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Description 

BACKGROUND  OF  THE  INVENTION 

5  Field  of  the  Invention 

The  present  invention  relates  to  a  liquid  crystal  display  device  having  color  compensation  in  a  supertwisted 
liquid  crystal. 

In  this  specification,  a  phase  difference  plate  means  a  retardation  plate  or  a  birefringence  plate. 
10 

Description  of  the  Prior  Art 

Generally,  a  supertwisted  nematic  liquid  crystal  display  device  (STN-LCD)  is  colored  in  yellow-green  or 
blue,  but  a  bright  and  sharp  black/white  display  is  obtained  by  using  a  color  correction  plate.  As  a  result,  the 

15  display  quality  is  enhanced,  and  it  may  be  used  in  the  word  processor,  computer  and  other  automated  equip- 
ment. 

In  such  color-compensated  two-layer  STN-LCD,  the  coloration  produced  in  the  first  layer  (the  cell  for  driv- 
ing)  is  corrected  in  the  second  layer  (the  cell  for  optical  compensation)  to  turn  into  a  colorless  display.  This 
structure  requires  two  liquid  crystal  cells,  as  compared  with  the  single-layer  STN-LCD,  and  the  thickness  and 

20  weight  of  the  display  device  are  increased. 
On  the  other  hand,  in  the  phase  difference  plate  type  STN-LCD,  it  is  known  to  dispose  a  phase  difference 

plate  before  the  liquid  crystal  cell,  and  to  dispose  one  plate  each  of  at  the  front  side  and  backside  of  the  liquid 
crystal  cell,  but  as  compared  with  the  two-layer  type  STN-LCD,  the  contrast  is  inferior  and  a  sufficient  display 
quality  is  not  obtained,  see,  for  example,  JP-A-64-519. 

25  According  to  JP-A-64-519,  phase  difference  plates  are  disposed  at  the  front  side  and  back  side  of  the  STN 
liquid  crystal  panel,  and  in  its  Embodiment  21,  the  sum  of  retardations  of  the  two  is  about  0.6  (600  nm), 
but  nothing  is  mentioned  about  the  individual  values.  Incidentally,  when  the  present  inventors  attempted  to  dis- 
pose  the  300  nm  phase  difference  plates  in  the  system  disclosed  in  Embodiment  21  ,  satisfactory  black/white 
display  was  not  obtained. 

30  For  further  background  art,  reference  is  made  to  EP-A2-0  350  075,  which  belongs  to  the  state  of  the  art 
under  Article  54(3)  EPCforthe  designated  states  DE,  FR,  GB. 

SUMMARY  OF  THE  INVENTION 

35  It  is  hence  a  primary  object  of  the  invention  to  solve  the  problems  of  the  above  method,  and  present  a 
liquid  crystal  display  device  capable  of  obtaining  a  sharp  black/white  display  in  comparison  with  the  existing 
phase  different  plate  type  STN-LCD,  while  being  smaller  in  thickness  and  weight  as  compared  with  the  two- 
layer  STN-LCD. 

To  achieve  this  object,  the  invention  features  a  structure  wherein  phase  difference  plates  made,  for  ex- 
40  ample,  of  uniaxial  polymer  film  or  the  like  and  equal  in  retardation  value  are  disposed  symmetrically  at  the  front 

side  and  back  side  of  the  STN  liquid  crystal  panel  in  order  to  compensate  for  the  phase  difference  caused  in 
the  STN  liquid  crystal  panel. 

This  invention  provides  a  liquid  crystal  display  device  comprising  the  following  sequentially  laminated  com- 
ponents: 

45  a  first  polarizer  plate,  a  first  phase  difference  plate,  an  STN  liquid  crystal  panel,  a  second  phase  dif- 
ference  plate,  and  a  second  polarizer  plate, 

characterised  in  that: 
the  retardation  values  of  the  first  phase  difference  plate  and  the  second  phase  difference  plate  are  equal 

to  each  other  and  lie  in  the  range  330  to  500  nm;  and 
50  the  first  phase  difference  plate  and  the  second  phase  difference  plate  are  symmetrically  disposed  with 

respect  to  the  STN  liquid  crystal  panel,  i.e.  in  the  relation  of©!  +  ©2  =  180°,  where  ®̂  is  the  angle  formed  by 
the  optical  axis  of  the  first  phase  difference  plate  and  the  liquid  crystal  molecular  orientation  axis  of  the  sub- 
strate  adjacent  thereto  of  the  STN  liquid  crystal  panel,  and  ©2  is  the  angle  formed  by  the  optical  axis  of  the 
second  phase  difference  plate  and  the  liquid  crystal  molecular  orientation  axis  of  the  substrate  adjacent  thereto 

55  of  the  STN  liquid  crystal  panel. 
The  above  precharacterising  features  of  the  invention  are  known  from  EP-A2-0  246  842. 
In  a  preferred  embodiment,  the  retardation  values  of  the  first  phase  difference  plate  and  the  second  phase 

difference  plate  lie  in  the  range  330  to  420  nm. 
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In  a  preferred  embodiment,  both  &̂  and  ©2  are  greater  than  45°. 
In  a  preferred  embodiment,  both  ®̂  and  ©2  are  90°. 
In  a  preferred  embodiment,  the  first  phase  difference  plate  and  the  second  phase  difference  plate  are  re- 

spectively  composed  of  a  single  or  plural  uniaxial  polymer  film. 
5  This  invention  also  provides  a  method  of  arranging  said  liquid  crystal  display  device,  in  which  device  the 

STN  liquid  crystal  panel  has  a  predetermined  retardation  value  Re(panel),  the  first  and  second  difference 
plates  individually  have  retardation  values  Re1,  the  first  and  second  phase  difference  plates  in  combination 
have  an  effective  retardation  value  Re2,  and  the  angle  formed  by  the  optical  axes  of  the  first  and  second  phase 
difference  plates  is  ©,  the  method  comprising: 

10  determining  an  approximate  value  of  Rel  for  said  predetermined  value  of  Re(panel),  from  a  predeter- 
mined  correlation  between  Re(panel)  and  Re1; 

determining  an  approximate  value  of  Re2  for  said  predetermined  value  of  Re(panel),  from 

nRe2  =  |.Re(panel) 

15  (n  =  1  or  2);  and 
determining  an  approximate  value  of  ©  from 

Re2  =  2.  Re  1.  cos©. 
According  to  the  invention,  since  phase  difference  plates  equal  in  retardation  value  made  of  uniaxial  poly- 

mer  film  or  the  like  are  symmetrically  disposed  at  the  front  side  and  backside  of  the  STN  liquid  crystal  panel, 
20  the  wavelength  dispersion  may  be  closer  to  the  ideal  profile  than  in  the  conventional  phase  difference  plate 

type  STN-LCD  (Embodiment  21  of  the  Japanese  Laid-open  Patent  Specification  64-519).  As  a  result,  in  the 
whole  wavelength  region,  the  phase  difference  is  compensated,  and  the  azimuth  angles  of  the  exit  ellipsoidal 
polarization  are  aligned,  so  that  colorless  display  and  high  contrast  may  be  achieved  at  the  same  time  by  the 
optimum  setting  of  the  analyzer. 

