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igy  Liquid  crystal  display  device. 
@  A  liquid  crystal  display  device  (10)  comprises:  a  group  of 
common  electrodes  (Y1  -  Y6)  formed  on  one  substrate  of  a  pair 
of  substrates  for  sandwiching  a  liquid  crystal  layer,  and  a  group 
of  segment  electrodes  (X1  -  X6)  formed  on  the  other  substrate 
of  the  pair  of  substrates.  Multiplex  driving  is  achieved 
successively  by  applying  a  common  voltage  waveform  compris- 
ing  selective  voltage  and  non-selective  voltage  to  the  group  of 
common  electrodes  and  applying  a  segment  voltage  waveform 
comprising  an  ON  voltage  and  an  OFF  voltage  to  the  group  of 
segment  electrodes.  At  least  one  of  the  common  voltage 
waveform  and  the  segment  voltage  waveform  is  changed  in 
accordance  with  the  pattern  of  drawings  and/or  characters 
displayed  in  the  liquid  crystal  display  device. 
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Description 

LIQUID  CRYSTAL  DISPLAY  DEVICE 

This  invention  relates  to  a  liquid  crystal  display 
device. 

Liquid  crystal  display  devices  are  conventionally  5 
electrically  driven  by  what  is  known  as  "voltage 
standard  means".  More  specifically,  the  liquid  crystal 
display  devices  are  such  that  their  display  is  turned 
ON  or  OFF  in  dependence  upon  whether  an  ON 
voltage  or  an  OFF  voltage  is  applied  to  a  segment  10 
electrode  when  a  selective  voltage  is  applied  to  a 
common  electrode  on  which  display  dots  are 
provided.  In  the  known  method  of  electrically  driving 
the  liquid  crystal  display  devices,  a  uniform  rectan- 
gular  waveform  is  in  fact  not  applied  to  the  display  15 
dots.  There  are  two  reasons  for  this,  and  the  first 
reason  is  that  each  display  dot  has  an  electrical 
capacity  based  on  its  area,  the  thickness  of  the  liquid 
crystal  layer,  the  dielectric  constant  of  the  liquid 
crystal  materials  and  so  on.  The  second  reason  is  20 
that  the  common  electrode  and  the  segment 
electrode  are  both  formed  of  transparent  conductive 
film  having  a  base  resistance  of  about  several  tens  of 
ohms,  and  naturally  both  of  the  common  electrode 
and  the  segment  electrode  include  a  fixed  electrical  25 
resistance.  Thus,  even  if  a  uniform  rectangular 
waveform  is  applied  from  a  driving  circuit,  the 
waveform  which  is  applied  to  the  display  dots  in  fact 
results  in  a  deformation  of  the  waveform.  This 
causes  a  problem  in  generating  the  difference  of  30 
effective  voltage  waveform  which  is  applied  to  each 
display  dot,  thereby  generating  a  required  contrast 
crosstalk. 

The  above  problem  has  been  known  from  early  on 
in  the  life  of  liquid  crystal  display  devices.  It  is  also  35 
known  to  prevent  the  problem  by  the  method  of 
reversing  the  polarity  of  the  voltage  which  is  applied 
to  a  liquid  crystal  panel  in  the  liquid  crystal  device  a 
number  of  times  per  frame,  see  for  example 
Japanese  Laid  Open  Patent  Applications  40 
Nos.  31825/87,  19195/85  and  19196/85.  This  method 
of  reversing  the  polarity  of  the  voltage  is  hereinafter 
referred  to  as  a  line  reverse  driving  method. 

The  line  reverse  driving  method  applies,  however, 
only  to  a  first  mode  of  crosstalk  which  will  be  45 
described  in  more  detail  hereinbelow.  Thus  the 
crosstalk  of  the  display  contrast  is  not  completely 
removed. 

As  a  result  of  a  study  of  the  contrast  cross-talk  in 
a  conventional  liquid  crystal  display  device,  we  have  50 
discovered  the  following  two  things.  Firstly,  the 
deformation  of  the  voltage  waveform  which  is 
applied  to  the  display  dots  depends  upon  the  pattern 
of  the  characters  or  drawings  which  are  displayed  on 
the  liquid  crystal  display  device.  Secondly,  a  change  55 
of  the  effective  voltage  based  on  the  deformation  of 
the  voltage  waveform  which  is  applied  to  the  display 
dots,  causes  the  contrast  crosstalk. 

Based  on  these  discoveries,  we  have  found  that 
the  occurrence  of  the  contrast  crosstalk  may  be  60 
prevented  if  the  rule  included  into  the  patterns 
displayed  in  the  liquid  crystal  display  device  are 
extracted  quantitatively,  and  compensation  is  ac- 

complished  to  the  applied  voltage  waveform  in 
accordance  with  the  extracted  quantity.  It  then 
depends  upon  which  pattern  rule  causes  the 
deformation  of  the  applied  voltage  waveform  cross- 
talk  or  the  contrast  crosstalk.  Up  to  now,  we  have 
discovered  four  modes  in  the  contrast  crosstalk, 
namely  a  first  mode  hereinafter  referred  to  as  a  zebra 
crosstalk,  a  second  mode  hereinafter  referred  to  as 
a  horizontal  crosstalk,  a  third  mode  hereinafter 
referred  to  as  a  vertical  crosstalk,  and  a  fourth  mode 
hereinafter  referred  to  as  a  inversion  crosstalk. 
These  four  modes  thus  relate  to  the  mechanism  by 
which  the  contrast  crosstalk  occurs  in  a  display  in 
accordance  with  the  change  of  the  voltage  wave- 
form.  The  contrast  crosstalk  of  the  display  occurs  in 
response  to  the  rule  of  the  display  content. 

The  present  invention  aims  to  provide  an  improved 
liquid  crystal  display  device,  wherein  the  rule  of  the 
display  content  is  extracted  quantitatively,  so  that 
the  compensation  corresponds  to  the  extraction  in 
order  to  provide  an  improved  liquid  crystal  display 
device  having  an  uniform  display  without  any 
contrast  crosstalk. 

The  present  invention  is  based  upon  the  observa- 
tion  that  a  deformation  of  voltage  waveform,  for 
example  the  curved  or  spike  shape  in  the  common 
voltage  waveform  for  adding  to  the  cbmmon  elec- 
trode  and  the  segment  voltage  waveform  for  adding 
to  the  segment  electrode,  generates  based  on  a 
predetermined  rule  possessed  by  the  pattern  of 
drawings  or  characters  for  forming  the  display  of  the 
liquid  crystal  display  device.  This  generates  the 
difference  in  the  effective  voltage  which  should  be 
added  to  each  display  element,  and  thereby  gener- 
ates  the  crosstalk  of  display  contrast.  The  present 
invention  provides  the  difference  that  at  least  one  of 
the  common  voltage  waveform  or  segment  voltage 
waveform  is  made  to  be  transformed  based  on  the 
rule  possessed  by  the  pattern  of  drawings  or 
characters  for  forming  the  display  of  the  liquid 
crystal  display  device,  whereby  the  difference  of  the 
effective  voltage  which  should  be  added  to  each 
display  dot  is  compensated,  thereby  enabling  the 
provision  of  an  improved  display  without  any  cross- 
talk  of  the  display  contrast. 

