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(57)  An  active  matrix  light  modulator,  such  as  a 
thresholdless  antiferroelectric  active  matrix  liquid  crystal 
display,  comprises  an  active  matrix  of  control  elements 
18  disposed  at  intersections  of  data  lines  22  and  scan 
lines  20,  and  an  array  10  of  pixels  which  are  selectively 
addressable  by  data  and  scan  signals  applied  to  the 
control  elements  1  8  by  a  data  driver  1  2  and  a  scan  driver 
14.  Such  addressing  is  controlled  so  that  a  voltage  is 
applied  to  each  pixel  during  a  corresponding  addressing 
frame  by  the  application  of  data  and  scan  signals  to  an 
associated  one  of  the  control  elements  18  in  order  to 
select  the  optical  level  of  the  pixel  for  each  frame,  and 
bipolar  switching  is  applied  to  control  the  voltage  applied 
to  the  pixel  during  successive  subframes  such  that, 
when  one  optical  level  is  selected  for  the  frame,  a  pos- 
itive  voltage  is  applied  to  the  pixel  during  one  subframe 
of  the  frame  and  a  negative  voltage  of  equal  magnitude 
but  opposite  polarity  is  applied  to  the  pixel  during  anoth- 
er  subframe  of  the  frame  and,  when  another  optical  level 
is  selected  for  the  frame,  an  intermediate  voltage  (pref- 
erably  zero  voltage)  is  applied  to  the  pixel  during  both 
of  the  subframes  of  the  frame,  so  as  to  provide  DC  bal- 
ancing  within  the  frame.  The  required  grey  level  within 
each  frame  is  accurately  reproduced  and  is  substantially 
independent  of  the  previous  state  of  the  pixel.  The  use 
of  such  modulators  to  reduce  the  effects  of  asymmetri- 
cal  optical  performance  and  colour-sequential  displays 
are  also  disclosed. 
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Description 

This  invention  relates  to  active  matrix  light  modula- 
tors  and  is  concerned  more  particularly,  but  not  exclu- 
sively,  with  active  matrix  liquid  crystal  devices,  such  as  s 
antiferroelectric  liquid  crystal  displays  (AFLCD's),  in 
which  accurately  reproducible  grey  levels  can  be  ob- 
tained.  The  invention  also  relates  to  use  of  an  active  ma- 
trix  light  modulator  and  to  a  display. 

It  should  be  understood  that  the  term  "light  modu-  10 
lators"  is  used  in  this  specification  to  encompass  both 
light  transmissive  modulators,  such  as  diff  ractive  spatial 
modulators,  and  light  emissive  modulators,  such  as  con- 
ventional  liquid  crystal  displays. 

AFLCD's  and  related  liquid  crystal  devices  exhibit  15 
field  tunable,  in-plane  switching  behaviour  which  is  ca- 
pable  of  being  exploited  to  provide  greyscale  and  wide 
viewing  angle  in  both  passively  driven  and  active  matrix 
driven  devices.  Such  liquid  crystal  devices  have  the 
property  that,  when  the  liquid  crystal  director  switches  20 
to  a  different  state  in  response  to  an  applied  transverse 
DC  voltage,  the  director  remains  substantially  parallel 
to  the  boundary  plates  for  all  applied  switching  voltages. 
Typically,  in  a  transmissive  device,  the  liquid  crystal  cell 
is  disposed  between  crossed  polarisers  arranged  such  25 
that  the  maximum  dark  state  of  the  device  is  obtained 
at  an  applied  voltage  of  zero  volts.  Such  an  arrangement 
typically  corresponds  to  the  case  in  which  the  alignment 
directions  of  the  boundary  surfaces  are  substantially 
parallel  to  one  another  and  to  the  transmission  axis  of  30 
one  of  the  two  polarisers.  On  application  of  a  DC  voltage 
of  either  polarity  to  the  cell,  the  optic  axis  of  the  liquid 
crystal  material  is  rotated  so  that  it  is  no  longer  parallel 
to  the  transmission  axis  of  either  polariser,  and  the  light 
transmission  of  the  device  is  increased.  35 

Alternatively  the  liquid  crystal  cell  may  be  arranged 
between  two  polarisers  arranged  with  their  axes  parallel 
to  one  another  such  that  the  bright  state  is  obtained 
when  a  voltage  of  zero  volts  is  applied.  On  applying  a 
DC  voltage  of  either  polarity  to  the  cell,  the  device  is  40 
switched  to  a  darker  state.  However  a  switching  angle 
of  45  degrees  is  required  in  order  to  obtain  a  maximum 
dark  state.  Accordingly  it  is  possible  for  two  such  cells 
to  be  arranged  in  series  between  two  polarisers  having 
parallel  axes  such  that  the  device  as  a  whole  is  in  the  45 
bright  state  when  a  voltage  of  zero  volts  is  applied  to 
each  cell,  and  such  that,  when  voltages  of  opposite  po- 
larities  are  applied  to  the  cells,  the  optic  axes  of  the  cells 
are  rotated  in  opposite  directions  such  that  the  light 
transmission  of  the  combined  device  decreases.  When  so 
the  angle  between  the  two  optic  axes  reaches  45  de- 
grees,  the  device  is  in  its  maximum  dark  state,  so  that 
each  cell  is  required  to  switch  through  an  angle  of  only 
22.5  degrees  to  reach  the  maximum  dark  state.  An 
equivalent  reflective  device  utilising  a  single  polariser  55 
can  be  formed  utilising  a  single  liquid  crystal  cell  and  a 
quarter  wave  plate  disposed  between  the  cell  and  a  re- 
flective  surface  such  that,  in  the  zero  voltage  state,  the 

optic  axis  of  the  cell  is  parallel  to  the  polariser  axis  and 
the  axis  of  the  quarter  wave  plate,  and  the  maximum 
dark  state  is  reached  when  the  cell  is  switched  to  +/- 
22.5  degrees. 

Such  devices  may  be  fabricated  from  antiferroelec- 
tric  liquid  crystal  (AFLC)  materials,  or  alternatively  from 
materials  exhibiting  the  deformed  helix  ferroelectric 
(DHF)  effect,  the  short  pitch  bistable  ferroelectric  (SBF) 
effect  or  the  electroclinic  (EC)  effect. 

As  disclosed  by  Y.  Yamada,  N.  Yamamoto,  M. 
Yamawaki,  I.  Kawamuraand  Y.  Suzuki,  Proc.  Japan  Dis- 
play  1992,  p.  57,  in  relation  to  a  passive  AFLCD  driving 
scheme,  it  is  possible  to  avoid  ghosting  due  to  ionic  build 
up  in  idealised  surface  stabilised  AFLC's  by  means  of  a 
passive  addressing  arrangement  in  which  the  pixels  are 
switched  between  equal  and  opposite  ferroelectric 
states  +F  or  -F  by  the  application  of  positive  and  nega- 
tive  voltages  during  successive  addressing  frames.  A 
sharp  voltage  threshold  must  be  overcome  to  switch  the 
AFLC  into  either  of  these  states,  and  voltages  with  mag- 
nitudes  typically  between  20  and  40  volts  are  required 
to  fully  switch  the  material  into  the  required  state.  On 
removal  of  the  applied  voltage,  the  liquid  crystal  material 
relaxes  to  the  more  stable  antiferroelectric  (AF)  state  by 
way  of  the  corresponding  hysteresis  curve,  as  shown  in 
the  graph  of  Figure  1a  which  shows  ideal  (symmetrical) 
voltage-transmission  characteristics  of  an  AFLC  on 
switching  to  and  from  each  of  the  ferroelectric  states, 
where  the  transmission  is  denoted  by  x  and  the  applied 
voltage  is  denoted  by  V.  Accordingly  a  holding  voltage 
must  be  continuously  applied  to  the  AFLC  in  order  to 
maintain  the  device  in  one  of  the  ferroelectric  states  +F 
or  -F.  If  a  voltage  less  than  that  required  to  give  full 
switching  is  applied,  an  intermediate  grey  level  is  ob- 
tained  and,  on  removal  of  the  voltage,  the  device  relaxes 
to  the  AF  state  by  way  of  the  corresponding  shallower 
hysteresis  curve  shown  in  broken  lines  in  Figure  1a.  As 
the  F  to  AF  relaxation  can  be  quite  slow,  a  reset  period 
is  usually  required  before  the  next  frame  is  addressed 
in  order  to  ensure  that  the  transmission  level  in  the  next 
frame  is  not  affected  by  the  transmission  level  of  the  pre- 
vious  frame.  Figure  1b  shows  typical  (asymmetrical) 
voltage-transmission  characteristics  of  an  AFLC  on 
switching  to  and  from  each  of  the  ferroelectric  states, 
from  which  it  will  be  seen  that  the  light  transmission 
characteristics  of  the  ferroelectric  states  are  generally 
different  in  a  typical  AFLC. 

As  is  well  known,  a  passive  addressing  scheme  for 
a  liquid  crystal  display  commonly  uses  row  and  column 
electrodes  which  intersect  one  another  at  the  pixels  of 
the  display,  and  a  data  driver  for  supplying  display  data 
to  the  column  electrodes  in  synchronism  with  scan  puls- 
es  supplied  to  the  row  electrodes  by  a  scan  driver  in  a 
cyclically  repeating  sequence  so  that  the  rows  of  pixels 
are  refreshed  one  at  a  time  until  all  of  the  rows  have 
been  refreshed  to  complete  refreshing  of  a  frame  of  dis- 
play  data.  The  process  is  then  repeated  for  the  next 
frame  of  data.  Figure  2a  shows  a  suitable  scan  wave- 
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form  for  addressing  the  passively  addressed  AFLCD  as 
described  above  in  which  the  polarity  of  the  applied  volt- 
age  is  reversed  from  frame  to  frame.  Such  a  waveform 
comprises,  during  each  addressing  frame,  a  select 
(strobe)  period  1  ,  a  non-select  (holding  voltage)  period 
2  and  a  reset  period  3.  The  polarity  of  these  periods  is 
reversed  from  frame  to  frame  in  order  to  maintain  the 
net  DC  balance  of  the  pixels  along  the  rows,  and  Figure 
2a  shows  the  waveforms  of  scan  pulses  applied  during 
two  successive  frames  of  such  a  passive  addressing 
scheme.  Furthermore  DC  balanced  data  pulses  are  ap- 
plied  to  the  column  electrodes  which,  when  combined 
with  the  select  (strobe)  period  1  of  the  scan  pulses  ap- 
plied  to  the  row  electrodes,  determine  the  optical  state 
(F,  AF  or  intermediate)  of  the  pixel  during  the  non-select 
(holding  voltage)  period  2.  Figure  2b  shows  typical  DC 
balanced  bipolar  data  pulses  which  may  be  applied  to 
the  column  electrodes  in  such  a  passive  addressing 
scheme  corresponding  respectively  to  an  ON  signal  and 
an  OFF  signal  for  selection  of  the  F  state  or  the  AF  state 
in  the  select  period  1  of  the  positive  polarity  pulse  of  Fig- 
ure  2a,  and  an  ON  signal  an  OFF  signal  for  selection  of 
the  F  state  or  the  AF  state  in  the  select  period  1  of  the 
negative  polarity  pulse  of  Figure  2a.  Since  the  data  puls- 
es  (but  not  the  resultant  pulses  obtained  by  combination 
of  the  data  and  strobe  pulses)  are  DC  balanced  during 
one  line  address  time  in  such  a  passive  addressing 
scheme,  this  results  in  application  of  a  high  frequency 
to  the  display  at  all  times  and  leads  to  high  power  con- 
sumption. 

M.  Yamawaki,  Y.  Yamada,  N.  Yamamoto,  K.  Mori, 
H.  Hayashi,  Y.  Suzuki,  YS.  Negi,  T.  Hagiwara,  I.  Kawa- 
mura,  H.  Orihara  and  Y.  Ishibashi,  Japan  Display  1  989, 
p.  26-9  discloses  a  passive  addressing  scheme  for  an 
AFLCD  in  which  two  addressing  frames  of  opposite  po- 
larity  are  used  for  one  display  picture  in  order  to  effect 
DC  balancing.  As  in  the  previously  described  passive 
addressing  scheme,  the  scan  waveform  comprises,  dur- 
ing  each  addressing  frame,  a  select  (strobe)  period  and 
a  non-select  (holding  voltage)  period.  During  the  select 
period,  an  ON  data  signal  or  an  OFF  data  signal  selects 
the  F  state  or  the  AF  state  of  a  pixel  as  the  case  may 
be,  this  state  being  maintained  by  the  application  of  the 
holding  voltage  within  the  following  non-select  period. 
In  the  subsequent  frame,  the  polarity  of  the  periods  is 
reversed  in  such  a  manner  that  the  pixel  is  switched  to 
the  opposite  F  state  where  an  ON  signal  is  applied  or  is 
maintained  in  the  AF  state  where  an  OFF  signal  is  ap- 
plied.  In  this  manner,  the  transmission  level  is  kept  the 
same  in  the  two  addressing  frames  of  opposite  polarity 
used  to  display  a  single  picture  whilst  providing  DC  bal- 
ancing.  However,  as  in  the  passive  addressing  scheme 
already  described,  a  holding  voltage  must  be  applied  in 
order  to  maintain  the  device  in  one  of  the  ferroelectric 
states  with  consequent  implications  for  power  consump- 
tion.  Furthermore,  since  conventional  AFLC's  with  suit- 
able  switching  thresholds  require  a  voltage  in  the  range 
of  between  20  to  40  volts  to  switch,  relatively  high  volt- 

ages  are  necessary  in  such  a  passive  addressing 
scheme.  There  is  no  disclosure  in  this  reference  of  grey- 
scale. 

S.  Quentel,  C.  Rodrigo,  J.M.  Oton,  Journal  of  the 
5  SID,  4/1,  1996,  p.  19  discloses  an  AFLCD  passive  ad- 

dressing  scheme  using  scan  waveforms  as  shown  in 
Figure  2a  combined  with  unipolar  data  pulses.  Since  the 
polarity  of  the  scan  waveform  is  reversed  from  frame  to 
frame,  the  polarity  of  the  data  pulses  is  also  changed 

10  from  frame  to  frame.  However,  since  different  data  is  ap- 
plied  in  each  frame,  the  device  is  only  statistically  DC 
balanced,  and  it  is  still  possible  for  a  net  DC  voltage  to 
be  applied  to  some  pixels  for  long  periods  such  that  any 
ionic  build-up  in  these  periods  results  in  certain  grey  lev- 

's  els  being  unobtainable.  A  further  disadvantage  of  this 
addressing  scheme  is  that  the  AFLCD  must  be  arranged 
between  crossed  polarisers  in  order  to  optimise  the 
symmetry  of  the  switching  so  that  positive  and  negative 
voltages  of  the  same  amplitude  result  in  similar  light 

20  transmission  levels,  and  it  is  not  possible  to  ensure  that 
such  symmetry  is  obtained  for  all  voltages  as  asymme- 
try  is  a  function  of  voltage.  For  example,  if  the  device  is 
set  to  give  equivalent  maximum  bright  states,  the  max- 
imum  dark  state  will  not  be  obtained  at  zero  volts. 

25  European  Patent  Publication  No.  0552045A1  dis- 
closes  a  thresholdless  AFLC  device  in  which  grey  levels 
within  each  frame  are  selected  using  a  monopolar  volt- 
age.  The  polarity  of  the  monopolar  voltage  changes 
from  frame  to  frame.  This  addressing  scheme  only  pro- 

30  vides  statistical  DC  balancing  as  described  above.  Also, 
the  asymmetry  described  above  is  not  averaged  and 
leads  to  optical  modulation  at  half  the  frame  frequency 
when  the  device  is  viewed  off-axis. 