25  Also  by  this  invention,  the  thickness  and  weight  can  be  reduced  from  the  existing  two-layer  type  STN- 
LCD,  and  the  contrast  ratio  is  higher. 

In  order  to  obtain  the  contrast  higher  than  in  the  two-layer  type  STN-LCD  and  also  a  sharp  black/white 
display  high  in  transmittance  in  ON  mode,  as  practically  shown  in  Embodiments  1  to  5  later,  this  invention  uses 
the  phase  difference  plates  having  the  retardation  values  of  330  to  500  nm,  or  more  preferably  330  to  420  nm. 

30  Moreover,  according  to  the  invention,  once  the  twist  angle  of  the  STN  liquid  crystal  panel  and  its  retardation 
value  Re  (panel)  are  determined,  the  retardation  value  Rel  of  the  phase  difference  plates  to  be  used,  and  the 
angle  9  formed  by  the  optical  axes  of  the  first  and  second  phase  difference  plates  may  be  approximately  ob- 
tained,  and  the  optical  design  may  be  easily  planned,  and  the  production  efficiency  may  be  enhanced. 

35  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  objects,  features  and  advantages  of  the  invention  will  be  better  understood  and  appreciated  from  the 
following  detailed  description  taken  in  conjunction  with  the  drawings,  in  which: 

Fig.  1  is  a  structural  explanatory  drawing  of  a  liquid  crystal  display  device  presented  for  explanation  of  an 
40  embodiment  of  the  invention; 

Fig.  2  is  a  plane  view  showing  the  configuration  of  the  embodiment  of  the  invention; 
Fig.  3  is  a  diagram  showing  the  exit  polarization  state  passing  through  a  first  phase  difference  plate  in 
OFF  state  in  Embodiment  1; 
Fig.  4  is  a  diagram  showing  the  exit  polarization  state  passing  through  the  first  phase  difference  plate  in 

45  ON  state  in  Embodiment  1  ; 
Fig.  5  is  a  diagram  showing  the  exit  polarization  state  passing  through  the  first  phase  difference  plate  in 
OFF  state  in  Embodiment  2; 
Fig.  6  is  a  diagram  showing  the  exit  polarization  state  passing  through  the  first  phase  difference  plate  in 
OFF  state  in  Embodiment  2; 

so  Fig.  7  is  a  diagram  showing  the  ON/OFF  spectral  characteristic  in  Embodiment  2; 
Fig.  8  is  a  diagram  showing  the  exit  polarization  state  passing  through  the  first  phase  difference  plate  in 
OFF  state  in  Embodiment  3; 
Fig.  9  is  a  diagram  showing  the  exit  polarization  state  passing  through  the  first  phase  difference  plate  in 
ON  state  in  Embodiment  3; 

55  Fig.  10  is  a  diagram  showing  the  relation  between  the  retardation  value  and  brightness  (L-value)  when 
two  phase  difference  plates  having  the  same  retardation  value  are  joined  together; 
Fig.  11  is  a  diagram  showing  the  relation  between  the  retardation  value  d.An  of  the  STN  liquid  crystal  panel 
and  the  retardation  value  Re1  of  the  phase  difference  plate  being  used; 
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Fig.  12  is  a  diagram  showing  the  relation  of  the  spectral  transmittance  between  the  STN  liquid  crystal  panel 
and  the  phase  difference  plate; 
Fig.  13  is  a  diagram  showing  the  relation  between  the  angle  9  formed  by  the  optical  axes  of  the  first  and 
second  phase  difference  plates  and  the  effective  retardation  value  produced  by  the  first  and  second  phase 

5  difference  plates; 
Fig.  14  is  a  diagram  showing  the  spectral  characteristic  of  a  conventional  device; 
Fig.  15  is  a  drawing  showing  the  relation  of  optical  axes  of  the  phase  difference  plates; 
Fig.  16  is  a  diagram  showing  the  wavelength  dispersion  of  the  phase  difference  plates; 
Fig.  17  is  a  drawing  showing  the  relation  of  the  optical  axes  of  the  STN  liquid  crystal  panel; 

10  Fig.  18  is  a  diagram  showing  the  wavelength  dispersion  of  the  STN  liquid  crystal  panel; 
Fig.  19  is  a  diagram  showing  an  ideal  wavelength  dispersion;  and 
Fig.  20  is  a  diagram  showing  the  phase  decreasing  action  when  the  phase  difference  plates  and  STN  liquid 
crystal  panel  are  combined  together. 

15  DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

Referring  now  to  the  drawings,  some  preferred  embodiments  of  the  invention  are  described  in  detail  below. 
The  present  inventors,  as  a  result  of  a  number  of  studies  with  the  aims  of  heightening  the  transmittance 

in  ON  state  and  lowering  the  transmittance  in  OFF  state,  found  out  the  optimum  conditions  are  to  keep  the 
20  retardation  value  of  the  phase  difference  plates  in  a  range  of  330  to  420  nm,  and  to  dispose  those  of  the  same 

value  symmetrically  at  the  front  side  and  the  backside.  The  inventors  also  discovered  a  rule  of  approximating 
the  setting  conditions  from  the  retardation  values  of  the  STN  liquid  crystal  panel.  This  is  explained  below. 

In  the  first  place,  to  keep  the  brightness  of  display  as  the  liquid  crystal  display  device,  the  retardation  values 
of  the  phase  difference  plates  to  be  disposed  must  be  taken  into  consideration.  In  Fig.  10  (where  L-value  = 

25  100  is  displayed  as  white,  and  L-value  =  0  as  black),  under  the  practical  limitation  of  the  L-value  as  the  unit 
for  expressing  the  brightness  to  be  30  or  more,  the  sum  2Re  (nm)  of  retardation  values  of  two  phase  difference 
plates  should  be  660  nm  to  1000  nm  (the  values  indicated  by  dotted  line  in  Fig.  10),  that  is,  the  retardation 
value  of  one  phase  difference  plate  should  be  330  nm  to  500  nm  in  order  to  obtain  a  sufficient  brightness,  ac- 
cording  to  the  discovery  by  the  present  inventors.  The  range  of  the  retardation  value  of  the  phase  difference 

30  plate  from  330  to  420  nm  is  the  optimum  condition  included  in  this  requirement. 
Meanwhile,  the  retardation  value  Rel  of  one  phase  difference  plate  and  the  angle  9  formed  by  the  optical 

axes  of  the  first  and  second  phase  difference  plates  at  this  time  may  be  approximated  on  the  basis  of  the  re- 
tardation  value  d-An  =  Re  (panel)  of  the  STN  liquid  crystal  panel  in  the  following  manner. 

Fig.  11  is  a  diagram  showing  the  relation  between  the  retardation  value  d.An  of  the  liquid  crystal  panel 
35  and  the  retardation  value  Rel  of  the  phase  difference  plate  to  be  used,  in  which  the  o-mark  indicates  the  ex- 

perimental  value  at  a  twist  angle  of  240  degrees,  the  A-mark  denotes  the  experimental  value  at  a  twist  angle 
of  210  degrees,  and  the  D-mark  shows  the  experimental  value  at  a  twist  angle  of  180  degrees,  and  the  cor- 
relation  is  observed  in  the  shaded  area.  From  the  relation  (shaded  area)  shown  in  Fig.  11,  the  approximate 
value  Rel  of  the  retardation  of  the  phase  difference  plate  to  be  used  may  be  selected. 

