and  with  large 
capacitance. 

The  object  of  the  invention  can  be  achieved  by  a 
display  apparatus  including: 

two  substrates  having  electrodes,  respect- 
30  ively,  one  of  the  two  substrates  including  a  plurality  of 

linear  luminous  sources  ranged  in  parallel  each  other, 
a  plurality  of  linear  electrodes  ranged  in  parallel  each 
other  and  the  linear  electrodes  being  crossed  with  the 
plurality  of  linear  luminous  sources,  and  a  plurality  of 

35  photoconductive  layers  provided  at  crossed  positions 
of  the  plurality  of  linear  luminous  sources  and  the 
plurality  of  linear  electrodes,  the  photoconductive 
layers  serving  to  perform  switching  operation  in  res- 
ponse  to  light  applied  from  the  plurality  of  linear  lumi- 

40  nous  sources;  and 
a  liquid  crystal  layer  arranged  between  the  two 

substrates,  the  liquid  crystal  having  pixels  to  be  driven 
by  a  signal  applied  through  the  plurality  of  linear  elec- 
trodes  and  the  plurality  of  photoconductive  layers. 

45  The  object  of  the  invention  can  be  also  achieved 
by  a  display  apparatus,  including: 

two  substrates  having  electrodes,  respect- 
ively,  one  of  the  two  substrates  including  a  plurality  of 
linear  luminous  sources  ranged  in  parallel  each  other, 

so  a  plurality  of  linear  electrodes  ranged  in  parallel  and 
the  linear  electrodes  being  crossed  with  the  plurality 
of  linear  luminous  sources,  a  plurality  of  pixel  elec- 
trodes  formed  on  the  same  level  as  the  plurality  of 
linearelectrodes,  a  plurality  of  photoconductive  layers 

55  adjacent  to  crossed  positions  of  the  plurality  of  linear 
luminous  sources  and  the  plurality  of  linear  elec- 
trodes,  the  photoconductive  layers  being  located  be- 
tween  the  plurality  of  pixel  electrodes  and  the  plurality 
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of  linear  electrodes,  respectively,  and  serving  to  per- 
form  switching  operation  in  response  to  light  applied 
from  the  linear  luminous  sources;  and 

a  liquid  crystal  layer  being  located  between  the 
two  substrates,  the  liquid  crystal  layer  having  pixels  to 
be  driven  by  a  signal  applied  through  the  plurality  of 
linear  electrodes  and  the  plurality  of  photoconductive 
layers. 

In  operation,  when  a  ray  of  light  is  applied  from  the 
activated  linear  luminous  sources  to  the  photocon- 
ductive  layers,  it  results  in  lowering  the  impedance  of 
the  photoconductive  layers,  thereby  switching  on  the 
light-applied  photoconductive  layers.  Then,  the  linear 
electrodes  are  allowed  to  apply  signals  to  the  pixels 
of  the  liquid  crystal  layer  through  the  activated  photo- 
conductive  layers.  The  photoconductive  layers  serve 
as  switching  elements.  Hence,  current  flows  in  the 
thickness  direction  of  the  photoconductive  layer  in 
each  light  switch  element,  resulting  in  being  able  to 
increase  the  current.  Further,  since  the  scan  signal  is 
light,  unlike  the  TFT  element,  no  unfavorable  state 
appears  wherein  the  scan  signal  (gate  signal)  is  flown 
into  the  pixel  electrodes  through  the  element  capaci- 
tance. 

The  object  of  the  invention  can  be  achieved  by  a 
display  apparatus,  including: 

a  display  medium; 
a  plurality  of  pixel  electrodes  for  driving  the  dis- 

play  medium; 
a  plurality  of  signal  lines  arranged  in  a  row  or 

a  column  direction; 
a  plurality  of  photoconductors  provided  for  the 

plurality  of  pixel  electrodes,  and  serving  to  electrically 
connect  or  disconnect  the  signal  lines  to  or  from  the 
pixel  electrodes,  respectively;  and 

a  plurality  of  linear  luminous  sources  arranged 
in  a  row  or  a  column  direction  for  selectively  applying 
light  to  the  plurality  of  photoconductors,  and  for  con- 
trolling  connection  or  disconnection  of  the  photocon- 
ductors. 

The  object  of  the  invention  can  be  also  achieved 
by  a  display  apparatus  including  two  substrates  hav- 
ing  electrodes,  respectively,  and  a  display  medium 
provided  between  the  two  substrates,  including: 

a  plurality  of  pixel  electrodes  for  driving  the  dis- 
play  medium; 

a  plurality  of  signal  lines  arranged  in  a  row  or 
a  column  direction; 

a  plurality  of  photoconductors  provided  for  the 
plurality  of  pixel  electrodes  and  serving  to  electrically 
connect  or  disconnect  the  plurality  of  signal  lines  to  or 
from  the  pixel  electrodes,  respectively;  and 

a  plurality  of  linear  luminous  sources  arranged 
in  a  row  or  a  column  direction  for  selectively  applying 
light  to  the  plurality  of  photoconductors,  and  for  con- 
trolling  connection  or  disconnection  of  the  photocon- 
ductors, 

the  plurality  of  pixel  electrodes,  the  plurality  of 

signal  lines  and  the  plurality  of  photoconductors  being 
formed  on  one  of  the  two  substrates  and  the  plurality 
of  linear  luminous  sources  being  formed  on  the  other 
one  of  the  two  substrates. 

5  In  operation,  as  the  linear  luminous  sources  are 
sequentially  made  luminous,  the  light-applied  photo- 
conductors  change  their  impedances  so  that  those 
photoconductors  are  made  conductive,  resulting  in 
electrically  connecting  the  pixel  electrodes  corre- 

10  sponding  to  the  conductive  photoconductors  to  the 
signal  lines.  Hence,  the  voltage  applied  on  the  signal 
lines  is  applied  to  the  pixel  electrodes  through  the 
photoconductors.  The  photoconductors  to  which  no 
light  is  applied  are  made  non-conductive,  resulting  in 

15  applying  no  substantial  voltage  to  the  corresponding 
pixel  electrodes.  The  voltage  difference  between  both 
of  the  pixel  electrodes  results  in  forming  an  image  on 
a  display  media.  That  is,  the  pixel  electrodes  are  con- 
nected  to  or  disconnected  from  the  signal  lines 

20  through  the  effect  of  the  photoconductors  serving  to 
be  conductive  or  non-conductive  in  receipt  of  light. 
Hence,  no  performance  degradation  resulting  from 
the  parasitic  capacitance  and  the  wire  resistance 
takes  place.  The  liquid  crystal  display  is  thus  capable 

25  of  realizing  the  large  display  at  high  quality  and  with 
large  capacitance. 

Further  objects  and  advantages  of  the  present 
invention  will  be  apparent  from  the  following  descrip- 
tion  of  the  preferred  embodiments  of  the  invention  as 

30  illustrated  in  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  plan  view  showing  fundamental  struc- 
35  ture  of  an  active  matrix  driven  type  LCD  according 

to  a  first  embodiment  of  the  present  invention; 
Fig.  2  is  a  sectional  view  cut  on  the  A-A  line  of  Fig. 
1; 
Fig.  3  is  a  plan  view  showing  structure  of  an  active 

40  matrix  driven  type  LCD  according  to  a  second 
embodiment  of  the  present  invention; 
Fig.  4  is  a  sectional  view  cut  on  the  B-B  line  of  Fig. 
3; 
Fig.  5  is  a  sectional  view  showing  structure  of  an 

45  active  matrix  driven  type  LCD  according  to  the 
third  embodiment  of  the  present  invention; 
Fig.  6  is  a  sectional  view  showing  a  transfor- 
mation  of  the  active  matrix  driven  type  LCD 
according  to  the  third  embodiment  of  the  present 

so  invention; 
Fig.  7  is  a  plan  view  showing  fundamental  struc- 
ture  of  a  simple  matrix  driven  type  LCD  according 
to  a  fourth  embodiment  of  the  present  invention; 
Fig.  8  is  a  sectional  view  cut  on  the  C-C  line  of  Fig. 

55  7; 
Fig.  9  is  a  time  chart  showing  the  operation  of  the 
fourth  embodiment  of  Fig.  7; 
Fig.  10  is  a  plan  view  showing  a  simple  matrix  dri- 

4 
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ven  type  LCD  according  to  a  fifth  embodiment  of 
the  present  invention; 
Fig.  1  1  is  a  sectional  view  cut  on  the  D-D  line  of 
Fig.  10; 
Fig.  12  is  a  sectional  view  cut  on  the  E-E  line  of 
Fig.  10; 
Fig.  1  3  is  a  time  chart  showing  the  operation  of  the 
fifth  embodiment  shown  in  Fig.  10; 
Fig.  14  is  a  plan  view  showing  a  transformation  of 
the  simple  matrix  driven  type  LCD  according  to 
the  fifth  embodiment; 
Fig.  15  is  a  sectional  view  cut  on  the  F-F  line  of 
Fig.  14; 
Fig.  16  is  a  sectional  view  cut  on  the  G-G  line  of 
Fig.  14; 
Fig.  17  is  a  plan  view  showing  fundamental  struc- 
ture  of  an  active  matrix  driven  type  LCD  according 
to  a  sixth  embodiment  of  the  present  invention; 
Fig.  1  8  is  a  sectional  view  cut  on  the  line  H-H  line 
of  Fig.  17; 
Fig.  19  is  a  plan  view  showing  structure  of  an 
active  matrix  driven  type  LCD  according  to  a 
seventh  embodiment  of  the  present  invention; 
Fig.  20  is  a  sectional  view  cut  on  the  l-l  line  of  Fig. 
19; 
Fig.  21  is  a  sectional  view  showing  structure  of  an 
active  matrix  driven  type  LCD  according  to  an 
eighth  embodiment  of  the  present  invention; 
Fig.  22  is  a  plan  view  showing  structure  of  an 
active  matrix  driven  type  LCD  according  to  a  ninth 
embodiment  of  the  present  invention; 
Fig.  23  is  a  sectional  view  cut  on  the  line  J-J  of  Fig. 
22; 
Fig.  24  is  a  plan  view  showing  structure  of  an 
active  matrix  driven  type  LCD  according  to  a  tenth 
embodiment  of  the  present  invention; 
Fig.  25  is  a  sectional  view  cut  on  the  K-K  line  of 
Fig.  24; 
Fig.  26  is  a  plan  view  showing  structure  of  an 
active  matrix  driven  type  LCD  according  to  an 
eleventh  embodiment  of  the  present  invention; 
Fig.  27  is  a  sectional  view  cut  on  the  L-L  line  of 
Fig.  26; 
Fig.  28  is  a  sectional  view  showing  structure  of  an 
active  matrix  driven  type  LCD  according  to  a 
twelfth  embodiment  of  the  present  invention; 
Fig.  29  is  a  sectional  view  showing  structure  of  an 
active  matrix  driven  type  LCD  according  to  an  thir- 
teenth  embodiment  of  the  present  invention; 
Fig.  30  is  a  sectional  view  showing  structure  of  an 
active  matrix  driven  type  LCD  according  to  a  four- 
teenth  embodiment  of  the  present  invention; 
Fig.  31  is  a  sectional  view  showing  structure  of  an 
active  matrix  driven  type  LCD  according  to  a  fif- 
teenth  embodiment  of  the  present  invention 
Fig.  32  is  a  plan  view  showing  structure  of  a  light 
scanning  substrate  used  in  an  active  matrix  dri- 
ven  type  LCD  according  to  a  sixteenth  embodi- 

ment  of  the  present  invention; 
Fig.  33  is  a  perspective  view  showing  the  sub- 
strate  of  the  sixteenth  embodiment  for  describing 
a  connection  between  the  pixel  electrode  and  the 

5  signal  line; 
Fig.  34  is  a  sectional  view  cut  on  the  M-M  line  of 
Fig.  33; 
Fig.  35  is  a  sectional  view  cut  on  the  N-N  line  of 
Fig.  32  showing  a  liquid  crystal  display  panel  hav- 

10  ing  a  light-scan  substrate  incorporated  therein; 
Fig.  36  is  a  plan  view  showing  a  display  apparatus 
according  to  a  seventeenth  embodiment  of  the 
present  invention; 
Fig.  37  is  a  waveform  view  showing  signals  used 

15  for  driving  the  display  apparatus  of  Fig.  36; 
Fig.  38  is  a  plan  view  showing  a  display  apparatus 
according  to  an  eighteenth  embodiment  of  the 
present  invention; 
Fig.  39  is  a  plan  view  showing  a  signal-electrode 

20  substrate  of  an  active  matrix  driven  type  LCD 
panel  according  to  a  nineteenth  embodiment  of 
the  present  invention; 
Fig.  40  is  a  plan  view  showing  a  light-scan  sub- 
strate  opposed  to  the  signal  electrode  substrate 

25  shown  in  Fig.  39; 
Fig.  41  is  a  sectional  view  cut  on  the  V-V  line  of 
Fig.  40  showing  an  LCD  panel  having  the  signal 
electrode  substrate  shown  in  Fig.  39  and  the  light- 
scan  substrate  shown  in  Fig.  40  incorporated  the- 

30  rein; 
Fig.  42  is  a  plan  view  showing  a  signal  electrode 
substrate  of  an  active  matrix  driven  type  LCD  dis- 
play  panel  according  to  a  twentieth  embodiment 
of  the  present  invention; 

35  Fig.  43  is  a  plan  view  showing  a  light-scan  sub- 
strate  opposed  to  the  signal  electrode  substrate 
of  Fig.  42;  and 
Fig.  44  is  a  sectional  view  cut  on  the  W-W  line  of 
Fig.  43  showing  an  LCD  panel  having  the  signal 

40  electrode  substrate  shown  in  Fig.  42  and  the  light- 
scan  substrate  shown  in  Fig.  43  incorporated  the- 
rein. 

DESCRIPTION  OF  THE  PREFERRED 
45  EMBODIMENTS 

Fig.  1  is  a  plan  view  showing  fundamental  struc- 
ture  of  an  active  matrix  driven  type  LCD  according  to 
a  first  embodiment  of  the  present  invention.  Fig.  2  is 

so  a  sectional  view  cut  on  the  A-A  line  of  Fig.  1  . 
As  shown  in  Figs.  1  and  2,  a  plurality  of  linear 

luminous  sources  Y  ̂ Y2  Yn  are  arranged  on  one 
glass  substrate  10  along  the  Y  (longitudinal)  direction 
of  Fig.  1  .  A  plurality  of  linear  electrodes  ,  X2  Xm_ 

55  i,  Xm  are  arranged  on  those  linear  luminous  sources 
in  the  X  (perpendicular)  direction  of  Fig.  1.  The  linear 
electrodes  are  crossed  with  the  linear  luminous  sour- 
ces  for  example  at  right  angles. 
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Each  of  the  linear  luminous  sources  Y2  Yn, 
for  example,  the  linear  luminous  source  Y2  is  com- 
posed  of  a  luminous  portion  11  and  a  light  waveguide 
12.  The  luminous  portion  11  is  made  of  an  electrolumi- 
nescent  (EL)  element,  for  example.  By  activating  the 
luminous  portion  11,  the  linear  luminous  source  Y2 
serves  to  emit  a  linear  ray  of  light  from  the  overall  sur- 
face  of  the  luminous  source  Y2.  It  is  possible  to  use  all 
the  linear  luminous  sources  Y  ̂ Y2  Yn  as  a  lumin- 
ous  area.  However,  the  structure  of  the  present  embo- 
diment  is  more  advantageous  in  light  of  low  power 
consumption. 

Each  of  the  plurality  of  linearelectrodesXi,  X2 
Xm-i,  Xm  is  composed  of  a  transparent  conductive 
layer.  At  each  crossed  portion  of  the  linear  luminous 
sources  Y  ̂ Y2  Yn  and  the  linear  electrodes  X^ 
X2  X,,,.!,  Xm,  a  light  switch  element  is  provided.  The 
light  switch  element  is  made  of  a  photoconductive 
layer.  For  example,  at  the  crossed  portion  of  the  linear 
luminous  source  Y2  and  the  linear  electrode  X  ̂ a  light 
switch  element  13  is  provided.  The  light  switch  ele- 
ment  13  is  laid  between  each  of  the  linear  electrodes 
Xl  X2  X,,,.!,  Xm  and  each  pixel  electrode.  For 
example,  the  light  switch  element  13  is  provided  be- 
tween  the  linear  electrode  X̂  and  the  pixel  electrode 
14.  By  applying  light  to  the  light  switch  element  13,  the 
light  switch  element  1  3  reduces  its  electric  resistance. 
It  results  in  applying  a  signal  from  the  linear  electrode 
Xi  to  the  pixel  electrode  14. 

A  transparent  electrode  16  is  provided  on  the 
other  glass  substrate  15.  A  liquid  crystal  layer  17  is 
sealed  between  both  of  the  substrates. 

For  doing  light  scanning,  the  linear  luminous 
sources  Y  ̂ Y2  Yn  are  activated  sequentially  from 
Yi  to  Yn.  An  electric  signal  corresponding  to  the  light- 
scanning  is  appl  ied  to  each  of  the  I  inear  electrodes  X̂  , 
X2  Xm-i,  Xm.  While  the  linear  luminous  sources  Y^ 
Y2  Yn  are  made  luminous  (activated),  the  light 
switch  element  located  on  the  linear  luminous  source 
is  operated  on.  Hence,  the  linear  electrodes  X  ̂ X2 
Xm-i,  Xm  serve  to  apply  an  electric  signal  to  the  corre- 
sponding  pixel  electrodes,  respectively.  That  is,  in 
place  of  an  electric  gate  signal  of  a  TFT  element,  each 
of  the  light  switch  elements  is  scanned  by  the  light  sig- 
nal  applied  from  the  linear  luminous  sources  Y^ 
Y2  Yn. 

As  is  apparent  from  the  above  description,  cur- 
rent  flows  in  the  thickness  direction  of  the  photocon- 
ductive  layer  in  each  light  switch  element,  resulting  in 
being  able  to  increase  the  current.  Further,  since  the 
scan  signal  is  light,  unlike  the  TFT  element,  no 
unfavorable  state  appears  wherein  the  scan  signal 
(gate  signal)  is  flown  into  the  pixel  electrodes  through 
the  element  capacitance. 

Fig.  3  is  a  plan  view  showing  structure  of  an  active 
matrix  driven  type  LCD  according  to  a  second  embo- 
diment  of  the  present  invention.  Fig.  4  is  a  sectional 
view  cut  on  the  B-B  line  of  Fig.  3. 

As  shown  in  Figs.  3  and  4,  a  plurality  of  linear 
luminous  sources  Y  ̂ Y2  Yn  are  arranged  on  one 
glass  substrate  20  in  the  Y  (longitudinal)  direction  of 
Fig.  3.  A  plurality  of  linear  electrodes  X  ̂ X2  Xm-i, 

5  Xm  are  arranged  on  those  linear  luminous  sources  in 
the  X  (perpendicular)  direction  of  Fig.  3.  The  linear 
electrodes  are  crossed  with  the  linear  luminous  sour- 
ces  for  example  at  right  angles. 

Each  of  the  linear  luminous  sources  Y  ̂ Y2  Yn, 
10  for  example,  the  linear  luminous  source  Y2  is  com- 

posed  of  a  luminous  portion  21  and  a  light  waveguide 
22.  The  luminous  portion  21  is  made  of  an  electrolumi- 
nescent  element,  for  example.  By  activating  the  lumi- 
nous  portion  21  ,  the  linear  luminous  source  Y2  serves 

15  to  emit  a  linear  ray  of  light  from  the  overall  surface  of 
the  source  Y2.  It  is  possible  to  use  all  the  linear  lumi- 
nous  sources  Y  ̂ Y2  Yn  as  a  luminous  area. 

The  luminous  portion  21  and  the  light  waveguide 
22  are  formed  in  the  process  indicated  below. 

20  An  aluminum  (Al)  layer  is  formed  on  the  glass 
substrate  20  by  means  of  an  electron  beam  (EB)  dep- 
osition  method.  Then,  an  etching  treatment  is  carried 
out  on  the  aluminum  layer  for  forming  each  of  elec- 
trodes  23.  This  electrode  23  is  formed  as  short  strips 

25  arranged  in  parallel  and  provided  on  one  end  of  the 
linear  luminous  source  Y2. 

Next,  a  lower  insulating  layer  24  is  formed  on  the 
glass  substrate  20  and  part  of  the  electrode  23.  The 
lower  insulating  layer  24  is  deposited  thereon  by  sput- 

30  tering  silicon  dioxide  (Si02)  or  silicon  nitride  (Si2N3). 
Then,  a  luminous  layer  25  is  laminated  on  the  lower 
insulating  layer  24.  For  forming  the  luminous  layer  25, 
it  is  necessary  to  form  a  zinc  sulfide  (ZnS)  layer  with 
an  addition  of  0.5  %  of  manganese  (Mn)  by  means  of 

35  the  electron  beam  deposition  method  and  carry  out 
the  linear  patterning  of  the  resulting  zinc  sulfide  (ZnS) 
layer  by  means  of  the  vacuum  heating  and  etching 
treatments.  For  doing  the  etching  treatment,  it  is  bet- 
ter  to  provide  a  cut-away  25a  in  the  luminous  layer  25, 

40  because  the  provision  of  the  cut-away  25a  results  in 
increasing  the  quantity  of  light  emitted  outside  of  the 
luminous  layer  25,  thereby  enhancing  a  utilization  fac- 
tor  of  light. 