European  Patent  Publication  No.  05861  55A2  dis- 
ss  closes  an  active  matrix  addressing  circuit  for  a  liquid 

crystal  display  in  which  each  pixel  includes  a  thin  film 
transistor  (TFT)  switching  element  and  a  pixel  capaci- 
tance.  The  gate  terminal  of  the  switching  element  is  con- 
nected  to  the  scan  electrode  such  that,  when  an  appro- 

40  priate  scan  pulse  is  applied  to  the  scan  electrode,  the 
switching  element  is  turned  on  in  order  to  transfer  a  data 
pulse  applied  to  the  data  electrode  to  the  pixel  capaci- 
tance.  In  this  way,  an  image  is  displayed  based  on  the 
applied  data  and  the  image  is  maintained  even  after  the 

45  switching  element  is  turned  off  due  to  the  maintenance 
of  charge  by  the  pixel  capacitance  under  the  effect  of 
the  applied  electric  field.  However,  such  an  active  matrix 
addressing  scheme  is  not  capable  of  providing  accu- 
rately  reproducible  grey  levels  when  used  with  conven- 

so  tional  ferroelectric  liquid  crystal  materials.  Furthermore, 
such  an  addressing  scheme  is  not  suitable  for  address- 
ing  a  conventional  AFLC  material  since  such  materials 
require  20-40  volts  to  switch  and  TFT  switching  ele- 
ments  can  operate  at  only  up  to  about  20  volts  (and  pref- 

55  erably  operate  at  substantially  less  than  20  volts). 
British  Patent  Publication  No.  2  312  773  and  Euro- 

pean  Patent  Publication  No.  0  807  918  disclose  a  poly- 
crystalline  silicon  active  matrix  addressing  circuit  in 
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which  each  pixel  includes:  a  TFT  switching  element  hav- 
ing  a  data  input  for  receiving  data  pulses  from  the  data 
electrode  and  a  scan  input  connected  to  the  scan  elec- 
trode;  a  storage  capacitor  connected  to  the  output  of  the 
switching  element;  and  a  buffer  amplifier  connected  be- 
tween  the  output  of  the  switching  element  and  the  pixel. 
Such  a  circuit  allows  substantially  constant  voltage  ad- 
dressing  of  the  display  so  that,  during  each  frame,  a  con- 
tinuous  voltage  of  one  or  other  polarity  is  applied  to  each 
pixel,  thus  reducing  the  power  requirement  of  the  dis- 
play.  However,  as  with  the  previous  reference,  such  an 
active  matrix  addressing  scheme  is  not  suitable  for  an 
AFLC  material. 

Direct  view  AFLC,  SBF  and  DHF  devices  when 
viewed  off-axis  may  produce  flicker  which  is  perceivable 
to  some  viewers.  Even  in  the  case  of  devices  which  ap- 
pear  symmetrical  when  viewed  on-axis,  there  exist 
some  off-axis  positions  for  which  the  brightness  is  not 
symmetrical,  i.e.  the  brightness  is  not  equivalent  for 
equal  but  oppositely  switched  states.  In  such  viewing 
regions,  an  optical  modulation  at  half  the  frame  frequen- 
cy  may  be  perceived  by  some  viewers. 

It  is  an  object  of  the  invention  to  provide  an  active 
matrix  light  modulator,  such  as  an  AFLCD  for  example, 
which  allows  repeatable  grey  levels  to  be  obtained  and 
addressing  asymmetry,  where  present,  to  be  substan- 
tially  eliminated. 

The  term  "asymmetric  optical  performance"  as  used 
herein  means  a  first  optical  performance  (such  as  light 
emissivity,  transmissivity  or  reflectivity)  which  occurs  in 
response  to  an  applied  voltage  of  a  predetermined  value 
and  a  first  polarity  and  which  differs  from  a  second  op- 
tical  property  of  the  same  type  resulting  from  an  applied 
voltage  of  the  same  predetermined  value  but  of  opposite 
polarity. 

According  to  a  first  aspect  of  the  invention,  there  is 
provided  use  of  an  active  matrix  light  modulator  for  re- 
ducing  the  effects  of  asymmetrical  optical  performance, 
the  active  matrix  light  modulator  comprising:  a  plurality 
of  data  lines;  a  plurality  of  scan  lines;  an  active  matrix 
of  control  elements  disposed  at  intersections  of  the  data 
lines  and  the  scan  lines;  an  array  of  pixels  which  are 
selectively  addressable  by  data  and  scan  signals  ap- 
plied  to  the  control  elements  by  way  of  the  data  and  scan 
lines  so  as  to  be  set  to  a  first  optical  transmission  state 
in  response  to  a  positive  applied  voltage  of  a  particular 
magnitude,  a  second  optical  state  in  response  to  an  in- 
termediate  applied  voltage  and  a  third  optical  state  in 
response  to  a  negative  applied  voltage  of  equal  magni- 
tude,  but  opposite  polarity,  to  said  positive  applied  volt- 
age;  addressing  means  for  addressing  each  pixel  during 
a  corresponding  addressing  frame  by  the  application  of 
data  and  scan  signals  to  an  associated  one  of  the  control 
elements  in  order  to  select  the  optical  level  of  the  pixel 
for  each  frame;  and  voltage  inversion  means  for  control- 
ling  the  voltage  applied  to  each  pixel  during  successive 
subframes  of  each  frame  such  that,  when  one  optical 
level  is  selected  for  the  frame,  said  positive  voltage  is 

applied  to  the  pixel  during  one  subframe  of  the  frame 
and  said  negative  voltage  is  applied  to  the  pixel  during 
another  subframe  of  the  frame  and,  when  another  opti- 
cal  level  is  selected  for  the  frame,  said  intermediate  volt- 

5  age  is  applied  to  the  pixel  during  both  of  the  subframes 
of  the  frame,  so  as  to  provide  DC  balancing  within  the 
frame. 

According  to  a  second  aspect  of  the  invention,  there 
is  provided  use  of  an  active  matrix  light  modulator  for 

10  reducing  the  effects  of  asymmetrical  optical  perform- 
ance,  the  modulator  comprising  a  plurality  of  pixels,  an 
active  matrix  addressing  arrangement  for  the  pixels,  and 
a  pixel  waveform  generator  for  supplying  each  frame  of 
image  data  as  first  and  second  subframes  such  that  the 

is  waveform  across  each  pixel  during  the  second  sub- 
frame  is  substantially  the  inverse  of  the  waveform 
across  the  pixel  during  the  first  subframe. 

According  to  a  third  aspect  of  the  present  invention, 
there  is  provided  an  active  matrix  light  modulator  com- 

20  prising:  a  plurality  of  data  lines;  a  plurality  of  scan  lines; 
an  active  matrix  of  control  elements  disposed  at  inter- 
sections  of  the  data  lines  and  scan  lines;  an  array  of 
pixels  which  are  selectively  addressable  by  data  and 
scan  signals  applied  to  the  control  elements  by  way  of 

25  the  data  and  scan  lines  so  as  to  be  set  to  a  first  optical 
transmission  state  in  response  to  a  positive  applied  volt- 
age  of  a  particular  magnitude,  a  second  optical  state  in 
response  to  an  intermediate  applied  voltage  and  a  third 
optical  state  in  response  to  a  negative  applied  voltage 

30  of  equal  magnitude,  but  opposite  polarity,  to  said  posi- 
tive  applied  voltage;  and  addressing  means  for  address- 
ing  each  pixel  during  a  corresponding  addressing  frame 
by  the  application  of  data  and  scan  signals  to  an  asso- 
ciated  one  of  the  control  elements  in  order  to  select  the 

35  optical  level  of  the  pixel  for  each  frame,  characterised 
in  that  the  pixels  exhibit  asymmetrical  on-axis  perform- 
ance  and  in  that  the  modulator  comprises  voltage  inver- 
sion  means  for  controlling  the  voltage  applied  to  each 
pixel  during  successive  subframes  of  each  frame  such 

40  that,  when  one  optical  level  is  selected  for  the  frame, 
said  positive  voltage  is  applied  to  the  pixel  during  one 
subframe  of  the  frame  and  said  negative  voltage  is  ap- 
plied  to  the  pixel  during  another  subframe  of  the  frame 
and,  when  another  optical  level  is  selected  for  the  frame, 

45  said  intermediate  voltage  is  applied  to  the  pixel  during 
both  of  the  subframes  of  the  frame,  so  as  to  provide  DC 
balancing  within  the  frame. 

Such  an  active  addressing  arrangement  makes  the 
use  of  AFLCD's,  for  example,  much  more  feasible  since 

so  repeatable  grey  levels  can  be  obtained  due  to  the  pro- 
vision  of  DC  balancing  within  a  single  addressing  frame 
by  virtue  of  the  fact  that  the  frame  consists  of  the  two 
sub-frames  driven  by  voltages  of  opposite  polarity.  Such 
DC  balancing  avoids  long  term  build  up  of  ionic  effects 

55  which  would  otherwise  result  in  degradation  of  grey  lev- 
els  with  time.  Such  an  arrangement  is  also  compatible 
with  existing  polysilicon  active  matrix  drive  circuitry  pro- 
viding  low  power  addressing  for  materials  with  a  high 

5 
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spontaneous  polarisation  and  ensuring  that  the  state  of 
each  pixel  is  held  during  the  frame  time  without  requiring 
application  of  a  constant  holding  voltage.  Thus  the  use 
of  AFLCD's  with  their  inherent  features  of  wide  viewing 
angle,  low  power  consumption  and  possible  reflective 
use  becomes  feasible  in  a  wide  range  of  applications  in 
association  with  the  developing  polycrystalline  silicon 
technology,  such  as  for  very  high  quality  desk  top  pub- 
lishing  displays. 

Additionally  such  an  arrangement  can  compensate 
for  the  asymmetrical  voltage-transmission  characteris- 
tics  typically  possessed  by  some  AFLC  materials  by  tak- 
ing  the  temporal  average  of  two  subframes  driven  by 
voltages  of  opposite  polarity  so  that  any  optical  differ- 
ence  (intensity  or  chromaticity)  between  the  positively 
and  negatively  driven  subframes  is  averaged  by  the  ob- 
server  and  is  unimportant. 

Preferably  the  intermediate  applied  voltage  is  zero 
voltage.  However,  it  will  be  appreciated  that,  where  the 
intermediate  applied  voltage  is  not  zero,  an  opposite  po- 
larity  voltage  is  required  to  provide  DC  balancing  within 
the  frame.  Furthermore,  although  it  is  preferred  that  the 
positive  and  negative  voltages  are  applied  in  the  same 
order  in  each  frame,  it  is  also  possible  for  the  order  of 
these  voltages  to  be  reversed  in  alternate  frames. 

In  one  embodiment,  the  first  and  third  states  are 
symmetrical  in  that  they  exhibit  substantially  the  same 
optical  level  in  response  to  said  positive  and  negative 
applied  voltages,  and  the  voltage  inversion  means  is  ar- 
ranged  to  apply  said  positive  and  negative  voltages  to 
the  pixel  during  the  two  successive  subframes  when 
said  one  optical  level  is  selected  such  that  the  same  op- 
tical  level  is  obtained  during  the  two  subframes. 

In  an  alternative  embodiment,  the  first  and  third  op- 
tical  states  are  asymmetrical  in  that  they  exhibit  different 
optical  levels  in  response  to  said  positive  and  negative 
applied  voltages,  and  the  voltage  inversion  means  is  ar- 
ranged  to  apply  said  positive  and  negative  voltages  to 
the  pixel  during  the  two  successive  subframes  when 
said  one  optical  level  is  selected  such  that  different  op- 
tical  levels  are  obtained  during  the  two  subframes. 

The  voltage  inversion  means  may  be  arranged  to 
modulate  addressing  of  each  pixel  by  the  addressing 
means  by  means  of  a  voltage  inversion  switching  wave- 
form  having  2N  portions  for  addressing  2N  subframes 
within  the  frame,  where  N  is  an  integer  greater  than  zero 
and  consecutive  portions  have  voltages  of  equal  mag- 
nitude  and  duration  but  opposite  polarity. 

Furthermore,  the  voltage  inversion  means  may  be 
arranged  to  supply  a  voltage  inversion  switching  wave- 
form  consisting  of  two  portions  having  voltages  of  equal 
magnitude  and  duration  but  opposite  polarity  which  fol- 
low  one  another  substantially  immediately.  In  an  alter- 
native  embodiment,  the  voltage  inversion  means  may 
be  arranged  to  supply  a  voltage  inversion  switching 
waveform  comprising  portions  having  voltages  of  equal 
magnitude  and  duration  but  opposite  polarity  and  a  fur- 
ther  portion  of  zero  voltage. 

In  one  embodiment,  each  of  the  pixels  may  be  ad- 
dressable  so  as  to  be  set  to  one  of  a  plurality  of  first 
optical  states  in  response  to  a  selected  one  of  a  plurality 
of  different  positive  applied  voltages  or  one  of  a  plurality 

5  of  third  optical  states  in  response  to  a  selected  one  of  a 
plurality  of  different  negative  applied  voltages,  and  the 
voltage  inversion  means  may  be  arranged  to  apply  said 
selected  positive  voltage  to  the  pixel  during  one  sub- 
frame  of  the  frame  and  said  selected  negative  voltage 

10  to  the  pixel  during  another  subframe  of  the  frame  in  or- 
der  to  select  one  of  a  plurality  of  possible  optical  levels 
for  the  frame  whilst  maintaining  DC  balancing  within  the 
frame. 

Preferably  the  active  matrix  incorporates  a  respec- 
ts  tive  control  element  coupled  to  each  pixel  and  having  a 

data  input  for  receiving  data  signals  from  a  correspond- 
ing  one  of  the  data  lines  and  a  control  input  for  receiving 
scan  pulses  from  a  corresponding  one  of  the  scan  lines 
in  order  to  switch  the  control  element  to  supply  a  voltage 

20  to  the  pixel.  Most  preferably  a  storage  capacitor  is  cou- 
pled  to  the  output  of  the  control  element,  and  a  buffer  is 
connected  between  the  output  of  the  control  element 
and  the  pixel. 

Where  the  light  modulator  is  a  light  transmissive  liq- 
25  uid  crystal  device,  the  array  may  be  disposed  between 

polarisers  arranged  with  their  axes  transverse  to  one  an- 
other  such  that  said  first  and  third  optical  states  are 
bright  states  and  said  second  optical  state  is  a  dark 
state.  Alternatively,  the  array  may  be  disposed  between 

30  polarisers  arranged  with  their  axes  substantially  parallel 
to  one  another  such  that  said  first  and  third  optical  states 
are  dark  states  and  said  second  optical  state  is  a  bright 
state.  In  a  further  alternative,  the  array  may  be  disposed 
in  series  with  a  further  array  of  similar  form  between  po- 

35  larisers  arranged  with  their  axes  substantially  parallel  to 
one  another,  and  the  addressing  means  may  be  ar- 
ranged  to  simultaneously  apply  addressing  signals  of 
opposite  polarity  to  the  arrays  such  that  a  dark  level  is 
obtained  when  one  of  the  arrays  is  in  said  first  optical 

40  state  and  the  other  array  is  in  said  third  state  and  a  bright 
level  is  obtained  when  both  arrays  are  in  said  second 
optical  state.  In  a  further  alternative,  the  array  may  be 
disposed  between  a  polariser  and  a  reflective  surface 
with  a  quarter  wave  retarder  being  disposed  between 

45  the  array  and  the  reflective  surface  such  that  a  dark  level 
is  obtained  when  the  array  is  in  one  of  said  first  and  third 
optical  states  and  a  bright  level  is  obtained  when  the 
array  is  in  said  second  optical  state. 

