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©  Scattering  type  liquid  crystal  device. 

CM 

©  A  liquid  crystal  device  for  controlling  scattering 
of  light  beams  made  incident  upon  a  plurality  of 
portions  of  a  liquid  crystal  layer  thereof  so  as  to 
modulate  the  light  beams,  the  liquid  crystal  device 
including:  a  first  lens  array  having  lenses  disposed 
to  correspond  to  the  portions  of  the  liquid  crystal 
layer,  the  lenses  causing  the  light  beams  transmitted 
from  the  corresponding  portions  of  the  liquid  crystal 
layer  to  travel  toward  a  focal  plane;  a  mask  for 
shielding  scattered  light  transmitted  from  the  first 
lens  array  and  as  well  as  allowing  non-scattered  light 
to  pass  through,  the  mask  having  a  plurality  of 
aperture  portions  which  are  formed  along  the  focal 
plane  to  correspond  to  the  lenses  of  the  first  lens 
array  so  as  to  allow  non-scattered  light  transmitted 
from  corresponding  lenses  to  pass  through;  and  a 
second  lens  array  having  lenses  arranged  to  cor- 
respond  to  the  aperture  portions  of  the  mask,  the 
lenses  substantially  collimating  the  non-scattered 
light  transmitted  from  corresponding  aperture  por- 

tions  of  the  mask. 

FIG  1 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  scattering 
type  liquid  crystal  device. 

A  scattering  type  liquid  crystal  device  has  a 
liquid  crystal  layer  which  uses  dynamic  scattering 
mode  liquid  crystal  (DSMLC),  polymer  droplet  liq- 
uid  crystal  (PDLC)  or  polymer  network  liquid  cry- 
stal  (PNLC)  to  control  scattering  of  light. 

Related  Background  Art 

A  direct  viewing  type  display  apparatus  using  a 
device  of  the  above-described  type  has  been  dis- 
closed  in  Japanese  Patent  Publication  No.  63- 
98631  and  projection  type  display  apparatuses 
each  using  a  device  of  the  above-described  type 
have  been  respectively  disclosed  in  Japanese  Pat- 
ent  Laid-Open  No.  50-99751  and  U.S.  Patent  No. 
4613207. 

The  projection  type  display  apparatus  of  this 
type  has  been  arranged  in  such  a  manner  that  its 
projection  optical  system  has  a  mask  having  ap- 
ertures  in  order  to  shield  scattered  light  from  the 
liquid  crystal  device  and  to  direct  non-scattering 
light  to  the  screen.  However,  there  arises  a  prob- 
lem  in  that  a  large  quantity,  which  cannot  be  ne- 
glected,  of  scattered  light  passes  through  the  ap- 
ertures  formed  in  the  mask  and  it  is  made  incident 
upon  the  screen,  causing  the  quality  of  the  image 
formed  on  the  screen  to  be  deteriorated. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  an  object  of  the  present  invention 
is  to  provide  an  improved  scattering  type  liquid 
crystal  device. 

According  to  one  aspect  of  the  present  inven- 
tion,  there  is  provided  a  liquid  crystal  device  for 
controlling  scattering  of  light  beams  made  incident 
upon  a  plurality  of  portions  of  pixels  of  a  liquid 
crystal  layer  thereof  so  as  to  modulate  the  light 
beams,  the  liquid  crystal  device  comprising:  a  first 
lens  array  having  lenses  disposed  to  correspond  to 
the  portions  of  the  liquid  crystal  layer,  the  lenses 
causing  the  light  beams  transmitted  from  the  cor- 
responding  portions  of  the  liquid  crystal  layer  to 
travel  toward  a  focal  plane;  a  mask  for  shielding 
scattered  light  transmitted  from  the  first  lens  array 
and  as  well  as  allowing  non-scattered  light  to  pass 
through,  the  mask  having  a  plurality  of  aperture 
portions  which  are  formed  along  the  focal  plane  to 
correspond  to  the  lenses  of  the  first  lens  array  so 
as  to  allow  non-scattered  light  transmitted  from 
corresponding  lenses  to  pass  through;  and  a  sec- 
ond  lens  array  having  lenses  arranged  to  corre- 

spond  to  the  aperture  portions  of  the  mask,  the 
lenses  substantially  collimating  the  non-scattered 
light  transmitted  from  corresponding  aperture  por- 
tions  of  the  mask. 

5  According  to  another  aspect  of  the  present 
invention,  there  is  provided  a  liquid  crystal  device 
for  controlling  scattering  of  light  beams  made  in- 
cident  upon  a  plurality  of  portions  of  pixels  of  a 
liquid  crystal  layer  thereof  so  as  to  modulate  the 

io  light  beams,  the  liquid  crystal  device  comprising:  a 
lens  array  having  lenses  disposed  to  correspond  to 
the  portions  of  the  liquid  crystal  layer,  the  lenses 
converging  the  light  beams  to  the  corresponding 
portions  of  the  liquid  crystal  layer;  a  mask  for 

75  shielding  scattered  light  transmitted  from  the  liquid 
crystal  layer  and  as  well  as  allowing  non-scattered 
light  to  pass  through,  the  mask  having  a  plurality  of 
aperture  portions  formed  to  correspond  to  the  por- 
tions  of  the  liquid  crystal  layer  so  as  to  allow  the 

20  non-scattered  light  transmitted  from  the  corre- 
sponding  portions  to  pass  through. 

Since  the  liquid  crystal  device  according  to  the 
present  invention  is  capable  of  shielding  scattered 
light  by  a  mask  thereof  at  a  position  adjacent  to  the 

25  liquid  crystal  layer,  scattered  light  travelling  from 
the  device  toward  the  screen  can  be  significantly 
reduced  and  thereby  the  quality  of  a  formed  image 
can  be  improved  when  it  is  applied  to  a  projection 
type  display  apparatus. 

30  Other  and  further  objects,  features  and  advan- 
tages  of  the  invention  will  be  appear  more  fully 
from  the  following  description. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
35 

Fig.  1  is  a  cross  sectional  view  which  illustrates 
an  essential  portion  of  the  structure  of  an  em- 
bodiment  of  a  liquid  crystal  display  device  ac- 
cording  to  the  present  invention; 

40  Fig.  2  illustrates  an  optical  principle  when  an 
enlarged  projected  image  is  formed  by  using 
the  liquid  crystal  display  device  shown  in  Fig.  1; 
Fig.  3  is  a  plan  view  which  illustrates  the  struc- 
ture  of  the  aperture  mask  shown  in  Fig.  1; 

45  Figs.  4  to  6  respectively  illustrate  the  structures 
of  first  to  third  embodiments  of  a  projection  type 
display  apparatus  by  using  the  liquid  crystal 
display  device  shown  in  Figs.  1  and  2; 
Fig.  7  is  a  schematic  structural  view  which  illus- 

50  trates  a  fourth  embodiment  of  the  projection 
type  liquid  crystal  display  apparatus  according 
to  the  present  invention; 
Figs.  8A  and  8B  are  graphs  which  illustrate 
reflection  characteristics  of  a  reflecting  film  of  a 

55  dichroic  prism,  where 
Fig.  8A  is  a  graph  which  illustrates  the  reflection 
characteristics  of  a  red  reflecting  film; 
Fig.  8B  is  a  graph  which  illustrates  the  reflection 
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characteristics  of  a  blue  reflecting  film; 
Fig.  9  is  a  partial  side  elevational  cross  sectional 
view  which  illustrates  the  structure  of  a  reflecting 
and  scattering  type  liquid  crystal  device; 
Fig.  10  is  a  schematic  structural  view  which 
illustrates  a  fifth  embodiment  of  the  projection 
type  liquid  crystal  display  apparatus  according 
to  the  present  invention; 
Fig.  11  is  a  schematic  structural  view  which 
illustrates  a  sixth  embodiment  of  the  projection 
type  liquid  crystal  display  apparatus  according 
to  the  present  invention; 
Fig.  12  is  a  schematic  structural  view  which 
illustrates  a  seventh  embodiment  of  the  projec- 
tion  type  liquid  crystal  display  apparatus  accord- 
ing  to  the  present  invention; 
Fig.  13  is  a  schematic  structural  view  which 
illustrates  an  eighth  embodiment  of  the  projec- 
tion  type  liquid  crystal  display  apparatus  accord- 
ing  to  the  present  invention; 
Fig.  14  is  a  schematic  structural  view  which 
illustrates  a  ninth  embodiment  of  the  projection 
type  liquid  crystal  display  apparatus  according 
to  the  present  invention; 
Fig.  15  is  a  cross  sectional  view  which  illustrates 
a  third  embodiment  of  the  liquid  crystal  device 
according  to  the  present  invention; 
Fig.  16  is  a  cross  sectional  view  which  illustrates 
an  essential  portion  of  the  structure  of  a  fourth 
embodiment  of  the  liquid  crystal  device  accord- 
ing  to  the  present  invention; 
Fig.  17  is  a  cross  sectional  view  which  illustrates 
an  essential  portion  of  the  structure  of  a  fifth 
embodiment  of  the  liquid  crystal  device  accord- 
ing  to  the  present  invention; 
Fig.  18  is  a  cross  sectional  view  which  illustrates 
an  essential  portion  of  the  structure  of  a  sixth 
embodiment  of  the  liquid  crystal  device  accord- 
ing  to  the  present  invention; 
Fig.  19  is  a  cross  sectional  view  which  illustrates 
an  essential  portion  of  the  structure  of  a  seventh 
embodiment  of  the  liquid  crystal  device  accord- 
ing  to  the  present  invention; 
Fig.  20  is  a  perspective  view  which  illustrates 
the  specific  structure  of  the  liquid  crystal  device 
according  to  the  present  invention; 
Fig.  21  is  a  perspective  view  which  illustrates 
the  other  specific  structure  of  the  liquid  crystal 
device  according  to  the  present  invention; 
Fig.  22  is  a  perspective  view  which  illustrates 
the  other  specific  structure  of  the  liquid  crystal 
device  according  to  the  present  invention;  and 
Figs.  23A  and  23B  respectively  are  a  cross 
sectional  view  taken  along  an  XZ-plane  of  the 
device  shown  in  Fig.  22  and  that  taken  along  a 
YZ-plane  of  the  same. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 

EMBODIMENTS 

Fig.  1  is  a  cross  sectional  view  which  illustrates 
an  essential  portion  of  an  embodiment  of  the  liquid 

5  crystal  display  device  according  to  the  present 
invention.  Fig.  2  illustrates  an  optical  principle  of  a 
function  of  forming  an  enlarged  projected  image  by 
using  the  liquid  crystal  display  device  shown  in  Fig. 
1.  Fig.  3  is  a  plan  view  which  illustrates  the  struc- 

io  ture  of  an  aperture  mask  6  shown  in  Fig.  1. 
The  liquid  crystal  display  device  shown  in  Fig. 

