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Description 

The  invention  relates  to  a  liquid  crystal  display 
device  as  indicated  in  the  precharacterizing  part  of 
claim  1. 

In  solid  state  display  panels,  the  system  which 
controls  each  picture  element  independently  is  ef- 
fective  for  displays  with  large  area.  As  such  a  panel 
there  has  been  known  in  the  past  a  display  in 
which  the  multiplexing  drive  system  is  applied  to  a 
simple  matrix  structure  of  the  A4  size  with  400 
elements  in  the  row  and  200  elements  in  the  col- 
umn  direction  that  is  formed  by  the  use  of  a  two- 
frequency  liquid  crystal.for  instance,  a  twistic 
nematic  liquid  crystal  (referred  to  as  TN  liquid 
crystal  hereinafter).  However,  to  construct  a  reflec- 
tion  type  liquid  crystal  display  by  the  use  of  such  a 
TN  liquid  crystal,  two-polarizing  plants  have  to  be 
arranged  on  the  outside  of  a  pair  of  substrates, 
rotated  mutually  by  90  °  .  Moreover,  a  reflecting 
plate  has  to  be  arranged  on  the  outside  (namely, 
on  the  farthest  side  with  respect  to  the  incident 
light)  of  the  polarizing  plate.  Namely,  the  light  path 
is  as  follows:  The  incident  light  goes  through  a  first 
polarizing  plate,  an  opposing  glass,  an  opposing 
transparent  conducting  film,  TN  liquid  crystals,  a 
transparent  conducting  film,  a  glass  substrate,  a 
second  polarizing  plate,  and  an  aluminium  reflect- 
ing  substrate. 

Further,  light  reflected  there  proceeds  back- 
ward  to  the  incidence  side  through  the  second 
polarizing  plate.  However,  use  of  such  TN  crystals 
has  many  drawbacks  such  as  those  listed  below. 

(1)  The  amount  of  reflected  light  is  reduced  due 
to  the  use  of  two  polarizing  plates. 
(2)  There  is  observed  a  loss  of  light  due  to 
absorption  of  light  by  the  glass  substrates. 
(3)  The  reflecting  plate  becomes  cloudy  due  to 
oxidation  of  aluminum  by  the  atmosphere,  which 
induces  a  reduction  in  the  reflectivity. 
(4)  When  active  elements  are  provided  on  the 
inside  of  the  substrate,  there  is  generated  an 
absorption  loss  caused  by  the  organic  resin  that 
exists  in  their  surroundings. 
The  precharacterizing  part  of  new  claim  1  con- 

siders  the  prior  art  as  known  from  EP-A-142  326. 
This  prior  art  liquid  crystal  display  device  com- 
prises  a  transparent  substrate,  a  transparent  elec- 
trode  forms  thereon  and  a  reflective  metal  elec- 
trode  formed  on  a  semiconductor  substrate.  A  po- 
larizing  plate  is  mounted  on  the  outer  surface  of 
the  transparent  substrate.  In  the  space  between  the 
two  electrodes,  there  is  provided  a  quantity  of 
ferroelectric  liquid  crystal  material  having  smectic 
C  phase. 

EP-A-092  181  discloses  a  liquid  crystal  ele- 
ment  including  a  ferroelectric  liquid  crystal  sand- 
wiched  between  a  pair  of  substrates  having  elec- 

trodes  on  the  opposite  surfaces.  A  polarizing  plate 
is  mounted  on  the  outer  surface  of  the  upper 
substrate.  On  the  outer  surface  of  the  lower  sub- 
strate,  a  further  polarizing  plate  or,  instead  of  this,  a 

5  reflector  may  be  placed  adjacent  to  this  substrate. 
It  is  the  object  of  the  invention  to  improve  a 

liquid  crystal  display  device  as  indicated  in  the 
precharacterizing  part  of  claim  1  such  that  loss  of 
light  can  be  minimized  by  improving  the  reflectivity 

io  of  the  reflective  electrode. 
This  object  is  solved  by  the  features  as 

claimed  in  the  characterizing  part  of  claim  1  . 
The  ferroelectric  liquid  crystals  display  the 

chiral  smectic  C  phase  (SmC*).  Namely,  a  bistable 
75  state  can  be  obtained  by  setting  the  separation 

between  the  cells  to  be  4  microns  or  less. 
By  mixing  liquid  crystal  material  in  its  isotropic 

liquid  crystal  state  (  high  temperature  state  )  in 
such  a  thin  cell,  and  by  lowering  the  temperature, 