According  to  one  aspect  of  the  present  invention, 
there  is  provided  a  liquid  crystal  display  device 
comprising:  a  group  of  common  electrodes  formed 
on  one  substrate  of  a  pair  of  substrates  for 
sandwiching  a  liquid  crystal  layer;  a  group  of 
segment  electrodes  formed  on  the  other  substrate 
of  the  pair  of  substrates;  wherein  a  multiplex  driving 
is  achieved  successively  by  applying  a  common 
voltage  waveform  comprising  selective  voltage  and 
non-selective  voltage  to  the  group  of  common 
electrodes  and  applying  a  segment  voltage  wave- 
form  comprising  an  ON  voltage  and  an  OFF  voltage 
to  the  group  of  segment  electrodes;  and  wherein  at 
least  one  of  the  common  voltage  waveform  and  the 
segment  voltage  waveform  is  changed  in  accord- 
ance  with  the  pattern  of  drawings  and/or  characters 
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displayed  in  the  liquid  crystal  display  device. 
The  pattern  of  drawings  or  characters  displayed  in 

the  liquid  crystal  device  may  be  driven  by  the 
multiplex  by  means  of  the  voltage  standard  means. 

According  to  another  aspect  of  the  present 
invention,  there  is  provided  a  matrix  liquid  crystal 
display  device  for  displaying  characters  or  a  pattern 
comprising:  a  first  substrate;  a  plurality  of  common 
electrodes  being  formed  on  said  first  substrate;  a 
second  substrate;  a  plurality  of  segment  electrodes 
being  formed  on  said  second  substrate;  a  liquid 
crystal  layer  sandwiched  between  said  first  sub- 
strate  and  said  second  substrate;  multiplex  driving 
means  for  providing  a  common  voltage  waveform 
including  a  selected  voltage  or  a  non-selected 
voltage  to  said  plurality  of  common  electrodes  and 
providing  a  segment  voltage  waveform  including  an 
ON  voltage  or  an  OFF  voltage  to  said  plurality  of 
segment  electrodes;  and  compensation  means  for 
compensating  at  least  one  of  said  common  voltage 
waveform  or  said  segmented  voltage  waveform 
based  upon  said  pattern  or  said  characters  dis- 
played  by  said  liquid  crystal  display  device. 

In  one  embodiment,  said  common  electrodes 
intersect  said  segment  electrodes  to  define  a  matrix 
having  a  dot  at  ea  h  intersection,  the  dots  being  in 
either  an  ON  state  or  an  OFF  state  depending  on  the 
voltage  applied  to  the  intersecting  common  and 
segment  electrodes,  said  multiplex  driving  means 
sequentially  switching  the  selected  voltage  among 
the  common  electrodes,  the  compensation  means 
being  arranged  to  receive  a  data  signal  representa- 
tive  of  the  characters  or  pattern  to  be  displayed,  and 
producing  a  sign  signal  and  strength  signal,  said 
multiplex  driving  means  providing  a  common  voltage 
waveform  or  a  segment  voltage  waveform  having  a 
direction  and  size  based  at  least  in  part  upon  the 
sign  signal  and  the  strength  signal. 

In  another  embodiment,  said  common  electrodes 
intersect  with  the  segment  electrodes  to  define  a 
matrix  having  a  dot  at  each  intersection,  the  dots 
having  either  an  ON  state  or  an  OFF  state  depending 
on  the  voltage  supplied  to  the  intersecting  common 
and  segment  electrodes,  said  multiplex  driving 
means  sequentially  switching  the  selected  voltage 
among  the  common  electrodes,  the  compensation 
means  being  arranged  to  receive  a  data  signal 
representative  of  the  character  or  pattern  to  be 
displayed  and  producing  a  strength  signal  in  re- 
sponse  thereto. 

In  a  further  embodiment,  said  common  electrodes 
intersect  with  the  segment  electrodes  to  define  a 
matrix  having  a  dot  at  each  intersection,  the  dots 
being  in  either  an  ON  state  or  an  OFF  state 
depending  on  the  voltage  applied  to  the  intersecting 
common  and  segment  electrodes  said  multiplex 
driving  means  sequentially  switching  the  selected 
voltage  among  the  common  electrodes,  the  com- 
pensation  means  being  arranged  to  receive  a  data 
signal  representative  of  the  character  or  pattern  to 
be  displayed,  and  the  compensation  means  includ- 
ing  a  count  means  for  substantially  counting  the 
number  of  dots  in  the  ON  state  on  the  liquid  crystal 
display  and  producing  a  count,  a  count  holding 
means  for  storing  the  count  and  producing  a 

strength  signal,  the  multiplex  driving  means  receiv- 
ing  the  strength  signal  and  producing  a  voltage 
output  for  compensating  at  least  one  of  the 
non-selected  voltage  and  the  segment  voltage 

5  waveform  in  response  to  the  strength  signal. 
In  yet  another  embodiment,  said  common  elec- 

trodes  intersect  with  the  segment  electrodes  to 
define  a  matrix  having  a  dot  at  each  intersection,  the 
dots  being  in  either  an  ON  state  or  an  OFF  state 

10  depending  on  the  voltage  applied  to  the  intersecting 
common  and  segment  electrodes,  said  multiplex 
driving  means  sequentially  switching  the  selected 
voltage  among  the  common  electrodes,  the  com- 
pensation  means  being  arranged  to  receive  a  data 

15  signal  representative  of  the  character  or  pattern  to 
be  displayed,  the  compensation  means  producing  a 
sign  signal  and  a  strength  signal  representative  of 
the  difference  between  the  sum  of  the  number  of 
dots  in  the  ON  state  of  the  present  and  next 

20  common  electrodes  to  receive  the  selected  voltage 
and  the  number  of  dots  on  each  common  electrode, 
said  multiplex  driving  means  compensating  at  least 
one  of  a  non-selected  voltage  and  a  segment  voltage 
waveform  in  response  to  said  sign  and  strength 

25  signals. 
In  a  still  further  embodiment,  said  common 

electrodes  intersect  with  the  segment  electrodes  to 
define  a  matrix  having  a  dot  at  each  intersection,  the 
dots  existing  in  either  an  ON  state  or  an  OFF  state 

30  depending  on  the  voltage  applied  to  the  intersecting 
common  and  segment  electrodes,  said  multiplex 
driving  means  sequentially  switching  the  selected 
voltage  among  the  common  electrodes,  the  com- 
pensation  means  receiving  a  data  signal  representa- 

35  tive  of  the  character  or  pattern  to  be  displayed,  the 
compensation  means  producing  a  strength  signal 
representative  of  the  value  Z'  equal  to  the  sum  of  the 
number  of  dots  in  the  ON  state  of  the  next  common 
electrode  to  receive  the  selected  voltage  and  a 