Then,  an  upper  insulating  layer  26  is  formed.  This 
45  upper  insulating  layer  26  is  deposited  on  the  luminous 

layer  25  by  sputtering  silicon  nitride  (Si2N3)  or  alumi- 
num  oxide  (Al203).  An  electrode  27  is  formed  on  the 
upper  insulating  layer  26  at  an  opposite  position  to  the 
electrode  23.  This  electrode  27  is  formed  by  perform- 

so  ing  the  electron  beam  (EB)  deposition  of  an  aluminum 
layer  on  a  part  of  the  upper  insulating  layer  26. 

For  forming  those  electrodes  23  and  27,  it  is  poss- 
ible  to  use  metal  such  as  molybdenum  (Mo)  or  indium- 
titanium  oxide  (ITO)  in  addition  to  aluminum  (Al).  For 

55  forming  the  lower  and  the  upper  insulating  layers  24 
and  26,  it  is  possible  to  use  silicon  nitride  group 
(SiNx),  strontium  titanium  oxide  (SrTi03)  or  tantalum 
oxide  barium  (BaTa206)  in  addition  to  Si02,  Si2N3  and 

6 
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Al203.  For  forming  the  luminous  layer  25,  it  is  possible 
to  use  zinc  selenide  (ZnSe)  in  addition  to  ZnS. 

Each  of  the  linear  electrodes  X2  Xm.1m,  Xm 
is  composed  of  a  transparent  conductive  film.  Those 
linear  electrodes  X  ̂ X2  Xm-i,  Xm  are  deposited  by 
sputtering  ITO  on  the  upper  insulating  layer  26  and 
patterning  the  resulting  ITO  layer. 

At  each  crossed  portion  of  the  linear  luminous 
sources  Y2  Yn  and  the  linear  electrodes  X^ 
X2  X,,,.!,  Xm,  a  light  switch  element  is  provided.  The 
light  switch  element  is  made  of  a  photoconductive 
layer.  For  example,  at  the  crossed  portion  of  the  linear 
luminous  source  Y2  and  the  linear  electrode  X  ̂ a  light 
switch  element  28  is  provided.  The  light  switch  ele- 
ment  28  is  laid  between  each  of  the  linear  electrodes 
Xl  X2  Xm-i,  Xm  and  each  pixel  electrode.  For 
example,  the  light  switch  element  28  is  provided  be- 
tween  the  linear  electrode  X̂  and  the  pixel  electrode 
29.  The  photoconductive  layer  is  formed  by  forming 
the  linear  electrodes  X  ̂ X2  Xm-i,  Xm,  forming  an  a- 
Si  (amorphous  silicon)  film  on  the  linear  electrodes 
with  a  plasma  chemical  vapor  deposition  (CVD) 
method,  and  patterning  the  resulting  layer.  The  pixel 
electrode  is  deposited  by  sputtering  ITO  on  the  photo- 
conductive  layer  and  patterning  the  resulting  layer. 
When  light  is  applied  to  the  light  switch  element  28, 
the  light  switch  element  28  reduces  its  electric  resist- 
ance,  resulting  in  applying  a  signal  from  the  linear 
electrode  X̂  to  the  pixel  electrode  29. 

An  orientation  layer  30  is  formed  on  those  layers. 
This  orientation  layer  30  is  composed  by  rubbing  a 
polyimide  film  formed  with  a  spinner. 

An  transparent  electrode  32  is  provided  on  the 
other  glass  substrate  31.  This  transparent  electrode 
32  is  deposited  by  sputtering  ITO  on  the  glass  sub- 
strate  31.  An  orientation  layer  33  is  formed  on  the 
transparent  electrode  32.  This  orientation  layer  33  is 
formed  by  rubbing  a  polyimide  film  formed  with  a  spin- 
ner. 

A  plurality  of  spacers  (not  shown)  are  dispersed 
between  the  substrates  having  some  layers  formed 
thereon.  Both  of  the  substrates  are  pasted  through  a 
sealing  member  34  laid  therebetween.  Then,  liquid 
crystal  is  injected  into  the  space  defined  between  both 
of  the  substrates  for  forming  a  liquid  crystal  layer  35. 
The  thickness  of  the  liquid  crystal  layer  35  is  about  5 
urn.  The  display  mode  of  the  liquid  crystal  layer  35  is 
a  twisted  nematic  (TN)  normal  white  type.  For  a  liquid 
crystal  material,  for  example,  a  PCH  (phenylcyc- 
lohexanone)  liquid  crystal  ZLI-1565  (manufactured  by 
Merk  Co.,  Inc.)  is  used.  This  liquid  crystal  is  injected 
in  vacuum  for  forming  the  liquid  crystal  35. 

For  doing  light  scanning,  the  linear  luminous 
sources  Y  ̂ Y2  Yn  are  activated  sequentially  from 
Yi  to  Yn.  An  electric  signal  corresponding  to  the  light- 
scanning  is  appl  ied  to  each  of  the  I  inear  electrodes  X̂  , 
X2  Xm-i,  Xm.  While  the  linear  luminous  sources  Y^ 
Y2  Yn  are  made  luminous  (activated),  the  light 

switch  elements  located  on  the  activated  linear  lumi- 
nous  sources  are  operated  on.  Hence,  the  linear  elec- 
trodes  Xl  X2  Xm-i,  Xm  serve  to  apply  electric 
signals  to  the  corresponding  pixel  electrodes,  re- 

5  spectively  for  the  purpose  of  representing  an  image 
on  a  screen. 

As  is  apparent  from  the  above  description,  the 
active  matrix  driven  type  LCD  according  to  the  pre- 
sent  embodiment  has  the  structure  where  a  switch  is 

10  provided  for  each  pixel  like  the  TFT  element.  This 
structure  makes  it  possible  to  display  an  image  at  high 
contrast.  Current  flows  in  the  thickness  direction  of 
the  photoconductive  layer  in  each  light  switch  ele- 
ment,  resulting  in  being  able  to  increase  the  current. 

15  Further,  since  the  scan  signal  is  light,  unlike  the  TFT 
element,  no  unfavorable  state  appears  wherein  the 
scan  signal  (gate  signal)  is  flown  into  the  pixel  elec- 
trodes  through  the  element  capacitance.  So,  if  the 
number  of  the  scan  lines  are  more  than  1000,  no 

20  unfavorable  state  appears. 
Fig.  5  is  a  sectional  view  showing  an  active  matrix 

driven  type  LCD  according  to  the  third  embodiment  of 
the  present  invention. 

According  to  the  present  embodiment,  each  of 
25  the  linear  luminous  sources  Y^Y^  ..,  Yn,  for  example, 

the  linear  luminous  source  Y2  includes  luminous  por- 
tions  21  and  121  at  both  ends  thereof.  The  luminous 
portions  21and  121  are  made  of  an  electrolumines- 
cent  (EL)  element,  for  example.  As  shown  in  Fig.  5,  at 

30  the  opposite  ends  to  the  electrodes  23  and  27  of  the 
linear  luminous  source,  electrodes  123  and  127  are 
provided.  That  is,  the  luminous  portions  are  formed  on 
both  sides  of  the  substrate.  This  structure  results  in 
greatly  enhancing  light  intensity  of  the  linear  luminous 

35  source.  The  manufacturing  process,  the  structure  and 
the  operation  of  the  present  embodiment  are  the 
same  as  those  of  the  embodiment  shown  in  Figs.  3 
and  4,  except  the  above-described  partial  structure. 

Fig.  6  is  a  sectional  view  showing  a  transfor- 
40  mation  of  the  active  matrix  driven  type  LCD  according 

to  the  third  embodiment  of  the  present  invention. 
According  to  the  transformation  of  the  third  embo- 

diment,  an  aluminum  layer  is  formed  on  the  glass  sub- 
strate  20  by  means  of  an  electron-beam  (EB) 

45  deposition  method.  Then,  the  etching  treatment  is  car- 
ried  out  on  the  aluminum  layer  for  forming  an  elec- 
trode  223  on  the  overall  area  of  reverse  side  of  the 
linear  luminous  sources  Y  ̂ Y2  Yn.  It  results  in 
being  able  to  prevent  leakage  of  light  from  the  lumin- 

50  ous  layer  25,  thereby  considerably  enhancing  light  in- 
tensity.  A  light-shielding  layer  is  provided  on  a  light 
switch  element  provided  at  each  of  the  crossed  por- 
tions  of  the  linear  luminous  sources  Y  ̂ Y2  Yn  and 
the  linear  electrodes  Xi,X2  Xm-i,Xm.  For  example, 

55  a  light-shielding  layer  36  is  provided  on  a  light  switch 
element  28  located  at  the  crossed  portion  of  the  linear 
luminous  source  Y2  and  the  linear  electrode  X  ̂ The 
provision  of  the  light-shielding  layer  36  results  in 

7 
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being  able  to  prevent  the  light  incident  from  the 
upward  from  being  applied  to  each  light  switch  ele- 
ment.  The  manufacturing  process,  the  structure  and 
the  operation  of  the  present  embodiment  is  the  same 
as  those  of  the  embodiment  shown  in  Figs.  3  and  4, 
except  the  above-described  respect. 

Fig.  7  is  a  plan  view  showing  fundamental  struc- 
ture  of  a  simple  matrix  driven  type  LCD  according  to 
a  fourth  embodiment  of  the  present  invention,  Fig.  8 
is  a  sectional  view  cut  on  the  C-C  line  of  Fig.  7,  and 
Fig.  9  is  a  time  chart  showing  the  operation  of  this 
embodiment. 

As  shown  in  Figs.  7  and  8,  a  plurality  of  linear 
electrodes  Y2  Y9  are  arranged  on  one  glass 
substrate  40  along  the  Y  (longitudinal)  direction  of  Fig. 
7.  Apluralityof  linearluminous  sources  02and  03 
are  arranged  on  the  other  glass  substrate  41  along  the 
Y  direction  of  Fig.  7.  Apluralityof  linear  electrodes 
X2  Xm  are  arranged  in  the  X  (perpendicular)  direc- 
tion  of  Fig.  7.  Those  linear  electrodes  X  ̂ X2  Xm 
are  crossed  with  those  linear  electrodes  Y  ̂ Y2  Y9 
and  the  linear  luminous  sources  02  and  03. 

Each  of  the  linear  luminous  sources  02  and 
03,  for  example,  the  linear  luminous  source  02  is  com- 
posed  of  a  luminous  portion  42  and  a  light  waveguide 
43.  The  luminous  portion  42  is  made  of  an  electrolumi- 
nescent  (EL)  element,  for  example.  The  light 
waveguide  43  is  formed  linearly  and  transmits  light 
from  the  luminous  portion  42.  By  activating  the  lumi- 
nous  portion  42,  the  linear  luminous  source  02  serves 
to  emit  a  linear  ray  of  light  from  the  overall  surface  of 
the  source.  It  is  possible  to  use  all  the  linear  luminous 
sources  02  and  03  as  a  luminous  area.  However, 
the  structure  according  to  the  present  embodiment  is 
more  advantageous  in  light  of  low  power  consump- 
tion. 

Each  of  the  linear  electrodes  X  ̂ X2  Xm  is  com- 
posed  of  a  dual-structured  transparent  conductive 
layer.  That  is,  the  linear  electrode  X̂  is  composed  of 
a  linear  transparent  electrode  44  and  the  linear  divi- 
sional  transparent  electrodes  45a,  45b,  45c.  The 
transparent  electrode  44  and  the  divisional  transpa- 
rent  electrodes  45a,  45b,  45c  are  laminated  through 
light  switch  elements  46a,  46b,  46c  or  insulating 
layers  47a,  47b,  47c  laid  therebetween.  Concretely, 
the  light  switch  element  46a  and  the  insulating  layer 
47a  are  laid  between  the  transparent  electrode  44  and 
the  divisional  transparent  electrode  45a,  the  light 
switch  element  46b  and  the  insulating  layer  47b  are 
laid  between  the  transparent  electrode  44  and  the 
divisional  transparent  electrode  45b,  and  the  light 
switch  element  46c  and  the  insulating  layer  47c  are 
laid  between  the  transparent  electrode  44  and  the 
divisional  transparent  electrode  45c. 

At  each  of  the  crossed  portions  of  the  linear  lumi- 
nous  sources  02,  03  and  the  linear  electrodes  X^ 
X2  Xm,  a  light  switch  element  composed  of  a 
photoconductive  layer  is  provided.  For  example,  at 

each  of  the  crossed  portions  of  the  linear  luminous 
sources  02,  03  and  the  linear  electrode  X  ̂ the 
light  switch  elements  46a,  46b,  46c  are  provided.  As 
mentioned  above,  those  light  switch  elements  are  laid 

5  between  the  transparent  electrode  44  and  the  divi- 
sional  transparent  electrodes  45a,  45b,  45c,  respect- 
ively.  For  example,  the  light  switch  element  46a  is  laid 
between  the  transparent  electrode  44  of  the  linear 
electrode  X̂  and  the  divisional  transparent  electrode 

10  45a.  The  insulating  layer  47a  is  provided  on  the  other 
portion,  that  is,  the  portion  having  no  light  switch  ele- 
ment  formed  thereon,  between  the  transparent  elec- 
trode  44  and  the  divisional  transparent  electrode  45a. 
When  light  is  applied  to  the  light  switch  element  46a, 

15  the  light  switch  element  46a  reduces  its  electric  resi- 
stance,  resulting  in  being  able  to  apply  a  signal  from 
the  linear  electrode  X̂  into  the  divisional  transparent 
electrode  45a. 

For  doing  light  scanning,  the  linear  luminous 
20  sources  02,  03  are  sequentially  activated.  An 

electric  signal  corresponding  to  the  light-scanning  is 
applied  to  each  of  the  linear  electrodes  X  ̂ X2  Xm. 
While  the  linear  luminous  sources  02,  03  are 
made  luminous  (activated),  the  light  switch  elements 

25  located  on  the  linear  luminous  sources  are  operated 
on.  Hence,  the  linear  electrodes  X  ̂ X2  Xm  serve 
to  apply  an  electric  signal  to  the  corresponding  divi- 
sional  transparent  electrodes,  respectively.  In 
synchronous  to  the  light  scanning  operation  done  by 

30  each  of  the  luminous  sources  02,  03,  the  linear 
electrodes  to  Y3,  Y4  to  Y6  and  Y7  to  Y9  are  scanned 
as  shown  in  Fig.  9.  Those  linear  electrodes  are  oper- 
ated  in  a  manner  to  reduce  the  number  of  Y-direc- 
tional  scan  lines  crossed  with  the  X-directional  linear 

35  electrodes  X̂  ,  X2  Xm  to  one  third  of  the  scan  lines 
(according  to  the  present  embodiment).  Conversely, 
if  the  simple-matrix  driven  type  LCD  according  to  the 
present  embodiment  increases  the  scan  lines  by  a 
factor  of  3,  it  results  in  offering  the  similar  character- 

40  istics  to  the  foregoing  known  LCD.  In  addition,  in  the 
above  description,  the  number  of  the  linear  luminous 
sources  for  dividing  the  Y-directional  scan  line  is  3, 
but  the  number  may  be  any  if  it  is  2  or  more. 

As  is  apparent  from  the  above  description,  the 
45  simple  matrix  driven  type  LCD  of  the  present  embodi- 

ment  is  capable  of  driving  a  lot  of  scan  lines  at  a  volt- 
age  of  a  low  duty  factor.  Hence,  if  the  scan  lines  are 
increased  to  1000  or  more,  this  LCD  keeps  high  con- 
trast,  a  wide  angle  of  view,  and  a  high  response. 

so  Considering  the  capacitance  between  the  trans- 
parent  electrode  and  the  divisional  transparent  elec- 
trodes,  for  example,  the  transparent  electrode  44  of 
the  linear  electrode  X̂  and  the  divisional  transparent 
electrode  45a,  the  transparent  electrode  44  and  the 

55  divisional  transparent  electrode  45a  are  overlapped 
only  on  the  light  switch  element  46a  without  being 
overlapped  on  the  other  portion  between  the  transpa- 
rent  electrode  44  and  the  divisional  transparent  elec- 
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trade  45a. 
Fig.  1  0  is  a  plan  view  showing  a  simple  matrix  dri- 

ven  type  LCD  according  to  a  fifth  embodiment  of  the 
present  invention,  Fig.  1  1  is  a  sectional  view  cut  on 
the  D-D  line  of  Fig.  10,  Fig.  12  is  a  sectional  view  cut 
on  the  E-E  line  of  Fig.  10,  and  Fig.  13  is  a  time  chart 
showing  the  operation  of  the  embodiment  shown  in 
Fig.  10. 

As  shown  in  Figs.  10  to  12,  a  plurality  of  linear 
electrodes  Y  ̂ Y2  Y480  are  arranged  on  one  glass 
substrate  50  along  the  Y  (longitudinal)  direction  of  Fig. 
10.  A  plurality  of  linear  luminous  sources  02  and 
03  are  arranged  on  the  other  glass  substrate  51  along 
the  Y  direction  of  Fig.  10.  A  plurality  of  linear  elec- 
trodes  Xl  X2  X ô  are  arranged  along  the  X  (per- 
pendicular)  direction  of  Fig.  10.  Those  linear 
electrodes  X  ̂ X2  X ô  are  crossed  with  those 
linear  electrodes  Y  ̂ Y2  Y480  and  the  linear  lumin- 
ous  sources  02,  03. 

Each  of  the  linear  luminous  sources  02  and 
03,  for  example,  the  linear  luminous  source  02  is  com- 
posed  of  a  luminous  portion  52  and  a  light  waveguide 
53.  The  luminous  portion  52  is  made  of  an  electrolumi- 
nescent  (EL)  element,  for  example.  The  light 
waveguide  53  is  formed  linearly  and  transmits  light 
from  the  luminous  portion  52.  By  activating  the  lumi- 
nous  portion  52,  the  linear  luminous  source  02  serves 
to  emit  a  linear  ray  of  light  from  the  overall  surface  of 
the  source.  It  is  possible  to  use  all  the  linear  luminous 
sources  02,  03  as  a  luminous  area. 

The  luminous  portion  52  and  the  light  waveguide 
53  are  formed  in  the  process  indicated  below. 

An  aluminum  (Al)  layer  is  formed  on  the  glass 
substrate  51  by  means  of  an  electron  beam  (EB)  dep- 
osition  method.  Then,  an  etching  treatment  is  carried 
out  on  the  aluminum  layer  for  forming  each  of  the  elec- 
trodes  54.  This  electrode  54  is  formed  as  short  strips 
arranged  in  parallel  and  provided  on  one  end  of  the 
linear  luminous  source  02. 

Next,  a  lower  insulating  layer  55  is  formed  on  the 
glass  substrate  51  and  a  part  of  the  electrode  54.  The 
lower  insulating  layer  55  is  deposited  thereon  by  sput- 
tering  silicon  dioxide  (Si02)  or  silicon  nitride  (Si2N3). 
Then,  a  luminous  layer  56  is  laminated  on  the  lower 
insulating  layer  55.  For  forming  the  luminous  layer  56, 
it  is  necessary  to  form  a  zinc  sulfide  (ZnS)  layer  with 
an  addition  of  0.5  %  of  manganese  (Mn)  by  means  of 
an  electron  beam  (EB)  deposition  method  and  carry 
out  the  linear  patterning  of  the  resulting  zinc  sulfide 
(ZnS)  layer  by  means  of  the  vacuum  heating  and  etch- 
ing  treatments.  For  doing  the  etching  treatment,  it  is 
better  to  provide  a  cut-away  56a  in  the  luminous  layer 
56,  because  the  provision  of  the  cut-away  56a  results 
in  increasing  the  quantity  of  light  emitted  outside  of  the 
luminous  layer  56,  thereby  enhancing  a  utilization  fac- 
tor  of  light. 

Then,  an  upper  insulating  layer  57  is  formed.  This 
upper  insulating  layer  57  is  deposited  on  the  luminous 

layer  56  by  sputtering  silicon  nitride  (Si2N3)  or  alumi- 
num  oxide  (Al203).  An  electrode  58  is  formed  on  the 
upper  insulating  layer  57  at  an  opposite  location  to  the 
electrode  54.  This  electrode  58  is  formed  by  perform- 

5  ing  the  electron  beam  (EB)  deposition  of  an  aluminum 
layer  on  a  part  of  the  upper  insulating  layer  57. 

For  forming  those  electrodes  54  and  58,  it  is  poss- 
ible  to  use  metal  such  as  molybdenum  (Mo)  or  indium- 
titanium  oxide  (ITO)  in  addition  to  aluminum  (Al).  For 

10  forming  the  lower  and  the  upper  insulating  layers  55 
and  57,  it  is  possible  to  use  silicon  nitride  group  (SiNx), 
strontium  titanium  oxide  (SrTi03)  or  tantalum  oxide 
barium  (BaTa2OP6)  in  addition  to  Si02,  Si2N3  and 
Al203.  For  forming  the  luminous  layer  56,  it  is  possible 

15  to  form  zinc  selenide  (ZnSe)  in  addition  to  ZnS. 
Each  of  the  linear  electrodes  X  ̂ X2  X ô  is 

composed  of  a  dual-structured  transparent  conduc- 
tive  layer.  That  is,  as  shown  in  Fig.  12,  the  linear  elec- 
trode  Xi  is  composed  of  a  linear  transparent  electrode 

20  59  and  the  linear  divisional  transparent  electrodes 
60a,  60b,  60c.  The  transparent  electrode  59  is  formed 
by  sputtering  ITO  on  the  upper  insulating  layer  57  and 
patterning  the  resulting  layer.  The  transparent  elec- 
trode  59  and  the  divisional  transparent  electrodes 

25  60a,  60b,  60c  are  laminated  through  light  switch  ele- 
ments  61a,  61b,  61c  or  insulating  layers  62a,  62b,  62c 
laid  therebetween.  Concretely,  the  light  switch  ele- 
ment  61a  and  the  insulating  layer  62a  are  laid  be- 
tween  the  transparent  electrode  59  and  the  divisional 

30  transparent  electrode  60a,  the  light  switch  element 
61b  and  the  insulating  layer  62b  are  laid  between  the 
transparent  electrode  59  and  the  divisional  transpa- 
rent  electrode  60b,  and  the  light  switch  element  61c 
and  the  insulating  layer  62c  are  laid  between  the 

35  transparent  electrode  59  and  the  divisional  transpa- 
rent  electrode  60c. 