1  comprises  an  active  matrix  scattering  type  liquid 
crystal  plate  4,  three  glass  plates  1  to  3  and  an 
aperture  mask  6. 

is  The  scattering  type  liquid  crystal  plate  4  is 
disposed  between  the  first  transparent  glass  plate  1 
and  the  second  transparent  glass  plate  2,  while  the 
aperture  mask  6  is  disposed  between  the  second 
glass  plate  2  and  the  third  transparent  glass  plate  3 

20  so  that  an  emission  panel  is  constituted.  The  liquid 
crystal  display  device  according  to  this  embodi- 
ment  is  arranged  in  such  a  manner  that  the  first 
glass  plate  1  is  made  to  be  the  light  incidental  side 
and  the  third  glass  plate  3  is  made  to  be  the  light 

25  emission  side.  Furthermore,  the  portion  of  the  sec- 
ond  glass  plate  2  adjacent  to  the  scattering  type 
liquid  crystal  plate  4  (light  incidental  side)  and  the 
portion  of  the  third  glass  plate  3  adjacent  to  the 
light  emission  side  are  provided  with  first  and  sec- 

30  ond  lens  arrays  2a  and  3a  each  of  which  is  com- 
posed  of  a  configuration  of  a  plurality  of  lenses  of  a 
reflectance  distributed  type  which  corresponds  to 
each  pixel  of  the  scattering  type  liquid  crystal  plate 
4  in  such  a  manner  that  the  aperture  mask  6  is 

35  made  to  be  positioned  at  their  focal  points.  Further- 
more,  the  aperture  mask  6  has  a  plurality  of  ap- 
ertures,  each  of  which,  similarly  to  the  first  and  the 
second  lens  arrays  2a  and  3a,  corresponds  to  each 
pixel  of  the  scattering  type  liquid  crystal  plate  4  in 

40  such  a  manner  that  they  form  an  array  similary  to 
the  first  and  the  second  lens  arrays  2a  and  3a.  As 
a  result,  it  constitutes  a  schlieren  optical  system  in 
cooperation  with  the  first  lens  array  2a.  The  thick- 
ness  of  each  of  the  first  and  the  third  glass  plates  1 

45  and  3  are  made  to  be  the  same  as  the  focal 
distance  of  each  of  the  lens  arrays  2a  and  3a. 
Therefore,  incidental  light  beam  7,  which  has 
passed  through  the  transmission  mode  pixels  of 
the  scattering  type  liquid  crystal  plate  4  is,  as 

50  designated  by  a  continuous  line  shown  in  Fig.  1, 
caused  to  travel  while  being  focused  at  the  ap- 
erture  portion  of  the  aperture  mask  6  by  the  cor- 
responding  lens  of  the  first  lens  array  2a.  Then,  it 
is  made  to  be  an  emitted  light  beam  8,  which  is  a 

55  parallel  beam,  by  the  corresponding  lens  of  the 
second  lens  array  3a  before  it  is  emitted  outwards. 

In  a  case  where  it  has  passed  through  the 
scattering  mode  pixels  of  the  scattering  type  liquid 
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crystal  plate  4,  the  incidental  light  beam  7  is  dif- 
fused  as  designated  by  a  dashed  line  of  Fig.  1  and 
thereby  the  major  portion  of  it  is  shielded  by  the 
aperture  mask  6.  Therefore,  the  outward  leakage  of 
light  is  prevented. 

A  liquid  crystal  display  device  9  shown  in  Fig. 
2  is  structured  as  shown  in  Fig.  1.  A  light  beam 
generated  by  a  light  source  11  is  made  to  be  a 
parallel  light  beam  7  (incidental  light  beam)  by  a 
parabolic  mirror  10  before  it  passes  through  the 
liquid  crystal  display  device  9  which  is  a  light  bulb. 
As  a  result,  it  is  made  to  be  the  emitted  light  beam 
8  which  is  a  parallel  image  light  beam,  causing  the 
light  incidental  side  to  be  projected  to  a  screen  14 
by  a  projection  lens  13  of  telecentric  system  which 
is  formed  on  the  light  incidental  side  while  being 
enlarged. 

The  aperture  mask  6  has  aperture  mask  ap- 
ertures  (apertures)  16  which  correspond  to  the  pix- 
els  of  the  scattering  type  liquid  crystal  plate  4,  the 
aperture  mask  apertures  being  disposed  to  form  a 
lattice  as  shown  in  Fig.  3.  The  material  and  the 
color  of  the  aperture  mask  6  are  not  limited  particu- 
larly.  However,  it  is  preferable  that  black  be  em- 
ployed  because  it  exhibits  excellent  light  absorp- 
tion.  The  optimum  aperture  area  of  the  aperture 
mask  apertures  16  and  the  thickness  of  each  of  the 
glass  plates  2  and  3  are  determined  in  accordance 
with  the  power  (the  focal  distance)  of  each  of  the 
lens  arrays  2a  and  3a,  the  parallelism  of  the  in- 
cidental  light  beam  7,  the  scattering  characteristics 
of  the  scattering  type  liquid  crystal  plate  4  and  the 
size  of  each  pixel. 

As  described  above,  the  liquid  crystal  device  9 
according  to  this  embodiment  is  arranged  in  such  a 
manner  that  the  schlieren  optical  system  is  formed 
for  each  pixel.  Therefore,  a  projection  type  display 
apparatus  constituted  by  using  the  above-de- 
scribed  device  9  exhibits  excellent  performance  of 
removing  scattered  light  in  comparison  to  a  con- 
ventional  device  in  which  a  single  schlieren  optical 
system  is  formed  for  one  frame.  Therefore,  genera- 
tions  of  flare  and  ghost  can  be  prevented  satisfac- 
torily. 

Also  in  a  case  where  the  above-described 
structure  is  constituted,  the  introduction  of  the  por- 
tion  of  the  leakage  into  the  adjacent  image  cannot 
exceed  a  level  which  causes  the  contrast  to  be 
lowered  or  causes  the  flare  to  be  generated.  As- 
suming  that  the  parallelism  of  light  emitted  from  an 
ordinary  light  source  is  ±  5  degrees  and  as  well  as 
the  schlieren  optical  system  comprising  lens  array 
2a  and  an  aperature  mask  76  is  designed  to  be 
formed  into  an  optimum  structure,  the  contrast  of 
the  liquid  crystal  display  device  according  to  this 
embodiment  is  100:1  or  more  and  the  worst  value 
of  the  adjoining  interference  is  1/200  or  less. 

Fig.  4  is  a  structural  view  which  illustrates  a 

projection  type  display  apparatus  constituted  by 
using  the  liquid  crystal  display  device  shown  in  Fig. 
2. 

According  to  this  embodiment,  a  red  image 
5  light  beam  of  the  light  beams  generated  in  the  light 

source  11  illuminates  the  liquid  crystal  display  de- 
vice  9R  via  a  red  reflecting  dichroic  mirror  20  and  a 
reflecting  mirror  19.  A  green  image  light  beam  and 
a  blue  image  light  beam  respectively  illuminate 

io  liquid  crystal  display  devices  9G  and  9B  via  a  red 
reflecting  dichroic  mirror  20  and  a  green  reflecting 
dichroic  mirror  21  . 

Each  of  color  image  light  beams  obtained  by 
illuminating  the  liquid  crystal  display  devices  9R, 

is  9G  and  9B  are  synthesized  by  a  reflecting  mirror 
22,  a  green  reflecting  and  red  permeable  dichroic 
mirror  23  and  a  blue  reflecting  dichroic  mirror  24 
before  the  synthesized  light  beam  is  made  incident 
upon  a  lens  18.  The  above-described  lens  18  con- 

20  stitutes  the  schlieren  optical  system  in  cooperation 
with  an  aperture  stop  17.  Thus,  the  synthesized 
illuminating  light  beam  from  which  scattered  light 
has  been  further  removed  is  projected  on  the  sur- 
face  of  the  screen  14  in  an  enlarged  manner  by  a 

25  projection  lens  13  disposed  next  to  the  aperture 
stop  17.  According  to  this  embodiment,  the  projec- 
tion  optical  system  (13,  17  and  18)  is  formed  into  a 
system  the  light  incidental  side  of  which  is  formed 
into  a  telecentric  structure. 

30  According  to  this  embodiment,  the  liquid  cry- 
stal  devices  9R,  9G  and  9B  each  including  the 
micro-schlieren  optical  system  and  the  schlieren 
optical  system  composed  of  the  lens  18  and  the 
aperture  stop  17  are  combined  to  each  other. 

35  Therefore,  generation  of  scattered  light  is  further 
prevented  and  as  well  as  the  interference  (adjoining 
interference)  in  the  liquid  crystal  display  device  can 
be  prevented.  As  a  result,  the  employed  optical 
devices  can  be  further  freely  disposed  or  the  di- 

40  mensions  can  be  determined  also  freely,  causing 
an  effect  to  be  obtained  in  that  the  overall  size  of 
the  apparatus  can  be  reduced. 

Fig.  5  illustrates  the  structure  of  a  second 
embodiment  of  the  projection  type  display  appara- 

45  tus  which  employs  the  liquid  crystal  display  device 
shown  in  Figs.  1  and  2. 

According  to  this  embodiment,  a  projection 
type  display  apparatus  is  formed  into  a  3-lens  3- 
liquid  crystal  apparatus. 