Where  the  light  modulator  is  a  diff  ractive  spatial  light 
so  modulator,  the  active  matrix  may  incorporate  a  set  of  first 

elongate  electrodes  on  one  side  of  the  array,  a  set  of 
second  elongate  electrodes  interdigitated  with  the  set  of 
first  elongate  electrodes  on  said  one  side  of  the  array, 
and  a  set  of  pixel  electrodes  on  the  other  side  of  the 

55  array  each  of  which  overlaps  a  plurality  of  first  and  sec- 
ond  electrodes,  the  first  and  second  electrodes  being 
connected  to  respective  supply  lines  for  continuously 
applied  voltages  and  each  of  the  pixel  electrodes  being 

6 
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addressable  by  the  addressing  means  for  switching  be- 
tween  a  diffractive  mode  and  a  non-diffractive  mode, 
wherein  the  voltage  inversion  means  is  arranged  to  in- 
vert  the  voltages  applied  to  the  first  and  second  elec- 
trodes  about  a  predetermined  voltage  between  the  two  s 
subframes  at  the  same  time  as  inversion  of  the  voltages 
applied  to  the  pixel  electrodes. 

According  to  a  fourth  aspect  of  the  invention,  there 
is  provided  an  active  matrix  spatial  light  modulator  com- 
prising  a  plurality  of  pixels,  an  active  matrix  addressing  10 
arrangement  for  the  pixels,  and  a  pixel  waveform  gen- 
erator,  characterised  in  that  the  pixels  exhibit  asymmet- 
rical  on-axis  optical  performance  and  in  that  the  pixel 
waveform  generator  is  arranged  to  supply  each  frame 
of  image  data  as  first  and  second  subframes  such  that  15 
the  waveform  across  each  pixel  during  the  second  sub- 
frame  is  substantially  the  inverse  of  the  waveform 
across  the  pixel  during  the  first  subframe. 

According  to  a  fifth  aspect  of  the  invention,  there  is 
provided  a  display  comprising:  an  active  matrix  spatial  20 
light  modulator  comprising  plurality  of  pixels,  an  active 
matrix  addressing  arrangement  for  the  pixels,  and  a  pix- 
el  waveform  generator;  and  an  illumination  system, 
characterised  in  that  the  pixel  waveform  generator  is  ar- 
ranged  to  supply  each  frame  of  colour  image  data  as  a  25 
plurality  of  single  colour  frames  of  single  colour  image 
data  and  each  single  colour  frame  as  first  and  second 
subframes  such  that  the  waveform  across  each  pixel 
during  the  second  subframe  is  substantially  the  inverse 
of  the  waveform  across  the  pixel  during  the  first  sub-  30 
frame,  and  in  that  the  illumination  system  is  arranged  to 
illuminate  the  modulator  with  light  of  a  colour  corre- 
sponding  to  the  colour  of  the  colour  image  data  currently 
being  displayed  by  the  modulator. 

The  first  and  second  subframes  of  each  single  col-  35 
our  frame  may  be  consecutive. 

The  pixels  may  exhibit  symmetrical  optical  perform- 
ance.  The  illumination  system  may  be  arranged  to  illu- 
minate  the  modulator  continuously  during  the  first  and 
second  subframes  of  each  single  colour  frame.  The  il-  40 
lumination  system  may  be  arranged  to  begin  illuminat- 
ing  the  modulator  no  earlier  than  completion  of  refresh- 
ing  the  modulator  with  each  first  subframe  and  to  stop 
illuminating  the  modulator  no  later  than  commencement 
of  refreshing  the  modulator  with  the  subsequent  first  45 
subframe. 

The  pixels  may  exhibit  asymmetrical  optical  per- 
formance. 

The  first  subframes  of  each  subframe  may  be  con- 
secutive  and  the  second  subframes  of  each  frame  may  so 
be  consecutive. 

The  illumination  system  may  be  arranged  to  be  ex- 
tinguished  between  consecutive  subframes.  The  illumi- 
nation  system  may  be  arranged  to  begin  illuminating  the 
modulator  no  earlierthan  completion  of  refreshing  of  the  55 
modulator  with  each  subframe  and  to  stop  illuminating 
the  modulator  no  later  than  commencement  of  refresh- 
ing  the  modulator  with  the  subsequent  subframe. 

The  single  colour  frames  may  comprise  red,  green 
and  blue  colour  frames. 

The  modulator  may  comprise  a  liquid  crystal  device. 
In  order  that  the  invention  may  be  more  fully  under- 

stood,  reference  will  now  be  made,  by  way  of  example, 
to  the  accompanying  drawings,  in  which: 

Figures  1a  and  1b  show  ideal  (symmetrical)  volt- 
age-transmission  characteristics  of  an  AFLC  and 
typical  (asymmetrical)  voltage-transmission  char- 
acteristics  of  an  AFLC; 

Figures  2a  and  2b  show  the  scan  and  the  data 
waveforms  used  in  a  prior  art  AFLCD  addressing 
scheme; 

Figures  3a  and  3b  show  a  bipolar  pulse  and  a  bipo- 
lar  pulse  with  gap  for  use  in  an  addressing  scheme 
of  a  device  in  accordance  with  the  present  inven- 
tion; 

Figures  4a  and  4b  show  typical  voltage-transmis- 
sion  characteristics  of  an  AFLC  for  use  in  an  AML- 
CD  in  accordance  with  the  present  invention. 

Figures  5,  6  and  7  show  measured  waveforms  used 
in  accordance  with  the  present  invention  for  ad- 
dressing  athresholdless  AFLC,  SBFLCand  DHFLC 
respectively; 

Figures  8  and  9  diagrammatically  show  two  active 
matrix  drive  circuits  which  may  be  used  in  an  AML- 
CD  in  accordance  with  the  present  invention; 

Figures  10  and  11  show  a  portion  of  an  AMLCD  in 
accordance  with  the  present  invention  and  a  volt- 
age  diagram  showing  the  voltages  applied  to  such 
a  portion; 

Figures  12a  and  12b  show  liquid  crystal  transmis- 
sion  characteristics  with  respect  to  time  on  applica- 
tion  of  a  bipolar  pulse  with  gap  at  a  high  temperature 
and  at  a  low  temperature  respectively; 

Figure  13  diagrammatically  illustrates  an  address- 
ing  scheme  used  in  a  diffractive  light  modulator  in 
accordance  with  the  present  invention; 

Figure  1  4  diagrammatically  shows  the  electrode  ar- 
rangement  of  such  a  diffractive  light  modulator; 

Figures  15a,  15b  and  15c  show  three  addressing 
waveforms  which  may  be  used  in  devices  in  accord- 
ance  with  the  present  invention; 

Figures  16,  17  and  18  show  measured  waveforms 
used  in  accordance  with  the  present  invention  for 
addressing  a  thresholdless  AFLC  and  SBFLC; 

7 
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Figure  19  is  a  block  schematic  diagram  of  a  colour 
sequential  display  constituting  an  embodiment  of 
the  invention; 

Figures  20  to  22  shows  addressing  waveforms  at 
(a)  and  (c),  graphs  of  corresponding  light  transmis- 
sion  against  time  at  (b)and  (d),  and  a  graph  of  emis- 
sion  against  time  of  a  multicoloured  illumination 
system  for  three  examples  of  the  device  of  Figure 
19; 

Figure  23  shows  measured  waveforms  using  the 
addressing  technique  illustrated  in  Figure  22  for  ad- 
dressing  an  SBF  material; 

Figure  24  is  a  diagrammatic  cross-sectional  view  of 
part  of  a  transmissive  AMLCD  constituting  an  em- 
bodiment  of  the  invention; 

Figures  25  and  26  are  diagrams  illustrating  operat- 
ing  of  the  AMLCD  of  Figure  24  during  first  and  sec- 
ond  subframes,  respectively; 

Figure  27  is  a  diagrammatic  cross-sectional  view  of 
part  of  a  transmissive  double  layer  AMLCD  consti- 
tuting  another  embodiment  of  the  invention; 

Figures  28  and  29  are  diagrams  illustrating  opera- 
tion  of  the  AMLCD  of  Figure  27  during  first  and  sec- 
ond  subframes,  respectively; 

Figure  30  is  a  diagrammatic  cross-sectional  view  of 
part  of  a  reflective  AMLCD  constituting  a  further  em- 
bodiment  of  the  invention;  and 

Figures  31  and  32  are  diagrams  illustrating  opera- 
tion  of  the  AMLCD  of  Figure  30  during  first  and  sec- 
ond  subframes,  respectively. 

A  preferred  addressing  scheme  to  be  used  in  an  ac- 
tive  matrix  liquid  crystal  display  (AMLCD)  in  accordance 
with  the  present  invention  will  now  be  described.  Such 
an  addressing  scheme  requires  use  of  a  liquid  crystal 
material  exhibiting  voltage-transmission  characteristics 
which  are  free  or  almost  free  from  hysteresis.  Such  ma- 
terials  include  thresholdless  antiferroelectric  liquid  crys- 
tal  (TAFLC)  materials,  deformed  helix  ferroelectric  liquid 
crystal  (DHFLC)  materials  and  short-pitch  bistable  fer- 
roelectric  liquid  crystal  (SBFLC)  materials.  The  address- 
ing  scheme  also  requires  the  use  of  an  active  matrix  in- 
corporating  switching  elements  which  are  preferably  in 
the  form  of  thin  film  transistors  (TFT)  or  thin  film  diodes 
(TFD),  such  as  is  disclosed,  for  example,  in  GB  2  312 
773  and  EP  0  807  918  which  are  referred  to  above  and 
the  contents  of  which  are  incorporated  herein  by  refer- 
ence. 

Furthermore,  the  addressing  scheme  makes  use  of 
bipolar  switching  within  each  addressing  frame  so  that 

the  voltage  applied  across  a  pixel  is  of  the  form  shown 
in  either  Figure  3a  or  Figure  3b,  in  order  to  provide  volt- 
age  inversion  between  successive  subframes  within  a 
single  addressing  frame  and  to  thereby  provide  DC  bal- 

5  ancing  within  the  addressing  frame.  A  gap  may  be  pro- 
vided  between  the  positive  and  negative  parts  of  the 
switching  waveform,  as  shown  in  Figure  3b. 

In  the  case  of  the  bipolar  switching  waveform  of  Fig- 
ure  3a,  the  voltage  V  applied  across  the  pixel  as  a  func- 

10  tion  of  time  t  (0  <  t  <  T),  during  a  frame  of  period  T  sat- 
isfies  the  requirement: 

V(t  +  T/2)  =  -  V(t)  for  0  <  t  <^ 
15 

In  the  case  of  the  bipolar  switching  waveform  of  Fig- 
ure  3b  having  an  intermediate  gap  of  duration  t-,,  the 
voltage  V  applied  across  the  pixel  satisfies  the  require- 
ments: 

20 

T-t1  T+t1 V=0  f o r ^ < t < ^  

25 
t1+T  T-t1 

V(t+^)=-V(t)  f o r 0 < t < + ^  

In  each  case,  each  frame  is  made  up  of  2N  consec- 
30  utive  subframes,  where  N  is  an  integer,  consisting  of  N 

subframes  of  one  polarity  alternating  with  N  subframes 
of  the  opposite  polarity  with  a  voltage  of  the  same  mag- 
nitude  but  opposite  sign  to  the  voltage  of  the  subframes 
of  the  one  polarity. 

35  Because  such  an  addressing  scheme  makes  use  of 
two  (or  more)  subframes  within  each  addressing  frame, 
the  switching  waveform  being  of  opposite  polarity  in  the 
two  subframes  and  passing  through  zero  between  each 
pair  of  adjacent  subframes,  so  that  DC  balancing  is  pro- 

40  vided  within  each  frame,  the  required  grey  level  within 
each  frame  is  accurately  reproduced  and  is  rendered 
substantially  independent  of  the  previous  state,  without 
requiring  a  reset  period. 

Figure  4a  shows  the  on-axis  light  transmission  of  a 
45  TAFLC,  which  may  be  used  in  the  AMLCD  of  the  inven- 

tion,  as  a  function  of  the  applied  voltage,  showing  the 
antiferroelectric  (AF)  maximum  dark  state  at  zero  volts 
and  the  ferroelectric  (+F  and  -F)  bright  states  symmet- 
rically  positioned  relative  to  the  AF  state.  On  switching 

50  of  such  a  device,  a  smooth  transition  is  obtained  be- 
tween  the  AF  and  F  states  and  only  narrow  hysteresis 
is  observed  on  returning  to  the  AF  state  by  comparison 
with  the  case  of  AFLC's  exhibiting  appreciable  hystere- 
sis  as  shown  in  Figures  1  a  and  1  b.  A.  Fukuda,  Asia  Dis- 

ss  play  1995,  p.  61-64  describes  such  a  TAFLC.  Further- 
more,  full  switching  is  obtained  at  much  lower  voltages, 
for  example  at  voltages  of  the  order  of  5V  as  compared 
with  such  AFLC's.  Such  lowvoltages  imply  that  TAFLC's 
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can  be  addressed  by  an  active  matrix,  such  as  a  TFT 
matrix  for  example.  However  TAFLC's  possess  a  large 
spontaneous  polarisation  which  makes  the  use  of  con- 
ventional  amorphous  silicon  TFT's  difficult.  Neverthe- 
less  such  difficulties  can  be  overcome  by  making  use  of 
an  active  matrix  circuit  utilising  polysilicon  TFT's,  such 
as  that  disclosed  in  GB  2  31  2  773  and  EP  0  807  91  8  for 
example. 

Figure  4b  shows  the  corresponding  on-axis  volt- 
age-transmission  characteristics  of  a  further  TAFLC, 
which  may  be  used  in  the  AMLCD  of  the  invention,  in 
which  the  ferroelectric  (+F  and  -F)  bright  states  are 
asymmetrically  positioned  relative  to  the  antiferroelec- 
tric  (AF)  state.  Figure  4b  also  illustrates  the  asymmetric 
performance  for  off-axis  viewing  positions  of  liquid  crys- 
tals  which  exhibit  symmetrical  on-axis  performance  as 
illustrated  in  Figure  4a. 

Conventional  AFLC  materials  with  wide  hysteresis 
and  large  voltage  thresholds  would  not  generally  be  suit- 
able  for  the  device  of  the  invention  in  that  they  require 
larger  voltages  to  switch  which  are  incompatible  with  ac- 
tive  matrix  addressing,  and  they  tend  to  have  a  hyster- 
esis  curve  which  rises  sharply  over  a  narrow  voltage 
range  up  to  maximum  transmission,  thus  allowing  for 
fewer  grey  levels.  Also,  since  their  hysteresis  loop  is 
wide,  they  take  a  long  time  to  relax  to  the  AF  state  and 
such  relaxation  may  not  occur  within  the  available  frame 
time,  with  the  result  that  the  subsequent  grey  level  will 
be  affected  by  the  previous  state.  By  contrast,  TAFLC 
materials  tend  to  have  a  narrow  hysteresis  loop  and  a 
less  steep  hysteresis  curve  up  to  maximum  transmis- 
sion,  thus  allowing  faster  driving  and  more  grey  levels 
to  be  accessible 

Before  describing  in  detail  possible  active  matrix  cir- 
cuits  which  may  be  implemented  for  carrying  out  the  ad- 
dressing  scheme  used  in  the  device  in  accordance  with 
the  present  invention  described  above,  three  examples 
will  be  described  with  reference  to  Figures  5,  6  and  7  of 
experiments  conducted  with  TAFLC,  SBFLC  and  DH- 
FLC  materials  utilising  such  an  addressing  scheme. 