40  Fig.  12  is  an  actual  measurement  diagram  showing  the  relation  of  the  spectral  transmittance  between  the 
STN  liquid  crystal  panel  and  phase  difference  plate  in  a  certain  embodiment,  presenting  the  measured  values 
in  the  parallel  Nicol  state. 

Generally  when  a  double  refractive  element  is  placed  between  parallel  Nicols,  the  formula  for  expressing 
the  transmission  light  intensity  is  T  =  sin2y  x  cos2  (nRIX),  where  the  angle  y  is  the  angle  formed  by  the  optical 

45  axis  and  polarization  axis,  and  R  is  the  retardation  value.  When  sin2y  0,  that  is,  2y  0,  n,  the  maximum  value 
of  the  transmitted  light  is  obtained  when  cos2  (nRIX)  =  1,  that  is,  (nRIX)  =  nn,  or  R  =  X(n=1).  It  means  that  the 
retardation  value  of  the  double  refractive  element  is  expressed  as  the  wavelength  when  the  maximum  value 
of  transmitted  light  is  given.  On  the  other  hand,  the  minimum  value  of  transmitted  light  is  obtained  when  cos2 
(nRIX)  =  0,  that  is,  (nRIX)  =  nil  +  nn,  or  R  =  3/2X(n=1  ).  Therefore,  the  spectral  transmittance  curve  of  the  double 

50  refractive  element  having  the  retardation  value  of  3R/2  is  in  inverse  relation  to  the  spectral  transmittance  curve 
of  the  double  refractive  element  having  the  retardation  value  of  R,  with  respect  to  the  maximum  and  minimum 
values  of  the  transmitted  light. 

In  Fig.  12,  numeral  131  shows  a  spectral  transmittance  curve  of  the  STN  liquid  crystal  panel,  132  is  a  spec- 
tral  transmittance  curve  when  the  first  and  second  phase  difference  plates  are  overlaid  at  an  optical  axis  angle 

55  of  9,  and  1  33  is  a  spectral  transmittance  curve  when  the  STN  liquid  crystal  panel  and  phase  difference  plates 
are  disposed  almost  optimally.  The  curve  131  reaches  the  first  minimum  value  at  nearly  480  nm,  and  shows 
the  maximum  value  nearly  at  595  nm.  On  the  other  hand,  the  curve  132  hits  the  minimum  value  nearly  at  590 
nm,  and  reaches  the  maximum  nearly  at  885  nm  (not  shown).  These  maximum  values  correspond  to  the  re- 
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tardation  value  Re  (panel)  of  the  STN  liquid  crystal  panel  and  the  effective  retardation  value  Re2  of  the  phase 
difference  plate,  and  when  a  flat  and  low  transmittance  state  is  obtained  as  indicated  by  the  spectral  trans- 
mittance  curve  133,  a  relation  of  inverting  the  wavelengths  of  the  maximum  value  and  minimum  value  of  trans- 
mittance  exists  between  Re2  and  Re  (panel),  and  therefore  the  above  formula  of  Re  (panel)  x  3/2  =  nRe2  (n=1 

5  or  2)  is  obtained. 
Therefore,  from  the  retardation  value  Re  (panel)  of  the  STN  liquid  crystal  panel,  the  effective  retardation 

value  Re2  obtained  by  the  sum  of  the  first  and  second  phase  difference  plates  may  be  determined. 
In  an  example  in  Fig.  12,  the  maximum  value  of  the  spectral  transmittance  curve  131  of  the  liquid  crystal 

panel  is  at  595  nm,  and  the  retardation  value  of  the  liquid  crystal  panel  is  Re  (panel)  =  595  nm.  The  effective 
10  retardation  value  obtained  when  two  phase  difference  plates  are  joined  is,  from  the  above  formula  Re  (panel) 

x  3/2  =  nRe2  (n=1  or  2),  Re2  =  595  x  3/2  =  892.5  nm  (n=1).  This  is  approximate  to  the  actually  measured  value 
of  885  nm  in  the  curve  132. 

On  the  other  hand,  Fig.  13  is  a  diagram  showing  the  relation  between  the  angle  9  formed  by  the  optical 
axes  of  the  first  and  second  phase  difference  plates,  and  the  effective  retardation  value  Re2  achieved  by  the 

15  first  and  second  phase  difference  plates.  In  Fig.  13,  the  solid  line  indicated  by  the  o-mark  denotes  the  measured 
values,  and  the  dotted  line  shown  by  the  x-mark  refers  to  the  theoretical  value  assuming  Re2  =  Relcos9  +  Re- 
lcos9  =  2Relcos9.  It  is  found  that  the  measured  values  and  theoretical  values  coincide  very  well  with  each  other. 

Therefore,  since  the  effective  retardation  value  Re2  obtained  by  the  sum  of  the  first  and  second  phase 
difference  plates  and  the  retardation  value  Re1  of  each  phase  difference  plate  are  obtained  as  stated  above, 

20  the  angle  9  formed  by  the  optical  axes  of  the  first  and  second  phase  difference  plates  may  be  approximated 
from  Re2  =  2Relcos9.  Eventually  the  twist  angle  and  the  retardation  value  of  the  STN  liquid  crystal  panel  are 
obtained,  the  retardation  value  of  the  phase  difference  plate  and  the  angle  9  formed  by  the  optical  axes  of  the 
first  and  second  phase  difference  plates  may  be  a  approximated. 

In  thus  determined  conditions,  in  OFF  state,  light  is  emitted  from  the  front  phase  difference  plate  as  a  slen- 
25  der  ellipsoidal  polarization  (nearly  linear  polarization)  aligned  in  the  azimuth  angles  of  rays  of  three  wave- 

lengths  of  R,  G,  B,  and  in  ON  state,  light  is  emitted  from  the  front  phase  difference  plate  as  an  ellipsoidal  po- 
larization  (nearly  circular  polarization)  large  in  the  rate  of  ellipticity  relatively  aligned  in  the  azimuth  angle  of 
rays  of  three  wavelengths  of  R,  G,  B,  and  therefore  the  color  compensation  is  achieved  and  a  high  contrast  is 
obtained  by  optimizing  the  configuration  of  the  analyzers. 

30  To  be  more  specific,  however,  the  rotation  dispersion  due  to  the  supertwisted  liquid  crystal  layer  is  added, 
and  hence  the  retardation  value  of  the  phase  difference  plates  and  the  angle  9  formed  by  the  optical  axes  of 
the  first  and  second  phase  difference  plates  must  be  somewhat  adjusted  from  the  approximate  values  obtained 
above,  but  this  is  generally  effective  as  the  technique  for  optimization. 