At  each  of  the  crossed  portions  of  the  linear  lumi- 
nous  sources  O  ̂ 02,  03  and  the  linear  electrodes  X^ 
X2  X^o,  a  light  switch  element  composed  of  a 

40  photoconductive  layer  is  provided.  For  example,  at 
each  of  the  crossed  portions  of  the  linear  luminous 
sources  O  ̂ 02,  03  and  the  linear  electrode  X  ̂ the 
light  switch  elements  61a,  61b,  61c  are  provided.  As 
mentioned  above,  those  light  switch  elements  are  laid 

45  between  the  transparent  electrode  59  and  the  divi- 
sional  transparent  electrodes  60a,  60b,  60c.  For 
example,  the  light  switch  element  61a  is  laid  between 
the  transparent  electrode  59  of  the  linear  electrode  X̂  
and  the  divisional  transparent  electrode  60a.  The 

so  insulating  layer  62a  is  provided  on  the  other  portion, 
that  is,  the  portion  having  no  light  switch  element  for- 
med  thereon,  between  the  transparent  electrode  59 
and  the  divisional  transparent  electrode  60a.  For 
example,  the  light  switch  element  61a,  that  is,  the 

55  photoconductive  layer  is  formed  by  performing  the 
steps  of  forming  the  transparent  electrode  59,  forming 
an  a-Si  film  on  the  transparent  electrode  59  with  a 
plasma  CVD  method  and  patterning  the  a-Si  film.  In 
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place  of  the  a-Si,  a-SiC  or  a-SiN  may  be  used.  Then, 
the  divisional  transparent  electrode  60a  is  deposited 
by  sputtering  ITO  on  the  photoconductive  layer  and 
patterning  the  ITO  layer. 

When  light  is  applied  to  the  light  switch  element 
61a,  the  light  switch  element  61a  reduces  the  electric 
resistance,  resulting  in  being  able  to  apply  a  signal 
from  the  linear  electrode  X̂  into  the  divisional  trans- 
parent  electrode  60a. 

An  orientation  layer  63  is  formed  on  those  layers. 
This  orientation  layer  63  is  composed  by  rubbing  a 
polyimide  film  formed  with  a  spinner. 

A  plurality  of  linear  transparent  electrodes 
Y2  Y480  are  provided  on  the  other  glass  substrate 
50.  Those  transparent  electrodes  are  deposited  by 
sputtering  ITO  on  the  glass  substrate  50.  An  orien- 
tation  layer  64  is  formed  on  those  transparent  elec- 
trodes  Yl  Y2  Y480.  This  orientation  layer  64  is 
formed  by  rubbing  a  polyimide  film  formed  with  a  spin- 
ner. 

A  plurality  of  spacers  are  dispersed  between  the 
substrates  having  some  layers  formed  thereon.  Both 
of  the  substrates  are  pasted  through  a  sealing  mem- 
ber  65  laid  therebetween.  Then,  liquid  crystal  is  injec- 
ted  into  the  space  defined  between  both  of  the 
substrates  for  forming  a  liquid  crystal  layer  66.  The 
thickness  of  the  liquid  crystal  layer  66  is  about  7  urn. 
The  display  mode  of  the  liquid  crystal  layer  66  is  a 
super  twisted  nematic  (STN)  mode  with  deflection 
angle  240°.  The  used  liquid  crystal  is  a  PCH  liquid 
crystal  ZLI-1565  (manufactured  by  MerkCo.,  Inc.),  for 
example.  This  liquid  crystal  is  injected  in  vacuum  for 
forming  the  liquid  crystal  66. 

For  doing  light  scanning,  the  linear  luminous 
sources  O  ̂ 02,  03  are  sequentially  activated.  An 
electric  signal  corresponding  to  the  light-scanning  is 
applied  to  each  of  the  linear  electrodes  X2  X^q. 
While  the  linear  luminous  sources  O  ̂ 02,  03  are 
made  luminous,  the  light  switch  elements  located  on 
the  linear  luminous  sources  are  operated  on.  Hence, 
the  linear  electrodes  X  ̂ X2  X ô  serve  to  apply 
electric  signals  to  the  corresponding  divisional  trans- 
parent  electrodes,  respectively.  In  synchronous  to  the 
light  scanning  operation  done  by  each  of  the  luminous 
sources  O  ̂ 02,  03,  the  linear  electrodes  Ŷ  to  Y160, 
Y161  to  Y320  and  Y321  to  Y480  are  scanned  as  shown  in 
Fig.  13.  Those  linear  electrodes  are  operated  in  a 
manner  to  reduce  the  number  of  Y-directional  scan 
lines  crossed  with  the  X-directional  linear  electrodes 
Xl  X2  X ô  to  one  third  of  the  scan  lines  (according 
to  the  present  embodiment).  Conversely,  if  the  sim- 
ple-matrix  driven  type  LCD  according  to  the  present 
embodiment  increases  the  scan  lines  by  a  factor  of  3, 
it  results  in  offering  the  similar  characteristics  to  the 
foregoing  known  LCD.  In  addition,  in  the  above  des- 
cription,  the  number  of  the  linear  luminous  sources  for 
dividing  the  Y-directional  scan  line  is  3,  but  the  num- 
ber  may  be  any  if  it  is  2  or  more.  The  structure  accord- 

ing  to  the  present  embodiment  is  capable  of  display- 
ing  an  image  at  a  high  contrast  of  480  x  640  with  a 
duty  factor  of  1/160. 

As  is  apparent  from  the  above  description,  the 
5  simple  matrix  driven  type  LCD  of  the  present  embodi- 

ment  is  capable  of  driving  a  lot  of  scan  lines  at  a  volt- 
age  of  a  low  duty  factor.  Hence,  if  the  scan  lines  are 
increased  to  1000  or  more,  this  LCD  keeps  high  con- 
trast,  a  wide  angle  of  view,  and  a  high  response. 

10  The  luminous  portions  may  be  formed  on  both 
sides  of  the  substrate  by  providing  the  electrodes  on 
the  opposite  ends  to  the  electrodes  54  and  58  of  the 
linear  luminous  sources.  It  results  in  being  able  to 
greatly  enhance  light  intensity  of  the  linear  luminous 

15  source.  Further,  it  is  possible  to  form  the  electrode 
over  the  rear  surface  of  the  linear  luminous  sources 
Ol  02,  03  by  forming  an  aluminum  layer  on  the  glass 
substrate  51  with  the  electron  (EB)  deposition  method 
and  carrying  out  the  etching  treatment  on  the  alumi- 

20  num  layer.  It  results  in  being  able  to  prevent  light  leak- 
age  from  the  luminous  layer,  thereby  considerably 
enhancing  light  intensity.  A  light-shielding  layer  may 
be  provided  on  the  light  switch  element  (the  photocon- 
ductive  layer)  provided  at  each  of  the  crossed  portions 

25  of  the  linear  luminous  sources  O  ̂ 02,  03  and  the 
linear  electrodes  X  ̂ X2  X^q.  The  provision  of  the 
light-shielding  layer  results  in  being  able  to  prevent 
the  light  incident  from  the  upward  from  being  applied 
to  each  light  switch  element. 

30  Fig.  14  is  a  plan  view  showing  another  transfor- 
mation  of  the  simple  matrix  driven  type  LCD  according 
to  the  fifth  embodiment,  Fig.  1  5  is  a  sectional  view  cut 
on  the  F-F  line  of  Fig.  14,  and  Fig.  16  is  a  sectional 
view  cut  on  the  G-G  line  of  Fig.  14. 

35  As  shown  in  Figs.  14  to  16,  the  transparent  elec- 
trode  59  of  the  linear  electrode  X̂  and  the  divisional 
transparent  electrode  60a  are  overlapped  only  on  the 
portion  where  the  light  switch  element  61a  is  formed. 
However,  those  electrodes  59a  and  60a  are  arranged 

40  on  the  other  portion  in  a  planar  manner  without  being 
overlapped.  This  structure  results  in  overcoming  the 
shortcoming  that  the  capacitance  between  the  trans- 
parent  electrode  and  the  divisional  transparent  elec- 
trode  has  an  adverse  effect  on  the  signal.  The 

45  manufacturing  process,  the  structure  and  the  oper- 
ation  of  this  transformation  is  the  same  as  the  embo- 
diment  shown  in  Figs.  10,  11  and  12,  except  the 
above-described  different  respect. 

Fig.  17  is  a  plan  view  showing  fundamental  struc- 
50  ture  of  an  active  matrix  driven  type  LCD  according  to 

the  sixth  embodiment  of  the  present  invention.  Fig.  18 
is  a  sectional  view  cut  on  the  line  H-H  line  of  Fig.  17. 

In  the  plan  view  of  Fig.  17,  a  glass  substrate  115, 
a  transparent  electrode  116,  a  liquid  crystal  layer  117 

55  and  a  sealing  member  118  are  not  shown. 
As  shown  in  Figs.  17  and  18,  a  plurality  of  linear 

luminous  sources  Y  ̂ Y2  Yn  are  arranged  on  one 
glass  substrate  110  along  the  Y  (longitudinal)  direc- 

10 
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tion  of  Fig.  17.  A  plurality  of  linear  electrodes 
X2  X,,,.!  ,  Xm  are  arranged  on  those  linear  luminous 
sources  along  the  X  (perpendicular)  direction  of  Fig. 
17.  The  linear  electrodes  are  crossed  with  the  linear 
luminous  sources  for  example  at  right  angles. 

Each  of  the  linear  luminous  sources  Y2  Yn, 
for  example,  the  linear  luminous  source  Y2  is  com- 
posed  of  a  luminous  portion  111  and  a  light 
waveguide  112.  The  luminous  portion  1  1  1  is  made  of 
an  electroluminescent  (EL)  element,  for  example.  The 
light  waveguide  112  is  formed  linearly  and  transmits 
light  from  the  luminous  portion  1  1  1  .  By  activating  the 
luminous  portion  1  1  1  ,  the  linear  luminous  source  Y2 
serves  to  emit  a  linear  ray  of  light  from  the  overall  sur- 
face  of  the  source. 

It  is  possible  to  use  all  the  linear  luminous  sources 
Yl  Y2  Yn  as  a  luminous  area.  However,  the  struc- 
ture  of  the  present  embodiment  is  more  advan- 
tageous  in  light  of  low  power  consumption. 

At  each  of  the  crossed  portions  of  the  linear  lumi- 
nous  sources  Y  ̂ Y2  Yn  and  the  linear  electrodes 
Xl  X2,  ..  Xm,  that  is,  adjacent  to  each  of  the  crossed 
portions  of  the  linear  luminous  sources  Y  ̂ Y2,  ..,  Yn 
and  the  linear  electrodes  X  ̂ X2  Xm,  a  light  switch 
element  is  provided.  The  light  switch  element  is  made 
of  a  photoconductive  layer.  The  linear  electrodes  X^ 
X2  Xm  and  a  pixel  electrode  1  14  for  driving  a  dis- 
play  medium  such  as  liquid  crystal  are  formed  on  the 
same  level.  The  light  switch  elements  are  provided 
between  the  linear  electrodes  X  ̂ X2  Xm  and  the 
pixel  electrode  1  14.  For  example,  at  the  crossed  por- 
tion  of  the  linear  luminous  source  Y2  and  the  linear 
electrode  X  ̂ the  light  switch  element  1  13  is  provided 
between  the  linear  electrode  X̂  and  the  pixel  elec- 
trode  114. 

When  light  is  applied  to  the  light  switch  element 
113,  that  is,  the  linear  luminous  source  Y2  is  made 
luminous  (activated),  the  light  switch  element  113 
reduces  its  electric  resistance,  resulting  in  being  able 
to  apply  a  signal  from  the  linear  electrode  X̂  to  the 
pixel  electrode  114. 

A  transparent  electrode  116  is  provided  on  the 
other  glass  substrate  115.  A  liquid  crystal  layer  117  is 
sealed  in  the  area  defined  by  both  of  the  substrates 
and  the  sealing  member  118. 

For  doing  light  scanning,  the  linear  luminous 
sources  Y  ̂ Y2  Yn  are  activated  sequentially  from 
Yi  to  Yn.  An  electric  signal  corresponding  to  the  light- 
scanning  is  appl  ied  to  each  of  the  I  inear  electrodes  X̂  , 
X2  Xm-i,  Xm.  While  the  linear  luminous  sources  Y^ 
Y2  Yn  are  made  luminous,  the  light  switch  ele- 
ments  located  on  the  linear  luminous  sources  are 
operated  on.  As  a  result,  the  linear  electrodes  X^ 
X2  Xm-i,  Xm  serve  to  apply  electric  signals  to  the 
corresponding  pixel  electrodes,  respectively.  That  is, 
in  place  of  an  electric  gate  signal  of  a  TFT  element, 
each  of  the  light  switch  elements  is  scanned  by  the 
light  applied  from  the  linear  luminous  sources  Y^ 

Y2  Yn. 
As  is  apparent  from  the  above  description,  since 

the  scan  signal  is  a  ray  of  light,  no  unfavorable  state 
appears  wherein  the  scan  signal  (gate  signal)  is  flown 

5  into  the  pixel  electrodes  through  the  element  capaci- 
tance. 

Fig.  19  is  a  plan  view  showing  structure  of  an 
active  matrix  driven  type  LCD  according  to  the 
seventh  embodiment  of  the  present  invention  and  Fig. 

10  20  is  a  sectional  view  cut  on  the  l-l  line  of  Fig.  20. 
In  the  plan  view  of  Fig.  19,  there  are  not  shown 

an  orientation  layer  230,  a  glass  substrate  231,  a 
transparent  electrode  232,  an  orientation  layer  233,  a 
sealing  member  234  and  a  liquid  crystal  layer  235, 

15  though  they  are  shown  in  Fig.  20. 
As  shown  in  Figs.  19  and  20,  a  plurality  of  linear 

luminous  sources  Y  ̂ Y2  Yn  are  arranged  on  one 
glass  substrate  220  along  the  Y  (longitudinal)  direc- 
tion  of  Fig.  19.  A  plurality  of  linear  electrodes  X^ 

20  X2  Xm-i,  Xm  are  arranged  on  those  linear  luminous 
sources  along  the  X  (perpendicular)  direction  of  Fig. 
19.  The  linear  electrodes  are  crossed  with  the  linear 
luminous  sources  for  example  at  right  angles. 

Each  of  the  linear  luminous  sources  Y  ̂ Y2  Yn, 
25  for  example,  the  linear  luminous  source  Y2  is  com- 

posed  of  a  luminous  portion  221  and  a  light 
waveguide  222.  The  luminous  portion  221  is  made  of 
an  electroluminescent  (EL)  element,  for  example.  The 
light  waveguide  222  is  formed  linearly  and  transmit 

30  light  from  the  luminous  portion  221  .  By  activating  the 
luminous  portion  221,  the  linear  luminous  source  Y2 
serves  to  emit  a  linear  ray  of  light  from  the  overall  sur- 
face  of  the  source.  It  is  possible  to  use  all  the  linear 
luminous  sources  Y  ̂ Y2  Yn  as  a  luminous  area. 

35  The  luminous  portion  221  and  the  light  waveguide 
222  are  formed  in  the  process  indicated  below. 

An  aluminum  (Al)  layer  is  formed  on  the  glass 
substrate  220  by  means  of  an  electron  beam  (EB) 
deposition  method.  Then,  an  etching  treatment  is  car- 

40  ried  out  on  the  aluminum  layer  for  forming  each  of  the 
electrodes  223.  This  electrode  223  is  formed  as  short 
strips  arranged  in  parallel  and  provided  on  one  end  of 
the  linear  luminous  source  Y2. 

Next,  a  lower  insulating  layer  224  is  formed  on  the 
45  glass  substrate  220  and  a  part  of  the  electrode  223. 

The  lower  insulating  layer  224  is  deposited  thereon  by 
sputtering  silicon  dioxide  (Si02)  or  silicon  nitride 
(Si2N3).  Then,  a  luminous  layer  225  is  laminated  on 
the  lower  insulating  layer  224.  For  forming  the  lumin- 

50  ous  layer  225,  it  is  necessary  to  form  a  zinc  sulfide 
(ZnS)  layer  with  an  addition  of  0.5  %  of  manganese 
(Mn)  by  means  of  the  electron  beam  (EB)  deposition 
method  and  carry  out  the  linear  patterning  of  the 
resulting  zinc  sulfide  (ZnS)  layer  by  means  of  the 

55  vacuum  heating  and  etching  treatments.  Fordoing  the 
etching  treatment,  it  is  better  to  provide  a  cut-away 
225a  in  the  luminous  layer  225,  because  the  provision 
of  the  cut-away  225a  results  in  increasing  the  quantity 
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of  light  emitted  outside  of  the  luminous  layer  225, 
thereby  enhancing  a  utilization  factor  of  light. 

Then,  an  upper  insulating  layer  226  is  formed. 
This  upper  insulating  layer  226  is  deposited  on  the 
luminous  layer  225  by  sputtering  silicon  nitride  (Si2N3) 
oraluminum  oxide  (Al203).  An  electrode  227  is  formed 
on  the  upper  insulating  layer  226  at  an  opposite  loca- 
tion  to  the  electrode  223.  This  electrode  227  is  formed 
by  performing  the  electron  beam  (EB)  deposition  of  an 
aluminum  layer  on  a  part  of  the  upper  insulating  layer 
226. 

For  forming  those  electrodes  223  and  227,  it  is 
possible  to  use  metal  such  as  molybdenum  (Mo)  or  in- 
dium-titanium  oxide  (ITO)  in  addition  to  aluminum  (Al). 
For  forming  the  lower  and  the  upper  insulating  layers 
224  and  226,  it  is  possible  to  use  silicon  nitride  group 
(SiNx),  strontium  titanium  oxide  (SrTi03)  or  tantalum 
oxide  barium  (BaTa206)  in  addition  to  Si02,  Si2N3  and 
Al203.  For  forming  the  luminous  layer  225,  it  is  poss- 
ible  to  form  zinc  selenide  (ZnSe)  in  addition  to  ZnS. 

At  each  of  the  crossed  portions  of  the  linear  lumi- 
nous  sources  Y2  Yn  and  the  linear  electrodes 
Xl  X2  Xm,  that  is,  adjacent  to  each  of  the  crossed 
portions  of  the  linear  luminous  sources  Y  ̂ Y2  Yn 
and  the  linear  electrodes  X  ̂ X2  Xm,  a  light  switch 
element  is  provided.  The  light  switch  element  is  com- 
posed  of  a  photoconductive  layer.  The  linear  elec- 
trodes  Xl  X2  Xm  and  the  pixel  electrode  229  for 
driving  a  display  medium  such  as  liquid  crystal  are  for- 
med  on  the  same  level.  The  light  switch  elements  are 
provided  between  the  linear  electrodes  X  ̂ X2  Xm 
and  the  pixel  electrode  229.  For  example,  at  the  cros- 
sed  portion  of  the  linear  luminous  source  Y2  and  the 
linear  electrode  X  ̂ a  light  switch  element  228  is  pro- 
vided  between  the  linear  electrode  X̂  and  the  pixel 
electrode  229. 

The  photoconductive  layer  is  formed  on  the  upper 
insulating  layer  226  by  forming  a  hydrogenated 
amorphous  silicon  (a-Si  :H)  film  with  a  plasma  CVD 
(Chemical  Vapor  Deposition)  and  patterning  the  a- 
Si:H  film.  Next,  for  forming  the  linear  electrodes  X^ 
X2  X,,,.!,  Xm  on  the  upper  insulating  layer  226,  a 
metal  film  like  aluminum  (Al)  is  formed  by  means  of 
the  electron  beam  (EB)  deposition  method  and  pat- 
terning  the  metal  film.  Then,  the  pixel  electrode  229  is 
formed  by  sputtering  ITO  on  the  upper  insulating  layer 
226  and  patterning  the  ITO-sputtered  layer. 

When  light  is  applied  to  the  light  switch  element 
228,  the  light  switch  element  228  reduces  its  electric 
resistance,  resulting  in  applying  a  signal  from  the 
linear  electrode  X̂  to  the  pixel  electrode  229. 

The  orientation  layer  230  is  formed  on  those 
layers.  This  orientation  layer  230  is  composed  by  rub- 
bing  a  polyimide  film  formed  with  a  spinner. 

An  transparent  electrode  232  is  provided  on  the 
other  glass  substrate  231  .  This  transparent  electrode 
232  is  formed  by  sputtering  ITO  on  the  glass  substrate 
231.  An  orientation  layer  233  is  formed  on  the  trans- 

parent  electrode  232.  This  orientation  layer  233  is  for- 
med  by  rubbing  a  polyimide  film  formed  with  a  spin- 
ner. 