40  constant  times  the  difference  between  the  number 
of  dots  in  the  ON  state  in  the  next  and  present 
common  electrodes  to  receive  the  selected  voltage, 
said  multiplex  driving  means  providing  compensa- 
tion  to  the  selected  signal  of  the  next  common 

45  electrode  of  a  period  representative  of  71  . 
In  a  yet  further  embodiment,  said  common 

electrodes  intersect  with  the  segment  electrodes  to 
define  a  matrix  having  a  dot  at  each  intersection,  the 
dots  being  in  either  an  ON  state  or  an  OFF  state 

50  depending  on  the  voltage  applied  to  the  intersecting 
common  and  segment  electrodes,  said  multiplex 
driving  means  sequentially  switching  the  selected 
voltage  among  the  common  electrodes,  the  com- 
pensation  means  receiving  a  data  signal  representa- 

55  tive  of  the  character  or  pattern  to  be  displayed,  the 
compensation  means  producing  a  first  strength 
signal  and  a  first  sign  signal  representative  of  a  value 
I  equal  to  the  difference  between  the  number  of  dots 
in  the  ON  state  on  the  common  electrode  presently 

60  receiving  the  selected  voltage  and  next  to  receive 
the  selected  voltage;  a  second  strength  signal  and  a 
second  sign  signal  representative  of  a  value  F  equal 
to  the  sum  of  the  number  of  dots  in  the  ON  state  on 
the  common  electrode  presently  receiving  the 

65  selected  voltage  and  next  to  receive  the  selected 
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voltage  less  the  number  of  dots  on  the  common 
electrode,  a  third  strength  signal  representative  of  a 
value  T  equal  to  the  number  of  ON  dots  on  the  liquid 
crystal  display  and  a  fourth  strength  signal  represen- 
tative  of  a  value  Z  equal  to  the  number  of  ON  dots  of  5 
the  common  electrode,  in  response  to  the  data 
signal  and  the  multiplex  driving  means  providing  a 
voltage  output  for  compensating  the  non-selected 
voltage  during  alternating  periods  in  response  to  the 
first  strength  and  sign  signals  and  the  second  10 
strength  and  sign  signals  and  further  in  response  to 
the  third  strength  signal,  and  compensating  the 
selected  voltage  in  response  to  the  fourth  strength 
signal. 

The  compensation  means  may  comprise  count  15 
means  for  receiving  the  data  signal,  substantially 
counting  the  number  of  dots  in  the  ON  state  on  the 
common  electrode  to  next  be  selected,  and  output- 
ting  a  count,  first  count  holding  means  for  the  count 
from  the  count  means,  storing  the  count  and  20 
outputting  a  stored  count  when  a  successive  count 
is  output  by  the  count  means,  a  second  count 
holding  means  for  receiving  the  stored  count  output 
from  the  first  count  holding  means,  storing  the 
stored  count  value  and  outputting  a  second  stored  25 
count  when  a  successive  stored  count  is  output  by 
the  first  count  holding  means,  arithmetic  means  for 
receiving  the  first  stored  count  and  the  second 
stored  count  and  outputting  a  value  I  substantially 
equal  to  the  difference  between  the  count  stored  in  30 
the  second  count  holding  means  and  the  count 
stored  in  the  first  count  holding  means  and  the  sign 
signal,  and  a  pulse  width  control  circuit  for  receiving 
the  value  I  and  producing  a  strength  signal  based  at 
least  in  part  on  the  absolute  value  of  I.  35 

In  the  liquid  crystal  display  device  of  the  present 
invention,  for  changing  the  effective  voltage  gener- 
ated  by  the  deformation  of  the  common  voltage 
waveform  and  by  the  segment  voltage  waveform 
occurring  within  the  liquid  crystal  panel  by  the  40 
pattern  of  drawings  or  characters  displayed  in  the 
liquid  crystal  display  device,  at  least  one  of  the 
common  voltage  waveform  and/or  the  segment 
voltage  waveform  is  caused  to  be  changed.  This 
compensates  for  the  shift  of  the  effective  voltage  45 
added  to  each  display  dot,  thereby  ensuring  that  the 
display  does  not  have  any  crosstalk. 

Embodiments  of  the  invention  will  now  be  de- 
scribed  solely  by  way  of  example  and  with  reference 
to  the  accompanying  drawings,  in  which:-  50 

Figure  1  is  a  block  diagram  of  a  liquid  crystal 
display  device  according  to  one  embodiment  of 
the  present  invention; 

Figure  2  shows  a  structure  of  the  liquid 
crystal  unit;  55 

Figure  3  is  a  timing  chart  showing  the  control 
signal  and  the  data  signal  ; 

Figure  4  is  a  block  diagram  showing  a 
compensation  circuit  of  Figure  1  ; 

Figure  5  is  a  view  showing  the  structure  of  the  60 
power  circuit  of  Figure  1  ; 

Figure  6  is  a  perspective  view  of  a  liquid 
crystal  panel  wherein  one  display  pattern  is 
displayed; 

Figures  7  (A),  (B)  and  (C)  show  the  applied  65 

voltage  waveform  at  the  time  of  forming  the 
pattern  shown  in  Figure  6; 

Figure  8  is  an  exploded  view  of  the  portion 
surrounded  with  a  circle  in  Figure  7  (B)  ; 

Figure  9  is  a  block  diagram  showing  the 
construction  described  in  Example  2; 

Figure  10  is  a  block  diagram  showing  the 
construction  of  the  compensation  circuit  of 
Figure  9; 

Figure  11  illustrates  the  power  circuit  of 
Figure  9; 

Figures  12  (A),  (B)  and  (C)  show  the  applied 
voltage  waveform  at  the  time  of  forming  the 
pattern  shown  in  Figure  6; 

Figure  13  is  an  exploded  view  of  the  portion 
surrounded  with  a  circle  in  Figure  12  (B)  ; 

Figure  14  is  a  block  diagram  showing  the 
construction  described  in  Example  3; 

Figure  15  is  a  view  showing  the  construction 
of  the  power  circuit  of  Figure  14; 

Figure  16  is  a  block  diagram  showing  the 
construction  described  in  Example  4; 

Figure  17  is  a  view  showing  the  construction 
of  the  power  circuit  of  Figure  16; 

Figure  18  is  a  view  showing  a  potential 
function  waveform; 

Figure  19  is  a  view  showing  a  triangular 
voltage  waveform; 

Figure  20  is  a  view  showing  the  construction 
of  the  function  waveform  generating  circuit  ; 

Figure  21  is  a  block  diagram  showing  the 
construction  described  in  Example  5; 

Figure  22  is  a  view  showing  the  construction 
of  the  power  source  of  Figure  21  ; 

Figures  23  (A),  (B)  and  (C)  show  the  applied 
voltage  waveform  at  the  time  of  forming  the 
pattern  shown  in  Figure  6; 