20  SmA  and  then  bistable  SmC*  are  obtained.  By  so 
doing,  it  is  possible  to  loosen  the  spiral  structure. 
When  a  voltage  is  applied  to  SmC*,  molecules  are 
aligned  in  one  direction  with  an  angle  of  about  45  °  . 
By  the  application  of  a  voltage  with  opposite  sign  it 

25  is  possible  to  obtain  an  angle  of  about-45  °  (within 
45°  ±5°)  in  the  opposite  direction.  These  two 
states  are  nonvolatile  in  the  sense  that  they  hardly 
change  even  after  the  voltage  is  shut  off,  retaining 
an  angle  of  about  90  "(within  ±  10°).  With  this 

30  observation,  it  became  clear  that  transmission  and 
nontransmission  of  light  can  be  accomplished  by 
the  use  of  a  single  polarizing  plate.  Because  of 
this,  the  present  invention  comprises  a  pair  of 
substrates  (one  on  the  light  incidence  side  is  called 

35  the  opposing  substrate  and  the  other  one  on  the 
other  side  is  called  simply  the  substrate  that  form  a 
cell),  electrodes  (  one  on  the  light  incidence  side  is 
called  the  opposing  electrode  and  the  other  one  on 
the  inner  side  is  called  simply  the  electrode  )  that 

40  are  attached  to  the  inside  of  the  substrates,  and 
FLC  that  is  sealed  between  the  electrodes.  Further 
a  polarizing  plate  is  arranged  on  the  incident  side. 

In  particular,  in  the  present  invention,  a  layer 
which  refects  light  in  the  visible  region  was  con- 

45  structed  by  one  of  the  electrodes,  namely,  the 
electrode  on  the  substrate. 

In  that  case,  the  incident  light  passes  through 
the  polarizing  plate,  the  opposing  substrate,  the 
opposing  electrode,  FLC,  and  the  electrode  where 

50  it  is  reflected,  and  proceeds  backward  on  the  re- 
verse  path. 

It  should  be  mentioned  that  one  of  the  unsol- 
ved  problems  namely,  the  range  of  the  temperature 
for  use,  was  found  satisfactory  currently,  if  if  is  in 

55  the  range  from  0  to  50  °C  for  a  combination  ( 
blending  )  of  a  plurality  of  different  kinds  of  FLC. 
Therefore,  the  temprerature  range  was  considered 
to  be  not  much  of  a  problem  in  the  practical 
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applications.  In  addition,  as  to  the  tone,  it  was 
found  unnecessary  provided  that  the  number  of 
colors  employed  is  limited  up  to  eight,  so  that  it 
became  clear  that  the  present  invention  is  usable 
satisfactorily  as  the  display  for  microcomputers  or 
the  like. 

With  the  above  arrangement,  the  following  ad- 
vantages  can  be  realized.  Namely: 

(1)  Loss  of  light  can  be  minimized  by  the  use  of 
only  one  polarizing  plate. 
(2)  The  electrode  for  reflecting  light  is  not  ex- 
posed  to  the  air  so  that  it  will  not  be  oxidized 
and  hence  the  reflectivity  of  light  can  be  main- 
tained  at  a  high  value. 
(3)  The  number  of  required  parts  can  be  re- 
duced. 
(4)  Because  of  the  use  of  FLC,  the  field  of  vision 
can  be  increased,  and  in  addition,  energy  can 
be  saved. 
(5)  There  occur  absolutely  no  absorption  loss 
and  reduction  in  aperture  factor  due  to  the  thick- 
ness  of  the  nonlinear  elements  (active  elements 
)■ 

Further,  when  forming  each  picture  element  by 
connecting  a  nonliniar  element  (NE)  and  ferroelec- 
tric  liquid  crystal  (FLC)  in  series,  it  was  accom- 
plished  for  the  first  time  to  realize  a  matrix  system 
for  a  large  area  equal  to  or  greater  than  that  of  the 
A4  size,  by  removing  the  cross  talks  between  the 
picture  elements. 

In  addition,  the  present  invention  has  a  feature 
that  it  became  possible  to  realize  a  color  display 
by  providing  red  (  called  R  ),  green  (  called  G  ), 
and  blue  (  called  B  )  filters  corresponding  to  the 
other  X-axis  arrangement  of  the  ferroelectric  liquid 
crystal. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  shows  a  plan  view  and  a  longitudinal 
section  view  of  passive  liquid  display  panel  of  the 
present  invention. 