50  A  light  beam  generated  in  the  light  source  11 
is  made  to  be  a  parallel  beam  by  the  parabolic 
mirror  10  disposed  in  the  rear  of  the  light  source 
11.  The  parallel  beam  thus-formed  is  made  in- 
cident  upon  the  red  reflecting  dichroic  mirror  20 

55  and  a  blue  reflecting  dichroic  mirror  26  disposed  to 
intersect  each  other  so  that  it  is  decomposed  into 
red,  blue  and  green  light  beams.  Each  of  the  red 
light  beam  and  the  blue  light  beam  is  returned  by 

4 



7 EP  0  490  171  A2 8 

the  reflecting  mirrors  19  and  22  so  as  to  respec- 
tively  illuminate  the  liquid  crystal  display  devices 
9R  and  9B.  On  the  other  hand,  the  green  light 
beam  passes  through  each  of  the  above-described 
dichroic  mirrors  20  and  26  so  as  to  illuminate  the 
liquid  crystal  device  9G. 

The  color  image  light  beams  obtained  from 
each  of  the  liquid  crystal  display  devices  9R,  9G 
and  9B  are  respectively  made  incident  upon  the 
lenses  18R,  18G  and  18B.  The  above-described 
lenses  18R,  18G  and  18B  constitute  a  schlieren 
optical  system  in  cooperation  with  an  aperture  stop 
17A.  As  a  result,  scattered  light  is  removed  from 
each  of  the  image  light  beams  which  is,  in  an 
enlarged  view,  then  projected  on  the  surface  of  the 
transmission  type  screen  14  by  projection  lenses 
13R,  13G  and  13B. 

Fig.  6  illustrates  the  structure  of  a  third  em- 
bodiment  of  the  projection  type  display  apparatus 
constituted  by  using  the  liquid  crystal  display  de- 
vice  according  to  the  present  invention. 

According  to  this  embodiment,  the  liquid  cry- 
stal  display  device  including  the  micro-schlieren 
optical  system  shown  in  Fig.  1  is  applied  to  an 
ordinary  optical  system  which  uses  a  TN  type 
liquid  crystal  device. 

Since  the  structure  of  the  optical  system  ac- 
cording  to  this  embodiment  is  arranged  similarly  to 
the  embodiment  shown  in  Fig.  4  except  for  the 
omission  of  the  lens  18  and  the  aperture  stop  17, 
the  same  reference  numerals  are  given  to  the 
same  elements  and  therefore  their  descriptions  are 
omitted  here. 

Since  the  liquid  crystal  display  devices  9R,  9G 
and  9B  are  individually  able  to  prevent  generation 
of  scattered  light,  the  contrast  obtainable  from  the 
TN  type  liquid  crystal  display  device  can  be  ob- 
tained.  Furthermore,  since  no  polarizing  plate  is 
used,  an  advantage  can  be  obtained  in  that  bright- 
ness  can  be  doubled  even  if  the  same  light  source 
is  used. 

Although  the  liquid  crystal  display  device  is 
arranged  to  be  the  active  matrix  type  display  de- 
vice  according  to  the  above-described  embodi- 
ments,  a  simple  matrix  type  display  device  may  be 
employed.  Furthermore,  the  structure  arranged  in 
such  a  manner  that  the  refraction  factor  distributed 
type  lens  disposed  in  the  liquid  crystal  display 
device  is  positioned  to  correspond  to  each  pixel 
may  be  replaced  by  a  structure  in  which  the  same 
is  positioned  to  correspond  to  a  plurality  of  pixels. 

Since  the  liquid  crystal  display  device  is  ar- 
ranged  in  such  a  manner  that  the  schlieren  effect 
can  be  generated  in  each  pixel,  generation  of  scat- 
tered  light  in  the  liquid  crystal  display  device  can 
be  reduced.  Furthermore,  the  aperture  mask  is 
disposed  to  confront  each  pixel  so  that  undesirable 
light  incidence  from  other  liquid  crystal  display 

devices  and  undesirable  introduction  of  leaked  light 
to  the  adjacent  pixels  can  be  reduced  or  prevented. 

Since  the  above-described  light  shielding  func- 
tion  is  given  to  the  device  level,  an  image  from 

5  which  flare  or  ghost  has  been  removed  and  which 
thereby  exhibits  excellent  contrast  can  be  obtained 
in  a  case  where  the  projection  type  display  appara- 
tus  is  constituted  by  using  the  liquid  crystal  display 
device  according  to  the  present  invention.  Further- 

io  more,  since  the  light  shielding  mechanism  can  be 
reduced  from  the  overall  structure  of  the  apparatus, 
the  overall  size  of  the  apparatus  can  be  reduced. 

Furthermore,  it  can  be  used  in  place  of  the  TN 
type  liquid  crystal.  In  this  case,  since  the  polarizing 

is  plate  for  use  with  the  TN  type  liquid  crystal  is  not 
used,  the  brightness  can  be  doubled  and  therefore 
the  light  source  can  efficiently  be  used. 

Fig.  7  is  a  schematic  structural  view  which 
illustrates  a  fourth  embodiment  of  the  projection 

20  type  liquid  crystal  display  apparatus  according  to 
the  present  invention. 

The  projection  type  liquid  crystal  display  ap- 
paratus  according  to  this  embodiment  comprises  a 
light  source  portion  having  a  light  source  11,  a 

25  parabolic  mirror  12  and  a  lens  33.  Furthermore,  the 
liquid  crystal  display  apparatus  comprises  a  dich- 
roic  prism  34  in  which  a  red  reflecting  dichroic  film 
34R  and  a  blue  reflecting  dichroic  film  34B  are 
intersected  to  each  other.  The  liquid  crystal  display 

30  apparatus  further  comprises  a  red  reflecting  and 
scattering  type  liquid  crystal  device  35R,  a  green 
reflecting  and  scattering  type  liquid  crystal  device 
35G  and  a  blue  reflecting  and  scattering  type  liquid 
crystal  device  35B  which  are  respectively  disposed 

35  on  the  three  sides  of  the  dichroic  prism  34.  In 
addition,  the  liquid  crystal  display  apparatus  further 
comprises  a  convergent  lens  36  disposed  between 
the  dichroic  prism  34  and  the  screen  14.  Further- 
more,  the  liquid  crystal  display  apparatus  further 

40  comprises  a  first  shielding  mask  37  disposed  adja- 
cent  to  the  convergent  point  (focal  point)  of  the 
convergent  lens  36  on  either  side  of  the  convergent 
point  (according  to  this  embodiment,  on  the  illus- 
trated  side)  to  run  parallel  to  the  screen  14.  In 

45  addition,  the  liquid  crystal  display  apparatus  further 
comprises  a  reflecting  mirror  38  an  end  portion  of 
which  is  placed  to  confront  an  end  portion  of  the 
above-described  convergent  point  of  the  first  mask 
37  while  making  a  predetermined  angle  from  the 

50  same,  the  reflecting  mirror  38  being  arranged  to 
reflect  light  emitted  from  the  above-described  light 
source  portion  to  make  it  incident  upon  the  conver- 
gent  lens  36.  Furthermore,  the  liquid  crystal  display 
apparatus  further  comprises  a  second  shielding 

55  mask  39  disposed  on  the  same  plane  as  the  mirror 
surface  of  the  reflecting  mirror  38,  an  end  portion 
of  the  shielding  mask  39  being  positioned  in  con- 
tact  with  another  end  portion  of  the  reflecting  mirror 

5 
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38. 
The  red  reflecting  and  scattering  type  liquid 

crystal  device  35R  is  disposed  on  the  side  surface 
of  the  dichroic  prism  34  which  confronts  the  reflect- 
ing  surface  of  the  red  reflecting  film  34R.  The  blue 
reflecting  and  scattering  type  liquid  crystal  device 
35B  is  disposed  on  the  side  surface  of  the  dichroic 
prism  34  which  confronts  the  reflecting  surface  of 
the  blue  reflecting  film  34B.  The  green  reflecting 
and  scattering  type  liquid  crystal  device  35G  is 
disposed  on  the  side  surface  which  confronts  the 
incident  and  emission  side  of  the  dichroic  prism 
34. 

As  shown  in  Fig.  8A,  the  red  reflecting  film  34R 
of  the  dichroic  prism  34  has  reflecting  characteris- 
tics  with  which  only  light  (red  light  beam),  the 
wavelength  X  of  which  is  600  nm  or  more,  is 
reflected.  As  shown  in  Fig.  8B,  the  blue  reflecting 
film  34B  of  the  dichroic  prism  34  has  reflecting 
characteristics  with  which  only  light  (blue  light 
beam),  the  wavelength  X  of  which  is  500  nm  or 
less,  is  refelected.  Therefore,  the  above-described 
red  reflecting  and  scattering  type  liquid  crystal 
device  35R  receives  only  the  red  light  beam  of 
white  light  beam  emitted  from  the  above-described 
light  source  portion,  while  the  blue  reflecting  and 
scattering  type  liquid  crystal  device  35B  receives 
only  the  blue  light  beam  of  the  above-described 
white  light  beam.  Furthermore,  the  green  reflecting 
and  scattering  type  liquid  crystal  device  35G  re- 
ceived  only  the  green  light  beam  of  the  above- 
described  white  light  beam. 

Fig.  9  is  a  partial  side  elevational  cross  sec- 
tional  view  which  illustrates  the  structure  of  the 
reflecting  and  scattering  type  liquid  crystal  devices 
35R,  35G  and  35B. 

Each  of  the  reflecting  and  scattering  type  liquid 
crystal  devices  35R,  35G  and  35B  is  structured  in 
which  a  first  glass  layer  120,  a  reflecting  mirror 
layer  121,  a  scattering  type  liquid  crystal  plate  122, 
a  second  glass  layer  124  and  a  third  glass  layer 
126  are  sequentially  stacked  in  this  order,  the 
reflecting  and  scattering  type  liquid  crystal  device 
being  a  modification  made  in  such  a  manner  that 
the  device  shown  in  Fig.  1  is  made  to  be  a  reflect- 
ing  type  device. 