Figure  24  is  a  block  diagram  showing  the 
construction  described  in  Example  7; 

Figure  25  is  a  block  diagram  showing  the 
construction  of  the  compensation  circuit  in 
Figure  24; 

Figure  26  is  a  view  showing  the  construction 
of  the  power  circuit  of  Figure  24; 

Figure  27  is  a  perspective  view  of  the  liquid 
crystal  panel  in  which  another  display  pattern  is 
displayed; 

Figures  28  (A),  (B)  and  (C),  and  Figures  29 
(A),  (B)  and  (C)  are  the  waveforms  of  the 
voltage  applied  to  the  liquid  crystal  panel  for 
forming  the  display  pattern  of  Figure  27; 

Figure  30  is  an  exploded  view  of  the  portion 
surrounded  with  a  circle  in  Figure  28  (B)  ; 

Figure  31  is  an  exploded  view  of  the  portion 
surrounded  with  a  circle  in  Figure  29  (B)  ; 

Figure  32  is  a  block  diagram  showing  the 
construction  described  in  Example  10; 

Figure  33  is  a  block  diagram  showing  the 
construction  of  the  compensation  circuit  of 
Figure  32; 

Figure  34  is  a  block  diagram  showing  the 
construction  of  the  power  circuit  of  Figure  32; 

Figure  35  is  a  perspective  view  of  the  liquid 
crystal  panel  wherein  another  display  pattern  is 
displayed; 

4 
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Figures  36  (A),  (B)  and  (C)  are  the  waveforms 
of  the  voltage  applied  to  the  liquid  crystal  panel 
for  forming  the  display  pattern  shown  in  Figure 
35; 

Figure  37  is  a  block  diagram  showing  the  5 
construction  described  in  Example  12; 

Figure  38  is  a  block  diagram  showing  the 
construction  of  the  compensation  circuit; 

Figure  39  is  a  perspective  view  of  the  liquid 
crystal  panel  wherein  another  display  pattern  is  10 
displayed; 

Figures  40  (A),  (B)  and  (C)  are  waveforms  of 
the  voltage  applied  to  the  liquid  crystal  panel; 

Figure  41  is  an  exploded  view  of  the  portion 
surrounded  with  a  circle  in  Figure  40  (B)  ;  15 

Figure  42  is  a  perspective  view  of  the  liquid 
crystal  panel  wherein  another  display  pattern  is 
displayed; 

Figures  43  (A),  (B)  and  (C)  are  perspective 
views  of  the  waveform  applied  to  the  liquid  20 
crystal  panel  for  forming  the  display  pattern  of 
Figure  42; 

Figure  44  is  an  exploded  view  of  the  portion 
surrounded  with  a  circle  in  Figure  43  (B)  ; 

Figure  45  is  a  block  diagram  showing  the  25 
construction  described  in  Example  14; 

Figure  46  is  a  block  diagram  showing  the 
construction  of  the  compensation  circuit  of 
Figure  45; 

Figure  47  shows  a  perspective  view  of  the  30 
liquid  crystal  panel  wherein  another  display 
pattern  is  displayed; 

Figure  48  is  a  view  showing  the  display 
condition  at  the  time  of  forming  the  display 
pattern  of  Figure  47  ;  35 

Figures  49  and  50  are  voltage  waveforms  at 
the  time  when  the  common  electrodes  are 
changed  from  the  non-selective  voltage  to  the 
selective  voltages  respectively; 

Figure  51  is  a  block  diagram  showing  the  40 
construction  described  in  Example  16; 

Figure  52  is  a  block  diagram  showing  the 
construction  of  the  compensation  circuit  of 
Figure  51  ; 

Figure  53  is  a  view  showing  the  construction  45 
of  the  power  circuit; 

Figure  54  is  a  perspective  view  wherein 
another  display  pattern  is  displayed  ; 

Figures  55  (A),  (B)  and  (C)  and  Figures  56 
(A)  ,  (B)  and  (C)  are  ideal  waveforms  of  the  50 
voltage  applied  to  the  liquid  crystal  panel  at  the 
time  of  forming  the  display  pattern  of  Figure  54; 

Figure  57  is  a  perspective  view  of  the  liquid 
crystal  panel  wherein  the  display  pattern  of 
Figure  54  is  formed  ;  55 

Figures  58  (A),  (B)  and  (C)  and  Figure  59  (A), 
(B)  and  (C)  are  waveforms  of  the  voltage 
actually  applied  to  the  liquid  crystal  panel  at  the 
time  of  forming  the  display  pattern  of  Figure  54; 

Figure  60  is  a  perspective  view  of  the  liquid  60 
crystal  panel  wherein  another  display  pattern  is 
Formed; 

Figure  61  is  a  view  showing  the  display 
condition  when  the  display  pattern  of  Figure  60 
is  formed;  65 

Figures  62  (A),  (B)  and  (C)  and  Figures  63 
(A),  (B)  and  (C)  are  waveforms  of  the  voltage 
actually  applied  to  the  liquid  crystal  panel  at  the 
time  of  forming  the  display  pattern  of  Figure  60; 

Figure  64  is  a  perspective  view  of  the  liquid 
crystal  panel  wherein  another  display  pattern  is 
formed; 

Figure  65  is  a  view  showing  the  display 
condition  when  the  display  pattern  of  Figure  64 
is  formed; 

Figures  66  (A),  (B)  and  (C)  and  Figures  67 
(A),  (B)  and  (C)  are  waveforms  of  the  voltage 
actually  applied  to  the  liquid  crystal  panel  at  the 
time  of  forming  the  display  pattern  of  Figure  64; 

Figure  68  is  a  perspective  view  of  the  liquid 
crystal  panel  wherein  another  display  pattern  is 
displayed; 

Figure  69  is  a  view  showing  the  display 
condition  when  the  display  pattern  of  Figure  68 
is  formed; 

Figures  70  (A),  (B)  and  (C)  and  Figures  71 
(A),  (B)  and  (C)  are  waveforms  of  the  voltage 
actually  applied  to  the  liquid  crystal  panel  at  the 
time  of  forming  the  display  pattern  of  Figure  68; 

Figure  72  is  a  perspective  view  of  the  liquid 
crystal  panel  wherein  another  display  pattern  is 
displayed; 

Figure  73  is  a  view  showing  the  display 
condition  when  the  display  pattern  of  Figure  72 
is  formed; 

Figures  74  (A),  (B)  and  (C)  and  Figure  75  are 
waveforms  of  the  voltage  actually  applied  to  the 
liquid  crystal  panel  at  the  time  of  forming  the 
display  pattern  of  Figure  72; 

Figure  76  is  a  perspective  view  of  the  liquid 
crystal  panel  wherein  another  display  pattern  is 
displayed; 

Figure  77  is  a  view  showing  the  display 
condition  when  the  display  pattern  of  Figure  76 
is  formed;  and 

Figures  78  (A),  (B)  and  (C)  and  Figure  79  are 
waveforms  of  the  voltage  actually  applied  to  the 
liquid  crystal  panel  at  the  time  of  forming  the 
display  pattern  of  Figure  76. 