A  plurality  of  spacers  (not  shown)  are  dispersed 
5  between  the  substrates  having  some  layers  formed 

thereon.  Both  of  the  substrates  are  pasted  through  the 
sealing  member  234  laid  therebetween.  Then,  liquid 
crystal  is  injected  into  the  space  defined  between  both 
of  the  substrates  and  the  sealing  member  234  for 

10  forming  a  liquid  crystal  layer  235. 
The  thickness  of  the  liquid  crystal  layer  235  is 

about  5  urn.  The  display  mode  of  the  liquid  crystal 
layer  235  is  a  twisted  nematic  (TN)  normal  white  type. 
For  a  liquid  crystal  material,  for  example,  a  PCH 

15  (phenylcyclohexanone)  liquid  crystal  ZLI-1565  (man- 
ufactured  by  MerkCo.,  Inc.)  is  used.  This  liquid  crystal 
is  injected  in  vacuum  for  forming  the  liquid  crystal  235. 

For  doing  light  scanning,  the  linear  luminous 
sources  Y  ̂ Y2  Yn  are  activated  sequentially  from 

20  Yi  to  Yn.  An  electric  signal  corresponding  to  the  light- 
scanning  is  applied  to  each  of  the  linear  electrodes  X^ 
X2  Xm-i,  Xm.  While  the  linear  luminous  sources  Y^ 
Y2  Yn  are  made  luminous  (activated),  the  light 
switch  elements  located  on  the  activated  linear  lumi- 

25  nous  sources  are  operated  on.  As  a  result,  the  linear 
electrodes  X  ̂ X2  Xm-im.  Xm  serve  to  apply  electric 
signals  to  the  corresponding  pixel  electrodes,  re- 
spectively  for  the  purpose  of  representing  an  image 
on  a  screen. 

30  As  is  apparent  from  the  above  description,  the 
active  matrix  driven  type  LCD  according  to  the  pre- 
sent  embodiment  has  the  structure  where  a  switch  is 
provided  for  each  pixel  like  the  TFT  element.  This 
structure  makes  it  possible  to  display  an  image  at  high 

35  contrast.  Further,  since  the  scan  signal  is  a  ray  of  light, 
unlike  the  TFT  element,  no  unfavorable  state  appears 
wherein  the  scan  signal  (gate  signal)  is  flown  into  the 
pixel  electrodes  through  the  element  capacitance. 
Hence,  the  number  of  the  scan  lines  is  allowed  to  be 

40  increased  to  1000  or  more. 
Fig.  21  is  a  sectional  view  showing  structure  of  an 

active  matrix  driven  type  LCD  according  to  the  eighth 
embodiment  of  the  present  invention. 

According  to  the  present  embodiment,  each  of 
45  the  linear  luminous  sources  Y  ̂ Y2  Yn,  for 

example,  the  linear  luminous  source  Y2  includes  lumi- 
nous  portions  321  and  321a  at  both  ends  thereof. 
Each  of  the  luminous  portions  321  and  321a  is  made 
of  an  electroluminescent  (EL)  element,  for  example. 

so  As  shown  in  Fig.  21  ,  at  the  opposite  ends  to  the  elec- 
trodes  323  and  327  of  the  linear  luminous  source, 
electrodes  323a  and  327a  are  provided. 

It  results  in  being  able  to  greatly  enhance  light  in- 
tensity  of  the  linear  luminous  source.  The  manufactur- 

55  ing  process,  the  structure  and  the  operation  of  the 
present  embodiment  are  the  same  as  the  seventh 
embodiment  shown  in  Figs.  19  and  20  except  the 
above  different  respect. 
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As  is  apparent  from  the  above  description,  the 
active  matrix  driven  type  LCD  according  to  the  pre- 
sent  embodiment  has  the  structure  where  a  switch  is 
provided  for  each  pixel  like  the  TFT  element.  This 
structure  makes  it  possible  to  display  an  image  at  high 
contrast.  Further,  since  the  scan  signal  is  a  ray  of  light, 
unlike  the  TFT  element,  no  unfavorable  state  appears 
wherein  the  scan  signal  (gate  signal)  is  flown  into  the 
pixel  electrodes  through  the  element  capacitance. 
Hence,  the  number  of  the  scan  lines  is  allowed  to  be 
increased  to  1000  or  more. 

Fig.  22  is  a  plan  view  showing  structure  of  an 
active  matrix  driven  type  LCD  according  to  a  ninth 
embodiment  of  the  present  invention.  Fig.  23  is  a  sec- 
tional  view  cut  on  the  line  J-J  of  Fig.  22. 

In  the  plan  view  of  Fig.  22,  there  are  not  shown  a 
glass  substrate  471  ,  a  transparent  electrode  472,  an 
orientation  Iayer473,  a  sealing  member  474,  an  orien- 
tation  layer  479,  and  a  liquid  crystal  layer  480,  though 
they  are  shown  in  Fig.  23. 

As  shown  in  Figs.  22  and  23,  a  plurality  of  linear 
luminous  sources  Y2  Yn  are  arranged  on  one 
glass  substrate  475  along  the  Y  (longitudinal)  direc- 
tion  of  Fig.  22.  A  plurality  of  linear  electrodes 
X2  Xm  are  arranged  on  those  linear  luminous  sour- 
ces  along  the  X  (perpendicular)  direction  of  Fig.  22. 
The  linear  electrodes  are  crossed  with  the  linear  lumi- 
nous  sources  for  example  at  right  angles. 

Each  of  the  linear  luminous  sources  Y  ̂ Y2  Yn, 
for  example,  the  linear  luminous  source  Ŷ  is  com- 
posed  of  an  LED  (light-emitting  diode)  array  461  ser- 
ved  as  a  luminous  portion  and  a  light  waveguide  463. 
By  activating  the  luminous  portion,  the  linear  luminous 
source  Ŷ  serves  to  emit  a  linear  ray  of  light. 

At  each  of  the  crossed  portions  of  the  linear  lumi- 
nous  sources  Y  ̂ Y2  Yn  and  the  linear  electrodes 
Xl  X2  Xm,  that  is,  adjacent  to  each  of  the  crossed 
portions  of  the  linear  luminous  sources  Y  ̂ Y2  Yn 
and  the  linear  electrodes  X  ̂ X2  Xm,  a  light  switch 
element  is  provided.  The  light  switch  element  is  com- 
posed  of  a  photoconductive  layer.  The  linear  elec- 
trodes  Xl  X2  Xm  and  the  pixel  electrode  465  for 
driving  a  display  medium  such  as  liquid  crystal  are  for- 
med  on  the  same  level.  The  light  switch  elements  are 
provided  between  the  linear  electrodes  X  ̂ X2  Xm 
and  the  pixel  electrode  465.  For  example,  at  the  cros- 
sed  portion  of  the  linear  luminous  source  Ŷ  and  the 
linear  electrode  X  ̂ a  light  switch  element  464  is  pro- 
vided  between  the  linear  electrode  X̂  and  the  pixel 
electrode  465. 

When  light  is  applied  to  the  light  switch  element 
464,  that  is,  the  linear  luminous  source  Ŷ  is  made 
luminous,  the  switch  element  464  reduces  its  electric 
resistance,  resulting  in  being  able  to  apply  a  signal 
from  the  linear  electrode  X̂  to  the  pixel  electrode  465. 

The  light  waveguide  463  is  formed  in  accordance 
with  the  process  indicated  below. 

At  first,  epoxy  resin  is  coated  on  the  glass  sub- 

strate  475.  The  coat  of  the  epoxy  resin  is  served  as  a 
clad  layer  476.  A  bisphenol-Z-polycarbonate  (PCZ) 
film  containing  photopolymerization  monomer  (acry- 
late)  is  formed  on  the  epoxy  resin  with  a  solution  cast- 

5  ing  method.  By  selectively  polymerizing  the  PCZ  film 
through  a  linear  photomask,  the  PCZ  layer  is  formed 
as  a  core  layer  477  and  the  polymerized  portion  of  the 
PCZ  and  polyacrylate  having  a  smaller  index  of  ref- 
raction  than  the  PCZ  is  formed  as  the  clad  layer  476. 

10  By  coating  epoxy  resin  as  a  protection  layer,  the  light 
waveguide  463  is  formed.  Then,  the  light  switch  ele- 
ment  464,  the  pixel  electrode  465  and  the  orientation 
layer  479  are  formed  on  the  light  waveguide  463  by 
the  same  process  as  the  seventh  embodiment  shown 

15  in  Figs.  19  and  20. 
For  the  lightwaveguide,  for  example,  it  is  possible 

to  use  a  glass  light  waveguide  formed  by  an  ion 
exchange  method.  Alternatively,  a  SELFOC  lens  (dis- 
tributed  index  lens)  may  be  used. 

20  In  this  embodiment,  the  LED  array  461  and  the 
light  waveguide  463  are  jointed  by  an  optical  fiber 
array  462. 

A  transparent  electrode  472  is  provided  on  the 
other  glass  substrate  471  .  This  transparent  electrode 

25  472  is  formed  by  sputtering  ITO  on  the  glass  substrate 
471.  An  orientation  layer  473  is  formed  on  the  trans- 
parent  electrode  472.  The  orientation  layer  473  is  for- 
med  by  rubbing  a  polyimide  film  formed  with  a 
spinner. 

30  A  plurality  of  spacers  (not  shown)  are  dispersed 
between  the  substrates  having  some  layers  formed 
thereon.  Both  of  the  substrates  are  pasted  through  the 
sealing  member  474  laid  therebetween.  Then,  liquid 
crystal  is  injected  into  the  space  defined  between  both 

35  of  the  substrates  and  the  sealing  member  474  for 
forming  a  liquid  crystal  layer  480. 

The  other  manufacturing  process,  the  structure 
and  the  operation  of  the  present  embodiment  are  the 
same  as  the  seventh  embodiment  shown  in  Figs.  19 

40  and  20,  except  the  above  different  respect. 
As  is  apparent  from  the  above  description,  the 

active  matrix  driven  type  LCD  according  to  the  pre- 
sent  embodiment  has  the  structure  where  a  switch  is 
provided  for  each  pixel  like  the  TFT  element.  This 

45  structure  makes  it  possible  to  display  an  image  at  high 
contrast.  Further,  since  the  scan  signal  is  a  ray  of  light, 
unlike  the  TFT  element,  no  unfavorable  state  appears 
wherein  the  scan  signal  (gate  signal)  is  flown  into  the 
pixel  electrodes  through  the  element  capacitance. 

so  Hence,  the  number  of  the  scan  lines  is  allowed  to  be 
increased  to  1000  or  more. 

Fig.  24  is  a  plan  view  showing  structure  of  an 
active  matrix  driven  type  LCD  according  to  a  tenth 
embodiment  of  the  present  invention.  Fig.  25  is  a  sec- 

55  tional  view  cut  on  the  K-K  line  of  Fig.  24. 
In  the  plan  view  of  Fig.  24,  there  are  not  shown  a 

fiber  plate  substrate  591  b,  orientation  layers  500a  and 
500b,  a  transparent  electrode  501,  a  light-shielding 

13 



25 EP  0  490  484  A2 26 

layer  502,  a  sealing  member  503,  and  a  liquid  crystal 
layer  504,  though  they  are  shown  in  Fig.  25. 

As  shown  in  Figs.  24  and  25,  a  plurality  of  linear 
luminous  sources  Y2  Yn  are  arranged  on  one 
fiber  plate  substrate  591a  along  the  Y  (longitudinal) 
direction  of  Fig.  24.  A  plurality  of  linear  electrodes 
X2  X,,,.!,  Xm  are  arranged  along  the  X  (perpendicu- 
lar)  direction  of  Fig.  24.  Those  linear  electrodes  are 
crossed  with  the  linear  luminous  sources  for  example 
at  right  angle. 

Each  of  the  linear  luminous  sources  Y  ̂ Y2  Yn, 
for  example,  the  linear  luminous  source  Y2  is  com- 
posed  of  a  luminous  portion  581  and  a  linear  light 
waveguide  582  for  passing  light  from  the  luminous 
portion  581.  The  luminous  portion  581  is  made  of  an 
electroluminescent  (EL)  element,  for  example.  By 
activating  the  luminous  portion  581,  the  linear  lumin- 
ous  source  Y2  serves  to  emit  a  linear  ray  of  light.  In 
addition,  it  is  possible  to  use  all  of  the  linear  luminous 
sources  Y  ̂ Y2  Yn  as  a  luminous  area. 

The  luminous  portion  581  and  the  lightwaveguide 
582  are  formed  with  the  process  indicated  below. 

An  aluminum  (Al)  layer  is  formed  on  the  fiber  plate 
substrate  591a  by  means  of  an  electron  beam  (EB) 
deposition  method.  Then,  an  etching  treatment  is  car- 
ried  out  on  the  aluminum  layer  for  forming  the  elec- 
trode  592.  This  electrode  592  is  formed  as  short  strips 
arranged  in  parallel.  The  electrode  592  serves  as  its 
essential  role,  that  is,  an  electrode  as  well  as  shielding 
the  light  (outside  light)  incident  from  the  lower  portion 
of  the  element  to  the  photoconductive  layer,  that  is,  a 
light-shielding  layer. 

Next,  a  lower  insulating  layer  593  is  formed  on  the 
fiber  plate  substrate  591a  and  a  part  of  the  electrode 
592.  The  lower  insulating  layer  593  is  deposited  the- 
reon  by  sputtering  silicon  dioxide  (Si02)  or  silicon  nit- 
ride  (Si2N3).  Then,  a  luminous  layer  594  is  laminated 
on  the  lower  insulating  layer  593.  For  forming  the  lumi- 
nous  layer  594,  it  is  necessary  to  form  a  zinc  sulfide 
(ZnS)  layer  with  an  addition  of  0.5  %  of  manganese 
(Mn)  by  the  electron  beam  (EB)  deposition  method 
and  carry  out  the  linear  patterning  of  the  resulting  zinc 
sulfide  (ZnS)  layer  by  means  of  the  vacuum  heating 
and  etching  treatments. 

Fordoing  the  etching  treatment,  it  is  better  to  form 
a  cut-away  594e  in  the  luminous  layer  594,  because 
the  provision  of  the  cut-away  594e  results  in  increas- 
ing  the  quantity  of  light  emitted  outside  of  the  luminous 
layer  594,  thereby  enhancing  a  utilization  factor  of 
light. 

Then,  an  upper  insulating  layer  595  is  formed. 
This  upper  insulating  layer  595  is  deposited  on  the 
luminous  layer  594  by  sputtering  silicon  nitride  (Si2N3) 
oraluminum  oxide  (Al203).  An  electrode  596  is  formed 
on  the  upper  insulating  layer  595  at  an  opposite  loca- 
tion  to  the  electrode  592.  This  electrode  596  is  formed 
by  performing  the  electron  beam  (EB)  deposition  of  an 
aluminum  layer  on  a  part  of  the  upper  insulating  layer 

595. 
For  forming  those  electrodes  592  and  596,  it  is 

possible  to  use  metal  such  as  molybdenum  (Mo)  in 
addition  to  aluminum  (Al).  In  particular,  for  forming  the 

5  electrode  596,  indium-titanium  oxide  (ITO)  may  be 
used.  For  forming  the  lower  and  the  upper  insulating 
layers  593  and  595,  it  is  possible  to  use  silicon  nitride 
group  (SiNx),  strontium  titanium  oxide  (SrTi03)  or  tan- 
talum  oxide  barium  (BaTa206)  in  addition  to  Si02, 

10  Si2N3  and  Al203.  For  forming  the  luminous  layer  594, 
it  is  possible  to  use  zinc  selenide  (ZnSe)  in  addition 
to  ZnS. 

At  each  of  the  crossed  portions  of  the  linear  lumi- 
nous  sources  Y  ̂ Y2  Yn  and  the  linear  electrodes 

15  Xl  X2  Xm,  that  is,  adjacent  to  each  of  the  crossed 
portions  of  the  linear  luminous  sources  Y  ̂ Y2  Yn 
and  the  linear  electrodes  X  ̂ X2  Xm,  a  light  switch 
element  is  provided.  The  light  switch  element  is  com- 
posed  of  a  photoconductive  layer.  The  linear  elec- 

20  trades  X  ̂ X2  Xm  and  the  pixel  electrode  599  for 
driving  a  display  medium  such  as  liquid  crystal  are  for- 
med  on  the  same  level.  The  light  switch  elements  are 
provided  between  the  linear  electrodes  X  ̂ X2  Xm 
and  the  pixel  electrode  599,  respectively.  For 

25  example,  at  the  crossed  portion  of  the  linear  luminous 
source  Y2  and  the  linear  electrode  X  ̂ a  light  switch 
element  583  is  provided  between  the  linear  electrode 
X̂  and  the  pixel  electrode  599. 

The  photoconductive  layer  is  formed  by  forming 
30  a  hydrogenated  amorphous  silicon  (a-Si  :H)  film  with 

a  plasma  CVD  (Chemical  Vapor  Deposition)  method 
and  patterning  the  a-Si  :H  film.  Next,  for  forming  the 
linear  electrodes  Xi,  X2  Xmon  the  upper  insulating 
layer  595,  a  metal  film  like  aluminum  is  formed  by 

35  means  of  the  electron  beam  (EB)  deposition  method 
and  patterning  the  metal  film.  Then,  the  pixel  elec- 
trode  599  is  formed  by  sputtering  ITO  on  the  upper 
insulating  layer  595  and  patterning  the  ITO-sputtered 
layer. 

40  When  light  is  applied  to  the  light  switch  element 
583,  the  light  switch  element  583  reduces  its  electric 
resistance,  resulting  in  applying  a  signal  from  the 
linear  electrode  X̂  to  the  pixel  electrode  599. 

The  orientation  layer  500a  is  formed  on  those 
45  layers.  This  orientation  layer  500a  is  composed  by 

rubbing  a  polyimide  film  formed  with  a  spinner. 
An  transparent  electrode  501  is  provided  on  the 

other  fiber  plate  substrate  591b  made  of  a  fiber  plate. 
This  transparent  electrode  501  is  formed  by  sputter- 

50  ing  ITO  on  the  fiber  plate  substrate  591b.  Then,  a 
light-shielding  layer  502  is  formed  on  the  transparent 
electrode  501  in  a  manner  to  match  the  patterns  of  the 
light  switch  element  583  formed  on  the  opposed  fiber 
plate  substrate  591a.  The  light-shielding  layer  502  is 

55  formed  by  depositing  aluminum  (Al)  with  the  electron 
beam  (EB)  deposition  method. 

For  forming  the  light-shielding  layer  502,  it  is 
possible  to  use  metal  such  as  molybdenum  (Mo),  an 
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organic  pigment  dispersed  type  resin,  or  an  inorganic 
pigment  dispersed  type  resin  in  addition  to  aluminum 
(Al). 

The  orientation  layer  500b  is  formed  on  those 
transparent  electrode  501  and  light-shielding  layer 
502.  This  orientation  layer  500b  is  composed  by  rub- 
bing  a  polyimide  film  formed  with  a  spinner. 

A  plurality  of  spacers  (not  shown)  are  dispersed 
between  the  substrates  having  some  layers  formed 
thereon.  Both  of  the  substrates  are  pasted  through  the 
sealing  member  503  laid  therebetween.  Then,  liquid 
crystal  is  injected  into  the  space  defined  between  both 
of  the  substrates  and  the  sealing  member  503  for 
forming  a  liquid  crystal  layer  504. 

The  thickness  of  the  liquid  crystal  layer  504  is 
about  5  urn.  The  display  mode  of  the  liquid  crystal 
layer  504  is  a  twisted  nematic  (TN)  normal  white  type. 
For  a  liquid  crystal  material,  for  example,  a  PCH 
(phenycyclohexanone)  liquid  crystal  ZLI-1565  (man- 
ufactured  by  MerkCo.,  Inc.)  is  used.  This  liquid  crystal 
is  injected  in  vacuum  for  forming  the  liquid  crystal 
layer  504. 

For  doing  light  scanning,  the  linear  luminous 
sources  Y  ̂ Y2  Yn  are  activated  sequentially  from 
Yi  to  Yn.  An  electric  signal  corresponding  to  the  light- 
scanning  is  appl  ied  to  each  of  the  I  inear  electrodes  X̂  , 
X2  Xm.  While  the  linear  luminous  sources  Y^ 
Y2  Yn  are  made  luminous  (activated),  the  light 
switch  elements  located  on  the  activated  linear  lumi- 
nous  sources  are  operated  on.  Hence,  the  linear  elec- 
trodes  Xl  X2  Xm  serve  to  apply  electric  signals  to 
the  corresponding  pixel  electrodes,  respectively  for 
the  purpose  of  representing  an  image  on  a  screen. 

As  is  apparent  from  the  above  description,  the 
active  matrix  driven  type  LCD  according  to  the  pre- 
sent  embodiment  has  the  structure  where  a  switch  is 
provided  for  each  pixel  like  the  TFT  element.  This 
structure  makes  it  possible  to  display  an  image  at  high 
contrast.  Further,  since  the  scan  signal  is  a  ray  of  light, 
unlike  the  TFT  element,  no  unfavorable  state  appears 
wherein  the  scan  signal  (gate  signal)  is  flown  into  the 
pixel  electrodes  through  the  element  capacitance. 
Hence,  the  number  of  the  scan  lines  is  allowed  to  be 
increased  to  1000  or  more. 

Further,  since  the  fiber  plate  substrate  is  used  in 
the  present  embodiment,  it  is  just  necessary  to  screen 
the  light  leaked  around  the  light  switch  element  with- 
out  having  to  screen  the  light  incident  from  an  oblique 
location. 

Fig.  26  is  a  plan  view  showing  structure  of  an 
active  matrix  driven  type  LCD  according  to  an 
eleventh  embodiment  of  the  present  invention.  Fig.  27 
is  a  sectional  view  cut  on  the  L-L  line. 