Hereinafter  the  action  of  this  structure  is  explained,  on  the  basis  of  the  optical  principle,  from  the  view- 
35  points  of  the  wavelength  dispersion  of  retardation  value  (merely  called  wavelength  dispersion  below)  of  the 

phase  difference  plates  and  STN  liquid  crystal  panel,  and  the  phase  decreasing  action  of  the  phase  difference. 
Relating  to  the  phase  difference  plates,  the  relation  of  the  optical  axes  and  the  wavelength  dispersion  are 

described  in  the  first  place.  The  phase  difference  plates  for  compensating  for  the  phase  difference  of  the  STN 
liquid  crystal  panel  are  made  of  polycarbonate,  polyvinyl  alcohol  or  the  like,  and  are  provided  with  a  specific 

40  phase  difference  (retardation)  in  the  drawing  process  of  manufacture.  Crystallo-optically,  the  material  has  a 
property  similar  to  a  uniaxial  crystal.  The  relation  of  the  optical  axes  of  these  phase  difference  plates  may  be 
considered  in  two  different  ways  as  shown  in  Fig.  15  (a),  (b),  assuming  the  oscillating  direction  of  the  lightwave 
at  maximum  velocity  of  the  incident  light  to  be  the  phase  advancing  axis  (F-axis  orX'-axis),  and  the  oscillating 
direction  of  the  lightwave  at  minimum  velocity  to  be  phase  delaying  axis  (S-axisorZ'-axis).  For  example,  poly- 

45  carbonate  is  positive  in  (a),  and  polymethyl  methacrylate  is  negative  in  (b).  In  any  case,  the  materials  may  be 
handled  alike  once  the  phase  advancing  axis  and  phase  delaying  axis  are  known. 

Concerning  the  wavelength  dispersion,  it  was  obtained  as  the  phase  difference  to  each  wavelength  by 
the  analysis  of  ellipsoidal  polarization  obtained  by  actually  entering  linear  polarization  of  monochromatic  light 
into  the  phase  difference  plate.  An  example  of  thus  obtained  wavelength  dispersion  is  shown  in  Fig.  16. 

so  The  relation  of  the  optical  axes  of  the  STN  liquid  crystal  panel  may  be  considered  as  shown  in  Fig.  17, 
from  the  optical  properties  of  the  liquid  crystal  molecules,  assuming  the  direction  of  the  minor  axis  of  the  liquid 
crystal  molecule  on  the  F-axis  and  the  direction  of  the  major  axis  on  the  S-axis,  seeing  that  both  upper  and 
lower  substrates  are  defined  in  the  orientation  of  liquid  crystal  molecules  by  the  rubbing  method.  In  Fig.  17, 
PI  is  the  liquid  crystal  molecular  orientation  axis  of  the  upper  substrate,  P2  is  the  liquid  crystal  molecular  ori- 

55  entation  axis  of  the  lower  substrate,  P7  is  the  F-axis  of  the  upper  substrate,  P8  is  the  S-axis  of  the  upper  sub- 
strate,  P9  is  the  F-axis  of  the  lower  substrate,  and  P10  is  the  S-axis  of  the  lower  substrate. 

On  the  other  hand,  concerning  the  wavelength  dispersion,  the  wavelength  dispersion  of  An  of  the  liquid 
crystal  material  itself,  and  the  rotary  dispersion  due  to  the  supertwisted  liquid  crystal  layer  are  added,  and  the 
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wavelength  dispersion  cannot  be  directly  obtained  from  the  analysis  of  the  exit  ellipsoidal  polarization. 
Accordingly,  (1)  using  a  homogeneously  oriented  liquid  crystal  panel,  the  wavelength  dispersion  of  the  retar- 
dation  value  was  determined  (being  not  twisted  at  this  time,  there  is  no  rotary  dispersion,  so  that  it  may  be 
possible  to  measure  same  as  in  the  phase  difference  plate),  and  (2)  determining  the  rotary  dispersion  on  the 

5  STN  liquid  crystal  panel,  the  wavelength  dispersion  of  the  STN  liquid  crystal  panel  was  approximately  obtained 
as  the  composition  of  (1)  and  (2).  However,  the  measurement  of  (2)  was  achieved  by  entering  the  linear  po- 
larization  of  monochromatic  light  parallel  to  the  liquid  crystal  molecular  orientation  direction  (that  is,  S-axis)  of 
the  input  side  substrate  of  the  STN  liquid  crystal  panel,  and  obtaining  the  azimuth  angle  of  the  exit  ellipsoidal 
polarization  at  this  time  as  the  angle  of  rotation. 

10  Actually,  by  applying  OFF  voltage  and  ON  voltage  to  the  STN  liquid  crystal  panel,  the  wavelength  disper- 
sion  was  obtained.  The  result  is  shown  in  Fig.  18.  The  STN  liquid  crystal  panel  appears  to  be  colored  because 
the  exit  light  before  entering  the  analyzer  is  an  ellipsoidal  polarization  differing  in  the  azimuth  angle  in  each 
wavelength  due  to  the  characteristic  shown  in  Fig.  18.  Therefore,  to  eliminate  this  coloration,  the  phase  dif- 
ference  may  be  decreased  to  return  to  linear  polarization,  or  an  ellipsoidal  polarization  aligned  in  the  azimuth 

15  angle  may  be  formed. 
As  shown  in  Fig.  17,  the  F-axis  and  S-axis  of  the  STN  liquid  crystal  panel  are  individually  provided  on  the 

upper  and  lower  substrates,  and  when  the  phase  difference  plates  are  disposed  so  as  to  cancel  the  phase 
difference,  it  means  that  the  phase  difference  plates  are  disposed  so  that  the  F-axis  or  S-axis  may  be  ortho- 
gonal  to  the  front  side  and  back  side  across  the  STN  liquid  crystal  panel.  In  other  words,  the  angles  and  92 

20  defined  in  Fig.  2  showing  a  plane  view  of  an  embodiment  of  the  invention  are  set  at  90  degrees,  and  at  this 
time,  when  the  retardation  is  equalized  between  the  first  phase  difference  plate  and  the  second  phase  differ- 
ence  plate,  the  formula  Re2  =  2Re1cos9  induced  from  Fig.  13  may  be  employed,  and  the  optical  design  may 
be  planned  easily,  and  the  production  efficiency  may  be  enhanced  at  the  same  time. 

Incidentally,  as  for  the  phase  decreasing  action,  it  is  not  necessarily  required  to  disposed  orthogonally, 
25  and  the  cancelling  effect  will  be  obtained  if  the  intersection  angle  is  over  45  degrees.  In  this  invention,  however, 

for  the  ease  of  optical  design  by  disposing  the  first  and  second  phase  difference  plates  symmetrically  with 
respect  to  the  STN  liquid  crystal  panel,  the  relation  of  +  92  =  180  degrees  is  defined. 