Referring  now  to  the  drawings,  an  explanation  will 
first  be  given  of  the  conventional  driving  method 
illustrated  by  Figures  54  to  56.  Figure  54  shows  a 
liquid  crystal  panel  structure  and  the  display  con- 
tents  thereof.  A  liquid  crystal  panel  1  comprises  a 
liquid  crystal  layer  and  a  pair  of  substrates  2  and  3  for 
sandwiching  the  liquid  crystal  layer.  Common  elec- 
trodes  Y1  to  Y6  are  oriented  in  the  substrate  2  to  the 
horizontal  direction  and  the  segment  electrodes  X1 
to  X6  are  formed  in  the  substrate  3.  Each  crossed 
portion  of  the  common  electrodes  Y1  to  Y6  and  the 
segment  electrodes  X1  to  X6  forms  the  display  dots. 
In  Figure  54,  the  display  dots  marked  by  the  hatching 
show  the  ON  state,  and  the  other  dots  show  the  OFF 
state.  The  number  of  dots  in  the  liquid  crystal  panel 
shown  in  Figure  54  is  6  x  6,  but  it  is  to  be  appreciated 
that  Figure  54  has  been  given  for  ease  of  explanation 
and  the  actual  dot  number  may  be  much  larger  than 
this. 

A  selective  voltage  or  non-selective  voltage  is 
applied  to  each  of  the  common  electrodes  Y1  to  Y6 
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successively.  The  period  required  to  apply  the 
successive  selective  voltage  or  non-selective  volt- 
age  to  all  of  the  common  electrodes  Y1  to  Y6  is 
referred  to  as  one  frame. 

When  the  selective  voltage  or  non-selective 
voltage  is  applied  successively  to  each  of  the 
common  electrodes  Y1  to  Y6,  simultaneously  the  ON 
voltage  or  OFF  voltage  is  applied  to  each  of  the 
segment  electrodes  X1  to  X6.  If  the  display  dot  in 
which  one  common  electrode  and  one  segment 
electrode  cross  each  other  is  turned  on,  the  ON 
voltage  is  applied  to  the  segment  electrode  when  the 
common  electrode  is  selected.  If  the  display  dot  is 
turned  off,  the  OFF  voltage  is  applied  thereto.  One 
example  of  the  actual  driving  waveform  (i.e.  the 
waveform  of  the  applied  voltage)  is  shown  in  Figures 
55  and  56. 

Figure  55  (A)  shows  the  segment  voltage  wave- 
form  added  to  the  segment  electrode  X5  of  Figure 
54.  Figure  55  (B)  shows  the  common  electrode 
waveform  added  to  the  common  electrode  Y3. 
Figure  55  (C)  shows  the  voltage  waveform  applied  to 
the  display  dot  (ON  state)  where  the  segment 
electrode  X5  and  the  common  electrode  Y3  cross 
each  other. 

Figure  56  (A)  shows  the  segment  voltage  wave- 
form  added  to  the  segment  electrode  X5.  Figure  56 
(B)  shows  the  common  voltage  waveform  added  to 
the  common  electrode  Y4.  Figure  56  (C)  shows  the 
voltage  waveform  applied  to  the  display  dot  (OFF 
state)  where  the  segment  electrode  X5  and  the 
common  electrode  Y4  cross  each  other. 

In  Figures  55  and  56,  F1  and  F2  indicate  the  frame 
period. 

In  the  frame  period  F1, 
selective  voltage  =  V0,  non-selective  voltage  =  V4 
ON  voltage  =  V5,  OFF  voltage  =  V3. 

In  the  frame  period  F2, 
selective  voltage  =  V5,  non-selective  voltage  =  V1 
ON  voltage  =  V0,  OFF  voltage  =  V2, 
wherein: 
V0  -  V1  =  V1  -  V2  =  V 
V3  -  V4  =  V4  -  V5  =  V 
V0-V5  =  n.V  (n  is  a  constant). 
As  mentioned  above,  by  changing  the  polarity  of  the 
voltage  which  is  applied  to  the  display  dots  in  the 
frame  periods  F1  and  F2,  the  alternating  driving  is 
accomplished. 

As  can  be  seen  from  a  comparison  of  Figures  55 
and  56,  whether  the  display  dot  is  turned  on  or  off 
depends  whether  the  ON  voltage  or  OFF  voltage  is 
applied  to  the  segment  electrode  when  the  selective 
voltage  is  applied  to  the  common  electrode  on  which 
the  display  dots  exist.  This  driving  method  is  that 
which  is  referred  to  as  the  "voltage  standard  means" 
used  in  the  prior  art. 

When  the  display  is  driven  by  the  conventional 
voltage  standard  means,  in  fact,  the  uniform  rectan- 
gular  waveform  as  shown  in  Figures  55  and  56,  is  not 
applied  to  the  display  dots.  There  are  two  reasons 
for  this,  and  the  first  reason  is  that  each  display  dot 
has  an  electrical  capacity  based  on  the  area  of  the 
display  dot,  the  thickness  of  the  liquid  crystal  layer, 
the  dielectric  constant  of  the  liquid  crystal  materials 
and  so  on.  The  second  reason  is  that  the  common 

electrode  and  the  segment  electrode  are  both 
formed  of  transparent  conductive  film  having  a  base 
resistance  of  about  several  tens  of  ohms,  and 
naturally  both  of  the  common  electrode  and  the 

5  segment  electrode  include  a  fixed  electrical  resist- 
ance. 

Therefore,  even  if  a  uniform  rectangular  waveform 
such  as  shown  in  Figures  55  and  56  is  applied  from 
the  driving  circuit,  the  waveform  which  is  applied  to 

10  the  display  dots  in  fact  results  in  some  deformation 
of  the  waveform.  As  a  result,  a  problem  occurs  in 
generating  the  difference  of  effective  voltage  of 
waveform  which  is  applied  to  each  display  dot, 
thereby  generating  the  contrast  crosstalk.  As  men- 

15  tioned  above,  this  problem  is  well  known  and  the 
prevention  of  the  problem  by  the  method  of 
reversing  the  polarity  of  voltage  which  is  applied  to 
the  liquid  crystal  panel  a  number  of  times  per  one 
frame  (i.e.  a  line  reverse  driving  method)  has  been 

20  proposed  in  Japanese  Laid  Open  Patents 
Nos.  31825/87,  19195/85  and  19196/85. 

However,  the  line  reverse  driving  method  applies 
only  to  a  first  mode  crosstalk  and  so  the  crosstalk  of 
the  display  contrast  is  not  completely  removed. 