Example  1 

Experiments  were  conducted  in  a  2micrometres 
thick  antiparallel  aligned  cell  filled  with  thresholdless 
AFLC  material.  The  cell  was  rotated  between  crossed 
polarisers  to  give  minimum  transmission  with  zero  volts 
applied  (an  embodiment  of  this  type  is  described  in  more 
detail  hereinafter).  Because  of  the  particular  material- 
alignment  combination  chosen,  the  cell  showed  asym- 
metric  on-axis  transmission  behaviour,  that  is  the  light 
transmission  obtained  from  the  application  of  voltages 
of  the  same  magnitude  but  opposite  polarity  was  not 
equivalent.  The  cell  was  addressed  using  a  bipolar 
frame  of  20  milliseconds  duration,  made  up  of  two  sub- 
frames  of  equal  but  opposite  voltage,  as  shown  in  the 
upper  part  of  Figure  5.  The  total  light  transmission  for 
each  frame,  as  shown  in  the  lower  part  of  Figure  5,  was 

composed  of  two  unequal  contributions  from  each  sub- 
frame,  the  total  brightness  being  determined  by  the  volt- 
age  applied.  As  each  frame  was  DC  balanced  and  the 
AF  state  was  reached  before  addressing  the  next  frame, 

5  there  was  no  ion  build  up  and  therefore  reproducible 
grey  levels  could  be  achieved  without  requiring  an  ionic 
reset  pulse.  Therefore  the  cell  could  be  addressed  by 
continually  applying  bipolar  pulses  of  varying  voltage 
(0-5V)  and  the  level  of  grey  was  reproducible,  being  es- 

10  sentially  independent  of  the  previous  state.  A  suitable 
TAFLC  material  which  may  be  used  in  such  an  example 
is  MLC0076  as  disclosed  by  S.S.  Seomun  et  al,  "Elec- 
trooptic  Property  of  a  Binary  Mixture  of  Ferroelectric  and 
Antiferroelectric  Chiral  Compounds  Showing  Thresh- 

es  holdless  V-shaped  switching",  Third  International  Dis- 
play  Workshops,  Lcp  1-4  (1996),  p.  61-64. 

Example  2 

20  Experiments  were  conducted  in  a  2  micrometres 
thick  antiparallel  aligned  cell  filled  with  a  SBFLC  mate- 
rial.  The  cell  was  rotated  between  crossed  polarisers  to 
give  minimum  transmission  with  zero  volts  applied.  The 
cell  showed  substantially  symmetric  on-axis  transmis- 

25  sion  behaviour,  that  is  the  light  transmission  obtained 
from  the  application  of  voltages  of  the  same  magnitude 
but  opposite  polarity  was  approximately  equivalent.  The 
cell  was  addressed  using  a  bipolar  frame  of  20  millisec- 
onds  duration,  made  up  of  two  subframes  of  equal  but 

30  opposite  voltage,  as  shown  in  the  upper  part  of  Figure 
6.  The  total  light  transmission  for  each  frame,  as  shown 
in  the  lower  part  of  Figure  6,  was  composed  of  two  equal 
contributions  from  each  subframe,  the  total  brightness 
being  determined  by  the  voltage  applied.  As  each  frame 

35  was  DC  balanced  and  the  relaxed  state  was  reached 
before  addressing  the  next  frame,  there  was  no  ion  build 
up  and  therefore  reproducible  grey  levels  could  be 
achieved  without  requiring  an  ionic  reset  pulse.  There- 
fore  the  cell  could  be  addressed  by  continually  applying 

40  bipolar  pulses  of  varying  voltage  (0-3V)  and  the  level  of 
grey  was  reproducible,  being  essentially  independent  of 
the  previous  state.  A  suitable  SBFLC  material  which 
may  be  used  in  such  an  example  is  FLC6430  supplied 
by  F.  Hoffmann  -  La  Roche  and  disclosed  by  J.  Fiinf- 

45  schilling,  Japanese  Journal  of  Applied  Physics,  vol.  40, 
No.  4,  p.  741-746  (1991). 

Example  3 

so  Experiments  were  conducted  in  a  2micrometres 
thick  antiparallel  aligned  cell  filled  with  a  DHFLC  mate- 
rial.  The  cell  was  rotated  between  crossed  polarisers  to 
give  minimum  transmission  with  zero  volts  applied.  The 
cell  showed  asymmetric  on-axis  transmission  behav- 

55  iour,  that  is  the  light  transmission  obtained  from  the  ap- 
plication  of  voltages  of  the  same  magnitude  but  opposite 
polarity  was  not  equivalent.  The  cell  was  addressed  us- 
ing  a  bipolar  frame  of  20  milliseconds  duration,  made 
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up  of  two  subframes  of  equal  but  opposite  voltage,  as 
shown  in  the  upper  part  of  Figure  7.  The  total  light  trans- 
mission,  as  shown  in  the  lower  part  of  Figure  7,  for  each 
frame  was  composed  of  two  unequal  contributions  from 
each  subframe,  the  total  brightness  being  determined 
by  the  voltage  applied.  As  each  frame  was  DC  balanced 
and  the  AF  state  was  reached  before  addressing  the 
next  frame,  there  was  no  ion  build  up  and  therefore  re- 
producible  grey  levels  could  be  achieved  without  requir- 
ing  an  ionic  reset  pulse.  Therefore  the  cell  could  be  ad- 
dressed  by  continually  applying  bipolar  pulses  of  vary- 
ing  voltage  (0-3V)  and  the  level  of  grey  was  reproduci- 
ble,  being  essentially  independent  of  the  previous  state. 
A  suitable  DHFLC  material  which  may  be  used  in  such 
an  example  is  FLC10150  supplied  by  ROLIC  and  dis- 
closed  by  G.  Cnossen  et  al,  SID  96  Digest,  p.  695-698 
(1996). 

In  order  to  implement  the  addressing  scheme  in  an 
AMLCD  utilising  TAFLC,  SBFLC  or  DHFLC  material  in 
accordance  with  the  present  invention  described  above, 
it  is  necessary  to  apply  a  substantially  constant  voltage 
across  the  liquid  crystal  material  during  each  of  the  sub- 
frames  of  the  bipolar  switching  waveform  shown  in  Fig- 
ure  3a  or  3b,  and  the  application  of  such  a  voltage  can 
be  achieved  in  two  different  ways.  In  a  first  embodiment 
shown  in  Figure  8,  a  regular  rectangular  active  matrix 
array  10  of  pixels  comprises  column  electrodes  ad- 
dressed  by  a  data  driver  12  and  row  electrodes  ad- 
dressed  by  a  scan  driver  14,  the  active  circuit  16  asso- 
ciated  with  each  pixel  comprising  a  polysilicon  thin  film 
field  effect  transistor  1  8  connected  by  its  gate  to  the  scan 
electrode  20  and  by  its  drain  to  the  data  electrode  22, 
and  a  fixed  storage  capacitor  24  connected  to  the 
source  of  the  transistor  18  in  parallel  with  the  pixel  ca- 
pacitance  26.  When  the  electrode  20  receives  a  scan 
pulse  from  the  scan  driver  1  4,  the  transistor  1  8  is  turned 
on  in  order  to  cause  the  voltage  on  the  data  electrode 
22  applied  by  the  data  driver  1  2  to  charge  up  the  storage 
capacitor  24.  When  the  scan  pulse  is  removed  from  the 
scan  electrode  20,  the  transistor  1  8  is  turned  off  in  order 
to  isolate  the  storage  capacitor  24  from  the  data  elec- 
trode  22  so  that  the  light  transmission  of  the  pixel  cor- 
responds  to  the  voltage  across  the  storage  capacitor  24 
until  it  is  refreshed  during  the  next  frame.  Since  the 
spontaneous  polarisation  of  the  liquid  crystal  modes 
used  is  high,  it  is  necessary  to  apply  a  large  amount  of 
charge  to  the  pixel,  and  accordingly  a  large  storage  ca- 
pacitor  24  is  required  to  effect  the  charge  transfer  at  sub- 
stantially  constant  voltage.  However  the  charge  must  be 
transferred  within  a  scan  line  period  and  this  requires 
considerable  peak  currents  to  flow,  thereby  dissipating 
considerable  power.  Furthermore  a  large  storage  ca- 
pacitor  would  have  a  deleterious  impact  on  the  aperture 
ratio  of  the  display. 

An  alternative  active  circuit  16'  for  use  in  the  AML- 
CD  of  the  present  invention  is  shown  in  Figure  9  and 
includes,  in  addition  to  the  components  already  referred 
to,  a  buffer  amplifier  28  having  unity  voltage  gain  con- 

nected  between  the  storage  capacitor  24  and  the  pixel 
capacitance  26.  The  buffer  amplifier  28  has  a  very  high 
input  impedance  and  a  relatively  low  output  impedance 
so  that,  when  the  transistor  18  is  turned  off,  the  output 

5  of  the  amplifier  28  follows  the  voltage  across  the  storage 
capacitor  24  whereas  the  current  supplied  to  the  input 
of  the  amplifier  28  is  negligible  so  that  discharge  of  the 
storage  capacitor  24  is  much  slower  than  in  the  previous 
circuit  arrangement.  Accordingly  the  storage  capacitor 

10  24  can  be  a  relatively  small  capacitor  which  can  be  eas- 
ily  charged  up  to  the  desired  voltage  on  turning  on  of  the 
transistor  18.  The  pixel  connected  to  the  output  of  the 
amplifier  28  receives  a  constant  voltage  equal  to  the 
voltage  on  the  storage  capacitor  24,  and,  since  the 

is  charge  is  supplied  at  the  rate  at  which  the  liquid  crystal 
material  switches,  the  circuit  consumes  less  dynamic 
power  than  the  previously  described  active  circuit.  The 
buffer  amplifier  can  also  implement  the  subframe  inver- 
sion  required  in  the  addressing  scheme  of  the  invention 

20  in  order  to  achieve  repeatable  grey  levels  as  described 
above. 

In  order  that  the  operation  of  such  a  circuit  can  be 
fully  understood,  reference  will  now  be  made  to  Figure 
10  which  shows  four  pixels  A,  B,  C  and  D  disposed  at 

25  the  intersections  of  two  scan  electrodes  20a,  20b  and 
two  data  electrodes  22a,  22b,  .  A  corresponding  voltage 
diagram  is  provided  in  Figure  11  showing  the  scan  volt- 
ages  applied  to  the  scan  electrodes  20a  and  20b,  the 
data  voltage  applied  to  the  data  electrode  22a,  and  the 

30  voltages  VS1  and  VLC1  applied  to  the  storage  capacitor 
24  and  the  pixel  capacitance  26  of  the  pixel  A  during  two 
subframes  of  the  addressing  frame. 

Referring  to  Figure  11,  beginning  at  t  =  0,  a  scan 
voltage  of  say,  12V  is  applied  to  the  scan  electrode  20a 

35  in  order  to  turn  on  the  transistor  1  8  of  pixel  A,  the  voltage 
being  maintained  for  the  duration  of  the  line  time  after 
which  the  voltage  on  the  scan  electrode  20a  is  0V  for 
the  rest  of  the  half-frame.  The  turning  on  of  the  transistor 
18  causes  the  voltage  +  Vdat  on  the  data  electrode  22a 

40  to  charge  up  the  storage  capacitor  24  as  well  as  the  pixel 
capacitance  26.  The  pixel  voltage  is  thereby  changed 
from  Vprevious,  the  voltage  level  of  the  previous  address 
line,  to  the  applied  data  voltage  Vdat  which  will  vary  in 
magnitude  depending  on  the  state  selected  forthe  pixel. 

45  The  same  voltage  is  then  held  on  the  storage  capacitor 
24  (VS1)  and  the  pixel  capacitance  (VLC1)  forthe  rest  of 
the  half-frame.  At  the  start  of  the  second  half-frame,  the 
same  scan  voltage  is  applied  to  the  scan  electrode  20a, 
but  a  negative  data  voltage  -Vdat  is  applied  to  the  data 

so  electrode  22a  with  the  result  that  the  voltages  held  on 
the  storage  capacitor  24  and  the  pixel  capacitance  26 
are  changed  to  -  Vdat  and  are  held  for  the  rest  of  the 
second  half-frame.  It  will  accordingly  be  appreciated 
that  the  voltage  applied  to  the  pixel  A  will  be  inverted 

55  between  successive  half-frames  within  the  addressing 
frame  in  order  to  provide  DC  balancing  within  the  frame. 

The  data  voltages  applied  to  the  data  electrodes 
such  as  22a  and  22b  are  continuously  applied  during 

10 



17 EP  0  875  881  A2 18 

each  half-frame,  and  a  scan  voltage  is  applied  to  the 
scan  electrode  20b  during  the  line  time  following  the  line 
time  in  which  the  scan  voltage  was  previously  applied 
to  the  scan  electrode  20a  in  order  to  turn  on  the  transis- 
tor  18  of  the  next  pixel  C  to  be  addressed  in  the  half- 
frame.  This  sequence  is  repeated  for  all  the  pixels  of  the 
display,  and,  following  voltage  inversion,  addressing  of 
the  pixels  is  then  effected  in  similar  manner  during  the 
second  half-frame  except  that  the  data  voltages  are  in- 
verted.  In  an  alternative  drive  scheme,  the  voltage  on 
the  storage  capacitor  is  the  same  in  the  two  half  -frames, 
but  the  buffer  amplifier  28  of  each  pixel  is  caused  to  in- 
vert  the  polarity  of  the  signal  applied  to  the  pixel  during 
the  second  half-frame. 

It  will  be  appreciated  that  the  above  described  ad- 
dressing  scheme  produces  a  bipolar  switching  wave- 
form  without  gap  as  shown  in  Figure  3a.  However  a  bi- 
polar  switching  waveform  with  gap  as  shown  in  Figure 
3b  can  be  produced  in  a  similar  manner  except  that,  in- 
stead  of  each  frame  being  divided  into  two  half-frames 
with  a  positive  data  voltage  +  Vdot  being  applied  to  the 
data  electrode  22a  in  the  first  half-frame  and  a  negative 
data  voltage  -  Vdot  being  applied  to  the  data  electrode 
22a  in  the  second  half-frame,  each  frame  is  divided  into 
three  part-frames  with  a  positive  data  voltage  being  ap- 
plied  to  the  data  electrode  22a  in  one  part-frame,  a  neg- 
ative  data  voltage  being  applied  to  the  data  electrode 
22a  in  another  part-frame,  and  zero  voltage  being  ap- 
plied  to  the  data  electrode  22a  in  a  further  part-frame 
which  may  be  intermediate  the  other  two  part-frames  or 
at  the  beginning  or  end  of  the  frame.  The  duration  of  the 
positive  and  negative  voltage  part-frames  should  be 
equal  (x/3  of  frame  period),  whereas  the  duration  of  the 
zero  voltage  part-frame  will  typically  be  substantially 
less  (y/3  of  frame  time,  where  2x/3  +  y/3  =  3/3=1  and 
y  «   x).  Similar  scan  voltages  are  applied  to  the  scan 
electrodes  20a  and  20b  at  the  start  of  the  positive  and 
negative  part-frames  (but  not  at  the  start  of  the  zero  volt- 
age  part-frame)  as  are  applied  at  the  start  of  the  two 
half-frames  in  the  bipolar  switching  waveform  without 
gap  addressing  scheme  already  described.  Thus,  a  bi- 
polar  switching  waveform  is  produced  comprising  por- 
tions  having  voltages  of  equal  magnitude  and  duration 
but  opposite  polarity  and  a  further  portion  of  zero  volt- 
age. 