Figure  2  shows  the  operation  of  the  ferroelec- 
tric  liquid  crystal  used  in  the  present  invention. 

In  Figure  1(B)  are  shown  a  plan  view  and  a 
longitudinal  sectional  view  along  A-A'  of  a  passive 
liquid  crystal  display.  As  may  be  clear  from  the 
figure,  the  display  has  one  electrode  2  which  con- 
sists  of  linear  patterns  in  the  Y  direction  2-1,  2-2, 

and  2-n  and  a  second  electrode  3  which  con- 
sists  of  linear  patterns  in  the  X  direction  3-1,  3-2, 

and  3-m,  and  their  intersection  constitutes  a  dot 
9  (for  example,  the  intersection  of  2-2  and  3-1). 
Directly  beneath  the  linear  electrode  pattern  2, 
there  may  be  arranged  nonlinear  elements  if  need 
arises.  Each  of  these  linear  patterns  are  provided 
on  a  first  substrate  1  and  a  second  substrate  1'.  In 
addition,  those  linear  patterns  have  external  con- 

nection  terminals  11  and  11',  respectively,  and  they 
can  be  linked  to  the  peripheral  circuits  by  means  of 
these  regions. 

Each  electrode  has  its  periphery  sealed  with  a 
5  sealing  material  23,  and  its  interior  is  filled  with 

liquid  crystals  7  with  smectic  phase. 
Further,  on  the  inside  of  the  first  substrate  1 

there  is  provided  the  first  electrode  2  as  a  reflect- 
ing  layer  which  is  prepared  in  practice  by  vacuum 

io  deposition  of  aluminum. 
On  the  top  surface  of  the  other  substrate  1', 

there  is  provided  a  polarizing  plate  8.  The  figure 
illustrates  the  configuration  for  color  display. 

In  the  present  case,  filters  4  are  provided 
is  closely  each  other  on  the  inner  side  of  the  sub- 

strate  1',  arranged  so  as  to  repeat  R(red),  G- 
(green),  and  B(blue)  alternately. 

A  protective  covering  film  5  (use  was  made  of 
a  polyimide-based  film  in  this  case)  for  the  filters  4 

20  was  provided  on  top  of  them,  with  its  surface  5' 
formed  flat.  Further,  making  a  close  contact  with 
the  top  surface  (bottom  surface  in  the  drawing)  of 
the  protective  film,  there  are  provided  the  linear 
transparent  electrodes  3  in  the  X-axis  direction. 

25  These  electrodes  are  composed  on  conductive 
transparent  film  (CTF)  and  are  formed  specifically 
of  indium-tin  oxide  (ITO)  by  sputtering. 

On  the  inner  surfaces  of  the  pair  of  electrodes 
2  and  3,  there  are  formed  asymmetric  orientation 

30  layers. 
A  nonrubbed  layer  (layer  to  which  the  rubbing 

treatment  was  not  given)  which  is  one  of  the  asym- 
metric  orientation  layers  is  formed  by  coating  1% 
methanol  solution  of  1.1.1.  trimethylsilazane  by 

35  monomolecular  coating  method  and  drying. 
A  rubbed  layer  which  is  the  other  of  the  asym- 

metric  orientation  layers  is  formed  by  coating  and 
drying  1.1.1.  trimethylsilazane  on  the  CTF  layer  as 
in  the  above,  and  then  by  coating  on  top  of  it,  by 

40  spinning  method,  1%  b-nylon  solution  obtained  by 
diluting  nylon  in  a  solution  of  60%  m-cresol  and 
40%  methanol. 

Instead  of  b-nylon,  PAN(polyacrylnitrile),  and 
PVA(polyvinyl  alcohol)  are  coated  to  a  thickness  of 

45  about  0.1  urn  by  spinning  method,  and  rubbing 
treatment  gas  given  according  to  the  known  meth- 
od.  As  an  example  of  rubbing  treatment,  nylon  was 
rotated  at  900  RPM  in  the  rubbing  apparatus,  and 
the  surface  was  formed  by  moving  the  substrate  at 

50  a  speed  of  2m/min.  Namely,  on  one  of  the  elec- 
trodes  2  there  was  formed  a  unrubbed  film  to  serve 
as  an  orientation  film  with  no  rubbing,  and  on  the 
other  electrodes  3  there  was  formed  a  film  using 
the  organic  compounds  mentioned  above  and  a 