The  liquid  crystal  of  the  scattering  type  liquid 
crystal  122  is  polymer  droplet  liquid  crystal  (PPLC) 
or  polymer  network  liquid  crystal  (PNLC).  The  liq- 
uid  crystal  of  this  type  can  be  applied  to  the  device 
shown  in  Fig.  1.  The  surface  of  the  second  glass 
124,  which  is  allowed  to  adhere  to  the  scattering 
type  liquid  crystal  layer  122,  has  the  first  refraction 
factor  distributed  type  lens  array  123  formed  to 
correspond  to  each  pixel.  The  incidental  surface  of 
the  third  glass  layer  126  has  the  second  refraction 
factor  distributed  type  lens  array  127  formed  to 
confront  the  first  refraction  factor  distributed  type 

lens  23.  Furthermore,  the  surface  of  adhesion  to  be 
made  between  the  second  glass  layer  124  and  the 
third  glass  layer  126  has  an  aperture  mask  125  for 
absorbing  light.  The  aperture  mask  125  has  ap- 

5  ertures  125  formed  in  such  a  manner  that  each  of 
the  apertures  125  confronts  the  center  of  the  lens 
of  each  of  the  above-described  two  refraction  factor 
distributed  type  lens  arrays  123  and  127.  That  is, 
when  the  reflecting  and  scattering  type  liquid  cry- 

io  stal  device  35  is  viewed  from  the  incidental  surface 
of  the  third  glass  layer  126,  the  aperture  25a  of  the 
aperture  mask  125  is  positioned  at  the  central 
position  of  each  pixel  as  shown  in  Fig.  3. 

Therefore,  as  designated  by  a  continuous  line 
is  of  Fig.  9,  the  parallel  light  beam  made  incident 

upon  the  light  incidental  surface  of  the  third  glass 
layer  126  and  to  be  applied  to  one  pixel  of  the 
scattering  type  liquid  crystal  plate  122  is  con- 
verged  by  the  lens  of  the  second  refraction  factor 

20  distributed  type  lens  array  127.  Then,  the  light 
beam  passes  through  the  aperture  125a  of  the 
aperture  mask  125  before  it  is  again  made  to  be  a 
parallel  beam  by  the  lens  of  the  first  refraction 
factor  distributed  type  lens  array  123  so  as  to  be 

25  made  incident  upon  the  scattering  type  liquid  cry- 
stal  plate  122. 

The  aperture  mask  125  acts  in  such  a  manner 
that  it  causes  the  modulated  parallel  beam  to  be 
emitted  from  the  device  when  the  scattering  type 

30  liquid  crystal  plate  122  is  in  a  transmission  mode 
and  it  inhibits  the  light  emission  from  the  device 
when  the  scattering  type  liquid  crystal  plate  22  is  in 
a  scattering  mode.  The  aperture  mask  125  con- 
stitutes  the  schlieren  optical  system  in  cooperation 

35  with  the  above-described  two  refraction  factor  dis- 
tributed  type  lens  arrays  123  and  127. 

That  is,  when  the  scattering  type  liquid  crystal 
plate  122  is  in  the  transmission  mode,  the  parallel 
beam  made  incident  upon  the  scattering  type  liquid 

40  crystal  plate  122  is  reflected  by  the  reflecting  mir- 
ror  121.  Then,  it  is,  as  the  parallel  beam,  emitted 
from  the  scattering  type  liquid  crystal  plate  122 
before  it  is  converged  at  the  focal  point  by  the  lens 
of  the  first  refraction  factor  distributed  type  lens 

45  array  123.  Then,  the  converged  light  beam  passes 
through  the  aperture  125a  of  the  aperture  mask 
125  before  it  is  returned  to  a  parallel  beam  by  the 
lens  of  the  second  refraction  factor  distributed  type 
lens  array  127.  Then,  the  parallel  beam  is  emitted 

50  from  the  incidental  surface  of  the  third  glass  layer 
126.  In  a  case  where  the  scattering  type  liquid 
crystal  plate  122  is  in  the  scattering  mode,  the 
above-described  parallel  beam  reflected  by  the  re- 
flecting  mirror  121  is  made  to  be  scattered  light 

55  because  it  is  not  converged  as  designated  by  a 
dashed  line  of  Fig.  9  even  if  it  passes  through  the 
lens  of  the  first  refraction  factor  distributed  type 
lens  array  123  but  it  is  scattered.  Therefore,  scat- 
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tered  light  is  substantially  absorbed  by  the  aperture 
mask  25  and  thereby  it  is  stopped. 

Then,  the  operation  of  the  above-described 
projection  type  liquid  crystal  display  apparatus  will 
now  be  described  with  reference  to  Fig.  7. 

The  white  light  beam  emitted  from  the  light 
source  portion  composed  of  the  light  source  11, 
the  parabolic  mirror  12  and  the  lens  33  is  made 
incident  upon  the  reflecting  mirror  38  so  that  it  is 
reflected  to  the  convergent  lens  36.  The  reflected 
while  light  beam  is  substantially  converted  into  a 
parallel  beam  by  the  convergent  lens  36  before  it  is 
made  incident  upon  the  cross  dichroic  prism  34. 

A  red  light  beam  of  the  above-described  white 
light  beam  made  incident  upon  the  cross  dichroic 
prism  34  is  reflected  by  the  red  reflecting  film  34R 
before  it  is  made  incident  upon  the  red  reflecting 
and  scattering  type  liquid  crystal  device  35R  in 
which  it  is  then  modulated  in  accordance  with  the 
red  color  component  of  the  image.  A  blue  light 
beam  is  reflected  by  the  blue  reflecting  film  34B 
before  it  is  made  incident  upon  the  blue  reflecting 
and  scattering  type  liquid  crystal  device  35B  in 
which  it  is  modulated  in  accordance  with  the  blue 
color  component  of  the  image.  A  green  light  beam 
passes  through  the  red  reflecting  film  34R  and  the 
blue  reflecting  film  34B  before  it  is  made  incident 
upon  the  green  reflecting  and  scattering  type  liquid 
crystal  device  35G  in  which  it  is  modulated  in 
accordance  with  the  green  component  of  the  im- 
age. 

The  red  image  light  beam,  the  blue  image  light 
beam  and  the  green  image  light  beam  modulated 
by  the  above-described  three  reflecting  and  scat- 
tering  type  liquid  crystal  devices  35R,  35B  and 
35G  are  emitted  from  the  devices  since  they  are 
reflected  by  the  reflecting  mirror  layer  121  (sea 
Fig.  9).  As  a  result,  the  red  image  light  beam  is 
reflected  by  the  red  reflecting  film  34R  toward  the 
screen  14.  The  modulated  blue  light  beam  is  re- 
flected  by  the  blue  reflecting  film  34B  toward  the 
screen  14.  The  modulated  green  light  beam  passes 
through  the  red  reflecting  film  34R  and  the  blue 
reflecting  film  34B.  As  a  result,  the  color  light 
beams  are  respectively  synthesized  before  it  is 
emitted  from  the  cross  dichroic  prism  34  as  a 
substantially  parallel  light  beam. 

The  above-described  parallel  light  beam  is 
converged  at  a  portion  adjacent  to  the  aperture 
portion  formed  by  an  end  portion  of  the  first  shield- 
ing  mask  37  and  an  end  portion  of  the  reflecting 
mirror  38  by  the  convergent  lens  36.  The  light 
beam,  which  has  passed  through  the  above-de- 
scribed  aperture  portion,  is  projected  to  the  screen 
14  via  a  projection  lens  30.  As  a  result,  the  above- 
described  image  is  projected  onto  the  screen  14  in 
an  enlarged  manner.  According  to  this  embodi- 
ment,  the  optical  system  composed  of  the  lenses 

30,  36,  members  37,  38  and  39  is  arranged  in  such 
a  manner  that  the  light  incidental  side  is  a  telecen- 
tric  structure. 

In  this  case,  the  above-described  three  reflect- 
5  ing  and  scattering  type  liquid  crystal  devices  35R, 

35B  and  35G  are  brought  into  the  scattering  mode 
depending  upon  the  above-described  image,  caus- 
ing  slight  quantity  of  scattered  light,  which  is  un- 
necessary  light,  to  be  emitted  from  the  cross  dich- 

io  roic  prism  34.  However,  a  portion  of  scattered  light 
is  absorbed  and  thereby  shielded  by  the  first 
shielding  mask  37  and  the  second  shielding  mask 
39  or  the  same  is  reflected  by  the  reflecting  mirror 
38  to  be  returned  to  the  above-described  light 

is  source  portion.  Therefore,  it  cannot  substantially  be 
projected  onto  the  screen  14.  As  a  result,  in  the 
projection  type  liquid  crystal  display  device  accord- 
ing  to  this  embodiment,  the  devices  35R,  35G  and 
35B  serve  as  the  masks  so  that  generation  of  the 

20  flare  or  the  ghost  in  the  image  projected  onto  the 
screen  14  in  an  enlarged  manner  due  to  the  above- 
described  scattered  light  can  be  reduced. 

Furthermore,  since  the  schlieren  optical  system 
is  composed  of  the  convergent  lens  36,  the  first 

25  shielding  mask  37  and  the  reflecting  mirror  38,  the 
contrast  of  the  image  projected  onto  screen  14  in 
an  enlarged  manner  can  be  raised. 

Fig.  10  is  a  schematic  structural  view  which 
illustrates  a  fifth  embodiment  of  the  projection  type 

30  liquid  crystal  display  apparatus  according  to  the 
present  invention. 

The  projection  type  liquid  crystal  display  ap- 
paratus  according  to  this  embodiment  is  different 
from  the  projection  type  liquid  crystal  display  ap- 

35  paratus  shown  in  Fig.  7  in  that  aqueous  solution  of 
ethylene  glycol  42  is  enclosed  between  the  three 
reflecting  and  scattering  type  liquid  crystal  devices 
35R,  35B  and  35G  and  the  cross  dichroic  prism  34 
so  that  each  of  the  three  reflecting  and  scattering 

40  type  liquid  crystal  devices  35R,  35B  and  35G  and 
the  cross  dichroic  prism  34  are  optically  coupled. 

In  a  case  where  the  brightness  of  the  projec- 
tion  type  liquid  crystal  display  apparatus  is  raised, 
each  aperture  mask  125  (see  Fig.  9)  absorbs  scat- 

45  tered  light  emitted  from  each  scattering  type  liquid 
crystal  plate  122  if  a  black  (dark)  image  is  contin- 
ued  for  a  long  time,  causing  the  temperature  of  the 
above-described  three  reflecting  and  scattering 
type  liquid  crystal  devices  35R,  35B  and  35G  to  be 

50  raised.  If  the  temperature  is  raised  excessively,  the 
operation  of  the  scattering  type  liquid  crystal  plate 
122  becomes  unstable  or  stopped. 