Whilst  the  above  described  circuit  arrangements 
can  be  implemented  with  an  addressing  scheme  based 
on  a  bipolar  switching  waveform  without  gap  as  shown 
in  Figure  3a  or  a  bipolar  switching  waveform  with  gap 
as  shown  in  Figure  3b,  a  potential  advantage  of  using  a 
bipolar  switching  waveform  with  gap  is  that  it  will  tend 
to  average  the  light  transmission  obtained  if  the  material 
viscosity  changes  with  temperature.  As  shown  in  Figure 
1  2a,  the  lower  viscosity  of  the  material  which  is  typically 
obtained  at  higher  temperatures  allows  the  material  to 
respond  more  quickly  to  an  electric  field,  and  this  is  re- 
flected  in  the  form  of  the  corresponding  transmission 
characteristic  against  time.  On  the  other  hand,  the  vis- 

cosity  of  the  material  typically  increases  with  decreasing 
temperature,  thus  leading  to  a  decrease  in  the  response 
of  the  material.  However,  by  increasing  the  length  of  the 
gap  of  the  bipolar  switching  waveform  as  shown  in  Fig- 

5  ure  12b,  the  transmission  characteristic  can  be  altered 
so  as  to  compensate  for  changes  in  temperature. 

Such  an  addressing  scheme  can  also  be  applied  to 
an  AFLCD  comprising  two  AFLC  cells  arranged  in  series 
between  a  pair  of  polarisers  having  parallel  axes  and 

10  set  such  that  the  display  as  a  whole  is  in  the  bright  state 
at  zero  volts  and  the  application  of  voltages  of  opposite 
polarities  to  the  cells  causes  the  respective  optic  axes 
of  the  cells  to  rotate  in  opposite  directions  so  that  the 
light  transmission  of  the  display  becomes  darker.  In  this 

is  case,  each  of  the  two  cells  is  addressed  by  a  similar  bi- 
polar  addressing  scheme.  Furthermore,  the  bipolar  ad- 
dressing  scheme  may  be  applied  to  a  single  polariser 
reflection  AFLCD  incorporating  a  quarter  wave  plate 
with  its  axis  parallel  to  the  polariser  axis  so  that  the  bright 

20  state  is  obtained  at  zero  volts  and  the  transmission  be- 
comes  darker  when  a  voltage  of  either  polarity  is  applied 
to  the  display.  Embodiments  of  both  of  these  types  are 
described  in  more  detail  hereinafter. 

Such  an  addressing  scheme  is  also  applicable  to 
25  an  active  matrix  liquid  crystal  grating  panel  constituting 

a  diffractive  spatial  light  modulator  (SLM)  such  as  is  dis- 
closed  in  GB  2  31  3  920  and  EP  0  811  872,  the  contents 
of  which  are  incorporated  herein  by  reference.  Such  a 
diffractive  SLM,  which  may  have  a  transmission  geom- 

30  etry  or  a  reflection  geometry,  comprises  top  and  bottom 
substrates  made  of  glass  and  ferroelectric  liquid  crystal 
material  disposed  between  the  substrates.  The  top  sub- 
strate  carries  two  sets  of  interdigitated  transparent  elec- 
trodes  20  and  21  ,  as  shown  in  broken  lines  in  Figure  1  4, 

35  with  the  electrodes  of  each  set  being  connected  togeth- 
er  and  interdigitated  with  the  electrodes  of  the  other  set 
so  that  only  two  connections  are  required  to  opposite 
sides  of  the  top  substrate.  The  bottom  substrate  2  car- 
ries  a  rectangular  array  of  pixel  electrodes  23,  as  shown 

40  in  solid  lines  in  Figure  1  4,  each  pixel  electrode  23  facing 
a  plurality  of  interdigitated  electrodes  20  and  21  . 

By  applying  suitable  voltages  to  the  various  elec- 
trodes,  each  pixel  can  be  switched  between  a  non-dif- 
fractive  mode  in  which  light  is  transmitted  or  reflected  in 

45  the  zeroth  order  of  diffraction,  and  a  diffractive  mode  in 
which  the  pixel  forms  a  phase-only  diffraction  grating 
and  light  is  diffracted  in  non-zeroth  orders  of  diffraction. 
In  the  diffractive  mode,  each  pixel  comprises  a  plurality 
of  strip  regions  of  liquid  crystal  material  in  which  adja- 

50  cent  regions  are  in  different  states  such  that  light  beams 
passing  through  adjacent  strip  regions  undergo  a  rela- 
tive  phase  shift  of  180  degrees.  In  the  non-diffractive 
mode,  all  light  passing  through  the  pixel  is  subject  to 
substantially  the  same  phase  change.  By  collecting  light 

55  diffracted  in  the  first  order  of  diffraction  for  example  for 
display,  each  pixel  will  appear  dark  in  the  non-diffractive 
mode  and  light  in  the  diffractive  mode. 

Furthermore,  each  pixel  may  be  addressable  by 
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way  of  an  active  circuit  16  associated  with  each  pixel 
electrode  17  and  shown  diagrammatically  on  an  en- 
larged  scale  in  Figure  1  4.  In  the  arrangement  illustrated, 
each  pixel  electrode  17  is  connected  to  the  source  of  a 
polysilicon  thin  film  field  effect  transistor,  and  the  drains 
of  the  transistors  of  each  column  of  pixels  are  connected 
to  a  respective  column  or  data  electrode  22,  whereas 
the  gates  of  the  transistors  of  each  row  are  connected 
to  a  respective  row  or  scan  electrode  20.  The  pixels  are 
thus  enabled  one  row  at  a  time  so  that  data  for  a  com- 
plete  row  are  written  simultaneously. 

British  Patent  Application  No.  9702076.2  and  Euro- 
pean  Patent  Application  No.  98300627.1  (the  contents 
of  which  are  incorporated  herein  by  reference)  disclose 
an  addressing  scheme  for  switching  between  the  dif- 
fractive  and  non-diffractive  modes  of  the  pixels  in  which, 
in  order  to  provide  a  net  voltage  across  each  strip  region 
when  averaged  over  time  which  is  equal  to  zero,  all  the 
electrode  voltages  are  reversed  about  an  arbitrary  volt- 
age  Varb  during  alternate  addressing  frames.  Thus,  dur- 
ing  a  first  frame  (FRAME  1  ),  the  pixel  ON  mode  (the  dif- 
fractive  mode)  is  defined  by  continuous  voltages  V1  and 
V2  applied  to  the  interdigitated  electrodes  1  9  and  21  via 
supply  lines  1  9'  and  21  ',  respectively,  and  a  write  voltage 
Vwrite  applied  to  the  pixel  electrode  17  such  that  Vwrite 
is  between  V1  and  V2.  This  causes  adjacent  strips  of 
liquid  crystal  material  to  be  switched  oppositely  such 
that  the  pixel  acts  as  a  phase-only  diffraction  grating. 
The  pixel  OFF  mode  (the  non-diffractive  mode)  is  de- 
fined  by  the  same  continuous  voltages  V1  and  V2  ap- 
plied  to  the  interdigitated  electrodes  19  and  21  and  an 
erase  voltage  Verase  applied  to  the  pixel  electrode  17 
such  that  Verase  is  below  V1  and  V2.  This  causes  adja- 
cent  strip  regions  to  be  switched  to  the  same  state  and 
means  that  light  passing  through  the  strip  regions  is  sub- 
jected  to  the  same  phase  shift  so  that  the  pixel  does  not 
diffract  light.  In  a  second  frame  (FRAME  2),  the  ON  and 
OFF  modes  of  the  pixel  are  similarly  defined  except  that 
the  continuous  voltages  applied  to  the  interdigitated 
electrodes  19  and  21  are  (Varb  -  V1)  and  (Varb  -  V2), 
the  write  voltage  applied  to  the  pixel  electrode  17  is 
(Varb  -  Vwrite)  and  the  erase  voltage  applied  to  the  pixel 
electrode  1  7  is  (Varb  -  Verase)  so  that  the  electric  field 
directions  are  reversed  for  the  ON  and  OFF  modes  of 
the  pixel  as  compared  with  FRAME  1  in  order  to  provide 
DC  balancing  over  a  large  number  of  frames.  Because 
the  image  data  generally  changes  with  time,  such  DC 
balancing  relies  on  statistical  averaging  over  a  period  of 
time,  and  perfect  DC  balancing  over  short  periods  of 
time  is  not  of  course  possible  with  such  an  addressing 
scheme. 

By  contrast,  the  addressing  scheme  applied  to  the 
SLM  in  accordance  with  the  invention,  which  is  illustrat- 
ed  diagrammatically  in  Figure  13,  provides  DC  balanc- 
ing  within  each  addressing  frame,  rather  than  relying  on 
statistical  averaging  over  a  period  of  time.  In  this  case, 
all  the  electrode  voltages  are  inverted  about  an  arbitrary 
voltage  Varb,  which  may  be  for  example  5  volts,  during 

successive  subframes  within  a  single  addressing  frame. 
Thus,  in  the  example  given  in  Figure  13,  the  ON  mode 
of  the  pixel  in  a  first  subframe,  SUBFRAME  la,  is  defined 
by  continuous  voltages  V1  andV2,  of  15  volts  and  5  volts 

5  for  example,  applied  to  the  interdigitated  electrodes  19 
and  21  and  a  write  voltage  Vwrite,  of  1  0  volts  for  example, 
applied  to  the  pixel  electrode  17  such  that  Vwrite  is  be- 
tween  V1  and  V2,  whereas  the  OFF  mode  of  the  pixel 
is  defined  by  the  same  voltages  V1  and  V2  applied  to 

10  the  interdigitated  electrodes  19  and  21  and  an  erase 
voltage  Verase,  of  0  volts  for  example,  applied  to  the  pixel 
electrode  17  such  that  Verase  is  below  V1  and  V2.  In  a 
second  subframe  of  the  same  frame,  SUBFRAME  1b, 
the  ON  mode  of  the  pixel  is  defined  by  continuous  volt- 

es  ages  (Varb  -  V1  )  and  (Varb  -  V2)  applied  to  the  interdig- 
itated  electrodes  19  and  21  and  a  write  voltage  V'write 
equal  to  (Varb  -  Vwrite)  applied  to  the  pixel  electrode  17, 
whereas  the  OFF  mode  of  the  pixel  is  defined  by  the 
same  voltages  (Varb  -  V1  )  and  (Varb  -  V2)  applied  to  the 

20  interdigitated  electrodes  1  9  and  21  and  an  erase  voltage 
Verase  eciual  t°  (Varb  -  Verase)  applied  to  the  pixel  elec- 
trode  17. 

Such  an  addressing  scheme  provides  DC  balancing 
within  a  single  addressing  frame  whilst  simultaneously 

25  ensuring  that  the  optical  properties  of  the  phase  grating 
remain  identical  during  the  two  subframes.  The  grating 
is  written  by  applying  a  write  voltage  Vwrite  to  the  pixel 
electrode  17  which  overlaps  a  plurality  of  the  interdigi- 
tated  electrodes  1  9  and  21  to  which  continuous  voltages 

30  are  globally  applied  which  are  reversed  between  suc- 
cessive  subframes  as  described  above,  whereas  eras- 
ing  is  achieved  by  applying  a  voltage  Verase  to  the  pixel 
electrode  17  which  lies  sufficiently  below  both  V1  and 
V2  as  to  ensure  full  switching  of  the  pixel  into  the  non- 

35  diffractive  mode.  In  each,  case  both  the  write  voltage 
and  the  erase  voltage  are  alternated  between  succes- 
sive  subframes  as  described  above. 

Such  an  addressing  scheme  relies  on  driving  the 
device  using  two  subframes  and  performing  a  voltage 

40  inversion  at  the  mid  point  of  the  frame  between  the  two 
subframes.  The  addressing  scheme  may  be  implement- 
ed  using  a  standard  SRAM  pixel  architecture  since  the 
globally  applied  voltages  on  the  interdigitated  elec- 
trodes  and  the  voltages  applied  to  the  pixel  electrodes 

45  can  then  be  inverted  simultaneously  (which  is  not  pos- 
sible  with  DRAM  pixel  architecture).  In  practice,  all  the 
voltages  might  be  inverted  about  the  mean  of  the  volt- 
age  range  accessible  by  the  SRAM  (as  shown  in  the 
example  of  Figure  11).  It  is  to  be  noted  that  there  is  no 

so  theoretical  difference  in  the  optical  appearance  of  a 
phase  diffraction  grating  and  its  inverse  in  such  a  device 
so  that  true  intra-frame  DC  balancing  is  provided  whilst 
maintaining  the  optical  appearance.  Furthermore, 
where  the  device  is  to  be  used  to  obtain  analogue  grey- 

55  scale,  such  an  addressing  scheme  enables  analogue 
grey  levels  to  be  obtained  whilst  avoiding  any  significant 
historical  dependence  of  such  grey  levels  caused  by 
ionic  memory. 

12 
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Figures  15a,  15b  and  15c  show  three  bipolar 
switching  waveforms  which  may  be  applied  to  a  TAFLC 
or  SBFLC  material  in  an  addressing  scheme  in  accord- 
ance  with  the  invention.  In  the  case  of  Figure  15a,  volt- 
age  inversion  occurs  between  successive  subframes  as 
described  above  with  reference  to  Figures  3a  and  3b, 
and  there  is  a  polarity  change  between  successive 
frames  A  and  B  so  that  the  voltage  passes  through  zero 
between  each  successive  frame.  In  the  case  of  Figure 
15b  and  15c,  however,  whilst  voltage  inversion  is  still 
provided  between  successive  subframes  in  each  frame, 
the  first  subframe  is  not  of  the  same  polarity  in  each 
frame  so  that  the  second  subframe  of  the  frame  A  is  of 
the  same  polarity  as  the  first  subframe  of  the  following 
frame  B  and  the  voltage  does  not  pass  through  zero  be- 
tween  successive  frames.  In  each  case,  the  voltage 
magnitudes  of  the  pulses  in  the  frames  A  and  B  are  giv- 
en  as  0.5V  and  1  .0V  by  way  of  example  only. 

Figures  16,  17  and  18  show  examples  of  the  ad- 
dressing  of  thresholdless  AFLC  material  with  switching 
waveforms  of  the  general  type  shown  in  Figure  15a  (in 
the  case  of  Figure  16)  and  of  a  general  type  shown  in 
Figures  15b  and  15c  (in  the  case  of  Figures  17  and  18). 
The  total  on-axis  light  transmission  for  each  frame,  as 
shown  in  the  upper  part  of  each  figure,  was  composed 
of  two  unequal  contributions  from  each  subframe,  the 
total  brightness  being  determined  by  the  voltage  applied 
as  in  the  case  of  the  earlier  examples  described.  The 
same  level  of  reproducibility  of  grey  levels  was  obtained 
utilising  the  waveforms  of  Figures  15b  and  15c  as  with 
the  waveform  of  Figure  15a,  but  the  additional  advan- 
tage  was  obtained  with  the  waveforms  of  Figures  15b 
and  1  5c  that  the  transmission  level  for  a  particular  volt- 
age  was  increased.  This  was  around  a  20%  increase  for 
the  thresholdless  AFLC  material,  and  would  probably 
somewhat  lower  in  the  case  of  a  SBFLC  material  due  to 
the  faster  switching. 

Figure  1  9  illustrates  a  colour  sequential  direct  view 
liquid  crystal  display  comprising  an  LCD  panel  30  which 
may  be  embodied  using  any  of  the  addressing  schemes 
described  hereinbefore  and  using  any  of  the  display  ar- 
rangements  described  hereinbefore  and  suitable  for  use 
in  direct  view  displays.  The  panel  30  has  an  input  31  for 
receiving  a  serial  video  signal  of  analogue  or  digital  type. 
The  panel  30  also  has  an  input  32  for  receiving  timing 
signals  for  synchronising  the  refreshing  of  rows  and 
frames  with  the  video  signal  at  the  input  31  . 