55  rubbing  treatment  was  given  to  it.  The  unrubbed 
film  may  also  be  used  as  the  inner  surface  of 
CTF3.  Then,  FLC  E  such  as  S8  (octyloxyben- 
zylideneaminomethylbutyl  benzoate  )  was  filled  in 
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between  the  orientation  treated  layers.  Besides  S8, 
FLC  such  as  BOBAMBC  or  FLC's  obtained  by 
blending  a  pluralty  of  FLC's  may  also  be  used  for 
filling.  Some  of  these  FLC's  may  be  found  in 
"Ferroelectrics  Switing  in  the  Tilted  Smectic  Phase 
of  R-C-3-4-n-Hexyloxybenzylidence-4'-Amino(2- 
chloropropyl)  Cinnamate  (HOBACPC)",  Ferroelec- 
trics,  1984,  Vol.59,pp.126-136  by  J.W.  Goodby  et 
al.,  JP-A-59-98051  and  JP-A-59-1  1874. 

Examples  of  the  threshold  characteristics  of  the 
picture  element  are  shown  in  Fig.2(A)  and  Fig.2(B). 
Depending  upon  the  way  in  which  the  alignment 
direction  of  the  liquid  crystals  and  the  direction  of 
the  voltage  are  chosen,  one  or  the  other  of  these 
figures  will  be  obtained.  However,  they  are  sub- 
stantially  equivalent  graphs.  From  the  figures  it  will 
be  seen  that  curves  13  and  13'  are  obtained  by  the 
application  of  voltages  of  ±5V,  transmission  and 
nontransmission  of  light  can  be  realized,  and  hys- 
teresis  with  sufficient  inversion  and  memory  effect 
can  be  obtained.  In  Fig.2  the  ordinate  represents 
the  transmissivity. 

In  Fig.1,  for  light  in  the  visible  region  to  be 
reflected,  incident  light  10  has  to  pass  through  the 
polarizing  plate  8,  the  second  transparent  substrate 
1',  the  filter  4,  the  protective  film  5,  the  transparent 
conductive  film  6,  the  asymmetrically  orientation 
treated  layer  (not  shown)  smectic  liquid  crystals  7, 
and  the  reflecting  electrode  2  where  it  is  reflected 
to  follow  the  reversed  light  path  as  the  reflected 
light  10'. 

In  this  case,  if  there  exists  some  kind  of  color 
as  a  meduim  in  the  filters  4  and  the  protective  film 
5  and  it  is  desired  to  have  an  overall  constant  hue, 
the  top  surface  of  the  reflecting  electrode  2  may  be 
varied  with  variable  thickness  in  the  range  of  300  to 
1500A  to  form  a  CTF  as  an  interference  film  of 
light. 

As  may  be  clear  from  the  figures,  if  use  is 
made  of  a  liquid  crystal  with  smectic  phase,  espe- 
cially  SmC*  layer,  then  the  liquid  crystal  functions 
as  memory,  and  "on"  and  "off"  of  light  can  be 
controlled  by  the  use  of  just  one  polarizing  plate, 
provided  that  the  tilt  angle  of  the  smectic  layer  is 
chosen  to  be  about  45  °  .  As  a  result,  there  will  be 
no  need  for  providing  a  reflecting  plate  on  the 
outside  of  the  first  substrate  using  TN  liquid  crystal 
in  a  manner  well  known  in  the  past.  It  only  needs  to 
use  one  of  the  electrodes  as  the  reflecting  elec- 
trode. 

More  important,  the  liquid  crystal  material  has 
a  thickness  which  is  less  than  just  4microns  (gen- 
erally  1  to  2  urn).  For  this  reason,  the  incident  light 
10  and  the  reflected  light  10'  pass  through  an 
identical  filter  once  for  each.  On  the  contrary,  in  the 
case  of  arranging  a  reflecting  plate  on  the  outside 
of  the  rear  substrate  (bottom  side  of  the  first  sub- 
strate  in  the  figure),  as  is  done  in  the  prior  case  of 

using  TN  liquid  crystal,  an  incident  light  that 
passed  through  a  filter  which  may  be  red,  for 
instance,  could  pass  through  an  adjacent  green 
filter  as  the  reflected  light.  If  it  happens,  the  re- 

5  fleeted  light  when  it  comes  out  will  have  a  color 
which  is  neither  red  nor  green,  and  as  a  result  of 
their  mixing  it  will  have  a  whitish  hue. 