Accordingly,  the  projection  type  liquid  crystal 
display  apparatus  according  to  this  embodiment  is 

55  arranged  in  such  a  manner  that  the  aqueous  solu- 
tion  of  ethylene  glycol  42  is  enclosed  between  the 
three  reflecting  and  scattering  type  liquid  crystal 
devices  35R,  35B  and  35G  and  the  cross  dichroic 
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prism  34.  As  a  result,  the  three  reflecting  and 
scattering  type  liquid  crystal  devices  35R,  35B  and 
35G  are  cooled  to  prevent  the  temperature  rise  for 
the  purpose  of  stabling  the  operation  of  the  scatter- 
ing  type  liquid  crystal  plate  122  and  raising  the 
brightness. 

Furthermore,  since  the  aqueous  solution  of  eth- 
ylene  glycol  42  the  refraction  factor  of  which  is 
about  1.5  is  used,  reflection  of  light  taken  place 
between  the  above-described  three  reflecting  and 
scattering  type  liquid  crystal  devices  35R,  35B  and 
35G  and  the  cross  dichroic  prism  34  can  be  pre- 
vented.  Therefore,  the  deterioration  in  the  image 
quality  can  be  prevented. 

Although  the  aqueous  solution  of  ethylene  gly- 
col  42  is  employed  to  optically  couple  the  three 
reflecting  and  scattering  type  liquid  crystal  devices 
35R,  35B  and  35G  and  the  cross  dichroic  prism  34, 
silicone  oil  the  refraction  factor  of  which  is  about 
1  .5  may  be  used. 

Fig.  11  is  a  schematic  structural  view  which 
illustrates  a  sixth  embodiment  of  the  projection 
type  liquid  crystal  display  apparatus  according  to 
the  present  invention. 

The  projection  type  liquid  crystal  display  ap- 
paratus  according  to  this  embodiment  is  different 
from  the  projection  type  liquid  crystal  display  ap- 
paratus  shown  in  Fig.  7  in  that  the  synthetic  image 
light  beam  emitted  from  the  convergent  lens  36 
does  not  pass  through  the  projection  lens  when  it 
is  projected  onto  the  screen  14. 

Therefore,  since  the  number  of  the  lens  ele- 
ments  in  the  optical  system  can  be  reduced  in  the 
projection  type  liquid  crystal  display  apparatus  ac- 
cording  to  this  embodiment,  the  overall  size  of  the 
apparatus  can  be  reduced  in  comparison  to  that 
shown  in  Fig.  7. 

The  projection  type  liquid  crystal  display  ap- 
paratus  shown  in  Fig.  11  is  structured  into  a  known 
front  projection  type  apparatus  in  which  the  liquid 
crystal  device  is  disposed  adjacent  to  the  user.  In  a 
case  where  a  known  backside  projection  type 
structure  in  which  the  liquid  crystal  device  is  in- 
cluded  in  the  body  of  the  apparatus  is  employed, 
an  advantage  can  be  obtained  in  that  the  cost  can 
be  reduced. 

Fig.  12  is  a  schematic  structural  view  which 
illustrates  a  seventh  embodiment  of  the  projection 
type  liquid  crystal  display  apparatus  according  to 
the  present  invention. 

The  projection  type  liquid  crystal  display  ap- 
paratus  according  to  this  embodiment  is  different 
from  the  projection  type  liquid  crystal  display  ap- 
paratus  shown  in  Fig.  7  in  that  a  fresnel  lens  36A  is 
used  in  place  of  the  convergent  lens  36  to  convert 
the  white  light  beam  emitted  from  the  light  source 
portion  and  reflected  by  the  reflecting  mirror  38 
into  a  substantially  parallel  light  beam  before  it  is 

made  incident  upon  the  cross  dichroic  prism  34. 
Furthermore,  the  synthetic  image  light  beam  emit- 
ted  from  the  cross  dichroic  prism  34  is  converged 
at  an  aperture  portion  formed  by  an  end  portion  of 

5  the  first  shielding  mask  37  and  an  end  portion  of 
the  reflecting  mirror  38. 

Since  the  fresnel  lens  36A  can  be  disposed  to 
correspond  to  a  position  which  substantially  comes 
in  contact  with  the  cross  dichroic  prism  34  in  the 

io  projection  type  liquid  crystal  display  apparatus  as 
compared  with  the  use  of  ordinary  convex  lens  as 
convergent  lens  36,  the  overall  size  of  the  appara- 
tus  can  be  reduced. 

Fig.  13  is  a  schematic  structural  view  which 
is  illustrates  an  eighth  embodiment  of  the  projection 

type  liquid  crystal  display  apparatus  according  to 
the  present  invention. 

The  projection  type  liquid  crystal  display  ap- 
paratus  according  to  this  embodiment  is  different 

20  from  the  projection  type  liquid  crystal  display  ap- 
paratus  shown  in  Fig.  12  in  the  following  structures: 

(A)  The  aqueous  solution  of  ethylene  glycol  42 
the  refraction  factor  of  which  is  about  1.5  is 
enclosed  between  the  three  reflecting  and  scat- 

25  tering  type  liquid  crystal  devices  35R,  35B  and 
35G  and  the  cross  dichroic  prism  34  so  that 
each  of  the  three  reflecting  and  scattering  type 
liquid  crystal  devices  35R,  35B  and  35G  and  the 
cross  dichroic  prism  34  are  optically  coupled. 

30  (B)  The  aqueous  solution  of  ethylene  glycol  42 
the  refraction  factor  of  which  is  about  1  .5  is  also 
enclosed  between  the  fresnel  lens  36B  and  the 
cross  dichroic  prism  34  so  that  the  fresnel  lens 
36B  and  the  cross  dichroic  prism  34  are  opti- 

35  cally  coupled. 
(C)  The  fresnel  lens  36B  is  disposed  in  such  a 
manner  that  its  lens  confronts  the  screen  14. 
According  to  the  projection  type  liquid  crystal 

display  apparatus  is,  similarly  to  that  shown  in  Fig. 
40  10,  the  aqueous  solution  of  ethylene  glycol  34  is 

used  to  prevent  the  temperature  rise  of  each  of  the 
scattering  type  liquid  crystal  plate  122  (see  Fig.  9) 
of  the  above-described  three  reflecting  and  scatter- 
ing  type  liquid  crystal  devices  35R,  35B  and  35G. 

45  Therefore,  the  brightness  can  be  raised.  Further- 
more,  in  a  case  where  the  fresnel  lens  36B  is  made 
of  plastic  in  order  to  reduce  the  cost,  the  problem 
of  the  unstable  light  convergent  operation  of  the 
fresnel  lens  36B  can  be  prevented,  the  unstable 

50  light  convergent  operation  being  due  to  the  de- 
formation  of  the  plastic  fresnel  lens  36B  by  the 
heat  of  white  light  beam  emitted  from  the  light 
source  portion  and  the  heat  of  modulated  white 
light  beam  emitted  from  the  dichroic  prism  34. 

55  Furthermore,  the  white  light  beam  emitted  from 
the  light  source  portion  and  reflected  by  the  reflect- 
ing  mirror  38  is,  as  shown  in  Fig.  13,  made  incident 
upon  the  fresnel  lens  36B  while  making  a  predeter- 
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mined  angle  from  it.  Therefore,  it  is  preferable  that 
the  above-described  lens  side  of  the  fresnel  lens 
36B  confronts  the  cross  dichroic  prism  34  (the  flat 
side  confronts  the  screen  14)  in  order  to  prevent 
the  eclipse  of  the  white  light  beam  at  the  lens  side 
of  the  fresnel  lens  36B.  However,  no  problem  takes 
place  even  if  the  lens  side  is  made  confront  the 
screen  14  according  to  this  embodiment  since  the 
degree  of  the  influence  of  the  eclipse  is  small. 

Also  according  to  this  embodiment,  silicone  oil 
the  refraction  factor  of  which  is  about  1.5  may  be 
used  in  place  of  the  aqueous  solution  of  ethylene 
glycol  34. 

Fig.  14  is  a  schematic  structural  view  which 
illustrates  a  ninth  embodiment  of  the  projection 
type  liquid  crystal  display  apparatus  according  to 
the  present  invention. 

The  projection  type  liquid  crystal  display  ap- 
paratus  according  to  this  embodiment  is  different 
from  that  shown  in  Fig.  12  in  that  two  fresnel 
lenses  36C  and  36D  are  used  to  convert  the  white 
light  beam  emitted  from  the  light  source  portion 
and  reflected  by  the  reflecting  mirror  38  into  a 
substantially  parallel  beam  before  it  is  made  in- 
cident  upon  the  cross  dichroic  prism  34.  Further- 
more,  the  modulated  white  light  beam  emitted  from 
the  cross  dichroic  prism  34  is  converged  at  the 
aperture  portion  formed  by  an  end  portion  of  the 
first  shielding  mask  37  and  an  end  portion  of  the 
reflecting  mirror  38. 

In  the  projection  type  liquid  crystal  apparatus 
according  to  this  embodiment,  the  above-described 
white  light  beam  made  incident  from  the  reflecting 
mirror  38  while  making  a  predetermined  angle  is 
converted  into  a  substantially  parallel  beam  by 
using  the  two  fresnel  lenses  36C  and  36D.  As  a 
result,  each  of  the  lens  side  of  fresnel  lenses  126i 
and  1262  can  easily  be  designed. 

Although  each  of  the  above-described  embodi- 
ments  is  arranged  in  such  a  manner  that  the  lens 
array  is  constituted  by  arranging  the  refraction  fac- 
tor  distributed  type  lenses  on  the  glass  plate,  the 
present  invention  may  be  arranged  in  such  a  man- 
ner  that  the  lens  array  is  constituted  by  arranging 
lenses,  each  of  which  has  an  ordinary  spherical 
surface,  on  the  glass  plate. 

Fig.  15  is  a  cross  sectional  view  which  illus- 
trates  an  essential  portion  of  the  structure  of  an- 
other  embodiment  of  the  present  invention,  wherein 
an  image  display  apparatus  is  illustrated  which  has 
a  scattering  type  liquid  crystal  device  which  com- 
prises  a  back  plate  consisting  of  a  glass  plate  101 
and  a  liquid  crystal  layer  102  and  a  glass  plate  103 
serving  as  the  face  plate. 