Meanwhile,  the  state  of  the  exit  light  in  order  to  obtain  black/white  display  should  be,  ideally,  so  that  the 
phase  difference  be  0  or  rrm  (m  being  an  integer)  in  OFF  state  (when  non-selective  waveform  is  applied),  and 

30  that  the  phase  difference  be  (2m-1  )  x  nil  (m  being  an  integer)  in  ON  state  (when  selective  waveform  is  applied). 
The  exit  light  is  a  linear  polarization  when  the  phase  difference  is  0  or  rrm,  and  the  phase  difference  plate  shows 
the  ellipsoidal  polarization  at  the  maximum  ellipticity  when  the  phase  difference  is  (2m-1)  x  nil.  The  waveform 
dispersion  in  such  ideal  state  becomes  as  shown  in  Fig.  19. 

Therefore,  by  combining  the  wavelength  dispersion  of  the  STN  liquid  crystal  panel  (Fig.  18)  and  the  wa- 
35  veform  dispersion  of  the  phase  difference  plate  (Fig.  16),  a  perfect  black/white  display  will  be  obtained  when 

matched  with  the  ideal  waveform  dispersion  shown  in  Fig.  19. 
The  wavelength  dispersion  of  the  exit  light  when  the  invention  is  executed  is  shown  in  Fig.  20,  in  which  it 

is  known  that  the  wavelength  dispersion  is  closer  to  the  profile  in  Fig.  19  when  the  phase  decreasing  action 
between  the  phase  difference  plate  and  STN  liquid  crystal  panel  is  done  twice  (curves  2,  4),  than  when  done 

40  only  once  (curves  1,3).  Thus,  the  wavelength  dispersion  is  closer  to  the  ideal  profile  when  the  phase  difference 
plates  are  disposed  before  and  behind  the  STN  liquid  crystal  panel,  which  is  a  characteristic  of  the  invention, 
than  when  disposed  at  one  side.  As  a  result,  compensating  the  phase  difference  in  the  whole  wavelength  re- 
gion,  the  azimuth  angles  of  the  exit  ellipsoidal  polarization  are  aligned,  and  therefore  by  optimizing  the  setting 
of  the  detectors,  colorless  display  and  high  contrast  may  be  achieved  at  the  same  time.  (Practical  examples 

45  are  Fig.  3  and  Fig.  4  which  show  the  exit  ellipsoidal  polarization  state  of  Embodiment  1  described  later.) 
It  is  moreover  possible  to  approximate  the  wavelength  dispersion  to  a  more  ideal  wavelength  dispersion 

by  laminating  a  plurality  of  phase  difference  plates  disposed  on  the  front  side  and  back  side  of  the  STN  liquid 
crystal  panel.  In  this  case  of  lamination  of  a  plurality  of  plates,  needless  to  say,  the  optimizing  technique  stated 
above  is  effective. 

so  A  practical  embodiment  of  the  invention  is  described  below  while  referring  to  Fig.  1  and  Fig.  2. 
Fig.  1  is  an  explanatory  drawing  showing  the  structure  of  an  embodiment  of  the  invention  described  below, 

in  which  numeral  1  is  an  upper  polarizer  plate,  2  is  a  first  phase  difference  plate,  3  is  an  STN  liquid  crystal 
panel,  4  is  a  second  phase  difference  plate,  and  5  is  a  lower  polarizer  plate.  The  upper  polarizer  plate  1  is  made 
of  a  polarizer  plate  of  neutral  grey  type  with  the  independent  transmittance  of  42%  and  degree  of  polarization 

55  of  99.99%,  the  first  phase  difference  plate  2  is  made  of  a  uniaxial  polymer  film  (polycarbonate)  in  a  thickness 
of  50  nm  with  the  retardation  value  of  330  to  420  nm,  and  the  STN  liquid  crystal  panel  3  is  a  panel  in  which 
LC  material  containing  a  lavorotatory  chiral  dopant  is  injected,  being  set  at  twist  angle  of  210  degrees  and  240 
degrees  and  d-An  (d  is  the  liquid  crystal  layer  thickness,  An  is  the  refractive  anisotropy)  =  0.82  to  0.92  ^m. 
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The  second  phase  difference  plate  4  was  made  of  the  material  having  the  same  retardation  as  the  first  phase 
difference  plate  2  disposed  at  the  front  side,  and  the  lower  polarizer  plate  5  was  made  of  the  same  material 
as  the  upper  polarizer  plate  1,  and  these  layers  were  laminated  to  compose  a  transmissive  type  liquid  crystal 
display  device. 

5  The  configuration  of  lamination  of  these  constituent  members  is  explained  by  referring  to  Fig.  2.  Of  the 
arrows  shown  in  Fig.  2,  P1  denotes  the  liquid  crystal  molecular  orientation  axis  of  the  upper  substrate  com- 
posing  the  STN  liquid  crystal  panel,  P2  is  the  liquid  crystal  molecular  orientation  axis  of  the  lower  substrate, 
P3  is  the  absorption  axis  of  the  upper  polarizer  plate  1  ,  P4  is  the  absorption  axis  of  the  lower  polarizer  plate 
5,  P5  is  the  optical  axis  (S-axis)  of  the  first  phase  difference  plate  2,  P6  is  the  optical  axis  (S-axis)  of  the  second 

10  phase  difference  plate  4,  is  the  angle  formed  by  the  liquid  crystal  molecular  orientation  axis  P1  (S-axis)  of 
the  upper  substrate  and  the  optical  axis  P5  of  the  first  phase  difference  plate,  92  is  the  angle  formed  by  the 
liquid  crystal  molecular  orientation  axis  P2  (S-axis)  of  the  lower  substrate  and  the  optical  axis  P6  of  the  second 
phase  difference  plate,  a  is  the  angle  formed  by  the  liquid  crystal  molecular  orientation  axis  P2  of  the  lower 
substrate  and  the  absorption  axis  P4  of  the  lower  polarizer  plate,  p  is  the  angle  formed  by  the  liquid  crystal 

15  molecular  orientation  axis  P1  of  the  upper  substrate  and  the  absorption  axis  P3  of  the  upper  polarizer  plate, 
and  <|>  is  the  liquid  crystal  twist  angle.  In  this  invention,  since  the  first  phase  difference  plate  2  and  the  second 
phase  difference  plate  4  are  symmetrically  disposed,  the  condition  of  +  92  =  180°  (constant)  is  defined. 

Embodiment  1 
20 

Using  an  STN  liquid  crystal  panel  with  a  twist  angle  of  240°  degrees  and  a  retardation  value  of  0.92  nm, 
the  spectral  transmittance  was  measured,  and  a  spectral  transmittance  curve  such  as  shown  in  Fig.  12  was 
obtained.  From  the  wavelength  X  for  giving  the  maximum  value  of  the  transmitted  light  of  this  spectral  trans- 
mittance  curve,  the  effective  retardation  value  of  the  STN  liquid  crystal  panel  was  found  to  be  Re  (panel)  = 

25  500  nm. 
From  Fig.  11  ,  the  retardation  value  Re1  =  (400)  nm  of  the  phase  difference  plate  corresponding  to  the  re- 

tardation  value  of  this  STN  liquid  crystal  panel  was  selected,  and  further  from  Re2  =  Re  (panel)  x  3/2  (n=1  or 
2)  and  Re2  =  2Relcos  9,  9  =  19°(n=1),  62°(n=2)  were  obtained. 