In  the  plan  view  of  Fig.  26,  there  are  not  shown  a 
fiber  plate  621b,  a  light-shielding  layer  622b,  orien- 
tation  layers  630a  and  630b,  a  transparent  electrode 
631,  a  sealing  member  632,  and  a  liquid  crystal  layer 
633,  though  they  are  shown  in  Fig.  27. 

As  shown  in  Figs.  26  and  27,  a  plurality  of  linear 
luminous  sources  Y  ̂ Y2  Yn  are  arranged  on  one 
fiber  plate  substrate  621a  along  the  Y  (longitudinal) 
direction  of  Fig.  26.  A  plurality  of  linear  electrodes  X^ 

5  X2  X,,,.!,  Xm  are  arranged  along  the  X  (perpendicu- 
lar)  direction  of  Fig.  26.  Those  linear  electrodes  are 
crossed  with  the  linear  luminous  sources  for  example 
at  right  angle. 

Each  of  the  linear  luminous  sources  Y  ̂ Y2  Yn, 
10  for  example,  the  linear  luminous  source  Y2  is  com- 

posed  of  a  luminous  portion  and  a  linear  light  wave 
guide  613.  The  luminous  portion  includes  an  LED 
(light-emitting  diode)  array  611  and  an  optical  fiber 
array  612.  The  linear  light  waveguide  613  transmits 

15  light  from  the  luminous  portion.  By  activating  the  lumi- 
nous  portion,  the  linear  luminous  source  Y2  serves  to 
emit  a  linear  ray  of  light.  Alternatively,  it  is  possible  to 
use  all  of  the  linear  luminous  sources  Y  ̂ Y2  Yn  as 
the  luminous  area. 

20  The  light  waveguide  613  is  formed  in  accordance 
with  the  process  indicated  below. 

At  first,  a  light-shielding  layer  622a  is  formed  by 
depositing  an  aluminum  (Al)  layer  on  the  fiber  plate 
substrate  621a  with  the  electron  beam  (EB)  deposi- 

25  tion  method.  This  light-shielding  layer  622a  serves  to 
prevent  the  light  (outer  light)  incident  from  the  lower 
side  of  the  element  to  the  upper-located  photoconduc- 
tive  layer.  The  patterns  of  the  light-shielding  layer 
622a  are  formed  to  match  the  patterns  of  the  photo- 

30  conductive  layer. 
For  forming  the  light-shielding  layer  622a,  it  is 

possible  to  use  metal  such  as  molybdenum  (Mo),  an 
organic  pigment  dispersed  type  resin,  or  an  inorganic 
pigment  dispersed  type  resin  in  addition  to  aluminum 

35  (Al). 
In  the  present  embodiment,  the  light-shielding 

layer  622a  includes  the  similar  patterns  to  those  of  the 
photoconductive  layer.  However,  the  light-shielding 
layer  622a  may  be  formed  as  stripes  like  the  electrode 

40  592  serving  as  a  light-shielding  layer  in  the  tenth 
embodiment  shown  in  Fig.  25. 

Next,  for  forming  a  clad  layer  623,  epoxy  resin  is 
coated  on  the  fiber  plate  substrate  621a  and  the  light- 
shielding  layer  622a  with  a  spinner.  A  PCZ  film  con- 

45  taining  photopolymerization  monomer  (acrylate,  for 
example,  methyl  acrylate)  is  formed  on  the  epoxy 
resin  with  a  solution  casting  method.  By  selectively 
polymerizing  the  PCZ  film  through  a  linear  photom- 
ask,  the  PCZ  layer  is  formed  as  a  core  layer  624  and 

so  a  mixture  of  the  PCZ  and  polyacrylate  having  a  smal- 
ler  index  of  refraction  than  the  PCZ  is  formed  as  a  clad 
layer  623.  The  clad  layer  623  and  the  core  layer  624 
are  formed  as  stripes  each  other.  By  coating  epoxy 
resin  for  forming  a  surface  layer  626,  the  light 

55  waveguide  61  3  is  formed. 
For  applying  light  to  the  light  switch  elements,  it 

is  necessary  to  blemish  the  spots  on  the  surface  of  the 
light  waveguide  613  matching  to  the  light  switch  ele- 
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merits  by  carrying  out  the  etching  treatment. 
For  the  light  waveguide,  alternatively,  it  is  poss- 

ible  to  use  a  glass  light  waveguide  formed  by  the  ion 
exchange  method  or  the  other  light  waveguide. 

In  the  present  embodiment,  the  LED  array  611 
and  the  light  waveguide  613  are  connected  through 
an  optical  fiber  array  612.  In  place  of  the  optical  fiber 
array  612,  however,  a  SELFOKIens  (distributed  index 
lens)  or  the  like  may  be  used. 

At  each  of  the  crossed  portions  of  the  linear  lumi- 
nous  sources  Y2  Yn  and  the  linear  electrodes 
Xl  X2  Xm,  that  is,  adjacent  to  each  of  the  crossed 
portions  of  the  linear  luminous  sources  Y  ̂ Y2  Yn 
and  the  linear  electrodes  X  ̂ X2  Xm,  a  light  switch 
element  is  provided.  The  light  switch  element  is  com- 
posed  of  a  photoconductive  layer.  The  linear  elec- 
trodes  Xl  X2,  ..,  Xm  and  the  pixel  electrode  629  for 
driving  a  display  medium  such  as  liquid  crystal  are  for- 
med  on  the  surface  layer  626.  The  light  switch  ele- 
ments  are  provided  between  the  linear  electrodes  X^ 
X2  Xm  and  the  pixel  electrode  629,  respectively. 
For  example,  at  the  crossed  portion  of  the  linear  lumi- 
nous  source  Y2  and  the  linear  electrode  X  ̂ a  light 
switch  element  627  is  provided  between  the  linear 
electrode  X̂  and  the  pixel  electrode  629. 

The  photoconductive  layer  is  formed  by  forming 
a  hydrogenated  amorphous  silicon  (a-Si  :H)  film  with 
a  plasma  CVD  (Chemical  Vapor  Deposition)  method 
and  patterning  the  a-Si:H  film.  Next,  for  forming  the 
linear  electrodes  X  ̂ X2  Xm  on  the  surface  layer 
626,  a  metal  film  like  aluminum  is  formed  by  means 
of  the  electron  beam  (EB)  deposition  method  and  pat- 
terning  the  metal  film.  Then,  the  pixel  electrode  629  is 
formed  by  sputtering  ITO  on  the  surface  layer  626  and 
patterning  the  ITO-sputtered  layer. 

When  light  is  applied  to  the  light  switch  element 
627,  the  light  switch  element  627  reduces  its  electric 
resistance,  resulting  in  applying  a  signal  from  the 
linear  electrode  X̂  to  the  pixel  electrode  629. 

The  orientation  layer  630a  is  formed  on  those 
layers.  This  orientation  layer  630a  is  composed  by 
rubbing  a  polyimide  film  formed  with  a  spinner. 

A  transparent  electrode  631  is  provided  on  the 
other  fiber  plate  substrate  621b  made  of  a  fiber  plate. 
This  transparent  electrode  631  is  deposited  by  sput- 
tering  ITO  on  the  fiber  plate  substrate  621b.  Then,  a 
light-shielding  layer  622b  is  formed  on  the  transparent 
electrode  631  in  a  mannerto  match  the  patterns  of  the 
light  switch  element  627  and  light-shielding  layer 
622a  formed  on  the  opposed  fiber  plate  substrate 
621a.  The  light-shielding  layer  622b  is  formed  by 
depositing  aluminum  (Al)  with  the  electron  beam  (EB) 
deposition  method. 

For  forming  the  light-shielding  layer  622b,  it  is 
possible  to  use  metal  such  as  molybdenum  (Mo),  an 
organic  pigment  dispersed  type  resin,  or  an  inorganic 
pigment  dispersed  type  resin  in  addition  to  aluminum 
(Al). 

The  orientation  layer  630b  is  formed  on  those 
transparent  electrode  631  and  light-shielding  layer 
622b.  This  orientation  layer  630b  is  composed  by  rub- 
bing  a  polyimide  film  formed  with  a  spinner. 

5  A  plurality  of  spacers  (not  shown)  are  dispersed 
between  the  substrates  having  some  layers  formed 
thereon.  Both  of  the  substrates  are  pasted  through  the 
sealing  member  632  laid  therebetween.  Then,  liquid 
crystal  is  injected  into  the  space  defined  between  both 

10  of  the  substrates  and  the  sealing  member  632  for 
forming  a  liquid  crystal  layer  633. 

The  thickness  of  the  liquid  crystal  layer  633  is 
about  5  urn.  The  display  mode  of  the  liquid  crystal 
layer  633  is  a  twisted  nematic  (TN)  normal  white  type. 

15  For  a  liquid  crystal  material,  for  example,  a  PCH  liquid 
crystal  ZLI-1565  (manufactured  by  Merk  Co.,  Inc.)  is 
used.  This  liquid  crystal  is  injected  in  vacuum  for  form- 
ing  the  liquid  crystal  layer  633. 

For  doing  light  scanning,  the  linear  luminous 
20  sources  Ŷ  ,  Y2  Yn  are  activated  sequentially  from 

Yi  to  Yn.  An  electric  signal  corresponding  to  the  light- 
scanning  is  applied  to  each  of  the  linear  electrodes  X^ 
X2  X,,,.!,  Xm.  While  the  linear  luminous  sources  Y^ 
Y2  Yn  are  made  luminous  (activated),  the  light 

25  switch  elements  located  on  the  activated  linear  lumi- 
nous  sources  are  operated  on.  Hence,  the  linear  elec- 
trodes  Xl  X2  Xm_i,  Xm  serve  to  apply  electric 
signals  to  the  corresponding  pixel  electrodes,  re- 
spectively  for  the  purpose  of  representing  an  image 

30  on  a  screen. 
As  is  apparent  from  the  above  description,  the 

active  matrix  driven  type  LCD  according  to  the  pre- 
sent  embodiment  has  the  structure  where  a  switch  is 
provided  for  each  pixel  like  the  TFT  element.  This 

35  structure  makes  it  possible  to  display  an  image  at  high 
contrast.  Further,  since  the  scan  signal  is  a  ray  of  light, 
unlike  the  TFT  element,  no  unfavorable  state  appears 
wherein  the  scan  signal  (gate  signal)  is  flown  into  the 
pixel  electrodes  through  the  element  capacitance. 

40  Hence,  the  number  of  the  scan  lines  is  allowed  to  be 
increased  to  1000  or  more. 

Further,  since  the  fiber  plate  substrate  is  used  in 
the  present  embodiment,  it  is  just  necessary  to  screen 
the  light  leaked  around  the  light  switch  element  with- 

45  out  having  to  screen  the  light  incident  from  an  oblique 
location. 

Fig.  28  is  a  sectional  view  cut  on  the  line  K-K  of 
Fig.  24  showing  structure  of  an  active  matrix  driven 
type  LCD  according  to  a  twelfth  embodiment  of  the 

so  present  invention. 
The  manufacturing  process,  the  structure  and  the 

operation  of  the  active  matrix  driven  type  LCD  accord- 
ing  to  the  present  embodiment  are  basically  same  as 
those  of  the  tenth  embodiment  of  Figs.  24  and  25.  The 

55  same  components  in  Fig.  28  as  those  shown  in  Figs. 
24  and  25  have  the  same  reference  numbers. 

As  shown  in  Fig.  28,  the  different  respect  of  the 
present  (twelfth)  embodiment  from  the  tenth  embodi- 
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ment  shown  in  Figs.  24  and  25  is  that  the  light-shield- 
ing  layer  552  is  formed  at  the  outermost  of  the 
apparatus,  that  is,  the  outside  of  the  fiber  plate  sub- 
strate  591b. 

Like  the  tenth  embodiment,  the  layers  from  the 
electrode  592  to  the  orientation  layer  500a  are 
sequentially  formed  on  the  fiber  plate  substrate  591a. 

Then,  the  transparent  electrode  501  is  formed  by 
sputtering  ITO  on  the  fiber  plate  substrate  591b. 

The  orientation  layer  550b  is  formed  on  those 
layers.  This  orientation  layer  550b  is  composed  by 
rubbing  a  polyimide  film  formed  with  a  spinner. 

The  light-shielding  layer  552  is  formed  by  deposi- 
ting  aluminum  (Al)  on  the  opposite  side  of  the  fiber 
plate  substrate  591  b  to  the  transparent  electrode  501 
and  the  orientation  layer  550b  with  the  electron  beam 
(EB)  deposition  method.  For  forming  the  light-shield- 
ing  layer  552,  the  Al  layer  is  etched  in  a  manner  to 
match  the  patterns  of  the  light  switch  element  583 
composed  of  a  photoconductive  layer  formed  on  the 
opposed  fiber  plate  substrate  591a. 

For  forming  the  light-shielding  layer  552,  it  is 
possible  to  use  metal  such  as  molybdenum  (Mo),  an 
organic  pigment  dispersed  type  resin,  or  an  inorganic 
pigment  dispersed  type  resin  in  addition  to  aluminum 
(Al). 

A  plurality  of  spacers  (not  shown)  are  dispersed 
between  the  substrates  having  some  layers  formed 
thereon.  Both  of  the  substrates  are  pasted  through  the 
sealing  member  503  laid  therebetween.  Then,  liquid 
crystal  is  injected  into  the  space  defined  between  both 
of  the  substrates  and  the  sealing  member  503  for 
forming  a  liquid  crystal  layer  504. 

As  is  apparent  from  the  above  description,  the 
active  matrix  driven  type  LCD  according  to  the  pre- 
sent  embodiment  has  the  structure  where  a  switch  is 
provided  for  each  pixel  like  the  TFT  element.  This 
structure  makes  it  possible  to  display  an  image  at  high 
contrast.  Further,  since  the  scan  signal  is  a  ray  of  light, 
unlike  the  TFT  element,  no  unfavorable  state  appears 
wherein  the  scan  signal  (gate  signal)  is  flown  into  the 
pixel  electrodes  through  the  element  capacitance. 
Hence,  the  number  of  the  scan  lines  is  allowed  to  be 
increased  to  1000  or  more. 

Further,  since  the  fiber  plate  substrate  is  used  in 
the  present  embodiment,  it  is  just  necessary  to  screen 
the  light  leaked  around  the  light  switch  element  with- 
out  having  to  screen  the  light  incident  from  an  oblique 
location. 

Since  the  light-shielding  layer  is  formed  at  the  out- 
ermost  of  the  apparatus,  there  is  no  difference  in  level 
on  the  transparent  electrode  501  in  the  cell  where  the 
liquid  crystal  is  injected,  resulting  in  more  simplifying 
the  manufacturing  process. 

Fig.  29  is  a  sectional  view  cut  on  the  L-L  line  of 
Fig.  26  showing  an  active  matrix  driven  type  LCD 
according  to  a  thirteenth  embodiment  of  the  present 
invention. 

The  manufacturing  process,  the  structure  and  the 
operation  of  the  active  matrix  driven  type  LCD  accord- 
ing  to  the  present  embodiment  are  basically  same  as 
those  of  the  eleventh  embodiment  shown  in  Figs.  26 

5  and  27.  The  same  components  in  Fig.  29  as  those 
shown  in  Figs.  26  and  27  have  the  same  reference 
numbers. 

As  shown  in  Fig.  29,  the  different  respect  of  the 
present  embodiment  from  the  eleventh  embodiment 

10  shown  in  Figs.  26  and  27  is  that  the  light-shielding 
layers  662a  and  662b  are  formed  at  the  outermost  of 
the  apparatus,  that  is,  the  outside  of  the  fiber  plate 
substrates  621  a  and  621b  respectively,  in  place  of  the 
light-shielding  layers  622a  and  622b  in  the  eleventh 

15  embodiment. 
The  light-shielding  layer  662a  is  formed  by 

depositing  aluminum  (Al)  by  means  of  the  electron 
beam  (EB)  deposition  method  on  the  opposite  side  of 
the  fiber  plate  substrate  621a  to  the  clad  layer  623  for- 

20  med  thereon.  The  light-shielding  layer  662b  is  formed 
by  depositing  aluminum  (Al)  by  means  of  the  electron 
beam  (EB)  deposition  method  on  the  opposite  side  of 
the  fiber  plate  substrate  621  b  to  the  transparent  elec- 
trode  631  formed  thereon.  For  forming  each  of  those 

25  light-shielding  layers  662a  and  662b,  the  Al  layer  is 
etched  in  a  manner  to  match  the  patterns  of  the  light 
switch  element  627  composed  of  a  photoconductive 
layer  formed  on  the  fiber  plate  substrate  621a. 

Like  the  eleventh  embodiment  shown  in  Figs.  26 
30  and  27,  the  clad  layer  623,  the  core  layer  624,  the  sur- 

face  layer  626,  all  of  which  correspond  to  the  light 
waveguide  613  shown  in  Fig.  26,  and  the  orientation 
layer  630a  are  formed  on  the  fiber  plate  substrate 
621a  having  the  light-shielding  layer  662a  formed  on 

35  the  rear  surface  thereof. 
Then,  the  transparent  electrode  631  is  formed  by 

sputtering  ITO  on  the  fiber  plate  substrate  621  b  hav- 
ing  the  light-shielding  layer  662b  formed  on  the  rear 
surface  thereof. 

40  Next,  the  orientation  layer  630b  is  formed  on  the 
transparent  electrode  631  .  This  orientation  layer  630b 
is  composed  by  rubbing  a  polyimide  film  formed  with 
a  spinner. 

The  manufacturing  process,  the  structure  and  the 
45  operation  of  the  thirteenth  embodiment  are  quite  iden- 

tical  to  those  of  the  eleventh  embodiment  shown  in 
Figs.  26  and  27. 

As  is  apparent  from  the  above  description,  the 
active  matrix  driven  type  LCD  according  to  the  pre- 

50  sent  embodiment  has  the  structure  where  a  switch  is 
provided  for  each  pixel  like  the  TFT  element.  This 
structure  makes  it  possible  to  display  an  image  at  high 
contrast.  Further,  since  the  scan  signal  is  a  ray  of  light, 
unlike  the  TFT  element,  no  unfavorable  state  appears 

55  wherein  the  scan  signal  (gate  signal)  is  flown  into  the 
pixel  electrodes  through  the  element  capacitance. 
Hence,  the  number  of  the  scan  lines  is  allowed  to  be 
increased  to  1000  or  more. 
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Further,  since  the  fiber  plate  substrate  is  used  in 
the  present  embodiment,  it  is  just  necessary  to  screen 
the  light  leaked  around  the  light  switch  element  with- 
out  having  to  screen  the  light  incident  from  an  oblique 
location. 

Since  the  light-shielding  layer  is  formed  at  the  out- 
ermost  of  the  apparatus,  the  difference  in  level 
appearing  in  forming  the  clad  layer  to  the  surface  layer 
is  allowed  to  be  reduced,  resulting  in  more  simplifying 
the  manufacturing  process. 

Fig.  30  is  a  sectional  view  cut  on  the  L-L  line  of 
Fig.  26  showing  structure  of  an  active  matrix  driven 
type  LCD  according  to  a  fourteenth  embodiment  of  the 
present  invention. 

As  shown  in  Fig.  30,  the  different  respects  of  the 
present  embodiment  from  the  eleventh  embodiment 
shown  in  Figs.  26  and  27  are  that  in  place  of  the  light- 
shielding  layers  622a  and  622b  in  the  eleventh  embo- 
diment,  light-shielding  layers  787a  and  787b  are 
formed  at  the  outermost  of  the  apparatus,  that  is,  the 
outside  of  fiber  plate  substrates  781a  and  781b  re- 
spectively  and  in  place  of  the  light  waveguide  613  in 
the  eleventh  embodiment,  a  light  waveguide  793  is 
formed  at  the  outside  of  a  fiber  plate  substrate  781a. 

First,  the  light  switch  element  782  composed  of  a 
photoconductive  layer  is  formed  on  the  fiber  plate 
substrate  781a.  For  forming  the  light  switch  element 
782,  an  a-Si  :H  film  is  coated  on  the  fiber  plate  sub- 
strate  781a  with  the  plasma  CVD  method  and  then  is 
etched  for  patterning  the  a-Si  :H  film. 

Then,  the  metal  such  as  Aluminum  (Al)  is  formed 
on  the  light  switch  element  782  as  a  linear  electrode 

with  the  electron  beam  (EB)  deposition  method  and 
is  patterned. 

An  ITO  film  is  further  deposited  on  the  fiber  plate 
substrate  781a  with  the  sputtering  method  and  is  pat- 
terned  for  forming  a  pixel  electrode  784. 

An  orientation  layer  785a  is  formed  on  those 
layers.  This  orientation  layer  785a  is  composed  by 
rubbing  a  polyimide  film  formed  with  a  spinner. 

Then,  a  transparent  electrode  786  is  formed  on 
the  fiber  plate  substrate  781b  opposed  to  the  fiber 
plate  substrate  781a.  An  orientation  layer  785b  is  for- 
med  on  the  transparent  electrode  786. 

The  transparent  electrode  786  is  formed  by  sput- 
tering  ITO  on  the  fiber  plate  substrate  781  b.  The  orien- 
tation  layer  785b  is  composed  by  rubbing  a  polyimide 
film  formed  with  a  spinner. 

A  plurality  of  spacers  (not  shown)  are  dispersed 
between  the  substrates  having  some  layers  formed 
thereon.  Both  of  the  substrates  are  pasted  through  the 
sealing  member  788.  Then,  liquid  crystal  is  injected 
into  the  space  defined  between  both  of  the  substrates 
and  the  sealing  member  788  for  forming  a  liquid  crys- 
tal  layer  789. 