Fig.  15  illustrates  a  cross  section  obtainable 
when  the  scattering  type  liquid  crystal  display  de- 
vice  is  cut  by  a  plane  passing  through  the  center  of 
a  pixel  column  and  as  well  as  perpendicular  to  Y- 

axis.  The  display  pixels  of  the  scattering  type  liquid 
crystal  display  device  are  arranged  in  direction  X  at 
a  pitch  of  P1.  A  region  104  surrounded  by  a  short 
dash  line  of  Fig.  15  represents  a  size  of  one  pixel 

5  of  the  liquid  crystal  panel.  Fig.  15  illustrates  the 
cross  section  for  four  pixels. 

Each  of  convergent  lenses  105  is  a  first  optical 
means  having  a  positive  power,  the  convergent 
lenses  105  being  disposed  at  the  pitch  P1,  which  is 

10  the  same  as  the  pitch  for  the  pixels,  in  the  direction 
X  to  correspond  to  each  pixel  of  the  scattering  type 
liquid  crystal  display  device. 

A  light  shielding  mask  106  is  disposed  on  the 
light  emission  side  of  a  glass  plate  103,  the  light 

15  shielding  mask  106  having  apertures  107  which 
corresponds  to  the  pixels  at  the  pitch  P1  ,  which  is 
the  same  as  the  pitch  of  the  pixels.  Thus,  the 
emission  side  of  the  image  display  apparatus  is 
constituted. 

20  An  illuminating  light  beam  107  is  a  substan- 
tially  parallel  beam  emitted  from  a  light  source 
(omitted  from  illustration)  to  illuminate  the  scatter- 
ing  type  liquid  crystal  display  device.  The  light 
source  must  be  able  to  emit  the  parallel  light  beam 

25  in  a  visible  region,  for  example,  an  illuminating  light 
source  constituted  by  combining  a  conventional 
lamp  and  a  parabolic  mirror. 

According  to  this  embodiment,  illuminating  light 
beam  107  is  converged  by  the  convergent  lens 

30  105.  Illuminating  light  beam  107  passes  through 
the  liquid  crystal  layer  102  as  designated  by  a 
continuous  line  shown  in  Fig.  1  in  a  case  where  the 
liquid  crystal  layer  102  of  the  scattering  type  liquid 
crystal  display  device  is  in  a  transmissive  state  and 

35  the  same  is  then  emitted  outwards  in  a  scattered 
state  after  it  has  passed  through  the  aperture  107 
of  the  light  shielding  mask  106.  In  a  case  where  the 
liquid  crystal  layer  102  of  the  scattering  type  liquid 
crystal  display  device  is  in  the  light  scattered  state, 

40  it  is  scattered  by  the  liquid  crystal  layer  102  as 
designated  by  a  dashed  line  of  Fig.  15.  Since  the 
major  portion  of  scattered  light  is  absorbed  by  the 
light  shielding  mask  106,  the  portion  emitted  out- 
wards  can  significantly  be  reduced.  The  liquid  cry- 

45  stal  of  the  liquid  crystal  layer  102  comprises  the 
above-described  scattering  type  liquid  crystal.  Fur- 
thermore,  the  glass  plates  101,  103,  the  liquid 
crystal  layer  102  and  an  electrode  pattern  (omitted 
from  illustration)  and  the  like  constitute  the  liquid 

50  crystal  plate. 
Since  the  structure  according  to  this  embodi- 

ment  is  arranged  in  such  a  manner  that  the  scatter- 
ing  type  liquid  crystal  display  device  is  employed, 
the  light  utilization  rate  can  significantly  be  im- 

55  proved.  Furthermore,  the  image  light  beam  emitted 
outside  through  each  aperture  107  is  scattered  by 
the  action  of  the  convergent  lens  105.  Therefore,  a 
very  bright  image  can  be  displayed  over  a  wide 
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visual  field  angle.  In  addition,  unnecessary  scat- 
tered  light  is  absorbed  by  the  light  shielding  mask 
106  so  that  an  adverse  effect  upon  the  adjacent 
pixels  can  be  prevented  or  eliminated.  Therefore, 
image  bleeding  can  be  prevented  and  the  contract 
can  significantly  be  improved.  Therefore,  a  dis- 
played  image  exhibiting  significantly  improved 
quality  can  be  formed  in  comparison  to  that  obtain- 
able  from  the  conventional  structure. 

Then,  another  embodiment  of  the  present  in- 
vention  will  now  be  described  with  reference  to  Fig. 
16. 

The  structure  according  to  the  embodiment 
shown  in  Fig.  15  is  arranged  in  such  a  manner  that 
the  light  shielding  mask  106  is  directly  formed  on 
the  glass  plate  103,  which  constitutes  the  face 
plate,  for  the  purpose  of  simplifying  the  structure. 
However,  the  structure  according  to  this  embodi- 
ment  is  arranged  in  such  a  manner  that  the  light 
shielding  mask  106  is  formed  on  a  glass  plate  201 
which  is  individually  disposed  from  the  glass  plate 
103.  The  other  structures  are  the  same  as  the 
embodiment  shown  in  Fig.  15  so  that  the  same 
reference  numerals  are  given  to  the  same  elements 
and  their  descriptions  are  omitted  here. 

Fig.  16  illustrates  a  case  where  thickness  t1  of 
the  glass  plate  201  is  made  to  be  a  proper  thick- 
ness  to  make  the  aperture  107  formed  in  the  light 
shielding  mask  106  to  be  placed  adjacent  to  the 
focal  point  of  the  convergent  lens  105. 

According  to  this  embodiment,  the  transmissive 
light  beam  which  has  passed  through  the  liquid 
crystal  layer  102  is  focused  adjacent  to  the  ap- 
erture  107.  Therefore,  the  quantity  of  transmissive 
light  emitted  outwards  can  be  maintained  even  if 
the  size  of  the  aperture  107  is  reduced. 

On  the  other  hand,  the  quantity  of  the  leakage 
of  scattered  light  designated  by  the  dashed  line 
through  the  light  shielding  mask  106  can  be  re- 
duced  by  reducing  the  size  of  the  aperture  107. 
Therefore,  bleeding  can  be  prevented  and  the  con- 
trast  can  further  be  raised  in  comparison  to  the 
embodiment  shown  in  Fig.  15. 

Then,  another  embodiment  of  the  present  in- 
vention  will  now  be  described  with  reference  to  Fig. 
17. 

This  embodiment  is  arranged  in  such  a  manner 
that  the  convergent  lenses,  which  is  the  second 
optical  means,  are  disposed  not  only  on  the  illu- 
minating  light  source  side  of  the  scattered  type 
liquid  crystal  display  device  but  also  on  the  display 
side  (the  mask  side)  of  the  same  at  the  same  pitch 
as  that  of  the  pixels  of  the  scattered  type  liquid 
crystal  display  device. 

A  glass  plate  310  is  disposed  adjacent  to  the 
face  plate  103  of  the  scattering  type  liquid  crystal 
display  device.  On  the  other  hand,  a  light  shielding 
mask  306  and  a  convergent  lens  31  1  are  disposed 

on  the  light  emission  side  of  the  above-described 
plate  310.  Since  the  other  structures  are  the  same 
as  those  according  to  the  embodiment  shown  in 
Fig.  15.  Therefore,  the  same  reference  numerals 

5  are  given  to  the  same  elements  and  their  descrip- 
tions  are  omitted  here. 

An  illuminating  light  beam  108,  which  has 
passed  through  the  liquid  crystal  layer  102  in  a 
transmissive  state,  is  further  scattered  by  the  action 

io  of  the  convergent  lens  105  and  a  convergent  lens 
511  before  it  is  emitted  outwards.  Therefore,  a 
further  wide  visual  field  angle  can  be  realized. 

The  reason  for  disposing  the  light  shielding 
mask  306  and  the  convergent  lens  311  on  the 

is  surface  of  the  glass  plate  310  lies  in  that  the  yield 
can  be  improved  by  arranging  them  to  be  disposed 
individually.  As  an  alternative  to  this,  the  light 
shielding  mask  306  and  the  convergent  lens  311 
may  be  disposed  on  the  glass  plate  103  which 

20  constitutes  the  face  plate  of  the  scattering  type 
liquid  crystal  display  device. 

Another  embodiment  of  the  present  invention 
will  now  be  described  with  reference  to  Fig.  18. 

The  embodiment  shown  in  Fig.  17  is  arranged 
25  in  such  a  manner  that  the  light  shielding  mask  and 

the  convergent  lens  are  disposed  on  the  same 
plane.  However,  this  embodiment  is  arranged  in 
such  a  manner  that  a  light  shielding  mask  406  is 
disposed  on  the  focal  plane  apertured  by  the  con- 

30  vergent  lens  105  and  a  convergent  lens  411  which 
is  the  second  optical  means,  the  light  shielding 
mask  406  having  apertures  407  formed  at  the 
same  pitch  as  the  pixels  of  the  scattering  type 
liquid  crystal  display  device. 

35  According  to  this  embodiment,  the  loss  of  the 
display  light  beam  can  be  prevented  even  if  the 
diameter  of  the  aperture  407  formed  in  the  light 
shielding  mask  406  is  considerably  reduced. 
Therefore,  scattered  light  can  easily  be  shielded 

40  and  thereby  a  wide  visual  field  angle  and  high 
contrast  can  be  realized. 

Each  convergent  lens  411  is  disposed  to  cor- 
respond  to  the  position  of  the  aperture  407  of  the 
light  shielding  mask  406.  Furthermore,  the  diameter 

45  of  it  is  properly  determined  in  accordance  with  the 
power  of  the  convergent  lens  105  disposed  adja- 
cent  to  the  illuminating  light  source.  That  is,  in  a 
case  where  the  liquid  crystal  layer  102  is  in  a  light 
transmissive  state,  the  illuminating  light  beam  108 

50  travels  as  designated  by  a  continuous  line  of  Fig. 
18.  The  diameter  of  the  convergent  lens  411  is 
minimized  in  a  range  which  will  not  shield  the 
illuminating  light  beam  apertured  by  the  convergent 
lens  105. 