The  display  further  comprises  a  multi-coloured  illu- 
mination  system  33  arranged  as  a  backlight  for  the  panel 
30.  The  system  33  is  connected  to  a  colour  switching 
circuit  34  having  an  input  connected  to  the  input  32  for 
synchronising  operation  of  the  system  33.  In  particular, 
the  illumination  system  33  is  controlled  by  the  circuit  34 
so  as  to  provide  red,  green  and  blue  illumination  of  the 
panel  30  in  sequence.  For  instance,  the  system  33  may 
comprise  individually  controllable  red,  green  and  blue 
light  sources,  each  of  which  may  comprise  a  coloured 
light  emitter  or  a  white  light  source  and  a  fixed  colour 

filter.  As  an  alternative,  the  system  33  may  comprise  a 
switchable  white  light  source  and  a  switchable  colour 
filter  arrangement  whose  passband  is  switchable  to 
pass  red,  green  and  blue  light. 

5  Figure  20  illustrates  an  addressing  scheme  which 
is  suitable  for  use  with  a  panel  30  having  a  substantially 
symmetrical  optical  response  throughout  the  desired 
viewing  region.  In  particular,  the  optical  transmission  of 
each  pixel  of  the  panel  30  is  the  same  for  addressing 

10  signals  of  the  same  magnitude  but  of  opposite  polarities 
for  on-axis  viewing  and  for  off-axis  viewing  throughout 
a  sufficient  range  of  viewing  angles  for  the  intended  ap- 
plication  of  the  display. 

Figure  20  shows  at  (a)  a  typical  or  arbitrary  pixel 
is  waveform  for  one  complete  frame  of  colour  video  data. 

In  particular,  the  waveform  shown  at  (a)  is  that  which  is 
applied  to  a  pixel  in  a  first  row  to  be  addressed  of  a  typ- 
ical  frame.  Similarly,  Figure  20  shows  at  (c)  the  same 
waveform  used  for  addressing  the  same  pixel  colour  of 

20  a  pixel  in  the  last  row  to  be  addressed  in  the  same  frame. 
The  waveforms  are  shown  against  the  same  time  axis 
and  illustrate  the  time  delay  between  refreshing  the  first 
and  last  rows  to  be  addressed  of  a  complete  frame  of 
colour  video  data. 

25  The  frame  is  divided  into  three  individual  colour  sub- 
frames,  each  of  which  is  divided  into  first  and  second 
subframes.  During  the  first  of  these  subframes,  the  pix- 
els  of  the  panel  30  are  refreshed  with  red  image  data  by 
positive  addressing  pulses  as  illustrated  by  Vr  for  the 

30  pixels  whose  waveforms  are  shown  at  (a)  and  (c).  The 
responses  of  these  pixels  are  illustrated  at  (b)  and  (d), 
respectively,  which  illustrate  the  transmission  against 
time  of  the  pixels. 

During  the  next  subframe,  the  pixel  voltages  are  in- 
35  verted  as  illustrated  by  the  pixel  voltages  -Vrforthe  pixel 

waveforms  at  (a)  and  (c).  As  shown  at  (b)  and  (d),  the 
transmission  performances  of  the  pixels  are  substantial- 
ly  the  same  irrespective  of  whether  the  pixel  voltage  is 
positive  or  negative. 

40  During  the  next  two  subframes,  positive  and  nega- 
tive  pixel  voltages  are  supplied  corresponding  to  the  de- 
sired  green  level  to  be  displayed  by  the  pixels.  This  is 
followed  by  two  subframes  in  which  positive  and  nega- 
tive  blue  pixel  voltages  such  as  Vb  and  -  Vb  are  applied 

45  to  the  pixels  of  the  panel  30.  This  sequence  is  then  re- 
peated  for  subsequent  frames  of  video  data. 

Figure  20  illustrates  at  (e)  the  operation  of  the  multi- 
coloured  illumination  system  33  controlled  by  the  colour 
switching  circuit  34.  Red,  green  and  blue  illumination  is 

so  provided  during  the  time  periods  when  the  panel  30  dis- 
plays  red,  green  and  blue  image  data,  respectively.  In 
order  to  avoid  crosstalk  between  the  colour  images,  the 
illumination  system  33  is  switched  off  during  the  transi- 
tions  between  the  red,  green  and  blue  image  data.  The 

55  relative  timings  are  illustrated  for  the  green  image  data 
at  (e)  in  Figure  20.  The  colour  switching  circuit  34  is  con- 
trolled  by  the  timing  signals  at  the  input  32  to  extinguish 
the  illumination  system  33  until  time  T1  when  all  of  the 
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pixels  of  the  panel  30  have  been  refreshed  with  the  first 
green  image  subframe.  Thus,  the  green  illumination  pro- 
vided  by  the  system  33  is  switched  on  when  the  last  row 
of  pixels  have  been  refreshed  and  have  responded  fully 
so  as  to  achieve  the  desired  transmission  as  illustrated 
at  (d)  in  Figure  20.  This  ensures  that  even  illumination 
of  the  pixels  across  the  whole  panel  30  is  achieved. 

The  next  subframe  also  contains  green  image  data 
and  it  is  not  therefore  necessary  to  extinguish  the  illu- 
mination  system  33  during  refreshing  of  the  next  sub- 
frame.  However,  in  order  to  ensure  even  illumination  of 
the  whole  panel  30  and  to  avoid  crosstalk  between  the 
green  and  blue  image  data,  the  circuit  34  extinguishes 
the  illumination  system  33  at  the  start  of  refreshing  the 
pixels  with  the  following  subframe  of  blue  image  data. 
As  shown  in  Figure  20,  this  occurs  at  time  T2  when  the 
first  row  of  pixels  to  be  addressed  is  refreshed  with  the 
first  subframe  of  blue  image  data. 

In  order  to  achieve  the  brightest  possible  display, 
green  illumination  is  provided  throughout  the  period  be- 
tween  the  times  T1  and  T2  as  shown  in  Figure  20.  How- 
ever,  the  actual  times  of  switching  on  and  off  the  illumi- 
nation  systems  33  may  vary  so  as  to  take  into  account 
any  delays  in  emitting  light  and  ceasing  to  emit  light  fol- 
lowing  the  switching  signals  from  the  circuit  34.  Thus, 
the  illumination  system  may  be  switched  on  for  green 
illumination  slightly  before  the  time  T1  to  ensure  maxi- 
mum  illumination  and  may  need  to  be  switched  off  slight- 
ly  before  the  time  T2  to  avoid  crosstalk  between  the 
green  and  blue  colour  data.  Also,  the  green  illumination 
may  be  provided  during  a  shorter  time  interval  between 
these  limit  points  if  necessary  or  desirable,  for  instance 
to  achieve  a  different  compromise  between  display 
brightness  and  colour  crosstalk. 

Figure  21  is  similar  to  Figure  20  but  illustrates  a  dif- 
ferent  addressing  scheme  in  which  the  illumination  sys- 
tem  33  is  switched  on  and  off  during  each  of  the  six  sub- 
frames  making  up  the  full  colour  frame.  The  waveforms 
shown  at  (a)  and  (c)  in  Figure  21  are  substantially  iden- 
tical  to  those  shown  at  (a)  and  (c),  respectively,  in  Figure 
20.  As  shown  at  (e)  in  Figure  21  ,  for  instance  for  the  two 
red  subframes  of  opposite  pixel  voltage  polarity,  the  il- 
lumination  system  33  is  switched  by  the  circuit  34  to  pro- 
duce  red  light  when  the  pixels  of  the  panel  30  have  been 
refreshed  with  the  first  subframe  of  red  image  data.  The 
red  illumination  is  then  switched  off  when  the  next  sub- 
frame  of  red  image  data  begins  i.e.  with  refreshing  of 
the  first  row  to  be  addressed  by  the  negative  pixel  volt- 
ages.  The  red  illumination  is  then  switched  on  and  off  in 
the  same  way  during  the  next  subframe.  Similarly,  green 
illumination  is  switched  on  and  off  during  each  of  the 
subframes  of  green  image  data  and  the  blue  illumination 
is  switched  on  and  off  during  each  of  the  subframes  of 
blue  image  data. 

Figure  21  also  illustrates  an  asymmetric  pixel  re- 
sponse  to  equal  magnitude  but  opposite  polarity  pixel 
voltages.  In  this  case,  each  pixel  has  a  higher  transmis- 
sion  as  a  result  of  a  positive  pixel  voltage  than  as  a  result 

as  a  negative  pixel  voltage  of  the  same  magnitude.  How- 
ever,  because  the  individual  colour  images  are  re- 
freshed  twice  for  each  complete  frame  of  colour  video 
data,  the  "flicker  frequency"  resulting  from  the  asymmet- 

5  ric  response  occurs  at  the  frame  frequency  and  is  less 
perceptible  or  imperceptible  to  a  viewer.  This  in  turn  al- 
lows  the  use  of  liquid  crystal  arrangements  which  have 
asymmetric  optical  responses  on-axis  and  extends  the 
viewing  region  of  liquid  crystal  arrangements  having 

10  symmetrical  on-axis  optical  performance  but  asymmet- 
rical  off-axis  optical  response. 

Figure  22  illustrates  an  addressing  scheme  which 
differs  from  those  shown  in  Figures  20  and  21  in  that  the 
two  subframes  of  each  colour  component  are  no  longer 

is  consecutive.  As  illustrated  at  (a)  and  (c)  in  Figure  22,  a 
complete  colour  frame  comprises  six  subframes  which 
represent  "positive"  red  image  data,  "negative"  green 
image  data,  "positive"  blue  image  data,  "negative"  red 
image  data,  "positive"  green  image  data  and  "negative" 

20  blue  image  data.  Although  consecutive  subframes  are 
of  opposite  polarity,  the  sequence  of  colour  image  data 
is  now  "red,  green,  blue,  red,  green,  blue"  forthe  com- 
plete  colour  frame.  The  switching  of  the  illumination  sys- 
tem  33  corresponds  to  this  and  is  illustrated  at  (e)  in  Fig- 

25  ure  22.  Thus,  the  illumination  system  33  is  "flashed"  for 
each  subframe  and  is  switched  on  from  when  pixels  in 
the  last  line  of  a  subframe  reach  equilibrium  and  off 
when  pixels  in  the  first  line  leave  equilibrium. 

The  optical  responses  of  the  pixels  shown  at  (b)  and 
30  (d)  in  Figure  22  are  for  the  symmetrical  optical  response 

case  but  the  addressing  scheme  may  equally  well  be 
used  for  the  asymmetrical  optical  response  case. 

The  addressing  scheme  illustrated  in  Figure  22  has 
the  advantage  that  each  individual  colour  is  "flashed"  at 

35  a  high  frequency  than  the  frequency  for  the  scheme  il- 
lustrated  in  Figure  20  and  the  effective  frequency  for  the 
scheme  illustrated  in  Figure  21,  where  each  colour  is 
flashed  twice  in  succession.  This  reduces  or  suppresses 
the  known  artifact  of  "colour  break-up"  and  thus  im- 

40  proves  image  quality. 
Figure  23  illustrates  measured  results  obtained  us- 

ing  the  addressing  scheme  illustrated  in  Figure  22  for 
an  SBF  material.  In  this  case,  each  substantially  con- 
stant  voltage  period  of  the  pixel  waveform  is  approxi- 

45  mately  2.78  milliseconds.  The  details  of  the  cell  are  as 
described  hereinbefore  with  reference  to  Example  2. 

Figure  24  illustrates  part  of  a  pixelated  AMLCD  us- 
ing  an  AFLC  and  being  of  the  type  described  hereinbe- 
fore  as  Example  1  .  The  device  comprises  a  glass  sub- 

so  strate  40  on  which  are  formed  pixel  electrodes  41,  for 
example  made  of  indium  tin  oxide  (ITO).  An  alignment 
layer  42,  for  instance  comprising  a  rubbed  polyimide  lay- 
er,  is  formed  on  the  substrate  40  and  the  electrodes  41  . 
Similarly,  a  glass  substrate  43  carries  a  common  elec- 

ts  trode  44  of  ITO,  on  which  is  formed  an  alignment  layer 
45,  for  instance  also  of  rubbed  polyimide.  The  sub- 
strates  40  and  43  are  spaced  apart  to  define  a  cell  con- 
taining  a  layer  46  of  AFLC. 
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As  illustrated  in  Figures  25  and  26,  the  device  also 
comprises  polarisers  47  and  48  having  vertical  and  hor- 
izontal  polarisation  transmission  directions,  respective- 
ly.  The  device  operates  in  the  transmissive  mode  and  is 
"normally  black"  ie.  provides  maximum  attenuation  of 
light  in  the  absence  of  an  applied  field  across  the  layer 
46. 

Figures  25  and  26  illustrate  operation  of  four  pixels 
49  to  52  of  the  device  displaying  arbitrary  image  data  in 
first  and  second  subframes  of  a  frame.  In  the  first  sub- 
frame  as  illustrated  in  Figure  25,  the  pixels  49  and  50 
have  no  applied  field.  The  optic  axes  of  the  pixels  49 
and  50  are  oriented  vertically  so  that  the  liquid  crystal 
of  these  pixels  has  no  effect  on  the  direction  of  polari- 
sation  of  light  entering  the  layer  46  via  the  polariser  47. 
Vertically  polarised  light  passing  through  the  pixels  49 
and  50  is  extinguished  by  the  polariser  48  so  that  these 
pixels  appear  dark. 

In  the  first  subframe,  a  positive  electric  field  is  ap- 
plied  across  the  pixels  51  and  52  so  that  the  optic  axes 
of  the  liquid  crystal  of  these  pixels  are  rotated  from  the 
vertical  as  illustrated  in  Figure  25.  The  dielectric  anisot- 
ropy  and  the  thickness  of  the  layer  46  are  such  that  the 
pixels  51  and  52  act  as  half  waveplates  so  that  the  po- 
larisation  of  light  passing  through  the  pixels  51  and  52 
from  the  polariser  47  is  rotated  by  twice  the  angle  be- 
tween  the  optic  axes  of  the  pixels  51  and  52  and  the 
vertical.  Light  from  the  pixels  51  and  52  is  thus  at  least 
partly  transmitted  by  the  polariser  48  so  that  these  pixels 
appear  bright. 

Figure  26  illustrates  operation  of  the  pixels  49  to  52 
during  the  second  subframe.  The  zero  applied  field 
across  the  liquid  crystal  of  the  pixels  49  and  50  remains 
unchanged  so  that  these  pixels  continue  to  appear  dark. 
However,  the  applied  field  across  the  liquid  crystal  of  the 
pixels  51  and  52  is  of  the  same  magnitude  but  of  oppo- 
site  polarity  so  that  the  optic  axes  of  these  pixels  are 
rotated  in  the  opposite  direction.  Accordingly,  these  pix- 
els  appear  bright. 

Figure  27  illustrates  a  double  layer  embodiment  of 
a  transmissive  display.  The  display  comprises  the  com- 
ponents  40  to  48  as  illustrated  in  Figures  24  to  26.  In 
addition,  the  display  of  Figure  27  comprises  a  further 
device  comprising  a  glass  substrate  40  ,  ITO  pixel  elec- 
trodes  41  ',  an  alignment  layer  42  ,  an  ITO  common  elec- 
trode  44  ,  an  alignment  layer  45'  and  a  layer  46'  of  AFLC. 
The  glass  substrate  43  acts  as  a  substrate  also  for  the 
electrode  44'  alignment  45'.  The  pixel  electrodes  41  and 
41  '  are  optically  aligned  with  each  other  so  that  the  pix- 
els  formed  in  the  layers  46  and  46'  are  optically  in  series 
with  each  other  and  are  addressed  so  as  to  be  controlled 
together. 

As  illustrated  in  Figure  28  for  a  first  subframe,  the 
pixels  49,  50,  49'  and  50',  have  a  zero  applied  field  so 
that  their  optic  axes  are  vertical  and  parallel  to  the  po- 
larisation  transmission  direction  of  the  polariser  47. 
These  pixels  therefore  have  no  substantial  effect  on  the 
polarisation  of  light  from  the  polariser  47.  The  polarisa- 

tion  transmission  direction  of  the  polariser  48  is,  in  this 
embodiment,  parallel  to  that  of  the  polariser  47  so  that 
these  pixels  appear  bright. 