In  the  case  of  the  present  invention,  however,  it 
is  a  significant  feature  that  there  will  be  no  mixing 

io  with  a  color  of  the  neighboring  dot,  because  the 
distance  between  the  filter  4  and  the  reflecting 
electrode  2  is  less  than  10  urn 

In  Fig.1  for  the  present  invention,  there  is 
shown  a  6X6  segment  of  a  matrix,  but  it  represents 

is  only  a  portion  of  the  100X100  matrix  that  was 
actually  used  in  the  experiment.  However,  the  dot 
numbers  may  be  given  other  configurations  such 
as  640X400  (in  the  case  of  color  it  will  be 
1,920X400),  720X400,  and  so  on. 

20  It  should  be  noted  that  varions  other  forms  of 
the  present  invention  can  be  considered.  Thus,  for 
example,  a  dichroic  material  may  be  added  to 
apparently  improve  the  anisotropy  of  light  absorp- 
tion  by  SmC*.  As  such  substances,  one  may  men- 

25  tion,  for  example,  azo-based  or  anthraquinone- 
based  dyes  (with  dichroic  ratio  greather  than  8) 
which  can  be  dissolved  in  liquid  crystals. 

Claims 
30 

1.  A  liquid  crystal  display  device  comprising: 
a  pair  of  substrates  (1,1')  at  least  one  (1')  of 
which  is  transparent; 
a  transparent  electrode  formed  on  an  inside 

35  surface  of  the  transparent  substrate; 
a  polarizing  plate  (8); 
a  reflective  electrode  (2)  formed  on  an  inside 
surface  of  the  other  one  (1)  of  said  substrates 
(1,1')  and  comprising  a  reflective  metal  layer; 

40  and 
a  ferroelectric  liquid  crystal  material  (7)  having 
smectic  C  phase  interposed  between  said  sub- 
strates  (1  ,  1  '), 
characterized  in  that 

45  said  reflective  electrode  (2)  further  comprises  a 
conductive  transparent  film  which  is  formed  on 
the  surface  of  said  metal  layer  facing  the  liquid 
crystal  material  (7). 

50  2.  The  device  of  claim  1  wherein  said  reflective 
metal  layer  is  an  aluminum  layer. 

3.  The  device  of  claim  1  or  2  wherein  said  con- 
ductive  transparent  film  is  30  -  150  urn  thick. 

55 
4.  The  device  of  any  one  of  claims  1  to  3, 

wherein  said  ferroelectric  liquid  crystal  material 
(7)  has  a  tilt  angle  45°. 

5 
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5.  The  device  of  any  one  of  claims  1  to  4, 
wherein  said  polarizing  plate  (8)  is  placed  adja- 
cent  to  the  transparent  substrate  (1  '). 

6.  The  device  of  any  one  of  claims  1  to  5, 
wherein  a  dichroic  material  is  added  to  said 
ferroelectric  liquid  crystal  layer  (7). 

7.  The  device  of  claim  6,  wherein  said  dichroic 
material  is  a  dye  with  the  dichroic  ratio  (CR) 
greater  than  8. 

8.  The  device  of  claim  7,  wherein  said  dye  is  an 
anthraquinone-based  or  azo-based  dye. 

Patentanspruche 

1.  Flussigkristallanzeigeanordnung  mit 
einem  Paar  von  Substraten  (1,  1'),  von  denen 
mindestens  eines  (1')  transparent  ist; 
einer  transparenten  Elektrode,  die  auf  der  inne- 
ren  Oberflache  des  transparenten  Substrates 
ausgebildet  ist; 
einer  polarisierenden  Platte  (8); 
einer  reflektierenden  Elektrode  (2),  die  auf  ei- 
ner  inneren  Oberflache  des  anderen  (1)  der 
Substrate  (1,  1')  ausgebildet  ist  und  eine  re- 
flektierende  Metallschicht  aufweist,  und 
einem  ferroelektrischen  flussigen  Kristallmateri- 
al  (7)  mit  smektischer  C-Phase,  das  zwischen 
den  Substraten  (1  ,  1  ')  angeordnet  ist; 
dadurch  gekennzeichnet,  dal3 
die  reflektierende  Oberflache  (2)  auBerdem  ei- 
nen  leitenden,  transparenten  Film  aufweist,  der 
auf  der  Oberflache  der  Metallschicht  ausgebil- 
det  ist,  die  dem  flussigen  Kristallmaterial  zuge- 
wandt  ist. 

2.  Anordnung  nach  Anspruch  1,  wobei  die  reflek- 
tierende  Metallschicht  eine  Aluminiumschicht 
ist. 

3.  Anordnung  nach  Anspruch  1  oder  2,  wobei  der 
leitende  transparente  Film  30  bis  150  urn  dick 
ist. 

4.  Anordnung  nach  einem  der  Anspruche  1  bis  3, 
wobei  das  ferroelektrische  flussige  Kristallma- 
terial  einen  Schwenkwinkel  von  45°  hat. 