25  As  a  result  of  a  study  of  the  contrast  crosstalk  in  a 
conventional  liquid  crystal  display  device,  we  have 
discovered  that  the  deformation  of  the  voltage 
waveform  which  is  applied  to  the  display  dots  occurs 
based  on  a  rule  included  into  the  pattern  of  the 

30  characters  or  drawings  which  are  displayed  in  the 
liquid  crystal  display  device.  We  have  also  dis- 
covered  that  the  change  of  the  effective  voltage 
based  on  the  deformation  of  the  voltage  waveform 
which  is  applied  to  the  display  dots  causes  the 

35  contrast  crosstalk. 
Based  on  the  above  discoveries,  we  have  found 

that  the  occurrence  of  the  contrast  crosstalk  may  be 
prevented  if  the  rule  included  into  the  patterns 
displayed  in  the  liquid  crystal  display  device  are 

40  extracted  quantitatively,  and  compensation  is  ac- 
complished  to  the  applied  voltage  waveform  in 
accordance  with  the  above  extracted  quantity.  It 
then  depends  upon  which  pattern  rule  causes  the 
deformation  of  the  applied  voltage  waveform  cross- 

45  talk  or  the  contrast  crosstalk.  Up  to  now,  we  have 
found  the  following  four  modes  of  contrast  cross- 
talk. 

1  .  The  first  mode  (hereinafter  referred  to  as  a  zebra 
50  crosstalk) 

The  first  mode  is  explained  with  reference  to 
Figures  54,  57,  58  and  59.  For  ease  of  explanation, 
the  common  electrodes  Y1  to  Y6  are  selected 

55  successively  from  the  first  common  electrode  Y1  to 
the  sixth  common  electrode  Y6,  again  returning  to 
the  first  common  electrode  Y1.  With  respect  to  the 
liquid  crystal  panel,  there  is  shown  a  so-called 
positive  display,  wherein  the  more  the  effective 

60  voltage  is  applied  to  the  display  dots,  the  darker  the 
display  becomes.  These  same  conditions  are  used 
hereinafter. 

If  the  display  is  achieved  as  shown  in  Figure  54, 
the  crosstalk  of  the  display  contrast  as  shown  in 

65  Figure  57  actually  occurs  in  the  liquid  crystal  display 
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device.  At  this  time,  the  segment  voltage  waveform 
(X1  to  X4  have  the  same  waveform)  at  the  display 
dots  portion  of  the  segment  electrodes  X1  to  X4  is 
as  shown  in  Figure  58  (A),  the  common  voltage 
waveform  at  the  display  dot  portion  of  the  common 
electrode  Y3  is  as  shown  in  Figure  58  (B),  and  the 
voltage  waveform  added  to  the  display  dot  in  which 
the  segment  electrodes  X1  to  X4  and  the  common 
electrode  Y3  cross  each  other  is  shown  in  Figure  58 
(C).  Strictly  speaking,  the  voltage  waveforms  which 
are  applied  to  the  four  display  dots  are  slightly 
different  from  each  other,  but  this  slight  difference 
can  be  ignored.  A  spike  shaped  deformation  of  the 
voltage  occurs  at  the  non-selective  voltage  level  of 
the  common  voltage  waveform  as  shown  in  Figure 
58  (B).  The  relation  between  the  direction  and  the 
size  of  occurrence  of  the  spike  shaped  voltage  and 
the  display  pattern  is  as  follows. 

Generally,  when  the  selection  moves  from  the  n-th 
common  electrode  to  the  (n  +  1)-th  common  elec- 
trode,  it  is  defined  that  the  number  of  the  segment 
electrode  to  which  the  ON  voltage  is  added 
successively  is  a,  the  number  of  segment  electrodes 
to  which  the  OFF  voltage  is  added  successively  is  b, 
the  number  of  the  segment  electrodes  to  which  the 
voltage  is  added  by  switching  from  the  ON  voltage  to 
OFF  voltage  is  c,  and  the  number  of  segment 
electrodes  to  which  the  voltage  is  added  by 
switching  from  the  OFF  voltage  to  ON  voltage  is  d. 

The  number  of  ON  dots  on  the  n-th  common 
electrode  is  Non,  the  number  of  OFF  dots  thereon  is 
Noff,  and  the  number  of  ON  dots  on  the  (n-l-l)-th 
common  electrode  is  Mon,  and  the  number  of  OFF 
dots  thereon  is  Moff  The  relationship  between  the 
above  is  as  follows: 
Non  =  a  +  c,  Noff  =  b  +  d 
Mon  =  a  +  d,  Moff  =  b  +  c 
Non  +  Noff  =  Mon  +  Moff  =  K 
(wherein  K  is  a  constant  and  equal  to  the  total  of  the 
display  dots  on  the  each  common  electrode). 

If  the  value  of  I  is: 
I  =  c - d  
=  Non  -  Mon, 
then  where  the  value  of  I  is  negative,  the  direction  of 
occurrence  of  the  spike  shaped  voltage  is  at  the  side 
of  the  ON  voltage.  On  the  other  hand,  where  the 
value  of  I  is  positive,  the  direction  of  occurrence  of 
the  spike  shaped  voltage  is  at  the  side  of  the  OFF 
voltage.  The  size  of  the  spike  increases  in  accord- 
ance  with  the  absolute  value  of  I. 

In  other  words,  when  the  number  of  segment 
electrodes  in  which  the  applied  voltage  switches 
from  the  OFF  voltage  to  ON  voltage  is  larger  than  the 
number  of  segment  electrodes  c  in  which  the 
applied  voltage  switches  from  the  ON  voltage  to  OFF 
voltage,  the  spike  shaped  voltage  occurs  on  the 
common  voltage  waveform  at  the  side  of  the  ON 
voltage.  In  contrast,  when  the  sign  of  I  which  is  the 
difference  between  c  and  d  changes,  the  spike 
shaped  voltage  occurs  at  the  side  of  OFF  voltage. 
Additionally,  the  value  of  the  spike  shaped  voltage 
corresponds  to  the  absolute  value  of  I. 

As  shown  in  Figures  58  (A)  and  (B),  where  the 
relation  between  the  change  of  the  segment  voltage 
waveform  and  the  direction  of  the  spike  shaped 

voltage  of  the  common  voltage  waveform  on  the 
non-selective  voltage  is  in-phase,  a  curved  portion 
occurs  in  the  voltage  waveform  as  shown  in  Figure 
58  (C)  added  to  the  display  dots.  The  longer  the 

5  in-phase  period,  the  smaller  the  effective  value. 
Thus,  the  displayed  colour  becomes  very  light. 

Reference  will  now  be  made  to  the  case  of  where 
the  change  of  the  segment  voltage  waveform  and 
the  direction  of  the  spike  on  the  common  voltage 

10  waveform  is  in  anti-phase. 
Figure  59  (A)  shows  the  segment  voltage  wave- 

form  at  the  display  dot  portion  of  the  segment 
electrode  X5  of  Figure  54,  Figure  59  (B)  shows  the 
common  voltage  waveform  at  the  display  dot  portion 

15  of  the  common  electrode  Y3,  and  Figure  59  (C) 
shows  the  voltage  waveform  which  is  added  to  the 
display  dot  in  which  the  segment  electrode  X5  and 
the  common  electrode  Y3  cross  each  other. 