Considering  these  results,  as  the  first  and  second  phase  difference  plates  2,  4,  those  having  the  retarda- 
30  tion  value  of  Rel  =  400  nm  were  used,  and  the  constituent  members  were  set  and  disposed  at  =  80°,  92  = 

1  00°,  a  =  40°,  and  p  =  50°.  In  Embodiments  2  to  5,  the  constituent  members  are  set  and  disposed  in  the  same 
basic  manner. 

Fig.  3  shows  the  exit  polarization  state  of  light  passing  through  the  first  phase  difference  plate  2  in  OFF 
state,  and  Fig.  4  shows  the  exit  polarization  state  of  light  passing  through  the  first  phase  difference  plate  2  in 

35  ON  state. 
In  Fig.  3,  numeral  31  denotes  the  light  at  wavelength  of  X  =  450  nm,  32  is  the  light  at  wavelength  of  X  = 

550  nm,  and  33  is  the  light  at  wavelength  of  X  =  650  nm,  and  the  directions  of  the  principal  axis  of  the  ellipsoidal 
polarization  nearly  coincide  with  the  absorption  axis  P3  of  the  upper  polarizer  plate  1  (black  state).  In  Fig.  4, 
numerals  41  ,  42,  43  are  the  lights  at  wavelength  of  X  =  450,  550,  650  nm,  same  as  in  Fig.  3,  in  the  ellipsoidal 

40  polarization  state,  and  the  principal  axis  is  formed  in  the  direction  orthogonal  to  the  absorption  axis  P3,  and  a 
high  transmittance  is  obtained  (white  state). 

As  a  result  of  evaluation  in  the  driving  condition  of  1/200D,  1/13B,  the  OFF  transmittance  was  0.2%  and 
the  ON  transmittance  was  24.1%,  and  a  contrast  ratio  of  120:1  was  obtained. 

45  Embodiment  2 

As  the  first  and  second  phase  difference  plates  2,  4,  those  having  the  retardation  value  of  385  nm  were 
used,  and  the  STN  liquid  crystal  panel  3  with  d-An  of  0.86  nm  and  twist  angle  of  240  degrees  was  used.  The 
constituent  members  were  set  and  disposed  at  =  75°,  92  =  105°,  a  =  45°,  p  =  45°. 

so  Fig.  5  shows  the  exit  polarization  state  of  light  passing  through  the  first  phase  difference  plate  2  in  OFF 
state,  and  Fig.  6  shows  the  exit  polarization  state  of  light  passing  through  the  first  phase  difference  plate  2  in 
ON  state. 

In  Fig.  5,  numeral  51  denotes  the  light  at  wavelength  of  X  =  450  nm,  52  is  the  light  at  wavelength  of  X  = 
550  nm,  and  53  is  the  light  at  wavelength  of  X  =  650  nm,  and  the  directions  of  the  principal  axis  of  the  ellipsoidal 

55  polarization  nearly  coincide  with  the  absorption  axis  P3  of  the  upper  polarizer  plate  1  (black  state).  In  Fig.  6, 
numerals  61  ,  62,  63  are  the  light  at  wavelengths  of  X  =  450,  550,  650  nm,  same  as  in  Fig.  5,  in  the  ellipsoidal 
polarization  state,  and  the  principal  axis  is  formed  nearly  in  the  direction  orthogonal  to  the  absorption  axis  P3, 
and  since  the  ellipticity  is  large  a  high  transmittance  in  colorless  display  is  achieved  (white  state).  The  spectral 
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characteristic  diagram  of  this  exit  light  is  shown  in  Fig.  7,  in  which  numeral  71  denotes  the  ON  state,  72  shows 
the  no  voltage  applied  state,  and  73  is  the  OFF  state.  Fig.  7  expresses  the  high  transmittance  in  ON  state,  low 
transmittance  in  OFF  state,  and  flat  spectral  characteristic. 

According  to  the  result  of  evaluation  in  the  driving  condition  of  1/200D,  1/13B,  the  OFF  transmittance  of 
5  0.5%,  the  ON  transmittance  of  18.6%,  and  the  contrast  ratio  of  37:1  were  obtained. 

Embodiment  3 

As  the  first  and  second  phase  difference  plates  2,  4,  those  having  the  retardation  value  of  350  nm  were 
10  used,  and  the  STN  liquid  crystal  panel  3  with  d-An  of  0.82  nm  and  twist  angle  of  240  degrees  was  used.  The 

constituent  members  were  set  and  disposed  at  =  75°,  92  =  105°,  a  =  45°,  p  =  45°. 
Fig.  8  shows  the  exit  polarization  state  of  light  passing  through  the  first  phase  difference  plate  2  in  OFF 

state,  and  Fig.  9  shows  the  exit  polarization  state  of  light  passing  through  the  first  phase  difference  plate  2  in 
ON  state.  In  Fig.  8,  numeral  81  denotes  the  light  at  wavelength  of  X  =  450  nm,  82  is  the  light  at  wavelength  of 

15  X  =  550  nm,  and  83  is  the  light  at  wavelength  of  X  =  650  nm,  and  the  directions  of  the  principal  axis  of  the  el- 
lipsoidal  polarization  are  nearly  matched  with  the  absorption  axis  P3of  the  upper  polarizer  plate  1  (black  state). 
In  Fig.  9,  numerals  91,  92,  93  denote  the  light  at  wavelength  of  X  =  450,  550,  650  nm,  same  as  81,  82,  83  in 
Fig.  8,  in  the  ellipsoidal  polarization  state,  and  the  principal  axis  is  nearly  close  to  the  direction  orthogonal  to 
the  absorption  axis  P3,  and  a  high  transmittance  in  colorless  display  is  achieved  (white  state). 

20  As  a  result  of  evaluation  in  the  driving  condition  of  1/200D,  1/13B,  a  contrast  ratio  of  24:1  was  obtained  at 
the  OFF  transmittance  of  0.6%,  and  ON  transmittance  of  14.4%. 

Embodiment  4 

25  The  first  and  second  phase  difference  plates  2,  4  were  made  of  those  having  the  retardation  value  of  385 
nm,  and  the  STN  liquid  crystal  panel  3  had  d-An  of  0.91  nm  and  twist  angle  of  210  degrees.  The  constituent 
members  were  set  and  disposed  at  =  90°,  92  =  90°,  a  =  30°,  p  =  60°. 

As  a  result  of  evaluation  in  the  driving  condition  of  1/200D,  1/13B,  a  contrast  ratio  of  24:1  was  obtained  at 
the  OFF  transmittance  of  0.5%  and  ON  transmittance  of  12.1%. 