5.  Anordnung  nach  einem  der  Anspruche  1  bis  4, 
wobei  die  polarisierende  Platte  (8)  benachbart 
zu  dem  transparenten  Substrat  (1')  angeordnet 
ist. 

6.  Anordnung  nach  einem  der  Anspruche  1  bis  5, 
wobei  ein  dichroides  Material  dem  ferroelektri- 
schen  flussigen  Kristallmaterial  (7)  hinzugefugt 

ist. 

7.  Anordnung  nach  Anspruch  6,  wobei  das  dich- 
roide  Material  eine  Farbe  mit  dem  dichroiti- 

5  schen  Verhaltnis  (CR)  groBer  als  8  ist. 

8.  Anordnung  nach  Anspruch  7,  wobei  die  Farbe 
eine  auf  Anthraquinon-Basis  oder  Azo-Basis 
beruhende  Farbe  ist. 

10 
Revendicatlons 

1.  Un  dispositif  d'affichage  a  cristaux  liquides, 
comprenant: 

is  une  paire  de  substrats  (1,  1')  dont  au 
moins  I'un  (1')  est  transparent, 

une  electrode  transparente  formee  sur  la 
surface  du  cote  interieur  du  substrat  transpa- 
rent, 

20  une  plaque  de  polarisation  (8), 
une  electrode  reflechissante  (2)  formee  sur 

la  surface  du  cote  interieur  de  I'autre  (1)  des- 
dits  substrats  (1,  1')  et  comprenant  une  couche 
metallique  reflechissante,  et 

25  une  matiere  de  cristal  liquide  ferroelectri- 
que  (7)  a  phase  C  smectique  interposee  entre 
lesdits  substrats  (1  ,  1  '), 

caracterise  en  ce  que  ladite  electrode  re- 
flechissante  (2)  comprend,  en  outre,  un  film 

30  transparent  conducteur  qui  est  forme  sur  la 
surface  de  ladite  couche  metallique  faisant 
face  a  la  matiere  de  cristal  liquide  (7). 

2.  Le  dispositif  suivant  la  revendication  1,  dans 
35  lequel  ladite  couche  metallique  reflechissante 

est  une  couche  d'aluminium. 

3.  Le  dispositif  suivant  la  revendication  1  ou  2, 
dans  lequel  ledit  film  transparent  conducteur  a 

40  une  epaisseur  de  30  a  150  urn. 

4.  Le  dispositif  suivant  I'une  quelconque  des  re- 
vendications  1  a  3,  dans  lequel  ladite  matiere 
de  cristal  liquide  ferroelectrique  (7)  presente 

45  un  angle  d'inclinaison  de  45  °  . 

5.  Le  dispositif  suivant  I'une  quelconque  des  re- 
vendications  1  a  4,  dans  lequel  ladite  plaque 
de  polarisation  (8)  est  placee  adjacente  au 

50  substrat  transparent  (1  '). 

6.  Le  dispositif  suivant  I'une  quelconque  des  re- 
vendications  1  a  5,  dans  lequel  une  matiere 
dichro'fque  est  ajoutee  a  ladite  couche  de  cris- 

55  tal  liquide  ferroelectrique  (7). 

7.  Le  dispositif  suivant  la  revendication  6,  dans 
lequel  ladite  matiere  dichro'fque  est  un  colorant 

6 
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au  rapport  dichro'fque  (CR)  superieur  a  8. 

8.  Le  dispositif  suivant  la  revendication  7,  dans 
lequel  ledit  colorant  est  un  colorant  a  base 
d'anthraquinone  ou  a  base  d'azo. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

7 



EP  0  228  472  B1 

F I G . 1   ( A )  

3-1  3 - 2   3 - 3   3 - 4   3 - 5   3 - 6  

m   r h   r n   r ~ n   m   r n  

r  

F I G . 1   ( B )  

n  

2 3 -  

r  

10  1 0  

3-1  3 - 3  
8  

)  U  5  ;  
1 

5 '  

7  

2 - 2 , 2  

8 



EP  0  228  472  B1 

F I G .   2   ( A )  

1 0 0 i  

V O L T A G E   (V) 

F I G . 2 ( B )  

V O L T A G E   (V) 

9 


	bibliography
	description
	claims
	drawings