The  thickness  of  the  liquid  crystal  layer  789  is 
about  5  urn.  The  display  mode  of  the  liquid  crystal 
layer  789  is  a  twisted  nematic  (TN)  normal  white  type. 

For  a  liquid  crystal  material,  for  example,  a  PCH 
(phenycyclohexanone)  liquid  crystal  ZLI-1565  (man- 
ufactured  by  MerkCo.,  Inc.)  is  used.  This  liquid  crystal 
is  injected  in  vacuum  for  forming  the  liquid  crystal 

5  layer  789. 
Next,  the  light-shielding  layer  787b  is  formed  out- 

side  of  the  fiber  plate  substrate  781  b.  This  light-shield- 
ing  layer  787b  is  formed  by  depositing  aluminum  (Al) 
with  the  electron  beam  (EB)  deposition  method  and 

10  etching  the  aluminum  (Al)  film  for  patterning  itself. 
The  patterns  of  the  light-shielding  layer  787b  are 

formed  in  a  manner  to  match  to  the  patterns  of  the  light 
switch  element  782,  for  example. 

The  light  waveguide  793  and  the  light-shielding 
15  layer  787b  are  formed  outside  of  the  opposite  fiber 

plate  substrate  781a. 
That  is,  a  PCZ  film  containing  photopolymeri- 

zation  monomer  (acrylate,  for  example,  methyl  acry- 
late)  is  formed  on  the  fiber  plate  substrate  781a  with 

20  a  solution  casting  method.  By  selectively  polymeriz- 
ing  the  PCZ  film  through  a  linear  photomask,  the  PCZ 
layer  is  formed  as  a  core  layer  790  and  a  mixture  of 
the  PCZ  and  polyacrylate  having  a  smaller  index  of 
refraction  than  the  PCZ  is  formed  as  a  clad  layer  791  . 

25  The  clad  layer  791  and  the  core  layer  790  are  formed 
as  stripes  each  other.  Then,  by  coating  the  epoxy 
resin  film  for  forming  a  surface  layer  792,  the  light 
waveguide  793  is  formed. 

For  the  light  waveguide,  alternatively,  it  is  poss- 
30  ible  to  use  a  glass  light  waveguide  formed  by  the  ion 

exchange  method  or  the  other  light  waveguide. 
According  to  the  present  embodiment,  the  fiber  plate 
substrate  781a  has  an  index  of  refraction  which  is 
equal  to  or  more  than  that  of  the  core  layer  790  of  the 

35  light  waveguide  793  so  that  light  passing  through  the 
light  waveguide  793  can  enter  the  light  switch  element 
782. 

The  light-shielding  layer  787a  is  formed  on  the 
surface  layer  792  of  the  light  waveguide  793  by 

40  depositing  aluminum  (Al)  with  the  electron  beam  (EB) 
deposition  method  and  patterning  the  resulting  alumi- 
num  (Al)  film.  For  forming  the  light-shielding  layer 
787a,  it  is  possible  to  use  metal  such  as  molybdenum 
(Mo),  an  organic  pigment  dispersed  type  resin,  or  an 

45  inorganic  pigment  dispersed  type  resin  in  addition  to 
aluminum  (Al). 

As  mentioned  above,  the  present  embodiment 
provides  the  light  waveguide  and  the  light-shielding 
layer  formed  outside  of  the  fiber  plate  substrate. 

so  Hence,  the  requisites  for  producing  the  photoconduc- 
tive  layer  and  the  electrodes  (with  the  deposition  or 
etching  method)  are  allowed  to  be  greatly  mitigated. 

The  present  embodiment  operates  in  the  same 
manner  as  the  eleventh  embodiment  shown  in  Figs. 

55  26  and  27. 
As  is  apparent  from  the  above  description,  the 

active  matrix  driven  type  LCD  according  to  the  pre- 
sent  embodiment  has  the  structure  where  a  switch  is 

18 



35 EP  0  490  484  A2 36 

provided  for  each  pixel  like  the  TFT  element.  This 
structure  makes  it  possible  to  display  an  image  at  high 
contrast.  Further,  since  the  scan  signal  is  a  ray  of  light, 
unlike  the  TFT  element,  no  unfavorable  state  appears 
wherein  the  scan  signal  (gate  signal)  is  flown  into  the 
pixel  electrodes  through  the  element  capacitance. 
Hence,  the  number  of  the  scan  lines  is  allowed  to  be 
increased  to  1000  or  more. 

Further,  since  the  fiber  plate  substrate  is  used  in 
the  present  embodiment,  it  is  just  necessary  to  screen 
the  light  leaked  around  the  light  switch  element  with- 
out  having  to  screen  the  light  incident  from  an  oblique 
location. 

Fig.  31  is  a  sectional  view  showing  an  active  mat- 
rix  driven  type  LCD  according  to  a  fifteenth  embodi- 
ment  of  the  present  invention. 

As  shown  in  Fig.  31,  each  of  the  linear  luminous 
sources  is  composed  of  an  LED  array  81  0  and  a  light 
waveguide  803. 

A  light-shielding  layer  802b  is  formed  on  a  glass 
substrate  801  b  for  avoiding  the  adverse  effect  of  outer 
light  entered  from  the  glass  substrate  801  b  on  a  light 
switch  element  812  composed  of  a  photoconductive 
layer.  A  light-shielding  layer  802a  is  formed  on  a  glass 
substrate  801a  for  avoiding  the  adverse  effect  of  outer 
light  entered  from  the  glass  substrate  801a  on  the  light 
switch  element  812. 

The  manufacturing  method  of  the  apparatus  will 
be  described  below. 

Metal  such  as  aluminum  (Al)  is  deposited  on  the 
glass  substrate  801b  with  the  electron  beam  (EB) 
depositing  method.  The  metal  film  is  patterned  for 
forming  the  light-shielding  layer  802b.  Then,  for  form- 
ing  a  clad  layer  804,  epoxy  resin  is  coated  on  the  glass 
substrate  801b  and  the  light-shielding  layer  802b.  A 
PCZ  film  containing  photopolymerization  monomer 
(acrylate)  is  formed  on  the  clad  layer  804  film  with  a 
solution  casting  method.  By  selectively  polymerizing 
the  PCZ  film  through  a  linear  photomask,  the  PCZ 
layer  is  formed  as  a  core  layer  805  and  a  polymerized 
portion  of  the  PCZ  and  polyacrylate  is  formed  as  the 
clad  layer.  By  coating  an  epoxy  resin  film  for  forming 
a  surface  layer  806,  the  light  waveguide  803  is  for- 
med. 

Next,  a  linear  electrode  81  1  is  formed  by  deposi- 
ting  ITO  with  the  sputtering  method  and  patterning  the 
ITO  film.  A  pixel  electrode  813  is  formed  on  the  light 
switch  element  812  and  the  surface  layer  806  by 
depositing  ITO.  Then,  a  polyimide  film  is  coated  on  the 
pixel  electrode  813  and  is  subject  to  the  rubbing  treat- 
ment  for  forming  an  orientation  layer  807b. 

That  is,  adjacent  to  the  crossed  portion  of  the 
linear  electrode  811  and  the  linear  luminous  source 
composed  of  the  light  waveguide  803,  there  is  pro- 
vided  the  light  switch  element  812  composed  of  a 
photoconductive  layer.  The  linear  electrode  811  and 
the  pixel  electrode  813  for  driving  a  display  medium 
such  as  liquid  crystal  are  formed  on  the  surface  layer 

806.  The  light  switch  element  812  is  provided  be- 
tween  the  linear  electrode  81  1  and  the  pixel  electrode 
813. 

When  light  is  applied  to  the  light  switch  element 
5  812,  the  light  switch  element  812  reduces  its  electric 

resistance,  resulting  in  being  able  to  apply  a  signal 
from  the  linear  electrode  81  1  into  the  pixel  electrode 
813. 

Next,  the  light-shielding  layer  802a  is  formed  on 
10  the  glass  substrate  801  a  by  depositing  metal  such  as 

aluminum  (Al)  and  patterning  the  metal  layer.  A  trans- 
parent  electrode  808  is  formed  on  the  glass  substrate 
801a  and  the  light-shielding  layer  802a  by  depositing 
ITO  with  the  sputtering  method.  Then,  a  polyimide  film 

15  is  spin-coated  on  the  transparent  electrode  808.  The 
polyimide  film  is  subject  to  the  rubbing  treatment  for 
forming  an  orientation  layer  807a. 

A  plurality  of  spacers  (not  shown)  are  dispersed 
between  the  substrates  having  some  layers  formed 

20  thereon.  Both  of  the  substrates  are  pasted  through  the 
sealing  member  815.  Then,  liquid  crystal  is  injected 
into  the  space  defined  between  both  of  the  substrates 
and  the  sealing  member  81  5  for  forming  a  liquid  crys- 
tal  layer  814. 

25  The  liquid  crystal  layer  814  uses  fluorine  liquid 
crystal.  The  display  mode  of  the  liquid  crystal  814  is 
a  twisted  nematic  (TN)  mode.  The  resulting  substrate 
and  the  LED  array  810  are  connected  through  a 
SELFOC  lens  array  809. 

30  Then,  the  description  will  be  directed  to  a  trans- 
formation  of  the  fifteenth  embodiment  wherein  a  light 
waveguide  is  made  of  glass. 

A  multi-mode  thallium  (Tl)  ion  exchange 
waveguide  is  formed  as  a  glass  waveguide.  An  elec- 

35  trade  and  an  a-Si  :H  layer  are  formed  on  the  glass 
waveguide. 

The  opposite  side  to  the  side  having  the  electrode 
and  the  a-Si  :H  layer  formed  thereon  is  abraded  for 
reducing  the  thickness  of  glass.  Then,  the  resulting 

40  glass  waveguide  is  pasted  on  the  glass  substrate 
801a  opposed  to  the  glass  substrate  801  b  having  the 
light-shielding  layer  802b  of  Fig.  31  formed  thereon. 
The  subsequent  process  is  the  same  as  the  process 
of  the  fifteenth  embodiment. 

45  According  to  the  transformed  embodiment,  it  is 
possible  to  completely  avoid  the  adverse  effect  of 
back  light  and  outer  light  on  the  light  switch  element. 

The  operation  of  this  embodiment  is  the  same  as 
that  of  the  seventh  embodiment  shown  in  Figs.  19  and 

50  20. 
As  is  apparent  from  the  above  description,  the 

active  matrix  driven  type  LCD  according  to  the  pre- 
sent  embodiment  has  the  structure  where  a  switch  is 
provided  for  each  pixel  like  the  TFT  element.  This 

55  structure  makes  it  possible  to  display  an  image  at  high 
contrast.  Further,  since  the  scan  signal  is  a  ray  of  light, 
unlike  the  TFT  element,  no  unfavorable  state  appears 
wherein  the  scan  signal  (gate  signal)  is  flown  into  the 

19 



37 EP  0  490  484  A2 38 

pixel  electrodes  through  the  element  capacitance. 
Hence,  the  number  of  the  scan  lines  is  allowed  to  be 
increased  to  1000  or  more. 

Fig.  32  is  a  plan  view  showing  a  light  scanning 
substrate  used  in  an  active  matrix  driven  type  LCD 
according  to  a  sixteenth  embodiment  of  the  present 
invention.  According  to  the  present  embodiment,  the 
arrangement  of  pixels  formed  on  a  display  panel  is 
100  (column)  x  128  (row)  and  the  display  mode  of 
liquid  crystal  is  a  twisted  nematic  (TN)  mode. 

As  shown  in  Fig.  32,  pixel  electrodes  P1t   ̂ to 
P128,  100  are  arranged  on  the  substrate  in  a  matrix, 
where  100  electrodes  are  arranged  on  one  column 
and  128  electrodes  are  arranged  on  one  row.  For 
each  of  the  pixel  electrodes  P1t   ̂ to  P128i  100.  photo- 
conductive  elements  S1t   ̂ to  S128i  100  are  provided,  re- 
spectively.  For  each  column  of  the  matrix  composed 
of  the  pixel  electrodes  Pi,  1  to  P128i  10o,  that  is,  for  each 
group  of  the  pixel  electrodes  P1t   ̂ to  P1t  10o,  P2,  1  to 
P2,  100  P128,  1  to  Pi28,  1001  signal  lines  X1,  X2 
X128  extending  in  the  column  direction  are  formed  on 
the  same  substrate.  The  signal  lines  X  ̂ X2 
Xi2s,  100  are  respectively  connected  to  each  corre- 
sponding  column  group  of  P1t  1  to  P1t  10o,  P2,  1  to 
P2,  100  P128,  1  to  P128,  100  through  each  group  of  the 
photoconductive  elements  S1t  1  to  S1t  10o,  S2i  1  to 
S2,  100  Si28,  1  to  Si28i  ioo- 

The  photoconductive  elements  S1t  1  to  S128i  10o 
normally  hold  high  impedance.  Only  if  light  is  applied 
to  the  photoconductive  element,  it  serves  to  lower  the 
impedance,  resulting  in  being  able  to  selectively  elec- 
trically  connect  the  corresponding  one  of  the  signal 
lines  Xi  to  X128  to  the  corresponding  one  of  the  pixel 
electrodes  P1t  1  to  P128i  10o- 

For  each  row  of  the  pixel  electrodes  P1t  1  to 
P128,  100.  that  is,  for  each  row  S1t  1  to  S128i  u  S1t  2  to 
Si28i  2  Si_  100  to  Si28i  1001  sach  of  linear  luminous 
sources  Ŷ  to  Y10o  extending  in  the  row  direction  are 
formed  on  the  same  substrate.  Those  linear  luminous 
sources  Ŷ  to  Y10o  are  provided  on  the  lower  side  of 
the  photoconductive  elements  S1t  1  to  S128i  100  and  the 
pixel  electrodes  P1f  1  to  P128i  100  so  as  to  selectively 
apply  light  to  the  photoconductive  elements  S1t  1  to 
Si28,  ioo- 

Fig.  33  is  a  perspective  view  showing  the  sub- 
strate  of  the  sixteenth  embodiment  for  describing  a 
connection  between  the  pixel  electrode  and  the  signal 
line.  Fig.  34  is  a  sectional  view  cut  on  the  M-M  line  of 
Fig.  33. 

As  shown  in  Figs.  33  and  34,  a  linear  luminous 
source  911  extending  in  the  row  direction  is  formed  on 
a  glass  substrate  910.  A  photoconductive  element 
914  is  bridged  over  the  linear  luminous  source  911. 
The  photoconductive  element  914  serves  to  electri- 
cally  turn  on  and  off  the  connection  between  a  pixel 
electrode  912  and  a  signal  line  913  extending  in  the 
column  direction. 

According  to  the  present  embodiment,  for  making 

the  photoconductive  elements  914  and  S1t  1  to 
Si28,  100.  amorphous  silicon  (a-Si)  is  used.  For  making 
the  linear  luminous  sources  91  1  and  Ŷ  to  Y10o,  any 
device  may  be  used  only  if  it  serves  to  emit  a  linear 

5  ray  of  light.  Herein,  the  linear  luminous  source  91  1  is 
the  combination  of  a  luminous  source  911a  made  of 
an  electroluminescent  (EL)  element  or  a  polymer 
waveguide  and  a  light  waveguide  911b  connected  at 
one  end  to  the  luminous  source  911a.  When  the  lumi- 

10  nous  source  91  1a  is  activated,  that  is,  when  the  lumi- 
nous  source  91  1a  is  made  luminous,  the  light  from  the 
luminous  source  911a  is  applied  to  the  light 
waveguide  911b,  resulting  in  making  the  overall  light 
waveguide  91  1b  linearly  luminous. 

15  Fig.  35  is  a  sectional  view  cut  on  the  N-N  line  of 
Fig.  32  showing  a  liquid  crystal  display  panel  having 
a  light-scan  substrate  incorporated  therein. 

At  first,  the  light-scan  substrate  920  will  be  des- 
cribed.  An  aluminum  (Al)  layer  is  formed  on  the  glass 

20  substrate  921  with  the  electron  beam  (EB)  deposition 
method.  The  etching  treatment  is  carried  out  on  the  Al 
layer  forforming  a  lower  electrode  922  of  the  luminous 
source  made  of  an  electroluminescent  (EL)  element. 
By  sputtering  Al203  (aluminum  oxide)  and  Si3N4  (sili- 

25  con  nitride),  an  insulating  film  923  is  formed  on  the 
glass  substrate  921  and  the  lower  electrode  922.  The 
thickness  of  the  insulating  film  923  is  about  2000  A. 
The  light  waveguide  924  (corresponding  to  the  linear 
luminous  source  Ŷ  of  Fig.  32)  is  formed  on  the 

30  insulating  film  923  with  the  electron  beam  (EB)  dep- 
osition  method.  The  light  waveguide  924  is  made  of 
ZnS  (zinc  sulfide)  containing  0.5%  of  Mn  (mangan- 
ese).  The  thickness  of  the  light  waveguide  924  is 
about  8000  A.  The  etching  treatment  is  selectively 

35  carried  out  on  the  light  waveguide  924  for  forming 
cutaways  924a  at  the  spots  of  the  light  waveguide  924 
corresponding  to  the  photoconductive  elements  S1t  1 
to  S128i  1.  By  sputtering  Si3N4and  Si02  (silicon  oxide), 
another  insulating  film  925  is  formed  on  the  light 

40  waveguide  924  where  the  cutaways  924a  are  selec- 
tively  formed.  The  thickness  of  the  insulating  film  925 
is  about  2000  A.  By  sputtering  ITO  (Indium  Tin  Oxide) 
on  the  insulating  film  925  and  etching  the  ITO  film,  an 
upper  electrode  926  is  formed.  The  thickness  of  the 

45  ITO  film  is  about  1500  A.  The  light  waveguide  924  is 
laid  between  the  upper  electrode  926  and  the  lower 
electrode  922.  The  end  of  the  light  waveguide  924 
composes  the  luminous  source  927  made  of  an  elec- 
troluminescent  (EL)  element  or  a  polymer  waveguide. 

50  After  forming  a  polyimide  layer  928  for  leveling 
the  display  surface,  the  signal  lines  X̂  to  X128  and  the 
pixel  electrodes  P1f  1  to  P128i  1  are  formed  by  sputter- 
ing  ITO  on  the  polyimide  layer  928. 

Forforming  the  photoconductive  elements  S1t  1  to 
55  S128i  1,  an  a-Si  film  is  formed  to  have  the  thickness  of 

about  1000  A  with  the  plasma  CVD  (Chemical  Vapor 
Deposition)  method.  Then,  the  a-Si  film  is  etched.  It 
results  in  completing  the  formation  of  the  photocon- 

20 
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ductive  elements  S1t  i  to  S128i  1  above  the  cutaways 
924a  of  the  light  waveguides  924  (Y^. 

A  substrate  930  opposed  to  the  light-scan  sub- 
strate  920  is  formed  by  depositing  an  ITO  electrode 
932  on  the  glass  substrate  931  with  the  sputtering 
method.  The  thickness  of  the  ITO  electrode  932  is 
about  1500  A. 

Polyimide  films  929  and  933  are  coated  on  the 
surfaces  of  the  light-scan  substrate  920  and  the 
opposed  substrate  930,  respectively.  Those 
polyimide  films  929  and  933  serve  as  horizontally 
orientating  the  liquid  crystal  and  have  the  thickness  of 
about  500  A,  respectively.  Then,  the  rubbing  treat- 
ment  is  carried  out  on  the  polyimide  films  929  and  933. 
The  light-scan  substrate  920  and  the  opposed  sub- 
strate  930  are  pasted  by  a  sealing  member  940  with 
spacers  having  5  urn  thickness.  Then,  liquid  crystal 
941  of  PCH  (phenylcyclohexanone)  system  (ZLI- 
1565,  manufactured  by  Merk  Co.,  Inc.)  as  a  display 
medium  is  injected  and  sealed  in  vacuum  between  the 
substrates  920  and  930,  resulting  in  forming  the  liquid 
crystal  display  panel. 

Then,  the  description  will  be  directed  to  the  oper- 
ation  of  the  LCD  panel  according  to  the  present 
(sixteenth)  embodiment. 

By  applying  a  voltage  between  the  lower  elec- 
trode  922  and  the  upper  electrode  926  shown  in  Fig. 
35,  the  luminous  source  927  made  of  an  electrolumi- 
nescent  (EL)  element  serves  to  emit  light  through  the 
light  waveguide  924  and  apply  the  light  to  the  photo- 
conductive  elements  S1t   ̂ to  S128i  1  formed  on  the  light 
waveguide  924.  When  the  light  is  applied,  the  photo- 
conductive  elements  S1t   ̂ to  S128i   ̂ serve  to  lower  its 
impedance,  thereby  becomes  conductive,  resulting  in 
electrically  connecting  the  pixel  electrodes  P1t   ̂ to 
P128,  1  corresponding  to  the  signal  lines  X̂  toX128,  re- 
spectively.  Hence,  the  signals  corresponding  to  a  dis- 
play  pattern  are  transferred  from  the  signal  lines  X̂  to 
X128  to  the  pixel  electrodes  S1t   ̂ to  S128i   ̂ on  the  selec- 
ted  row. 

By  sequentially  activating  the  linear  luminous 
sources  Ŷ  to  Y10o  on  each  row  and  electrical  connect- 
ing  the  pixel  electrodes  P1t   ̂ to  P12s,  1.  Pi,  2  to 
P128i  2  Pi,  100  to  P128i  10o  on  each  row  to  the  signal 
lines  Xi  to  X128,  the  signals  corresponding  to  the  dis- 
play  pattern  selectively  input  to  the  signal  lines  X̂  to 
X128  are  transferred  to  the  pixel  electrodes  on  each 
row  in  sequence. 