As  shown  in  Figures  59  (A)  and  (B),  where  the 
20  relation  between  change  of  the  segment  voltage 

waveform  and  the  direction  of  the  spike  shaped 
voltage  of  the  common  voltage  waveform  on  the 
non-selective  voltage  are  in  anti-phase,  the  spike 
shaped  voltage  generates  in  the  voltage  waveform 

25  added  to  the  display  dots,  thereby  increasing  the 
effective  value.  The  longer  the  anti-phase  period,  the 
larger  the  effective  value.  As  a  result,  the  displayed 
colour  becomes  dark.  Therefore,  the  display  dots  on 
the  segment  electrodes  X1  to  X4  become  light,  and 

30  the  display  dots  on  the  segment  electrode  X5 
become  dark  regardless  of  whether  the  ON  state  or 
the  OFF  state  exists.  The  degree  of  darkness  of  the 
display  dots  on  the  segment  electrode  X6  is 
intermediate  the  above  two. 

35 
2.  The  second  mode  (hereinafter  referred  to  as  a 
horizontal  crosstalk) 

Figure  60  shows  the  display  of  another  pattern  on 
40  the  same  liquid  crystal  panel  as  that  of  Figure  54.  The 

contrast  crosstalk  generated  from  this  display  of 
pattern  is  shown  in  Figure  61.  The  reason  why  is 
explained  as  follows. 

The  display  dot  is  a  capacitor  in  view  of  the 
45  equivalent  circuit.  The  capacity  of  this  capacitor  has 

a  different  value  in  the  ON  state  than  in  the  OFF 
state.  The  value  of  the  capacity  in  the  ON  state  is 
larger  than  the  value  in  the  OFF  state.  This  is 
because  the  liquid  crystal  material  has  a  dielectric 

50  anisotropy,  and  because  on  alignment  change 
occurs  in  the  ON  state  and  the  OFF  state. 
Accordingly,  the  capacity  of  all  dots  on  the  common 
electrode  Y2  having  a  lot  of  ON  dots  is  larger  than 
that  on  the  common  electrode  Y4  having  fewer  ON 

55  dots.  Since  the  common  electrodes  have  the  same 
circuit  resistance,  the  curved  portion  generated  in 
the  voltage  waveform  of  the  common  electrode  Y2 
becomes  larger.  This  is  shown  in  Figures  62  and  63. 

Figure  62  (A)  shows  the  segment  voltage  wave- 
60  form  at  the  display  dot  portion  on  the  segment 

electrode  X1  of  Figure  60.  Figure  62  (B)  shows  the 
common  electrode  waveform  at  the  display  dot 
portion  on  the  common  electrode  Y2.  Figure  62  (C) 
shows  the  voltage  waveform  applied  to  the  dot 

65  where  the  segment  electrode  X1  and  the  common 
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electrode  Y2  cross  each  other. 
Figure  63  (A)  shows  the  segment  voltage  wave- 

form  at  the  display  dot  portion  on  the  segment 
electrode  X1  of  Figure  60.  Figure  63  (B)  shows  the 
common  voltage  waveform  at  the  display  dot  portion 
on  the  common  electrode  Y4.  Figure  63  (C)  shows 
the  voltage  waveform  which  is  applied  to  the  dot 
where  the  segment  electrode  X1  and  the  common 
electrode  Y4  cross  each  other. 

As  can  be  seen  from  a  comparison  between 
Figure  62  (B)  and  Figure  63  (B),  the  common 
electrode  Y2  having  a  lot  of  ON  dots  is  curved  when 
it  moves  from  the  non-selective  voltage  to  selective 
voltage  for  the  area  marked  by  the  oblique  line  in 
Figure  62  (B).  If  Figure  62  (C)  is  compared  with 
Figure  63  (C),  the  voltage  effective  value  of  the 
waveform  which  is  applied  to  the  dots  on  the 
common  electrode  Y2  is  decreased  for  the  area 
marked  by  the  oblique  line  of  Figure  62  (C). 
Accordingly,  the  colour  of  display  dots  on  the 
common  electrode  Y2  having  a  lot  of  ON  dots  in 
Figure  61  becomes  very  light.  Thus,  if  the  number  of 
ON  dots  on  each  common  electrode  is  shown  by  Z, 
the  larger  the  value  of  Z  of  the  common  electrode, 
the  lighter  is  the  displayed  colour. 

3.  The  third  mode  (hereinafter  referred  to  as  a 
vertical  crosstalk) 

There  is  shown  in  Figure  65,  the  display  crosstalk 
at  the  time  when  the  pattern  shown  in  Figure  64  is 
displayed.  Figure  66  (A)  shows  the  segment  voltage 
waveform  at  the  display  dot  portion  on  the  segment 
electrode  X6,  Figure  66  (B)  shows  the  common 
voltage  waveform  at  the  display  dot  portion  on  the 
common  electrode  Y2,  and  Figure  66  (C)  shows  the 
voltage  waveform  which  is  applied  to  the  display  dot 
where  the  segment  electrode  X6  and  the  common 
electrode  Y2  cross  each  other.  Further,  Figures  67 
(A)  to  (C)  show  each  voltage  waveform  on  the 
segment  electrode  X5  and  the  common  electrode  Y2 
and  the  voltage  waveform  which  is  added  to  the 
display  dot  where  the  segment  electrode  X5  and  the 
common  electrode  Y2  cross  each  other. 

Figure  69  shows  the  display  crosstalk  at  the  time 
of  displaying  the  pattern  shown  in  Figure  68.  Figure 
70  (A)  shows  the  segment  voltage  waveform  at  the 
display  dot  portion  on  the  segment  electrode  X6. 
Figure  70  (B)  shows  the  common  voltage  waveform 
at  the  display  dot  portion  on  the  common  electrode 
Y2.  Figure  70  (C)  shows  the  voltage  waveform  which 
is  applied  to  the  display  dot  where  the  segment 
electrode  X6  and  the  common  electrode  Y2  cross 
each  other.  Figures  71  (A)  to  (C)  show  each  voltage 
waveform  on  the  segment  electrode  X5  and  on  the 
common  electrode  Y2  and  the  voltage  waveform 
which  is  added  to  the  display  dot  where  the  segment 
electrode  X5  and  the  common  electrode  Y2  cross 
each  other. 