The  pixels  51  and  52  of  the  layer  46  have  a  positive 
5  applied  field  whereas  the  pixels  51'  and  52'of  the  layer 

46'  have  a  negative  applied  field  of  the  same  magnitude. 
Thus,  the  optic  axes  of  the  pixels  51  and  52  are  rotated 
by  a  in  a  clockwise  direction  from  the  vertical  whereas 
the  optic  axes  of  the  pixels  51'  and  52'  are  rotated  by 

10  the  same  angle  but  in  an  anti-clockwise  direction  from 
the  vertical.  The  layers  46  and  46'  act  as  half  waveplates 
so  that  the  polarisation  vector  of  light  from  the  polariser 
47  is  rotated  so  as  to  be  substantially  perpendicular  to 
the  polarisation  transmission  direction  of  the  polariser 

is  48.  These  pixels  therefore  appear  dark. 
Operation  during  the  second  subframe  is  illustrated 

in  Figure  29  and,  as  described  with  reference  to  Figures 
25  and  26,  the  applied  fields  across  the  pixels  51  and 
52  of  the  layer  46  and  51'  and  52'  of  the  layer  46'  are 

20  rotated  in  the  opposite  directions.  These  pixels  therefore 
again  appear  dark. 

Figure  30  illustrates  a  single  layer  reflective  device 
which  differs  from  that  shown  in  Figure  24  in  that  the 
common  electrode  44  is  made  of  metal,  such  as  silver 

25  or  aluminum,  and  is  reflective  to  light.  Also,  a  quarter 
wave  retarder  53  is  disposed  between  the  electrode  and 
reflector  44  and  the  alignment  layer  45. 

Figure  31  illustrates  operation  of  the  device  of  Fig- 
ure  30  during  a  first  subframe.  The  state  of  the  pixels  49 

30  to  52  are  as  described  for  Figure  25.  Thus,  the  polari- 
sation  of  light  from  the  polariser  47  passing  through  the 
pixels  49  and  50  and  through  the  retarder  54  is  un- 
changed  and  such  light  is  reflected  by  the  electrode  and 
reflector  44  back  through  the  retarder  53,  the  pixels  49 

35  and  50  and  the  polariser  47.  These  pixels  therefore  ap- 
pear  bright. 

Light  from  the  polariser  47  passing  through  the  pix- 
els  51  and  52  has  its  polarisation  vector  rotated  such 
that  the  retarder  53  converts  the  polarisation  from  linear 

40  polarisation  to  circular  or  elliptical  polarisation.  The  po- 
larisation  of  such  light  reflected  by  the  electrode  and  re- 
flector  44  is  reversed  and  converted  to  linear  polarisa- 
tion  by  the  retarder  53.  The  linear  polarisation  of  light 
passing  back  through  the  pixels  51  and  52  is  rotated  so 

45  as  to  be  substantially  perpendicular  to  the  polarisation 
transmission  direction  of  the  polariser  47.  These  pixels 
therefore  appear  dark. 

As  illustrated  in  Figure  32,  during  the  second  sub- 
frame,  the  optic  axes  of  the  pixels  51  and  52  are  rotated 

so  in  the  opposite  direction  from  the  vertical  compared  with 
the  first  subframe.  Otherwise,  operation  is  substantially 
the  same  so  that  the  pixels  49  and  50  appear  bright 
whereas  the  pixels  51  and  52  appear  dark. 

Various  modifications  may  be  made  within  the 
55  scope  of  the  invention.  For  instance,  in  the  devices 

shown  in  Figures  24  to  26,  the  polarisation  transmission 
directions  of  the  polarisers  47  and  48  may  be  parallel, 
in  which  case  the  device  is  of  the  normally  white  type. 
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Similarly,  the  polarisation  transmission  directions  of  the 
polarisers  47  and  48  in  the  embodiment  illustrated  in 
Figures  27  to  29  may  be  orthogonal,  in  which  case  the 
device  is  of  the  normally  black  type. 

Claims 

1.  Use  of  an  active  matrix  light  modulator  for  reducing  5. 
the  effects  of  asymmetrical  optical  performance,  the  10 
active  matrix  light  modulator  comprising:  a  plurality 
of  data  lines  (22);  a  plurality  of  scan  lines  (20);  an 
active  matrix  of  control  elements  (18)  disposed  at 
intersections  of  the  data  lines  (22)  and  scan  lines 
(20);  an  array  (10)  of  pixels  which  are  selectively  15 
addressable  by  data  and  scan  signals  applied  to  the 
control  elements  (18)  by  way  of  the  data  and  scan 
lines  (20,22)  so  as  to  be  set  to  a  first  optical  trans- 
mission  state  in  response  to  a  positive  applied  volt-  6. 
age  of  a  particular  magnitude,  a  second  optical  20 
state  in  response  to  an  intermediate  applied  voltage 
and  a  third  optical  state  in  response  to  a  negative 
applied  voltage  of  equal  magnitude,  but  opposite 
polarity,  to  said  positive  applied  voltage;  addressing 
means  (12,14)  for  addressing  each  pixel  during  a  25 
corresponding  addressing  frame  by  the  application  7. 
of  data  and  scan  signals  to  an  associated  one  of  the 
control  elements  (18)  in  order  to  select  the  optical 
level  of  the  pixel  for  each  frame;  and  voltage  inver- 
sion  means  (12,14,28)  for  controlling  the  voltage  30 
applied  to  each  pixel  during  successive  subframes 
of  each  frame  such  that,  when  one  optical  level  is 
selected  for  the  frame,  said  positive  voltage  is  ap-  8. 
plied  to  the  pixel  during  one  subframe  of  the  frame 
and  said  negative  voltage  is  applied  to  the  pixel  dur-  35 
ing  another  subframe  of  the  frame  and,  when  an- 
other  optical  level  is  selected  for  the  frame,  said  in- 
termediate  voltage  is  applied  to  the  pixel  during  both 
of  the  subframes  of  the  frame,  so  as  to  provide  DC 
balancing  within  the  frame.  40 

9. 
2.  Use  according  to  claim  1  ,  characterised  in  that  said 

intermediate  applied  voltage  is  zero  voltage. 

3.  Use  according  to  claim  1  or  2,  characterised  in  that  45 
the  first  and  third  optical  states  are  symmetrical  in 
that  they  exhibit  substantially  the  same  optical  level 
in  response  to  said  positive  and  negative  applied 
voltages,  and  the  voltage  inversion  means 
(12,14,28)  is  arranged  to  apply  said  positive  and  so 
negative  voltages  to  the  pixel  during  the  two  suc- 
cessive  subframes  when  said  one  optical  level  is 
selected  such  that  the  same  optical  level  is  obtained 
during  the  two  subframes. 

55 
4.  Use  according  to  claim  1  or  2,  characterised  in  that  10. 

the  first  and  third  optical  states  are  asymmetrical  in 
that  they  exhibit  different  optical  levels  in  response 

to  said  positive  and  negative  applied  voltages,  and 
the  voltage  inversion  means  (12,1  4,28)  is  arranged 
to  apply  said  positive  and  negative  voltages  to  the 
pixel  during  the  two  successive  subframes  when 
said  one  optical  level  is  selected  such  that  different 
optical  levels  are  obtained  during  the  two  sub- 
frames. 

Use  according  to  any  preceding  claim,  character- 
ised  in  that  the  voltage  inversion  means  (12,14,28) 
is  arranged  to  modulate  addressing  of  each  pixel  by 
the  addressing  means  by  means  (12,14)  of  a  volt- 
age  inversion  switching  waveform  having  2N  por- 
tions  for  addressing  2N  subframes  within  the  frame, 
where  N  is  an  integer  greater  than  zero  and  con- 
secutive  portions  have  voltages  of  equal  magnitude 
and  duration  but  opposite  polarity. 

Use  according  to  claim  5,  characterised  in  that  the 
voltage  inversion  means  (12,14,28)  is  arranged  to 
supply  a  voltage  inversion  switching  waveform  con- 
sisting  of  two  portions  having  voltages  of  equal 
magnitude  and  duration  but  opposite  polarity  which 
follow  one  another  substantially  immediately. 

Use  according  to  claim  5,  characterised  in  that  the 
voltage  inversion  means  (12,14,28)  is  arranged  to 
supply  a  voltage  inversion  switching  waveform 
comprising  portions  having  voltages  of  equal  mag- 
nitude  and  duration  but  opposite  polarity  and  a  fur- 
ther  portion  of  zero  voltage. 

Use  according  to  claim  5,  6  or  7,  characterised  in 
that  the  voltage  inversion  means  (12,14,28)  is  ar- 
ranged  to  supply  voltage  inversion  switching  wave- 
forms  in  successive  frames  such  that  the  polarity  of 
the  last  subframe  of  a  first  of  the  frames  is  the  same 
as  the  polarity  of  the  first  subframe  of  a  second  of 
the  frames  following  the  first  frame. 

Use  according  to  any  preceding  claim,  character- 
ised  in  that  each  of  the  pixels  is  addressable  so  as 
to  be  set  to  one  of  a  plurality  of  first  optical  states  in 
response  to  a  selected  one  of  a  plurality  of  different 
positive  applied  voltages  or  one  of  a  plurality  of  third 
optical  states  in  response  to  a  selected  one  of  a  plu- 
rality  of  different  negative  applied  voltages,  and  the 
voltage  inversion  means  (12,14,28)  is  arranged  to 
apply  said  selected  positive  voltage  to  the  pixel  dur- 
ing  one  subframe  of  the  frame  and  said  selected 
negative  voltage  to  the  pixel  during  another  sub- 
frame  of  the  frame  in  order  to  select  one  of  a  plurality 
of  possible  optical  levels  for  the  frame  whilst  main- 
taining  DC  balancing  within  the  frame. 

Use  according  to  any  preceding  claim,  character- 
ised  in  that  the  control  elements  (1  8)  are  polysilicon 
switching  elements. 
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1  1  .  Use  according  to  claim  1  0,  characterised  in  that  the 
polysilicon  switching  elements  (18)  are  polysilicon 
thin  film  transistors  or  diodes. 

12.  Use  according  to  any  preceding  claim,  character- 
ised  in  that  the  active  matrix  incorporates  a  respec- 
tive  control  element  (18)  coupled  to  each  pixel  and 
having  a  data  input  for  receiving  data  signals  from 
a  corresponding  one  of  the  data  lines  (22)  and  a 
control  input  for  receiving  scan  pulses  from  a  cor- 
responding  one  of  the  scan  lines  (20)  in  order  to 
switch  the  control  element  (18)  to  supply  a  voltage 
to  the  pixel. 

13.  Use  according  to  claim  12,  characterised  in  that  a 
storage  capacitor  (24)  is  coupled  to  the  output  of 
the  control  element  (18),  and  a  buffer  (28)  is  con- 
nected  between  the  output  of  the  control  element 
(18)  and  the  pixel. 

14.  Use  according  to  any  preceding  claim,  character- 
ised  in  that  the  light  modulator  is  a  light  transmissive 
liquid  crystal  device. 

1  5.  Use  according  to  claim  1  4,  characterised  in  that  the 
array  (10,44-46)  is  disposed  between  polarisers 
(47,48)  arranged  with  their  axes  transverse  to  one 
another  such  that  said  first  and  third  optical  states 
are  bright  states  and  said  second  optical  state  is  a 
dark  state. 

1  6.  Use  according  to  claim  1  4,  characterised  in  that  the 
array  (10,  40-46)  is  disposed  between  polarisers 
(47,48)  arranged  with  their  axes  substantially  par- 
allel  to  one  another  such  that  said  first  and  third  op- 
tical  states  are  dark  states  and  said  second  optical 
state  is  a  bright  state. 

1  7.  Use  according  to  claim  1  4,  characterised  in  that  the 
array  (10,  40-46)  is  disposed  in  series  with  a  further 
array(10,  40'-45')  of  similar  form  between  polarisers 
(47,48)  arranged  with  their  axes  substantially  par- 
allel  to  one  another,  and  the  addressing  means 
(12,14)  is  arranged  to  simultaneously  apply  ad- 
dressing  signals  of  opposite  polarity  to  the  arrays 
(10,40-46,  40'-45'))  such  that  a  dark  level  is  ob- 
tained  when  one  of  the  arrays  (10,40-46)  is  in  said 
first  optical  state  and  the  other  array  (10,40'-45')  is 
in  said  third  optical  state  and  a  bright  level  is  ob- 
tained  when  both  arrays  (10,40-46,  40'-45')  are  in 
said  second  optical  state. 

1  8.  Use  according  to  claim  1  4,  characterised  in  that  the 
array  (10,40-42,  45,46))  is  disposed  between  a  po- 
lariser  (47)  and  a  reflective  surface  (44)  with  a  quar- 
ter  wave  retarder  (53)  being  disposed  between  the 
array  (10,40-42,45,46)  and  the  reflective  surface 
(44)  such  that  a  dark  level  is  obtained  when  the  ar- 

ray  (10,40-42,45,46)  is  in  one  of  said  first  and  third 
optical  states  and  a  bright  level  is  obtained  when 
the  array  (10,40-42,45,46)  is  in  said  second  optical 
state. 

5 
19.  Use  according  to  any  preceding  claim,  character- 

ised  in  that  the  light  modulator  is  a  diffractive  spatial 
light  modulator. 

10  20.  Use  according  to  claim  1  9,  characterised  in  that  the 
active  matrix  incorporates  a  set  of  first  elongate 
electrodes  (1  9)  on  one  side  of  the  array  (1  0),  a  set 
of  second  elongate  electrodes  (21)  interdigitated 
with  the  set  of  first  elongate  electrodes  (1  9)  on  said 

is  one  side  of  the  array  (10),  and  a  set  of  pixel  elec- 
trodes  (1  7)  on  the  other  side  of  the  array  (10)  each 
of  which  overlaps  a  plurality  of  first  and  second  elec- 
trodes  (19,21),  the  first  and  second  electrodes 
(19,21)  being  connected  to  respective  supply  lines 

20  (1  9',  21  ')  for  continuously  applied  voltages  and  each 
of  the  pixel  electrodes  (17)  being  addressable  by 
the  addressing  means  (12,14)  for  switching  be- 
tween  a  diffractive  mode  and  a  non-diffractive 
mode,  wherein  the  voltage  inversion  means  (12,14) 

25  is  arranged  to  invert  the  voltages  applied  to  the  first 
and  second  electrodes  (19,21)  about  a  predeter- 
mined  voltage  between  the  two  subframes  at  the 
same  time  as  inversion  of  the  voltages  applied  to 
the  pixel  electrodes  (17). 

30 
21  .  Use  according  to  any  one  of  claims  1  to  20,  charac- 

terised  in  that  the  light  modulator  is  an  antiferroe- 
lectric  liquid  crystal  device. 

35  22.  Use  according  to  claim  21,  characterised  in  that  the 
light  modulator  is  a  thresholdless  antiferroelectric 
liquid  crystal  device. 

23.  Use  according  to  any  one  of  claims  1  to  20,  charac- 
40  terised  in  that  the  light  modulator  is  a  deformed  helix 

ferroelectric  liquid  crystal  device. 

24.  Use  according  to  any  one  of  claims  1  to  20,  charac- 
terised  in  that  the  light  modulator  is  a  short  pitch 

45  bistable  ferroelectric  liquid  crystal  device. 