30 
Embodiment  5 

The  first  and  second  phase  difference  plates  2,  4  were  made  of  those  having  the  retardation  value  of  350 
nm,  and  the  STN  liquid  crystal  panel  3  had  d-An  of  0.83  nm  and  twist  angle  of  210  degrees.  The  constituent 

35  members  were  set  and  disposed  at  =  90°,  92  =  90°,  a  =  30°,  p  =  60°. 
As  a  result  of  evaluation  in  the  driving  condition  of  1/200D,  1/13B,  a  contrast  ratio  of  18:1  was  obtained  at 

the  OFF  transmittance  of  0.6%  and  ON  transmittance  of  11.0%. 
By  way  of  comparison,  the  spectral  characteristic  diagram  of  Embodiment  21  disclosed  in  the  prior  art  pub- 

lished  as  the  Japanese  Laid-open  Patent  64-519  is  shown  in  Fig.  14.  In  this  diagram,  numeral  101  denotes 
40  the  ON  state,  102  shows  the  no  voltage  applied  state,  and  103  is  the  OFF  state.  The  transmittance  is  high  in 

OFF  state,  low  in  ON  state,  and  the  spectral  characteristic  is  not  flat,  and  therefore  favorable  black/white  state 
is  not  obtained.  The  contrast  ratio  was  only  about  4:1  . 

Table  1  compares  the  contrast  ratio  between  the  conventional  liquid  crystal  display  devices  presented  as 
reference  examples  (1)  and  (2),  and  the  embodiments  of  the  liquid  crystal  display  device  of  the  invention. 

45 
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As  shown  in  Embodiments  1  to  5,  in  the  invention,  the  thickness  and  weight  may  be  reduced  as  compared 
with  the  two-layer  type  STN-LCD,  and  the  contrast  ratio  is  also  higher.  When  compared  with  the  conventional 
phase  difference  plate  system  STN  (Embodiment  21  in  the  Japanese  Laid-open  Patent  Specification  64-51  9), 
by  disposing  the  phase  difference  plates  of  the  same  retardation  value  as  in  the  invention  symmetrically  at 

5  the  front  side  and  back  side  (fy  +  92  =  180°),  it  is  known  that  a  sharp  black/white  display  may  be  obtained  at 
a  higher  contrast  ratio.  As  shown  in  embodiments  1  to  5,  in  order  to  obtain  a  sharp  black/white  display  at  high 
ON  transmittance  while  keeping  a  high  contrast  over  the  two-layer  type  STN-LCD,  the  desired  retardation  val- 
ue  of  the  phase  difference  plates  should  be  330  to  500  nm,  or  more  preferably  330  to  420  nm. 

The  invention  may  be  embodied  in  other  specif  ic  forms  without  departing  from  the  essential  characteristics 
10  thereof.  The  present  embodiments  are  therefore  to  be  considered  in  all  respects  as  illustrative  and  not  restric- 

tive,  the  scope  of  the  invention  being  indicated  by  the  appended  claims. 

Claims 
15 

1.  A  liquid  crystal  display  device  comprising  the  following  sequentially  laminated  components: 
a  first  polarizer  plate  (1),  a  first  phase  difference  plate  (2),  an  STN  liquid  crystal  panel  (3),  a  second 

phase  difference  plate  (4),  and  a  second  polarizer  plate  (5), 
characterised  in  that: 

20  the  retardation  values  of  the  first  phase  difference  plate  (2)  and  the  second  phase  difference  plate 
(4)  are  equal  to  each  other  and  lie  in  the  range  330  to  500  nm;  and 

the  first  phase  difference  plate  (2)  and  the  second  phase  difference  plate  (4)  are  symmetrically 
disposed  with  respect  to  the  STN  liquid  crystal  panel  (3),  i.e.  in  the  relation  of©!  +  ©2  =  180°,  where  ®̂  
is  the  angle  formed  by  the  optical  axis  of  the  first  phase  difference  plate  (2)  and  the  liquid  crystal  molecular 

25  orientation  axis  of  the  substrate  adjacent  thereto  of  the  STN  liquid  crystal  panel  (3),  and  ©2  is  the  angle 
formed  by  the  optical  axis  of  the  second  phase  difference  plate  (4)  and  the  liquid  crystal  molecular  ori- 
entation  axis  of  the  substrate  adjacent  thereto  of  the  STN  liquid  crystal  panel  (3). 

2.  A  liquid  crystal  display  device  according  to  claim  1  ,  wherein  the  retardation  values  of  the  first  phase  dif- 
30  ference  plate  (2)  and  the  second  phase  difference  plate  (4)  lie  in  the  range  330  to  420  nm. 

3.  A  liquid  crystal  display  device  according  to  claim  1  or  claim  2,  wherein  both  ®̂  and  ©2  are  greater  than 
45°. 

4.  A  liquid  crystal  display  device  according  to  claim  1  or  claim  2,  wherein  both  ®̂  and  ©2  are  90°. 35 
5.  A  liquid  crystal  display  device  according  to  any  preceding  claim,  wherein  the  first  phase  difference  plate 

(2)  and  the  second  phase  difference  plate  (4)  are  respectively  composed  of  a  single  or  plural  uniaxial  poly- 
mer  film. 

40  6.  A  method  of  arranging  the  liquid  crystal  display  device  defined  by  claim  1,  in  which  device  the  STN  liquid 
crystal  panel  has  a  predetermined  retardation  value  Re(panel),  the  first  and  second  phase  difference 
plates  individually  have  retardation  values  Re1,  the  first  and  second  phase  difference  plates  in  combin- 
ation  have  an  effective  retardation  value  Re2,  and  the  angle  formed  by  the  optical  axes  of  the  first  and 
second  phase  difference  plates  is  ©,  the  method  comprising: 

45  determining  an  approximate  value  of  Re1  for  said  predetermined  value  of  Re(panel),  from  a  pre- 
determined  correlation  between  Re(panel)  and  Re1; 

determining  an  approximate  value  of  Re2  for  said  predetermined  value  of  Re(panel),  from 

nRe2  =  |.Re(panel) 
so  (n  =  1  or  2);  and 

determining  an  approximate  value  of  e  from 
Re2  =  2.Re1.cos©. 

Patentanspruche 

1  .  Flussigkristall-Anzeigevorrichtung  mit  den  folgenden  der  Reihe  nach  aufeinanderlaminierten  Komponen- 

10 
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ten: 
-  einer  ersten  Polarisatorplatte  (1),  einer  ersten  Phasendifferenzplatte  (2),  einer  STN-Flussigkristall- 

tafel  (3),  einer  zweiten  Phasendifferenzplatte  (4)  und  einer  zweiten  Polarisatorplatte  (5); 
dadurch  gekennzeichnet,  daft: 

5  -  die  Verzogerungswerte  der  ersten  Phasendifferenzplatte  (2)  und  der  zweiten  Phasendifferenzplatte 
(4)  einander  gleich  sind  und  im  Bereich  von  330  bis  500  nm  liegen  und 

-  die  erste  Phasendifferenzplatte  (2)  und  die  zweite  Phasendifferenzplatte  (4)  in  bezug  auf  die  STN- 
Flussigkristalltafel  (3)  symmetrisch  angeordnet  sind,  d.h.  mit  der  Beziehung  ®̂   +  ©2  =  180°,  wobei 
©!  der  Winkel  ist,  wie  erzwischen  deroptischen  Achse  der  ersten  Phasendifferenzplatte  (2)  und  der 

10  Ausrichtungsachse  der  Flussigkristallmolekule  an  dem  daran  angrenzenden  Substrat  der  STN-FIGs- 
sigkristalltafel  (3)  gebildetwird,  und  ©2  der  Winkel  ist,  wie  erzwischen  deroptischen  Achse  der  zwei- 
ten  Phasendifferenzplatte  (4)  und  der  Ausrichtungsachse  der  Flussigkristallmolekule  am  daran  an- 
grenzenden  Substrat  der  STN-Flussigkristalltafel  (3)  gebildetwird.; 

15  2.  Flussigkristall-Anzeigevorrichtung  nach  Anspruch  1  ,  bei  der  die  Verzogerungswerte  der  ersten  Phasen- 
differenzplatte  (2)  und  der  zweiten  Phasendifferenzplatte  (4)  im  Bereich  von  330  bis  420  nm  liegen. 