When  the  selection  period  where  the  light  is 
applied  to  the  photoconductive  elements  is  changed 
into  a  non-selection  period  (no  light  emitting  period), 
the  photoconductive  element  enters  into  a  high-impe- 
dance  state.  The  charges  injected  to  the  pixel  elec- 
trode  are  held  in  the  capacitance  element  of  the  liquid 
crystal  element  until  the  photoconductive  elements 
are  selected.  The  operation  principle  is  the  same  as 
the  TFT-LCD  known  by  the  present  inventors. 

The  display  apparatus  according  to  the  present 

embodiment,  however,  is  structured  to  scan  the  pixel 
electrodes  with  a  ray  of  light.  Unlike  the  known  TFT- 
LCD,  however,  no  unfavorable  conditions  appear 
wherein  the  gate  signal  is  leaked  to  the  pixel  electrode 

5  through  the  effect  of  the  parasitic  capacitance  be- 
tween  a  gate  electrode  and  a  drain  electrode  connec- 
ted  to  the  pixel  electrode.  It  results  in  completely 
eliminating  the  appearance  of  a  lower  contrast,  an 
after  image,  a  shorter  life  resulting  from  distortion  of 

10  a  symmetric  voltage  waveform  with  a  positive  and  a 
negative  polarities  by  the  appearance  of  d.c.  (direct 
current)  components  on  the  pixel  electrodes.  Further, 
the  known  TFT-LCD  is  arranged  to  add  one-scan 
parasitic  capacitance  to  one  gate  electrode.  Hence,  a 

15  large-size  and  large-capacitance  LCD  serves  to 
attenuate  the  gate  signal  through  the  effect  of  the 
parasitic  capacitance  and  the  wire  resistance,  result- 
ing  in  lowering  contrast  and  making  the  display  une- 
ven.  The  display  apparatus  according  to  the  present 

20  embodiment,  however,  has  no  problem  about  the 
parasitic  capacitance  and  the  wire  resistance, 
because  the  apparatus  serves  to  perform  the  light 
scanning. 

In  actual,  as  a  result  of  testing  the  LCD  panel  of 
25  this  embodiment,  the  test  proved  that  the  LCD  panel 

provides  uniform  contrast  on  the  display,  and  leaves 
no  after  image  and  brings  about  no  degradation  of  the 
contrast  when  patterns  of  static  image  are  displayed 
for  a  long  time. 

30  Next,  a  seventeenth  embodiment  of  the  present 
invention  will  be  described. 

Fig.  36  is  a  plan  view  showing  a  display  panel  of 
a  pixel-divisional  simple  matrix  type  LCD  according  to 
the  seventeenth  embodiment  of  the  present  invention. 

35  The  forming  process,  the  conditions  and  the 
materials  of  the  present  embodiment  are  the  same  as 
those  of  the  sixteenth  embodiment  shown  in  Fig.  32, 
except  that  the  ITO  layer  formed  on  the  opposed  sub- 
strate  is  etched  to  be  striped  electrodes.  The  number 

40  of  pixels  of  the  display  panel  is  30  (column)  x  40  (row). 
The  display  mode  of  the  liquid  crystal  is  a  twisted 
nematic  (TN)  mode. 

According  to  the  present  embodiment,  pixel  elec- 
trodes  Pi,  1  to  P40,  3,  ...  are  arranged  in  a  matrix  where 

45  30  pixel  electrodes  are  ranged  on  one  column  and  40 
pixel  electrodes  are  ranged  on  one  row.  For  each  of 
the  pixel  electrodes  P1t  1  to  P40,  3  photoconductive 
elements  S1t  1  to  S40,  3,  ...  are  provided,  respectively. 
For  each  row  of  the  pixel  electrodes  Pi,  1  to  P40,  3 

50  that  is,  each  group  of  P1t  1  to  P1t  3  P2,  1  to  P2,  3 
P40,  1  to  P40,  3  each  of  the  signal  lines  X  ̂ X2 
X40  extending  in  the  column  direction  is  formed  on  the 
same  substrate.  The  signal  lines  X  ̂ X2  Xw  are 
connected  to  the  pixel  electrodes  P1t  1  to  P1t  3  P2,  1 

55  to  P2i  3  P40,  1  to  P40,  3,  ...  of  the  corresponding  col- 
umn  through  the  corresponding  photoconductive  ele- 
ments  S1t  !  to  S1i3  S2i  t  to  S2i  3  S40,  1  to 
S40,3  respectively. 

21 
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The  photoconductive  elements  S1t  i  to  S40,  3,  ... 
normally  hold  high  impedance.  Only  if  light  is  applied 
to  the  photoconductive  element,  it  serves  to  lower  the 
impedance,  resulting  in  being  able  to  selectively  elec- 
trically  connect  the  signal  lines  X̂  to  X40  to  the  corre- 
sponding  pixel  electrodes  P1t  1  to  P40,  3 

For  each  row  of  the  pixel  electrodes  P1t  1  to 
P40,  3  that  is,  for  each  row  S1t  1  to  S40,  1,  S1t  2  to 
S4o,  2.  S1t  3  to  S40,  3  each  of  linear  luminous  sour- 
ces  Yi  to  Y3,  ...  extending  in  the  row  direction  are  for- 
med  on  the  same  substrate.  Those  linear  luminous 
sources  Ŷ  to  Y3,  ...  are  provided  on  the  lower  side  of 
the  photoconductive  elements  S1t  1  to  S40,  3,  ...  and 
the  pixel  electrodes  P1f  1  to  P40,  3,  ...  so  as  to  selec- 
tively  apply  light  to  the  photoconductive  elements  Si  _  1 
to  S40,  3 

On  the  substrate  opposed  to  the  light-scan  sub- 
strate,  striped  electrodes  Ẑ   to  Z9,  ...  extending  in  the 
row  direction  are  provided.  A  group  of  three  striped 
electrodes  are  located  between  the  adjacent  linear 
luminous  sources,  that  is,  the  three  striped  electrodes 
extend  across  each  of  the  pixel  electrodes. 

The  operation  of  the  LCD  panel  according  to  the 
present  embodiment  will  be  described. 

Like  the  sixteenth  embodiment  shown  in  Figs.  32 
to  35,  by  sequentially  activating  the  linear  luminous 
sources  Ŷ  to  Y3  each  row  group  of  the  pixel  elec- 
trodes  P1f  ,  tO  P40,  1,  Pi,  2  tO  P40,  2  Pi,  30  tO  P40,  30 
is  electrically  connected  to  the  corresponding  signal 
Xi  to  Xw.  At  this  time,  the  signals  corresponding  to  the 
display  pattern  entered  into  the  signal  lines  X̂  to  X40 
are  applied  at  the  same  time  to  the  pixel  electrodes  on 
each  row.  Before  activating  a  next  linear  luminous 
source  after  the  current  luminous  source,  the  voltages 
of  the  signals  input  to  the  signal  lines  X̂  to  X40  are 
temporarily  reduced  to  zero  for  reducing  all  the  vol- 
tages  applied  on  the  pixel  electrodes  to  zero.  Then  the 
next  linear  luminous  source  is  activated. 

According  to  the  present  embodiment,  by 
sequentially  driving  the  striped  electrodes  Ẑ   to  Z9,  ... 
as  shown  in  Fig.  37,  the  pixel  electrodes  P1f  1  to 
P40,  3,  ...  electrically  connected  to  the  signal  lines  X̂  
to  are  driven  with  the  opposed  striped  electrodes 
Zi  to  Z9,  ...  being  divided  into  groups  each  having 
three  electrodes.  The  driving  of  the  pixel  electrodes 
and  the  striped  electrodes  are  carried  out  in  a  simple 
multiplexing  manner.  That  is,  herein,  assuming  that 
the  display  area  composed  of  three  scan  lines  (striped 
electrodes)  is  one  block,  the  linear  luminous  sources 
Yi  to  Y3,  ...  are  used  for  selecting  the  corresponding 
block.  It  results  in  being  able  to  triple  the  number  of 
the  scan  lines  as  keeping  a  duty  factor  and  the  num- 
ber  of  drivers  constant.  In  general,  assuming  that  the 
number  of  the  linear  luminous  sources  is  N  and  the 
number  of  the  striped  electrodes  (the  numberof  actual 
scanned  electrodes)  per  one  linear  luminous  source 
is  M,  the  N  x  M  scan  lines  are  allowed  to  be  driven  with 
a  duty  factor  of  1/M. 

The  display  apparatus  of  the  present  embodiment 
is  capable  of  realizing  a  higher-contrast  and  larger- 
capacitance  display  as  keeping  a  minimum  number  of 
drivers  (equal  to  the  number  of  the  signal  lines)  as 

5  compared  to  the  simple  matrix  driven  type  LCD  known 
by  the  inventors.  Further,  the  response  speed  of  the 
display  is  remarkably  improved,  because  the  number 
M  of  the  striped  electrodes  (duties)  is  arranged  to  be 
smaller  than  the  known  LCD. 

10  As  a  result  of  testing  the  display  apparatus  of  this 
embodiment,  the  test  proved  that  the  display 
apparatus  is  capable  of  providing  quite  excellent  dis- 
play  characteristics  when  it  is  operated  at  the  voltage 
having  the  driving  waveform  shown  in  Fig.  37. 

15  Herein,  the  display  mode  is  a  twisted  nematic 
(TN)  mode.  However,  it  goes  without  saying  that  the 
display  apparatus  is  more  advantageous  if  the  used 
display  mode  is  an  super  twisted  nematic  (STN)  mode 
or  a  double  super  twisted  nematic  (DSTN)  mode  hav- 

20  ing  a  sharp  threshold  value  characteristic. 
Fig.  38  is  a  plan  view  showing  an  LCD  apparatus 

composed  of  several  display  panels  of  the  sixteenth 
embodiment  (see  Figs.  32  to  35)  for  realizing  a  larger 
screen.  This  large  LCD  apparatus  is  an  eighteenth 

25  embodiment  of  the  present  invention. 
The  display  apparatus  of  this  embodiment 

includes  three  display  panels  1050,  1060,  1070  like 
the  display  panel  of  the  sixteenth  embodiment  shown 
in  Fig.  32.  The  display  panel  1050  provides  a  lumin- 

30  ous  source  1051  composed  of  an  electroluminescent 
(EL)  element  or  a  polymer  waveguide  at  the  left  end. 
The  display  panel  1060  has  only  a  light  waveguide 
1062  without  having  any  luminous  source.  The  dis- 
play  panel  1070  provides  a  luminous  source  1071 

35  composed  of  an  electroluminescent  (EL)  element  or 
a  polymer  waveguide  at  the  right  end.  The  display 
panels  1050  are  1060  are  pasted  through  fiber  plate 
1081  (manufactured  by  Asahi  Glass  Co.,  Ltd.).  The 
display  panels  1060  and  1070  are  pasted  through 

40  fiber  plates  1082  (manufactured  by  Asahi  Glass  Co., 
Ltd.).  It  results  in  optically  connecting  the  light 
waveguides  1052,  1062,  1072  of  the  display  panels 
1050,  1060,  1070  to  one  another.  The  present  inven- 
tors  have  made  sure  that  the  arrangement  makes  it 

45  possible  to  implement  a  large-scale  screen  of  9  cm  x 
36  cm. 

This  display  apparatus  does  not  require  high- 
density  electrical  connection  between  the  apparat- 
uses  unlike  the  known  electrical  scan  type  display 

50  apparatus,  resulting  in  being  able  to  enlarge  the 
screen  very  easily. 

In  place  of  the  fiber  plates  used  for  connecting  the 
display  panels,  it  is  possible  to  use  an  optical  compo- 
nent  such  as  a  SELFOK  lens  array  or  a  microlens 

55  array,  or  an  matching  agent  for  an  index  of  refraction 
such  as  silicon  (Si)  oil  may  be  used. 

The  formation  of  polymer  dispersed  type  liquid 
crystal  where  liquid  crystal  is  dispersed  in  a  polymer 

22 
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network  without  any  sealing  in  the  liquid  crystal  panel 
makes  it  more  advantageous  to  connect  the  panels 
more  quietly  and  enhance  the  quality.  The  polymer 
dispersed  type  liquid  crystals  includes  microcapsu- 
lated  liquid  crystal,  solid  polymerized  compound 
made  by  hardening  a  uniform  solution  composed  of 
liquid  crystal  and  polymerized  compound  with 
ultraviolet  rays  or  heat,  uniform  solution  composed  of 
liquid  crystal,  polymer  and  common  solvent  from 
which  the  common  solvent  is  evaporated  for  removal, 
cooled  uniform  solution  composed  of  fused  liquid 
crystal  and  thermal  plastic  resin,  and  liquid  crystal 
being  dipped  in  micron  glass  particles  or  a  cellulosic 
film  for  sponge.  For  example,  such  a  type  of  liquid 
crystal  is  produced  by  uniformly  mixing  a  photopolym- 
erization  starting  agent  in  a  mixed  liquid  containing  2- 
ethyl-hexyl-acrylate  (monomer),  urethane  acrylate 
oligomer  and  ZLI-1840  (manufactured  by  Merk  Co., 
Inc.)  at  a  ratio  of  16  :  24  :  60  in  sequence,  sealing  the 
mixed  solution  in  the  panel,  and  applying  ultraviolet 
rays  to  the  sealed  solution. 

Fig.  39  is  a  plan  view  showing  a  signal  electrode 
substrate  of  an  active  matrix  driven  type  LCD  panel 
according  to  a  nineteenth  embodiment  of  the  present 
invention.  Fig.  40  is  a  plan  view  showing  a  light-scan 
substrate  opposed  to  the  signal  electrode  substrate 
shown  in  Fig.  39. 

The  structure  of  the  signal  electrode  substrate 
shown  in  Fig.  39  is  the  same  as  the  structure  of  the 
light-scan  substrate  shown  in  Fig.  32,  except  that  no 
linear  luminous  source  is  provided.  As  shown  in  Fig. 
39,  pixel  electrodes  P1t   ̂ to  P128i  100  are  arranged  on 
the  substrate  in  a  matrix,  where  100  electrodes  are 
ranged  on  one  column  and  128  electrodes  are  ranged 
on  one  row.  For  each  of  the  pixel  electrodes  Pi,  1  to 
P128,  ioo.  photoconductive  elements  S1t   ̂ to  S128i  100 
are  provided,  respectively.  For  each  column  of  the 
pixel  electrodes  P1t   ̂ to  P128i  100.  that  is,  P1t   ̂ to  P1t  10o, 
P2,  itoP2,  100  P128,  1  to  P128,  100,  the  signal  lines  X, 
X2  X128  extending  in  the  column  direction  are  for- 
med  on  the  same  substrate.  The  signal  lines  X^ 
X2  X128  are  connected  to  the  corresponding  col- 
umns  of  the  pixel  electrode  P1t   ̂ to  P1t  10o,  P2,  1  to 
P2i  10o  P128,  1  to  P128,  10o  through  the  photoconduc- 
tive  elements  Si  1  to  ioo>  S2i  1  to  S2i  100  Si28i  1 
toS 128,  1001  respectively. 

As  shown  in  Fig.  40,  as  opposed  to  each  row  of 
the  pixel  electrodes  P1t   ̂ to  P128i  1,  Pi,  2  to  P128i  2 
Pi,  100  to  P128,  10o  formed  on  the  signal  electrode  sub- 
strate,  electrodes  E2  E10o  are  provided  on  the 
light-scan  substrate  in  the  row  direction,  respectively. 
Those  electrodes  E  ̂ E2  E10o  are  connected  to  one 
another  at  their  ends.  Linear  luminous  sources  Y2 
Y10o  extending  in  the  row  direction  are  provided  be- 
tween  the  adjacent  electrodes  of  to  E10o  and  linear 
luminous  source  Ŷ  is  provided  adjacent  to  the  elec- 
trode  Ei  and  along  the  row  direction. 

That  is,  this  embodiment  is  arranged  so  that  the 

linear  luminous  sources  of  the  sixteenth  embodiment 
shown  in  Fig.  32  are  formed  on  the  substrate  opposed 
to  the  substrate  having  the  photoconductive  elements 
formed  thereon. 

5  Fig.  41  is  a  sectional  view  cut  on  the  V-V  line  of 
Fig.  40  showing  an  LCD  panel  having  the  signal  elec- 
trode  substrate  shown  in  Fig.  39  and  the  light-scan 
substrate  shown  in  Fig.  40  incorporated  therein. 

At  first,  the  signal  electrode  substrate  1100  will  be 
10  described  later. 

As  shown  in  Fig.  41  ,  a  passivation  film  1  1  02  is  for- 
med  on  the  glass  substrate  1101  with  the  CVD 
method.  The  passivation  film  1102  is  made  of  tan- 
talum  oxide  (Ta203).  Then,  an  ITO  film  is  formed  on 

15  the  passivation  film  1  102  with  the  sputtering  method. 
The  ITO  film  is  etched  for  forming  signal  electrodes 
1  103  and  pixel  electrodes  1  104.  The  thickness  of  the 
electrodes  is  about  2000  A.  The  signal  electrodes 
1  1  03  and  the  pixel  electrodes  1  1  04  respectively  cor- 

20  respond  to  the  signal  lines  X  ̂ X2  X128  shown  in 
Fig.  39  and  the  pixel  electrodes  P1t  u  P2i   ̂ P128i  .̂ 
An  a-Si  layer  is  formed  on  the  electrodes  1  1  03  and 
1  104  with  the  CVD  method  and  is  etched  forforming 
photoconductive  layers  1105.  The  photoconductive 

25  layer  1105  is  formed  to  bridge-connect  the  signal 
electrode  1  1  03  to  the  pixel  electrode  1  1  04.  The  photo- 
conductive  layers  1105  correspond  to  the  photocon- 
ductive  elements  S1t   ̂ to  S128i   ̂ shown  in  Fig.  39. 

The  linear  luminous  source  formed  on  the  light- 
30  scan  substrate  1110  opposed  to  the  signal  electrode 

substrate  1  100  is  formed  in  the  same  process  as  that 
of  the  light-scan  substrate  shown  in  Fig.  35.  That  is, 
an  aluminum  (Al)  layer  is  formed  on  the  glass  sub- 
strate  1111  with  the  electron  beam  (EB)  deposition 

35  method  and  is  etched  for  forming  a  lower  electrode 
1112  of  the  luminous  source  composed  of  an  elec- 
troluminescent  (EL)  element  or  a  polymer  waveguide. 
By  depositing  Al203  and  Si3N4  with  the  sputtering 
method,  an  insulating  film  1113  is  formed  on  the  glass 

40  substrate  1111  and  the  lower  substrate  1112.  The 
thickness  of  the  insulating  film  1  1  1  3  is  about  2000  A. 
A  light  waveguide  1114  (corresponding  to  the  linear 
luminous  source  Ŷ  shown  in  Fig.  40)  is  formed  on  the 
insulating  film  1  1  13  with  the  electron  beam  (EB)  dep- 

45  osition  method.  The  light  waveguide  1  1  14  is  made  of 
ZnS  containing  0.5%  of  Mn  and  has  a  thickness  of 
about  8000  A.  The  etching  treatment  is  selectively 
carried  out  on  the  light  waveguide  1114  for  forming 
cutaways  1114a  at  the  spots  opposite  to  the  photo- 

50  conductive  layer  1  1  05  formed  on  the  glass  substrate 
1101.  By  sputtering  Si3N4  and  Si02  (silicon  oxide), 
another  insulating  film  1115  is  formed  on  the  light 
waveguide  1114  where  the  cutaways  1114a  are 
selectively  formed.  The  thickness  of  the  insulating  film 

55  1115  is  about  2000  A.  By  sputtering  ITO  on  the 
insulating  film  1  1  1  5  and  etching  the  ITO  film,  an  upper 
electrode  1116  is  formed.  The  thickness  of  the  ITO 
film  is  about  1500  A.  The  light  waveguide  11  14  is  laid 
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between  the  lower  electrode  1  1  12  and  the  upper  elec- 
trode  1116.  The  end  of  the  light  waveguide  1  114  has 
the  luminous  source  made  of  an  electroluminescent 
(EL)  element. 

Polyimide  films  1  1  06  and  1117  are  coated  on  the 
surfaces  of  the  light-scan  substrate  1100  and  the 
opposed  substrate  1110,  respectively.  Those 
polyimide  films  1106  and  1117  serve  as  horizontally 
orientating  the  liquid  crystal  and  have  the  thickness  of 
about  500  A,  respectively.  Then,  the  rubbing  treat- 
ment  is  carried  out  on  the  polyimide  films  1106  and 
1117.  The  light-scan  substrate  1  100  and  the  opposed 
substrate  11  10  are  pasted  by  a  sealing  member  1131 
with  spacers  having  5  urn  thickness.  Then,  liquid  crys- 
tal  1  132  of  PCH  (phenylcyclohexanone)  system  (ZLI- 
1565,  manufactured  by  Merk  Co.,  Inc.)  as  a  display 
medium  is  injected  and  sealed  in  vacuum  between  the 
substrates  1100  and  1110,  resulting  in  forming  the 
liquid  crystal  display  panel  in  the  same  process  as  the 
sixteenth  embodiment  of  Fig.  35. 

The  structure  of  this  embodiment  is  analogous  to 
the  structure  of  the  sixteenth  embodiment  shown  in 
Fig.  35,  except  that  the  photoconductive  element 
composed  of  the  photoconductive  layer  1  105  and  the 
linear  luminous  source  composed  of  the  light 
waveguide  1114  are  formed  on  the  respective  subs- 
trates.  Hence,  this  embodiment  provides  the  same 
advantages  as  the  sixteenth  embodiment. 