25.  Use  of  an  active  matrix  light  modulator  for  reducing 
the  effects  of  asymmetrical  optical  performance,  the 
modulator  comprising  a  plurality  of  pixels,  an  active 

so  matrix  addressing  arrangement  (1  6-28)  for  the  pix- 
els,  and  a  pixel  waveform  generator  (12,14)  for  sup- 
plying  each  frame  of  image  data  as  first  and  second 
subframes  such  that  the  waveform  across  each  pix- 
el  during  the  second  subframe  is  substantially  the 

55  inverse  of  the  waveform  across  the  pixel  during  the 
first  subframe. 

26.  An  active  light  modulator  comprising:  a  plurality  of 
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data  lines  (22);  a  plurality  of  scan  lines  (20);  an  ac- 
tive  matrix  of  control  elements  (18)  disposed  at  in- 
tersections  of  the  data  lines  (22)  and  scan  lines  (20); 
an  array  (10)  of  pixels  which  are  selectively  ad- 
dressable  by  data  and  scan  signals  applied  to  the 
control  elements  (18)  by  way  of  the  data  and  scan 
lines  (20,22)  so  as  to  be  set  to  a  first  optical  trans- 
mission  state  in  response  to  a  positive  applied  volt- 
age  of  a  particular  magnitude,  a  second  optical 
state  in  response  to  an  intermediate  applied  voltage 
and  a  third  optical  state  in  response  to  a  negative 
applied  voltage  of  equal  magnitude,  but  opposite 
polarity,  to  said  positive  applied  voltage;  and  ad- 
dressing  means  (12,14)  for  addressing  each  pixel 
during  a  corresponding  addressing  frame  by  the  ap- 
plication  of  data  and  scan  signals  to  an  associated 
one  of  the  control  elements  (18)  in  order  to  select 
the  optical  level  of  the  pixel  for  each  frame,  charac- 
terised  in  that  the  pixels  exhibit  asymmetrical  on- 
axis  optical  performance  and  in  that  the  modulator 
comprises  voltage  inversion  means  (12,14,28)  for 
controlling  the  voltage  applied  to  each  pixel  during 
successive  subframes  of  each  frame  such  that, 
when  one  optical  level  is  selected  forthe  frame,  said 
positive  voltage  is  applied  to  the  pixel  during  one 
subframe  of  the  frame  and  said  negative  voltage  is 
applied  to  the  pixel  during  another  subframe  of  the 
frame  and,  when  another  optical  level  is  selected 
from  the  frame,  said  intermediate  voltage  is  applied 
to  the  pixel  during  both  of  the  subframes  of  the 
frame,  so  as  to  provide  DC  balancing  within  the 
frame. 

27.  A  light  modulator  according  to  claim  26,  character- 
ised  in  that  said  intermediate  applied  voltage  is  zero 
voltage. 

28.  A  light  modulator  according  to  claim  26  or  27,  char- 
acterised  in  that  the  first  and  third  optical  states  are 
asymmetrical  in  that  they  exhibit  different  optical 
levels  in  response  to  said  positive  and  negative  ap- 
plied  voltages,  and  the  voltage  inversion  means 
(12,14,28)  is  arranged  to  apply  said  positive  and 
negative  voltages  to  the  pixel  during  the  two  suc- 
cessive  subframes  when  said  one  optical  level  is 
selected  such  that  different  optical  levels  are  ob- 
tained  during  the  two  subframes. 

29.  A  light  modulator  according  to  26,  27  or  28,  charac- 
terised  in  that  the  voltage  inversion  means 
(12,14,28)  is  arranged  to  modulate  addressing  of 
each  pixel  by  the  addressing  means  (12,14)  by 
means  of  a  voltage  inversion  switching  waveform 
having  2N  portions  for  addressing  2N  subframes 
within  the  frame,  where  N  is  an  integer  greater  than 
zero  and  consecutive  portions  have  voltages  of 
equal  magnitude  and  duration  but  opposite  polarity. 
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30.  A  light  modulator  according  to  claim  29,  character- 
ised  in  that  the  voltage  inversion  means  (12,14,28) 
is  arranged  to  supply  a  voltage  inversion  switching 
waveform  consisting  of  two  portions  having  voltag- 

5  es  of  equal  magnitude  and  duration  but  opposite  po- 
larity  which  follow  one  another  substantially  imme- 
diately. 

31.  A  light  modulator  according  to  claim  29,  character- 
10  ised  in  that  the  voltage  inversion  means  (12,1  4,28) 

is  arranged  to  supply  a  voltage  inversion  switching 
waveform  comprising  portions  having  voltages  of 
equal  magnitude  and  duration  but  opposite  polarity 
and  a  further  portion  of  zero  voltage. 

15 
32.  A  light  modulator  according  to  claim  29,  30  or  31, 

characterised  in  that  the  voltage  inversion  means 
(12,14,28)  is  arranged  to  supply  voltage  inversion 
switching  waveforms  in  successive  frames  such 

20  that  the  polarity  of  the  last  subframe  of  a  first  of  the 
frames  is  the  same  as  the  polarity  of  the  first  sub- 
frame  of  a  second  of  the  frames  following  the  first 
frame. 

25  33.  A  light  modulator  according  to  any  one  of  claims  26 
to  32,  characterised  in  that  each  of  the  pixels  is  ad- 
dressable  so  as  to  be  set  to  one  of  a  plurality  of  first 
optical  states  in  response  to  a  selected  one  of  plu- 
rality  of  a  different  positive  applied  voltages  or  one 

30  of  a  plurality  of  third  optical  states  in  response  to  a 
selected  one  of  a  plurality  of  different  negative  ap- 
plied  voltages,  and  the  voltage  inversion  means 
(12,14,28)  is  arranged  to  apply  said  selected  posi- 
tive  voltage  to  the  pixel  during  one  subframe  of  the 

35  frame  and  said  selected  negative  voltage  to  the  pix- 
el  during  another  subframe  of  the  frame  in  order  to 
select  one  of  plurality  of  possible  optical  levels  for 
the  frame  whilst  maintaining  DC  balancing  within 
the  frame. 

40 
34.  A  light  modulator  according  to  any  one  of  claims  26 

to  33,  characterised  in  that  the  control  elements  (18) 
are  polysilicon  switching  elements. 

45  35.  A  light  modulator  according  to  claim  34,  character- 
ised  in  that  the  polysilicon  switching  elements  (18) 
are  polysilicon  thin  film  transistors  or  diodes. 

36.  A  light  modulator  according  to  any  one  of  claims  26 
so  to  35,  characterised  in  that  the  active  matrix  incor- 

porates  a  respective  control  element  (18)  coupled 
to  each  pixel  and  having  a  data  input  for  receiving 
data  signals  from  a  corresponding  one  of  the  data 
lines  (22)  and  a  control  input  for  receiving  scan  puls- 

us  es  from  a  corresponding  one  of  the  scan  lines  (20) 
in  order  to  switch  the  control  element  (1  8)  to  supply 
a  voltage  to  the  pixel. 
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37.  A  light  modulator  according  to  claim  36,  character- 
ised  in  that  a  storage  capacitor  (24)  is  coupled  to 
the  output  of  the  control  element  (18)  and  a  buffer 
(28)  is  connected  between  the  output  of  the  control 
element  (18)  and  the  pixel. 

38.  A  light  modulator  according  to  any  one  of  claim  26 
to  37,  characterised  in  that  the  modulator  is  a  light 
transmissive  liquid  crystal  device. 

39.  A  light  modulator  according  to  claim  38,  character- 
ised  in  that  the  array  (10,40-46)  is  disposed  be- 
tween  polarisers  (47,48)arranged  with  their  axes 
transverse  to  one  another  such  that  said  first  and 
third  optical  states  are  bright  states  and  said  second 
optical  state  is  a  dark  state. 

40.  A  light  modulator  according  to  claim  38,  character- 
ised  in  that  the  array  (10,40-46)  is  disposed  be- 
tween  polarisers  (47,48)  arranged  with  their  axes 
substantially  parallel  to  one  another  such  that  said 
first  and  third  optical  states  are  dark  states  and  said 
second  optical  state  is  a  bright  state. 

41.  A  light  modulator  according  to  claim  38,  character- 
ised  in  that  the  array  (1  0,40-46)  is  disposed  in  series 
with  a  further  array  (20,40'-45')  of  similar  form  be- 
tween  polarisers  (47,48)arranged  with  their  axes 
substantially  parallel  to  one  another,  and  the  ad- 
dressing  means  (12,14)  is  arranged  to  simultane- 
ously  apply  addressing  signals  of  opposite  polarity 
to  the  arrays  (1  0,40-46,  40'-45')  such  that  a  dark  lev- 
el  is  obtained  when  one  of  the  arrays  (10,40-46)  is 
in  said  first  optical  state  and  the  other  array  (1  0,40'- 
45')  is  in  said  third  optical  state  and  a  bright  level  is 
obtained  when  both  arrays  (10,  40-46,  40'-45')  are  in 
said  second  optical  state. 

42.  A  light  modulator  according  to  claim  38,  character- 
ised  in  that  the  array  (10,40-46)  is  disposed  be- 
tween  a  polariser  (47)  and  a  reflective  surface  (44) 
with  a  quarter  wave  retarder  (53)  being  disposed 
between  the  array  (1  0,40-46)  and  the  reflective  sur- 
face  (44)  such  that  a  dark  level  is  obtained  when 
the  array  (10,40-46)  is  in  one  of  said  first  and  third 
optical  states  and  a  bright  level  is  obtained  when 
the  array  (10,40-46)  is  in  said  second  optical  state. 

43.  A  light  modulator  according  to  any  one  of  claims  26 
to  42,  characterised  in  that  the  modulator  is  a  dif- 
fractive  spatial  light  modulator. 

44.  A  light  modulator  according  to  claim  43,  character- 
ised  in  that  the  active  matrix  incorporates  a  set  of 
first  elongate  electrodes  (1  9)  on  one  side  of  the  ar- 
ray  (10),  a  set  of  second  elongate  electrodes  (21) 
interdigitated  with  the  set  of  first  elongate  elec- 
trodes  (19)  on  said  one  side  of  the  array  (10),  and 

a  set  of  pixel  electrodes  (1  7)  on  the  other  side  of  the 
array  (10),  each  of  which  overlaps  a  plurality  of  first 
and  second  electrodes  (1  9,21  );  the  first  and  second 
electrodes  (19,21)  being  connected  to  respective 

5  supply  lines  (1  9',  21  ')  for  continuously  applied  volt- 
ages  and  each  of  the  pixel  electrodes  (1  7)  being  ad- 
dressable  by  the  addressing  means  (12,14)  for 
switching  between  a  diffractive  mode  and  a  non-dif- 
fractive  mode,  wherein  the  voltage  inversion  means 

10  (1  2,  1  4)  is  arranged  to  invert  the  voltages  applied  to 
the  first  and  second  electrodes  (1  9,21  )  about  a  pre- 
determined  voltage  between  the  two  subframes  at 
the  same  time  as  inversion  of  the  voltages  applied 
to  the  pixel  electrodes  (17). 

15 
45.  A  light  modulator  according  to  any  one  of  claims  26 

to  44,  characterised  in  that  the  modulator  is  an  an- 
tiferroelectric  liquid  crystal  device. 

20  46.  A  light  modulator  according  to  claim  45,  character- 
ised  in  that  the  modulator  is  a  thresholdless  antifer- 
roelectric  liquid  crystal  device. 

47.  A  light  modulator  according  to  any  one  of  claims  26 
25  to  44,  characterised  in  that  the  modulator  is  a  de- 

formed  helix  ferroelectric  liquid  crystal  device. 

48.  A  light  modulator  according  to  any  one  of  claims  26 
to  44,  characterised  in  that  the  modulator  is  a  short 

30  pitch  bistable  ferroelectric  liquid  crystal  device. 

49.  An  active  matrix  spatial  light  modulator  comprising 
a  plurality  of  pixels,  an  active  matrix  addressing  ar- 
rangement  (16-28)  forthe  pixels,  and  a  pixel  wave- 

35  form  generator  (12,14),  characterised  in  that  the 
pixels  exhibit  asymmetrical  on-axis  optical  perform- 
ance  and  in  that  the  pixel  waveform  generator 
(12,14)  is  arranged  to  supply  each  frame  of  image 
data  as  first  and  second  subframes  such  that  the 

40  waveform  across  each  pixel  during  the  second  sub- 
frame  is  substantially  the  inverse  of  the  waveform 
across  the  pixel  during  the  first  subframe. 

50.  A  display  comprising:  an  active  matrix  spatial  light 
45  modulator  (30)  comprising  a  plurality  of  pixels,  an 

active  matrix  addressing  arrangement  (16-28)  for 
the  pixels,  and  a  pixel  waveform  generator  (12,14); 
and  an  illumination  system  (33,34),  characterised 
in  that  the  pixel  waveform  generator  (12,14)  is  ar- 

so  ranged  to  supply  each  frame  of  colour  image  data 
as  a  plurality  of  single  colour  frames  of  single  colour 
image  data  and  each  single  colour  frame  as  first  and 
second  subframes  such  that  the  waveform  across 
each  pixel  during  the  second  subframe  is  substan- 

55  tially  the  inverse  of  the  waveform  across  the  pixel 
during  the  first  subframe,  and  in  that  the  illumination 
system  (33,34)  is  arranged  to  illuminate  the  modu- 
lator  (30)  with  light  of  a  colour  corresponding  to  the 

19 



35  EP  0  875  881  A2  36 

colour  of  the  colour  image  data  currently  being  dis- 
played  by  the  modulator  (30). 

51.  A  display  as  claimed  in  claim  50,  characterised  in 
that  the  first  and  second  subframes  of  each  single  s 
colour  frame  are  consecutive. 

52.  A  display  as  claimed  in  claim  51,  characterised  in 
that  the  pixels  exhibit  symmetrical  optical  perform- 
ance.  10 

53.  A  display  as  claimed  in  claim  52,  characterised  in 
that  the  illumination  system  (33,34)  is  arranged  to 
illuminate  the  modulator  (30)  continuously  during 
the  first  and  second  subframes  of  each  single  colour  is 
frame. 

54.  A  display  as  claimed  in  claim  53,  characterised  in 
that  the  illumination  system  (33,34)  is  arranged  to 
begin  illuminating  the  modulator  (30)  no  earlierthan  20 
completion  of  refreshing  the  modulator  (30)  with 
each  first  subframe  and  to  stop  illuminating  the 
modulator  (30)  no  later  than  commencement  of  re- 
freshing  the  modulator  (30)  with  the  subsequent 
first  subframe.  25 

55.  A  display  as  claimed  in  claim  51,  characterised  in 
that  the  pixels  exhibit  asymmetrical  optical  perform- 
ance. 

30 
56.  A  display  as  claimed  in  claim  50,  characterised  in 

that  the  first  subframes  of  each  frame  are  consec- 
utive  and  the  second  subframes  of  each  frame  are 
consecutive. 

35 
57.  A  display  as  claimed  in  claim  55  or  56,  character- 

ised  in  that  the  illumination  system  (33,34)  is  ar- 
ranged  to  be  extinguished  between  consecutive 
subframes. 

40 
58.  A  display  as  claimed  in  claim  57,  characterised  in 

that  the  illumination  system  (33,34)  is  arranged  to 
begin  illuminating  the  modulator  (30)  no  earlierthan 
completion  of  refreshing  the  modulator  (30)  with 
each  subframe  and  to  stop  illuminating  the  modu-  45 
lator  (30)  no  later  than  commencement  of  refresh- 
ing  the  modulator  (30)  with  the  subsequent  sub- 
frame. 

59.  A  display  as  claimed  in  any  one  of  claims  50  to  58,  so 
characterised  in  that  the  single  colour  frames  com- 
prise  red,  green  and  blue  colour  frames. 

60.  A  display  as  claimed  in  any  one  of  claims  50  to  59, 
characterised  in  that  the  modulator  (30)  comprises  55 
a  liquid  crystal  device. 
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