3.  Flussigkristall-Anzeigevorrichtung  nach  Anspruch  1  oder  Anspruch  2,  bei  dersowohl  ®̂   als  auch  ©2  gro- 
lierals  45°  sind. 

20 4.  Flussigkristall-Anzeigevorrichtung  nach  Anspruch  1  oder  Anspruch  2,  bei  der  sowohl  ®̂  als  auch  ©2  90° 
sind. 

5.  5.  Flussigkristall-Anzeigevorrichtung  nach  einem  der  vorstehenden  Anspruche,  bei  der  die  erste  Phasen- 
differenzplatte  (2)  und  die  zweite  Phasendifferenzplatte  (4)  jeweils  aus  einem  einzelnen  uniaxialen  Po- 

25  lymerf  ilm  oder  mehreren  bestehen. 

6.  Verfahren  zum  Anordnen  der  Flussigkristall-Anzeigevorrichtung  nach  Anspruch  1  ,  bei  der  die  STN-Flus- 
sigkristalltafel  uber  einen  vorgegebenen  Verzogerungswert  Re  (Tafel)  verfugt,  die  erste  und  die  zweite 
Phasendifferenzplatte  jeweils  Verzogerungswerte  Re1  aufweisen,  die  erste  und  die  zweite  Phasendif- 

30  ferenzplatte  in  Kombination  einen  Verzogerungs-Effektivwert  Re2  aufweisen,  und  der  zwischen  den  op- 
tischen  Achsen  der  ersten  und  der  zweiten  Phasendifferenzplatte  gebildete  Winkel  ©  ist,  welches  Ver- 
fahren  folgendes  umfalit: 

-  Bestimmen  eines  Naherungswertes  von  Re1  fur  den  vorgegebenen  Wert  fur  Re  (Tafel)  aus  einer  vor- 
gegebenen  Beziehung  zwischen  Re  (Tafel)  und  Re1; 

35  -  Bestimmen  eines  Naherungswertes  von  Re2  fur  den  vorgegebenen  Wert  von  Re  (Tafel)  aus 
nRe2  =  (3/2)  Re  (Tafel) 

(n  =  1  oder  2);  und 
-  Bestimmen  eines  Naherungswertes  fur  ©  aus 

Re2  =  2Re1cos©. 
40 

Revendications 

1.  Dispositif  d'affichage  a  cristaux  liquides  comprenant  les  composants  disposes  en  couches  superposees 
dans  I'ordre  suivant: 

une  premiere  plaque  de  polariseur  (1  ),  une  premiere  plaque  a  dephasage  (2),  un  panneau  a  cristaux 
liquides  STN  (3),  une  seconde  plaque  a  dephasage  (4),  et  une  seconde  plaque  de  polariseur  (5), 

caracterise  en  ce  que: 
les  valeurs  de  retard  de  la  premiere  plaque  a  dephasage  (2)  et  de  la  seconde  plaque  a  dephasage 

(4)  sont  egales  I'une  a  I'autre  et  se  situent  dans  la  plage  de  330  a  500  nm;  et  la  premiere  plaque  a  de- 
phasage  (2)  et  la  seconde  plaque  a  dephasage  (4)  sont  disposees  symetriquement  par  rapport  au  pan- 
neau  a  cristaux  liquides  STN  (3),  a  savoir  suivant  une  relation  ®̂   +  ©2  =  180°,  dans  laquelle  ®̂   est  Tangle 
forme  par  I'axe  optique  de  la  premiere  plaque  a  dephasage  (2)  et  I'axe  d'orientation  moleculaire  des  cris- 
taux  liquides  du  substrat,  adjacent  a  cette  premiere  plaque,  du  panneau  a  cristaux  liquides  STN  (3),  et 
©2  est  Tangle  forme  par  Taxe  optique  de  la  seconde  plaque  a  dephasage  (4)  et  Taxe  d'orientation  mole- 
culaire  des  cristaux  liquides  du  substrat,  adjacent  a  cette  seconde  plaque,  du  panneau  a  cristaux  liquides 
STN  (3). 
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Dispositif  d'affichage  a  cristaux  liquides  selon  la  revendication  1,  dans  lequel  les  valeurs  de  retard  de  la 
premiere  plaque  a  dephasage  (2)  et  de  la  seconde  plaque  a  dephasage  (4)  se  situent  dans  la  plage  de 
330  a  420  nm. 

Dispositif  d'affichage  a  cristaux  liquides  selon  la  revendication  1  ou  la  revendication  2,  dans  lequel  @t  et 
©2  sont  tous  deux  superieurs  a  45°. 

Dispositif  d'affichage  a  cristaux  liquides  selon  la  revendication  1  ou  la  revendication  2,  dans  lequel  @t  et 
©2  sont  tous  deux  egaux  a  90°. 

Dispositif  d'affichage  a  cristaux  liquides  selon  I'une  quelconque  des  revendications  precedentes,  dans 
lequel  la  premiere  plaque  a  dephasage  (2)  et  la  seconde  plaque  a  dephasage  (4)  sont  respectivement 
composees  d'un  film  polymere  uniaxial  unique  ou  multiple. 

Procede  de  disposition  du  dispositif  d'affichage  a  cristaux  liquides  def  ini  par  la  revendication  1  ,  dispositif 
dans  lequel  le  panneau  a  cristaux  liquides  STN  presente  une  valeur  de  retard  Re(panneau)  predetermi- 
nee,  les  premiere  et  seconde  plaques  a  dephasage  presentent  individuellement  des  valeurs  de  retard  Re1, 
les  premiere  et  seconde  plaques  a  dephasage  presentent,  en  combinaison,  une  valeur  de  retard  effective 
Re2,  et  Tangle  forme  par  les  axes  optiques  des  premiere  et  seconde  plaques  a  dephasage  est  egal  a  ©, 
le  procede  consistant: 

a  determiner  une  valeur  approximative  de  Re1  pour  ladite  valeur  predeterminee  de  Re(panneau), 
a  partird'une  correlation  predeterminee  entre  Re(panneau)  et  Re1; 

a  determiner  une  valeur  approximative  de  Re2  pour  ladite  valeur  predeterminee  de  Re(panneau), 
a  partir  de: 

nRe2  =  3/2  .  Re(panneau) 
(n=1  ou  2);  et 

a  determiner  une  valeur  approximative  de  ©  a  partir  de: 
Re2  =  2  .  Re1  .  cos  ©. 

12 
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