In  the  sixteenth  embodiment,  however,  the  signal 
electrodes  are  arranged  in  the  column  direction  on  the 
linear  luminous  sources  which  are  formed  in  the  row 
direction.  In  case  that  the  step  difference  between  the 
linear  luminous  source  and  the  glass  substrate  is 
large,  the  etching  failure  appearing  in  forming  the  sig- 
nal  electrodes  may  result  in  cutting  out  the  patterns. 
According  to  the  present  embodiment,  the  signal  elec- 
trode  is  formed  on  a  flat  passivation  film  1  1  02  for  pre- 
venting  the  appearance  of  etching  failure. 

Fig.  42  is  a  plan  view  showing  a  signal  electrode 
substrate  of  an  active  matrix  driven  type  LCD  display 
panel  according  to  an  twentieth  embodiment  of  the 
present  invention.  Fig.  43  is  a  plan  view  showing  a 
light-scan  substrate  opposed  to  the  signal  electrode 
substrate  of  Fig.  43. 

As  shown  in  Fig.  42,  the  arrangement  of  the  twen- 
tieth  embodiment  is  analogous  to  that  of  the  sixteenth 
embodiment  shown  in  Fig.  32,  except  that  the  signal 
electrodes  X̂  ,  X2  X128,  the  photoconductive  layers 
Si  i  to  Si 28,  100  and  the  pixel  electrodes  Pi,  1  to 
P128,  100  are  laminated. 

That  is,  the  pixel  electrodes  P1t   ̂ to  P128i  10o  are 
arranged  in  a  matrix.  For  each  of  the  pixel  electrodes 
Pi  itoP! 28,  1001  the  photoconductive  elements  1  to 
S128,  100  are  provided,  respectively.  For  each  column 
of  the  pixel  electrodes  P1t   ̂ to  P128i  10o,  that  is,  P1t   ̂ to 
Pi,  1001  P2,  1  to  P2i  100  P128,  1  to  Pi28,  1001  the  signal 
lines  Xl  X2  X128  extending  in  the  column  direction 
are  formed  on  the  same  substrate.  The  signal  lines  X̂  , 

X2,  ..,  X128  are  connected  to  the  corresponding  col- 
umns  of  the  pixel  electrodes  P1t  1  to  P1t  10o,  P2,  1  to 
P2i  10o  P128,  1  to  P128,  10o  through  the  photoconduc- 
tive  elements  1  to  ioo>  S2i  1  to  S2i  100  Si28i  1 

5  to  S 128,  100  1  respectively.  The  signal  electrodes  X1, 
X2  X128,  the  photoconductive  layers  S1t  1  to 
Si28,  100.  and  the  pixel  electrodes  P1t  1  to  P128i  10o  are 
overlapped  in  sequence. 

As  shown  in  Fig.  43,  there  are  provided  on  the 
10  light-scan  substrate  the  linear  luminous  sources 

Y2  Y10o  extending  in  the  row  direction.  An  elec- 
trode  Ex  is  formed  on  the  overall  surface  of  the  linear 
luminous  sources. 

Fig.  44  is  a  sectional  view  cut  on  the  W-W  line  of 
15  Fig.  43  showing  an  LCD  panel  having  the  signal  elec- 

trode  substrate  shown  in  Fig.  42  and  the  light-scan 
substrate  shown  in  Fig.  43  incorporated  therein. 

At  first,  a  light-scan  substrate  1210  will  be  des- 
cribed  later. 

20  As  shown  in  Fig.  44,  epoxy  resin  is  coated  on  the 
glass  substrate  1211  with  a  spinner.  The  coat  of  the 
epoxy  resin  is  served  as  a  clad  layer  1212.  A  bis- 
phenol-Z-polycarbonate  (PCZ)  film  containing  photo- 
polymerization  monomer  (acrylate,  for  example, 

25  methyl  acrylate)  is  formed  on  the  epoxy  resin  with  a 
solution  casting  method. 

By  selectively  polymerizing  the  PCZ  film  through 
a  linear  photomask,  the  PCZ  layer  is  formed  as  a  core 
layer  121  3  and  a  mixture  of  the  PCZ  and  polyacrylate 

30  having  a  smaller  index  of  refraction  than  the  PCZ  is 
formed  as  a  clad  layer.  The  core  layer  1213  and  the 
clad  layer  are  formed  as  stripes.  The  core  layer  cor- 
responds  to  the  linear  luminous  sources  Y  ̂ Y2 
Y10o  shown  in  Fig.  43.  The  core  layer  1213  is  etched 

35  forforming  cutaways  1213a  on  the  surface  of  the  core 
layer.  By  coating  an  epoxy  resin  film  on  the  core  layer 
for  forming  the  clad  layer  1217,  the  resulting  layers 
compose  a  polymer  waveguide  1214.  Forforming  an 
electrode  1215,  an  ITO  film  is  coated  on  the  polymer 

40  waveguide  1214  with  the  sputtering  method.  The 
electrode  1215  corresponds  to  the  electrode  Ex 
shown  in  Fig.  43. 

Next,  a  signal  electrode  substrate  1200  will  be 
described  below. 

45  A  passivation  film  1202  is  formed  on  the  glass 
substrate  1201  with  the  CVD  method.  The  passivation 
film  1202  is  made  of  Ta203.  An  ITO  film  is  coated  on 
the  passivation  film  1202  with  the  sputtering  method. 
Then,  a  signal  electrode  1203  and  a  pixel  electrode 

50  1  204  are  formed  on  the  ITO  film  with  the  etching  treat- 
ment.  The  thickness  of  each  electrode  is  about  2000 
A.  The  signal  electrode  1203  and  the  pixel  electrode 
1204  respectively  correspond  to  the  signal  lines  X^ 
X2  X128  and  the  pixel  electrodes  P1t  u  P2,  1,  .., 

55  P128i  1  shown  in  Fig.  42.  By  forming  an  a-Si  layer  with 
the  CVD  method  and  performing  the  etching  treat- 
ment  on  the  a-Si  layer,  a  photoconductive  layer  1205 
is  formed  between  the  signal  electrode  1203  and  the 
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pixel  electrode  1  204.  The  photoconductive  layer  1205 
corresponds  to  the  photoconductive  elements  S1t   ̂ to 
S12s,  1  shown  in  Fig.  42. 

The  structure  of  the  signal  electrode  substrate 
1200  according  to  the  twentieth  embodiment  is 
analogous  to  that  of  the  signal  electrode  substrate 
1  100  of  the  nineteenth  embodiment  shown  in  Fig.  41. 
According  to  the  present  (twentieth)  embodiment, 
however,  the  photoconductive  layers  1205  are  formed 
to  be  opposed  to  the  cutaways  1213a  of  the  core  layer 
1213  when  the  signal  electrode  substrate  1200  and 
the  light-scan  substrate  1210  are  pasted  forforming 
the  LCD  panel. 

Polyimide  films  1206  and  1216  are  coated  on  the 
surfaces  of  the  signal  electrode  substrate  1200  and 
the  light-scan  substrate  1210,  respectively.  Those 
polyimide  films  1206  and  1216  serve  as  horizontally 
orientating  the  liquid  crystal  and  have  the  thickness  of 
about  500  A,  respectively.  Then,  the  rubbing  treat- 
ment  is  carried  out  on  the  polyimide  films  1206  and 
1216.  The  signal  electrode  substrate  1200  and  the 
light-scan  substrate  1210  are  pasted  by  a  sealing 
member  1231  with  spacers  having  5  urn  thickness. 
Then,  liquid  crystal  1232  of  PCH  (phenylcyc- 
lohexanone)  system  (ZLI-1565,  manufactured  by 
Merk  Co.,  Inc.)  as  a  display  medium  is  injected  and 
sealed  in  vacuum  between  the  substrates  1200  and 
1210,  resulting  in  forming  the  liquid  crystal  display 
panel  in  the  same  process  as  the  sixteenth  embodi- 
ment  of  Fig.  35. 

At  the  end  of  the  LCD  panel,  an  LED  array  1241 
is  connected  to  the  core  layer  1213  through  a 
ultraviolet  ray  hardening  agent  1242  with  the  same 
index  of  refraction  as  that  of  the  core  layer. 

The  operation  of  the  present  (twentieth)  embodi- 
ment  is  the  same  as  that  of  the  sixteenth  and  the 
nineteenth  embodiments  shown  in  Figs.  35  and  41, 
respectively.  Hence,  the  present  embodiment  pro- 
vides  the  same  advantages  as  those  foregoing  embo- 
diments.  The  different  respect  of  the  present 
embodiment  is,  however,  that  the  photoconductive 
layer  having  as  high  a  film-forming  temperature  as 
250  C°  to  300  C°  and  the  linear  luminous  source  are 
formed  on  the  respective  substrates.  This  feature 
makes  it  possible  to  use  a  polymer  waveguide  having 
as  low  a  heat-resistance  temperature  as  1  20  C°  for 
the  linear  luminous  source.  In  addition,  the  present 
embodiment  provides  an  advantage  of  preventing 
etching  failure  caused  in  the  signal  electrode  like  the 
nineteenth  embodiment  shown  in  Fig.  41. 

The  sixteenth  and  the  seventeenth  embodiments 
shown  in  Figs.  32  and  36  have  provided  a  luminous 
source  composed  of  an  electroluminescent  (EL)  ele- 
ment  or  a  polymer  waveguide  on  one  side  of  the  light 
waveguide.  Alternatively,  the  luminous  source  may  be 
provided  on  both  sides  of  the  light  waveguide. 

The  foregoing  embodiments  have  provided  for 
one  scan  line  one  luminous  source  composed  of  an 

electroluminescent  (EL)  element  or  a  polymer 
waveguide.  Alternatively,  two  or  more  luminous  sour- 
ces  for  one  scan  line  are  allowed  to  provide  on  one 
side  or  both  sides  of  the  scan  line.  It  results  in  offering 

5  a  more  excellent  advantage. 
As  another  method,  the  light  waveguide  is  formed 

on  a  glass  substrate  by  means  of  a  micro-optics  tech- 
nique  such  as  an  ion  implantation  technique.  After 
making  an  LCD  panel,  the  luminous  sources  for  light 

10  scanning  such  as  electroluminescent  (EL)  elements 
and  laser  elements  are  formed  on  another  substrate. 
The  substrate  may  be  connected  to  the  panel  through 
an  optical  connecting  medium. 

As  mentioned  above,  the  photoconductive  ele- 
15  ment  may  be  structured  to  bridge-connect  the  signal 

line  with  the  pixel  electrode  (see  Figs.  34  and  41)  or 
the  signal  line,  the  photoconductive  element  and  the 
pixel  electrode  may  be  laminated  (see  Fig.  44).  The 
bridge-connecting  structure  results  in  lowering  the 

20  capacitance  composed  of  the  signal  line  and  the  pixel 
electrode  to  a  quite  small  value.  Hence,  the  leakage 
of  the  signal  to  the  pixel  electrode  becomes  negligible 
during  the  non-selection  (disconnection)  time.  That  is, 
the  bridge-connecting  structure  makes  it  possible  to 

25  drive  the  pixel  at  a  desired  voltage  more  positively 
than  the  laminating  structure. 

In  addition  to  ZnS  containing  0.5  %  of  Mn,  the  light 
waveguide  may  use  any  material  only  if  it  has  a  larger 
index  of  refraction  than  that  of  the  substrate  around 

30  itself.  Further,  the  light  waveguide  (linear  luminous 
source)  may  be  formed  on  the  upper  opposed  sub- 
strate  in  a  manner  to  be  located  above  the  photocon- 
ductive  element. 

To  suppress  change  of  impedance  of  the  photo- 
35  conductive  element  resulting  from  the  outer  light,  it  is 

effective  to  form  a  light-shielding  layer  on  the  upper 
and  the  lower  sides  of  the  photoconductive  element. 
To  prevent  the  light  passing  through  the  light 
waveguide  (linear  luminous  source)  from  being  dif- 

40  fused  outside  of  the  photoconductive  element,  it  is 
effective  to  form  the  light-reflecting  layer  made  of 
metal  on  the  light  waveguide  (linear  luminous  source). 

To  realize  a  reflection  type  or  transmission  type 
full-color  or  multi-color  display,  it  is  possible  to  use  a 

45  substrate  having  a  color  filter  mounted  thereon  or  a 
liquid  crystal  with  a  color  display  mode  such  as  a 
guest  host  mode. 

In  addition  to  the  a-Si,  the  photoconductive  ele- 
ment  may  use  a-SiC  (amorphous  silicon  carbide)  or  a- 

50  SiN  (amorphous  silicon  nitride). 
In  addition  to  the  combination  of  the  linear  light 

waveguide  and  the  luminous  source  composed  of  an 
electroluminescent  (EL)  element  or  a  polymer 
waveguide,  the  linear  luminous  source  may  be  com- 

55  posed  of  the  combination  of  a  linear  light  waveguide 
and  a  linear  electroluminescent  (EL)  element,  an  LED 
or  a  semiconductor  laser. 

The  display  medium  may  use  LCD,  ECD,  EPID 
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(electrophoresis  display).  For  realizing  a  full-color  dis- 
play,  the  LCD  is  the  most  desirable  display  medium. 

Many  widely  different  embodiments  of  the  pre- 
sent  invention  may  be  constructed  without  departing 
from  the  spirit  and  scope  of  the  present  invention.  It 
should  be  understood  that  the  present  invention  is  not 
limited  to  the  specific  embodiments  described  in  the 
specification,  except  as  defined  in  the  appended 
claims. 

There  are  described  above  novel  features  which 
the  skilled  man  will  appreciate  give  rise  to  advan- 
tages.  These  are  each  independent  aspects  of  the 
invention  to  be  covered  by  the  present  application, 
irrespective  of  whether  or  not  they  are  included  within 
the  scope  of  the  following  claims. 

Claims 

1.  A  display  apparatus  comprising: 
two  substrates  (10,  15)  having  electrodes, 

respectively,  one  of  said  two  substrates  including 
a  plurality  of  linear  luminous  sources  (Y  ̂ Y2 
Yn)  ranged  in  parallel  each  other,  a  plurality  of 
linear  electrodes  (X  ̂ X2  Xm)  ranged  in  parallel 
each  other  and  said  linear  electrodes  being  cros- 
sed  with  said  plurality  of  linear  luminous  sources, 
and  a  plurality  of  photoconductive  layers  (1  3)  pro- 
vided  at  crossed  positions  of  said  plurality  of 
linear  luminous  sources  and  said  plurality  of 
linear  electrodes,  said  photoconductive  layers 
serving  to  perform  switching  operation  in  res- 
ponse  to  light  applied  from  said  plurality  of  linear 
luminous  sources;  and 

a  liquid  crystal  layer  (17)  arranged  be- 
tween  said  two  substrates,  said  liquid  crystal 
layer  having  pixels  to  be  driven  by  a  signal 
applied  through  said  plurality  of  linear  electrodes 
and  said  plurality  of  photoconductive  layers. 

2.  A  display  apparatus,  comprising: 
two  substrates  (110,  115)  having  elec- 

trodes,  respectively,  one  of  said  two  substrates 
including  a  plurality  of  linear  luminous  sources 
(Yl  Y2  Yn)  ranged  in  parallel  each  other,  a 
plurality  of  linear  electrodes  (X  ̂ X2  Xm) 
ranged  in  parallel  and  said  linear  electrodes  being 
crossed  with  said  plurality  of  linear  luminous  sour- 
ces,  a  plurality  of  pixel  electrodes  formed  on  the 
same  level  as  said  plurality  of  linear  electrodes, 
a  plurality  of  photoconductive  layers  (113)  adja- 
cent  to  crossed  positions  of  said  plurality  of  linear 
luminous  sources  and  said  plurality  of  linear  elec- 
trodes,  said  photoconductive  layers  being 
located  between  said  plurality  of  pixel  electrodes 
and  said  plurality  of  linear  electrodes,  respect- 
ively,  and  serving  to  perform  switching  operation 
in  response  to  light  applied  from  said  linear  lumi- 

nous  sources;  and 
a  liquid  crystal  layer  (117)  being  located 

between  said  two  substrates,  said  liquid  crystal 
layer  having  pixels  to  be  driven  by  a  signal 

5  applied  through  said  plurality  of  linear  electrodes 
and  said  plurality  of  photoconductive  layers. 

3.  A  display  apparatus  according  to  claim  1  or  2, 
characterized  in  that  each  of  said  plurality  of 

10  linear  luminous  sources  is  composed  of  an  elec- 
troluminescent  luminous  element  and  a  light 
waveguide. 

4.  A  display  apparatus  according  to  claim  2,  charac- 
15  terized  in  that  each  of  said  plurality  of  linear  lumi- 

nous  sources  is  composed  of  an  LED  array  and 
a  light  waveguide. 

5.  A  display  apparatus  according  to  claim  2,  charac- 
20  terized  in  that  each  of  said  two  substrates 

includes  a  fiber  plate. 

6.  A  display  apparatus,  comprising: 
a  display  medium  (941); 

25  a  plurality  of  pixel  electrodes  (P1t   ̂
P128,  100)  for  driving  said  display  medium; 

a  plurality  of  signal  lines  (X  ̂ X2  X128) 
arranged  in  a  row  or  a  column  direction; 

a  plurality  of  photoconductors  (S1t   ̂
30  S128i  10o)  provided  for  said  plurality  of  pixel  elec- 

trodes,  and  serving  to  electrically  connect  or  dis- 
connect  said  signal  lines  to  or  from  said  pixel 
electrodes,  respectively;  and 

a  plurality  of  linear  luminous  sources  (Y^ 
35  Y2  Y10o)  arranged  in  a  row  or  a  column  direc- 

tion  for  selectively  applying  light  to  said  plurality 
of  photoconductors,  and  for  controlling  connec- 
tion  or  disconnection  of  said  photoconductors. 

40  7.  A  display  apparatus  comprising: 
a  plurality  of  display  panels  (1050,  1060, 

1070)  provided  on  the  same  level, 
each  of  said  display  panels  including; 
a  display  medium  (941), 

45  a  plurality  of  pixel  electrodes  (P1t   ̂
P128,  100)  for  driving  said  display  medium, 

a  plurality  of  signal  lines  (X  ̂ X2  X128) 
arranged  in  a  row  or  a  column  direction, 

a  plurality  of  photoconductors  (S1t   ̂
so  S128i  10o)  provided  for  said  plurality  of  pixel  elec- 

trodes  and  serving  to  electrically  connect  or  dis- 
connect  said  plurality  of  signal  lines  to  or  from 
said  pixel  electrodes,  respectively,  and 

a  plurality  of  linear  luminous  sources  (Y^ 
55  Y2  Y10o)  arranged  in  a  row  or  a  column  direc- 

tion  for  selectively  applying  light  to  said  plurality 
of  photoconductors,  and  for  controlling  connec- 
tion  or  disconnection  of  said  photoconductors, 

26 
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said  plurality  of  linear  luminous  sources  of 
said  adjacent  display  panels  being  connected  to 
each  other  through  an  optical  connecting 
medium. 

8.  A  display  apparatus  including  two  substrates 
(1200,  121  0)  having  electrodes,  respectively,  and 
a  display  medium  (1232)  provided  between  said 
two  substrates,  comprising: 

a  plurality  of  pixel  electrodes  (P1t   ̂
P128,  100)  for  driving  said  display  medium; 

a  plurality  of  signal  lines  (X  ̂ X2  X128) 
arranged  in  a  row  or  a  column  direction; 

a  plurality  of  photoconductors  (S1t   ̂
Si28,  100)  provided  for  said  plurality  of  pixel  elec- 
trodes  and  serving  to  electrically  connect  or  dis- 
connect  said  plurality  of  signal  lines  to  or  from 
said  pixel  electrodes,  respectively;  and 

a  plurality  of  linear  luminous  sources 
(Yi  Y10o)  arranged  in  a  row  or  a  column  direc- 
tion  for  selectively  applying  light  to  said  plurality 
of  photoconductors,  and  for  controlling  connec- 
tion  or  disconnection  of  said  photoconductors, 

said  plurality  of  pixel  electrodes,  said 
plurality  of  signal  lines  and  said  plurality  of  photo- 
conductors  being  formed  on  one  of  said  two  sub- 
strates  and  said  plurality  of  linear  luminous 
sources  being  formed  on  the  other  one  of  said  two 
substrates. 

9.  A  display  apparatus  according  to  one  of  claim  6, 
7  or  8,  characterized  in  that  each  of  said  plurality 
of  linear  luminous  sources  is  formed  of  a  polymer 
waveguide. 

10.  A  display  apparatus  according  to  one  of  claim  6, 
7  or  8,  characterized  in  that  each  of  said  plurality 
of  linear  luminous  sources  is  composed  of  an 
electroluminescent  luminous  element  and  a  light 
waveguide. 

1  1.  A  display  apparatus  according  to  one  of  claim  6, 
7  or  8,  characterized  in  that  said  display  medium 
includes  liquid  crystal. 

12.  A  liquid  crystal  display  apparatus  including  an 
array  of  pixel  electrodes  (14),  characterised  in 
that  electrical  signals  can  be  applied  (X  ̂ to  each 
pixel  electrode  (14)  via  a  respective  radiation- 
sensitive  switching  element  (13). 

13.  A  liquid  crystal  display  apparatus  according  to 
Claim  12,  comprising  a  plurality  of  radiation  sour- 
ces  (Yi,  Y2  —  Yn),  each  source  being  associated 
with  the  radiation-sensitive  switching  elements  in 
a  respective  row  or  column  of  said  array. 

14.  A  liquid  crystal  display  apparatus  according  to 

Claim  13,  wherein  said  radiation  sources  are 
adapted  to  emit  visible  light. 
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