55  In  comparison  between  this  embodiment  and 
the  system  in  which  only  the  convergent  lens  105 
adjacent  to  the  illuminating  light  source  is  used,  the 
emitted  light  beams  can  be  further  converged  by 
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the  action  of  the  convergent  lens  411.  Therefore, 
an  effect  can  be  obtained  in  that  the  visual  field 
angle  can  be  enlarged. 

The  light  shielding  mask  406  according  to  this 
embodiment  may  comprise  a  light  shielding  mask 
formed  by  a  black  pattern  is  formed  on  a  thin  glass 
plate  by  printing  or  photolithography  etching.  As  an 
alternative  to  this,  a  light  shielding  mask  may  be 
formed  by  forming  the  apertures  407  in  a  thin 
metal  plate  by  photolithography  etching  before  it  is 
painted  black. 

The  above-described  third  and  fourth  embodi- 
ments  shown  in  Figs.  17  and  18  are  arranged  in 
such  a  manner  that  the  convergent  lens  is  dis- 
posed  adjacent  to  the  illuminating  light  source  in 
comparison  to  the  position  of  the  liquid  crystal 
panel,  the  convergent  lens  and  the  light  shielding 
mask  are  disposed  adjacent  to  the  display  side  in 
comparison  to  the  position  of  the  liquid  crystal 
panel  and  the  above-described  elements  are  dis- 
posed  at  the  same  pitch  of  the  pixels  of  the  liquid 
crystal  panel. 

Then,  another  embodiment  of  the  present  in- 
vention  will  now  be  described  with  reference  to  Fig. 
19. 

Fig.  19  illustrates  an  example  arranged  in  such 
a  manner  that  lenses  having  negative  power 
(hereinafter  called  "concave  lenses")  are  disposed 
on  the  display  side  as  the  second  optical  means  at 
the  same  pitch  as  that  of  the  pixels  of  the  scatter- 
ing  type  liquid  crystal  display  device.  On  the  sur- 
face  of  a  glass  plate  512  adjacent  to  the  scattering 
type  liquid  crystal  display  device,  a  light  shielding 
mask  506  and  apertures  507  are  formed.  The  ap- 
ertures  507  are  formed  at  the  position  of  the  focal 
point  at  which  the  illuminating  light  beam  108  is 
converged  by  the  convergent  lens  106.  On  the 
display  side  of  the  glass  plate  512,  a  concave  lens 
513  is  disposed.  Since  the  other  structures  are  the 
same  as  those  according  to  the  embodiment 
shown  in  Fig.  16,  the  same  reference  numerals  are 
given  to  the  same  elements  and  their  descriptions 
are  omitted  here. 

As  shown  in  Fig.  19,  the  concave  lens  513  is 
able  to  cause  light  beams  to  be  emitted  at  a  larger 
emission  angle.  By  using  the  above-described  con- 
cave  lens  513,  a  larger  visual  field  angle  can  be 
realized. 

Then,  a  specific  example  of  the  overall  struc- 
ture  of  the  image  display  apparatus  will  now  be 
described. 

Fig.  20  illustrates  a  structure  arranged  in  such 
a  manner  that  the  convergent  lenses  and  apertures 
607  are  disposed  at  a  pitch  (P1)  which  is  the  same 
as  the  pitch  of  only  the  pixel  columns  in  direction  X 
of  the  pixel  columns  of  the  scattering  type  liquid 
crystal  display  device  disposed  in  XY-plane.  As 
shown  in  Fig.  20,  the  convergent  lens  is  arranged 

in  such  a  manner  that  cylindrical  lenses  605  ca- 
pable  of  converging  light  in  direction  Z  are  dis- 
posed  at  the  pitch  P1.  On  the  other  hand,  the  light 
shielding  mask  606  are  formed  into  a  stripe  shape 

5  running  parallel  to  the  Y-axis.  Furthermore,  the 
apertures  607  are  constituted  in  such  a  manner 
that  slits  running  parallel  to  the  Y-axis  are  arranged 
at  the  pitch  P1  . 

Fig.  21  illustrates  a  structure  arranged  in  such 
io  a  manner  that  the  pixels  of  the  scattering  type 

liquid  crystal  display  device  correspond  to  the  con- 
vergent  lenses  and  the  apertures  of  the  light  shield- 
ing  mask  in  both  the  directions  X  and  Y.  The  pixels 
of  the  scattering  type  liquid  crystal  display  device 

is  composed  by  the  glass  plates  101,  103  and  the 
liquid  crystal  layer  102  are  arranged  at  the  pitch  P1 
in  the  direction  X  and  at  pitch  P2  in  the  direction  Y. 
The  convergent  lenses  comprise  fly-eye  lens  705 
having  lenses  which  are  arranged  at  the  pitch  P1  in 

20  the  direction  P1  and  at  P2  in  the  direction  Y 
similarly  to  the  pitch  of  the  scattering  type  liquid 
crystal  display  devices.  Also  apertures  707  formed 
in  the  light  shielding  mask  706  are  arranged  at  the 
pitch  P1  in  the  direction  X  and  at  the  pitch  P2  in 

25  the  direction  Y. 
Then,  a  structure  will  now  be  described  in 

which  the  convergent  lenses  and  the  light  shielding 
mask  are  individually  disposed. 

Figs.  22,  23A  and  23B  are  cross  sectional 
30  views  which  respectively  illustrate  an  example  of 

the  above-described  structure.  Fig.  23A  is  cross 
sectional  view  taken  along  plane  XZ  of  the  per- 
spective  drawings  shown  in  Fig.  22.  Fig.  23B  is  a 
cross  sectional  view  taken  along  plane  YZ  of  the 

35  same. 
According  to  this  embodiment,  it  is  assumed 

that  the  main  scanning  direction  is  direction  X  and 
the  sub-scanning  direction  is  direction  Y.  In  the 
main  scanning  direction,  pixels  of  the  scattering 

40  type  liquid  crystal  device  are  arranged  at  the  pitch 
P1  ,  while  the  same  are  arranged  at  the  pitch  P2  in 
the  sub-scanning  direction. 

Referring  to  the  drawing,  cylindrical  lenses  814 
have  a  bus  line  running  parallel  to  the  Y-axis  and 

45  the  same  are  arranged  in  the  direction  X  at  the 
pitch  P1.  Cylindrical  lenses  815  have  a  bus  line 
running  parallel  to  the  X-axis  and  the  same  are 
arranged  at  the  pitch  P2  in  the  direction  Y. 

A  glass  plate  816  is  disposed  on  the  light 
50  emission  side  of  the  scattering  type  liquid  crystal 

display  device.  On  the  surface  of  the  glass  plate 
816  adjacent  to  the  scattering  type  liquid  crystal 
display  device,  a  light  shielding  mask  817  is  dis- 
posed.  On  the  other  hand,  a  light  shielding  mask 

55  818  is  disposed  on  the  light  emitting  side  of  the 
same.  The  light  shielding  mask  817  is  formed  into 
a  stripe  pattern  running  parallel  to  the  Y-axis,  the 
light  shielding  mask  817  having  slit-like  apertures 
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819  formed  at  the  pitch  P1  as  shown  in  Fig.  23A. 
On  the  other  hand,  the  light  shielding  mask  818  is 
formed  into  a  stripe  pattern  running  parallel  to  the 
X-axis,  the  light  shielding  mask  818  having  stripe- 
like  apertures  820  formed  at  the  pitch  P2  as  shown 
in  Fig.  23B. 

According  to  this  embodiment,  the  light  shield- 
ing  mask  817  and  the  apertures  819  are,  similarly 
to  the  structure  shown  in  Fig.  17,  arranged  with 
respect  to  the  position  of  the  convergent  lenses 
814  in  such  a  manner  that  the  apertures  819  are 
formed  at  the  position  of  the  focal  point  of  the 
illuminating  light  beam,  which  has  passed  through 
the  liquid  crystal  panel,  by  the  action  of  the  conver- 
gent  lenses  814.  Similarly,  the  apertures  820  of  the 
light  shielding  mask  818  are  formed  at  the  position 
of  the  focal  point  of  the  illuminating  light  made  by 
the  convergent  lens  815  which  has  passed  through 
the  liquid  crystal  panel. 

According  to  this  embodiment,  the  convergent 
means  and  the  light  shielding  means  (and  ap- 
ertures)  are  independently  disposed  in  the  direction 
X  and  the  direction  Y  at  the  same  pitch  as  the 
pixels  arranged  in  the  scattering  type  liquid  crystal 
display  device.  As  a  result,  a  very  wide  visual  field 
angle  can  be  realized  in  four  directions.  Although 
the  structure  according  to  this  embodiment  is  ar- 
ranged  in  such  a  manner  that  the  convergent  lens 
is  disposed  more  adjacent  to  the  illuminating  light 
source  than  the  scattering  type  liquid  crystal  dis- 
play  device,  another  structure  may  be  employed  in 
which  the  convergent  lens  is  also  disposed  on  the 
display  side  of  the  scattering  type  liquid  crystal 
display  device  as  shown  in  Figs.  17  and  18.  As  an 
alternative  to  this,  a  structure  may  be  employed  in 
which  a  concave  lens  is  disposed  on  the  display 
side  as  shown  in  Fig.  19. 

The  present  invention  is  not  limited  to  the  lens 
shown  in  Figs.  15  to  23.  For  example,  a  flat  optical 
element  of  a  distributed  refraction  factor  type  may, 
of  course,  be  employed. 

The  present  invention  can  preferably  be  ap- 
plied  to  any  of  known  scattering  type  liquid  crystal 
display  devices  capable  of  controlling  scattering 
and  transmission  of  light  for  each  pixel  exemplified 
in  the  description  of  the  related  background  art. 
Furthermore,  the  simple  matrix  system  and  the 
active  matrix  system  have  been  known  as  the 
method  of  driving  the  liquid  crystal  medium.  How- 
ever,  the  present  invention  is  not  limited  to  this  if 
the  method  is  able  to  constitute  the  liquid  crystal 
panel. 

Although  the  invention  has  been  described  in 
its  preferred  form  with  a  certain  degree  of  particu- 
larly,  it  is  understood  that  the  present  disclosure  of 
the  preferred  form  has  been  changed  in  the  details 
of  construction  and  the  combination  and  arrange- 
ment  of  parts  may  be  resorted  to  without  departing 

from  the  spirit  and  the  scope  of  the  invention  as 
hereinafter  claimed. 

A  liquid  crystal  device  for  controlling  scattering 
of  light  beams  made  incident  upon  a  plurality  of 

5  portions  of  a  liquid  crystal  layer  thereof  so  as  to 
modulate  the  light  beams,  the  liquid  crystal  device 
including:  a  first  lens  array  having  lenses  disposed 
to  correspond  to  the  portions  of  the  liquid  crystal 
layer,  the  lenses  causing  the  light  beams  transmit- 

io  ted  from  the  corresponding  portions  of  the  liquid 
crystal  layer  to  travel  toward  a  focal  plane;  a  mask 
for  shielding  scattered  light  transmitted  from  the 
first  lens  array  and  as  well  as  allowing  non-scat- 
tered  light  to  pass  through,  the  mask  having  a 

is  plurality  of  aperture  portions  which  are  formed 
along  the  focal  plane  to  correspond  to  the  lenses  of 
the  first  lens  array  so  as  to  allow  non-scattered 
light  transmitted  from  corresponding  lenses  to  pass 
through;  and  a  second  lens  array  having  lenses 

20  arranged  to  correspond  to  the  aperture  portions  of 
the  mask,  the  lenses  substantially  collimating  the 
non-scattered  light  transmitted  from  corresponding 
aperture  portions  of  the  mask. 

25  Claims 

1.  A  liquid  crystal  device  for  controlling  scattering 
of  light  beams  made  incident  upon  a  plurality 
of  portions  of  a  liquid  crystal  layer  thereof  so 

30  as  to  modulate  said  light  beams, 
said  liquid  crystal  device  comprising: 
a  first  lens  array  having  lenses  disposed  to 

correspond  to  said  portions  of  said  liquid  cry- 
stal  layer,  said  lenses  causing  said  light  beams 

35  transmitted  from  said  corresponding  portions 
of  said  liquid  crystal  layer  to  travel  toward  a 
focal  plane; 

a  mask  for  shielding  scattered  light  trans- 
mitted  from  said  first  lens  array  and  as  well  as 

40  allowing  non-scattered  light  to  pass  through, 
said  mask  having  a  plurality  of  aperture  por- 
tions  which  are  formed  along  said  focal  plane 
to  correspond  to  said  lenses  of  said  first  lens 
array  so  as  to  allow  non-scattered  light  trans- 

45  mitted  from  corresponding  lenses  to  pass 
through;  and 

a  second  lens  array  having  lenses  ar- 
ranged  to  correspond  to  said  aperture  portions 
of  said  mask,  said  lenses  substantially  col- 

50  limating  said  non-scattered  light  transmitted 
from  corresponding  aperture  portions  of  said 
mask. 

2.  A  liquid  crystal  device  according  to  Claim  1, 
55  wherein  each  of  lenses  of  said  first  lens  array 

comprises  a  refraction  factor  distributed  type 
lens. 
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3.  A  liquid  crystal  device  according  to  Claim  1, 
wherein  each  of  lenses  of  said  second  lens 
array  comprises  a  refraction  factor  distributed 
type  lens. 

4.  A  liquid  crystal  device  according  to  Claim  3, 
wherein  each  of  lenses  of  said  first  lens  array 
comprises  a  refraction  factor  distributed  type 
lens. 

5.  A  liquid  crystal  device  according  to  Claim  1, 
wherein  a  first  and  a  second  transparent  plates 
are  stacked  to  each  other  while  holding  said 
mask  therebetween,  said  first  lens  array  is 
formed  on  said  first  transparent  plate  and  said 
second  lens  array  is  formed  on  said  second 
lens  array. 

6.  A  liquid  crystal  device  according  to  Claim  1  or 
5,  wherein  said  light  beam  is  caused  to  travel 
toward  said  liquid  crystal  layer  via  said  mask 
and  said  first  lens  array  and  a  reflecting  sur- 
face  for  reflecting  and  returning  said  light 
beam,  which  has  passed  through  said  liquid 
crystal  layer,  to  said  liquid  crystal  layer  is 
disposed  at  a  position  opposing  said  first  lens 
array. 

7.  A  liquid  crystal  device  for  controlling  scattering 
of  light  beams  made  incident  upon  a  plurality 
of  portions  of  a  liquid  crystal  layer  thereof  so 
as  to  modulate  said  light  beams, 

said  liquid  crystal  device  comprising: 
a  lens  array  having  lenses  disposed  to 

correspond  to  said  portions  of  said  light  crystal 
layer,  said  lenses  converging  said  light  beam 
to  said  corresponding  portions  of  said  light 
crystal  layer; 

a  mask  for  shielding  scattered  light  trans- 
mitted  from  said  liquid  crystal  layer  and  as  well 
as  allowing  non-scattered  light  to  pass  through, 
said  mask  having  a  plurality  of  aperture  por- 
tions  formed  to  correspond  to  said  portions  of 
said  liquid  crystal  layer  so  as  to  allow  said 
non-scattered  light  transmitted  from  said  cor- 
responding  portions  to  pass  through. 

8.  A  liquid  crystal  device  according  to  Claim  7, 
wherein  said  lens  array  converges  said  light 
beams  onto  the  side  of  said  liquid  crystal  layer 
adjacent  to  said  mask. 

9.  A  liquid  crystal  device  according  to  Claim  8, 
wherein  said  lens  array  acts  to  focus  said  light 
beam  to  its  focal  plane. 

10.  A  liquid  crystal  device  according  to  Claim  9, 
wherein  said  mask  is  disposed  on  said  focal 

plane. 

11.  A  liquid  crystal  device  according  to  Claim  10, 
wherein  said  mask  is  formed  on  a  first  surface 

5  of  a  transparent  plate  adjacent  to  said  liquid 
crystal  layer  and  a  second  surface  of  said 
transparent  plate  opposing  said  first  surface 
has  a  concave  lens  array,  said  concave  lens 
array  of  said  transparent  plate  having  lenses 

io  disposed  to  correspond  to  said  aperture  por- 
tions  of  said  mask  so  as  to  diverge  said  non- 
scattered  light  transmitted  from  said  corre- 
sponding  aperture  portion. 

is  12.  A  liquid  crystal  device  according  to  Claim  9, 
wherein  said  mask  is  disposed  on  a  plane 
deviated  from  said  focal  plane  toward  said 
liquid  crystal  layer. 

20  13.  A  liquid  crystal  device  according  to  Claim  12, 
wherein  each  of  said  aperture  portions  of  said 
mask  has  a  convex  lens  element  for  converg- 
ing  said-scattered  light. 

25  14.  A  liquid  crystal  device  according  to  Claim  8, 
wherein  a  convex  lens  array  is  disposed  be- 
tween  said  liquid  crystal  layer  and  said  mask, 
said  convex  lens  array  having  lenses  which  are 
disposed  to  correspond  to  said  portions  of  said 

30  liquid  crystal  layer  to  converge  said  non-scat- 
tered  light  transmitted  from  said  corresponding 
portions  onto  said  mask. 

15.  A  liquid  crystal  device  according  to  Claim  7, 
35  wherein  said  lenses  of  said  lens  array  are 

disposed  in  two  directions  perpendicular  to 
each  other. 

16.  A  liquid  crystal  device  according  to  Claim  15, 
40  wherein  said  aperture  portions  of  said  mask 

are  arranged  in  said  two  directions. 

17.  A  liquid  crystal  device  according  to  Claim  7, 
wherein  said  lens  array  has  a  first  and  a  sec- 

45  ond  arrays,  said  first  array  includes  a  cylin- 
drical  lens  configuration  extending  in  a  first 
direction  and  said  second  array  includes  a 
cylindrical  lens  configuration  extending  in  a 
direction  perpendicular  to  said  first  direction. 

50 
18.  A  liquid  crystal  device  according  to  Claim  17, 

wherein  said  mask  has  a  first  and  a  second 
mask,  said  first  mask  includes  a  configuration 
extending  in  said  first  direction  and  composed 

55  of  light  shielding  portions  and  light  transmis- 
sive  portions,  which  are  disposed  alternately, 
and  said  second  mask  includes  a  configuration 
extending  in  said  second  direction  and  com- 
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posed  of  light  shielding  portions  and  light  tran- 
smissive  portions  which  are  disposed  alter- 
nately. 

19.  A  projector  for  projecting  an  image  formed  by  5 
an  illuminated  liquid  crystal  light  bulb  to  a 
projection  optical  system, 

said  projector  comprising  improvements: 
said  light  bulb  controls  scattering  of  light 

made  incident  upon  each  of  a  plurality  of  por-  10 
tions  of  a  liquid  crystal  layer  so  that  said 
image  is  formed; 

a  first  lens  array  is  provided  which  has 
lenses  disposed  to  correspond  to  said  portions 
of  said  liquid  crystal  layer,  each  of  said  lenses  is 
causing  said  light  beam  transmitted  from  said 
corresponding  portions  of  said  liquid  crystal 
layer  to  travel  toward  a  focal  plane; 

a  mask  is  provided  which  shields  scattered 
light  transmitted  from  said  first  lens  array  and  20 
allows  non-scattered  light  to  pass  through,  said 
mask  having  a  plurality  of  apertures  which  are 
disposed  along  said  focal  plane  to  correspond 
to  said  lenses  of  said  first  lens  array  so  as  to 
allow  said  non-scattered  light  transmitted  from  25 
said  corresponding  lenses  to  pass  through; 
and 

a  second  lens  array  is  provided  which  has 
lenses  which  are  disposed  to  correspond  to 
said  apertures  of  said  mask,  each  of  said  len-  30 
ses  substantially  collimating  said  non-scattered 
light  transmitted  from  said  corresponding  ap- 
ertures  of  said  mask  so  as  to  cause  it  to  travel 
toward  said  optical  system. 

35 
20.  A  projector  according  to  Claim  19,  wherein 

said  light  bulb  comprises  a  reflecting  type  light 
bulb  which  is  illuminated  by  said  light  from 
said  optical  system  side. 

40 
21.  A  projector  according  to  Claim  19,  wherein 

said  light  bulb  comprises  a  transmissive  type 
light  bulb  which  is  illuminated  by  said  light 
from  a  side  opposing  said  optical  system. 

45 
22.  A  projector  according  to  Claim  19,  wherein 

said  light  bulb  is  illuminated  by  light  which  has 
been  substantially  collimated. 
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