The  non-selective  voltage  level  of  the  common 
voltage  waveform  at  the  time  of  displaying  the  same 
pattern  as  that  having  a  lot  of  ON  dots  in  Figure  64 
varies  to  the  ON  voltage  side  as  shown  in  Figure  66 
(B)  .  The  non-selective  voltage  level  of  the  common 
voltage  waveform  at  the  time  of  displaying  the 

pattern  having  a  few  ON  dots  in  Figure  68  varies  to 
the  OFF  voltage  side  as  shown  in  Figure  70  (B).  This 
variation  is  because,  where  there  are  so  many  ON 
dots,  each  of  the  common  electrodes  Y1  to  Y6  is 

5  very  well  connected  to  the  segment  electrode  to 
which  the  ON  voltage  is  applied  through  the 
condenser  of  display  dots  and  is  not  so  well 
connected  to  the  segment  electrode  to  which  the 
OFF  voltage  is  applied. 

10  The  reason  why  this  phenomenon  occurs  is  not 
totally  clear,  but  it  perhaps  occurs  due  to  a  lack  of 
sufficient  output  impedance  of  the  power  circuit 
relative  to  the  load  of  the  liquid  crystal  panel.  There 
will  now  be  explained  the  kinds  of  rule  which 

15  generate  the  voltage  shift. 
In  all  the  display  dots  of  Figures  64  and  68,  it  is 

defined  that  the  number  of  ON  dots  is  T  and  the 
number  of  OFF  dots  is  L.  When  the  value  of  T' 
calculated  from  the  formula  T'  =  T  -  L  is  a  positive 

20  value,  then  the  non-selective  voltage  level  varies  to 
the  ON  voltage  side.  On  the  other  hand,  if  the  above 
value  of  T'  is  a  negative  value,  then  the  non-selective 
voltage  level  varies  to  the  OFF  voltage  side.  The  size 
of  the  variation  increases  in  accordance  with  the 

25  absolute  value  of  T'. 
With  a  display  having  a  lot  of  ON  dots  as  shown  in 

Figure  64,  the  difference  between  the  OFF  voltage 
and  the  non-selective  voltage  becomes  large,  and 
the  difference  between  the  ON  voltage  and  the 

30  non-selective  voltage  becomes  small.  Therefore, 
comparing  the  voltage  waveform  shown  in  Figure  67 
which  is  added  to  the  display  dots  on  the  segment 
electrode  X5  having  no  ON  dot  as  shown  in  Figure 
65,  and  the  voltage  waveform  shown  in  Figure  66 

35  which  is  added  to  the  display  dots  on  the  segment 
electrode  X6  including  the  ON  dots,  there  results  an 
effective  voltage  which  is  added  to  the  display  dots 
on  the  segment  electrode  X5  and  which  is  larger  for 
the  portion  marked  by  the  oblique  line  in  Figure  67 

40  (C),  thereby  making  the  display  dots  on  the  segment 
electrode  X5  dark. 

Similarly,  with  a  display  having  only  a  few  ON  dots 
as  shown  in  Figure  68,  the  difference  between  the 
ON  voltage  and  the  non-selective  voltage  becomes 

45  large,  and  the  difference  between  the  OFF.  voltage 
and  the  non-selective  voltage  becomes  small. 
Therefore,  comparing  the  voltage  waveform  shown 
in  Figure  70  which  is  added  to  the  display  dots  on  the 
segment  electrode  X6  including  the  ON  dot,  and  the 

50  voltage  waveform  shown  in  Figure  71  which  is  added 
to  the  display  dots  on  the  segment  electrode  X5 
without  the  ON  dot,  the  effective  voltage  which  is 
added  to  the  display  dots  on  the  segment  electrode 
X6  is  larger  for  the  portion  marked  by  the  oblique  line 

55  in  Figure  70,  thereby  making  the  display  dot  on  the 
segment  electrode  X6  dark. 

4.  The  fourth  mode  (hereinafter  referred  to  as  an 
Inversion  crosstalk) 

60 
Figure  73  shows  the  display  crosstalk  when  the 

pattern  of  Figure  72  is  displayed.  Figure  74  (A) 
shows  the  segment  voltage  waveform  at  the  display 
dot  portion  on  the  segment  electrode  X6.  Figure  74 

65  (B)  shows  the  common  voltage  waveform  at  the 

8 
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ui&fjiay  uoi  portion  on  me  common  electrode  Y2. 
Figure  74  (C)  shows  the  voltage  waveform  which  is 
added  to  the  display  dot  where  the  segment 
electrode  X6  and  the  common  electrode  Y2  cross 
each  other.  Figure  75  shows  the  voltage  waveform 
added  to  the  display  dot  where  the  segment 
electrode  X5  and  the  common  electrode  Y2  cross 
each  other. 

Figure  77  shows  the  display  crosstalk  when  the 
pattern  of  Figure  76  is  displayed.  Figure  78  (A) 
shows  the  segment  voltage  waveform  at  the  display 
dot  portion  on  the  segment  electrode  X6.  Figure  78 
(B)  shows  the  common  voltage  waveform  at  the 
display  dot  portion  on  the  common  electrode  Y2. 
Figure  78  (C)  shows  the  voltage  waveform  which  is 
added  to  the  display  dot  where  the  segment 
electrode  X6  and  the  common  electrode  Y2  ..-.cross 
each  other.  Figure  79  shows  the  voltage  waveform 
added  to  the  display  dot  where  the  segment 
electrode  X5  and  the  common  electrode  Y2,  cross 
each  other. 

Figures  74  and  78  illustrate  the  switching  time  of  a 
frame  period,  before  or  after  switching  from  F1  to  F2 
(hereinafter  referred  to  as  an  inversion).  As  shown  in 
Figure  72,  when  the  number  of  the  segment 
electrodes  in  which  the  voltage  applied  to  the 
segment  electrodes  is  ON  voltage  before  and  after 
the  inversion  (only  one  sixth  segment  electrode  X6 
n  Figure  72)  is  smaller  than  the  number  of  the 
segment  electrodes  in  which  the  voltage  applied  to 
the  segment  electrodes  is  OFF  voltage  before  and 
after  the  inversion  (the  five  segment  electrodes  X1 
•o  X5  in  Figure  72),  the  curved  portion  as  shown  in 
=igure  74  (B)  occurs  at  the  time  of  inversion. 

Conversely,  as  shown  in  Figure  76,  when  the 
lumber  of  the  segment  electrodes  in  which  the 
/oltage  applied  to  the  segment  electrodes  is  ON 
/oltage  before  and  after  inversion  (the  five  elec- 
:rodes  of  the  segment  electrodes  X1  ,  X2,  X3,  X4  and 
<6  in  Figure  76)  is  larger  than  the  number  of  the 
segment  electrodes  in  which  the  voltage  applied  to 
he  segment  electrodes  is  ON  voltage  before  and 
ifter  the  inversion  (only  one  segment  electrode  X5  in 
:igure  76),  the  spike  shaped  voltage  as  shown  in 
:igure  78  occurs  at  the  time  of  inversion. 

Therefore,  when  the  pattern  as  shown  in  Figure  72 
s  displayed,  the  curved  portion  occurs  in  the 
;ommon  voltage  waveform  as  shown  in  Figure  74  (B) 
it  the  time  of  inversion. 

At  this  time,  in  the  voltage  waveform  of  Figure  74 
A),  added  to  the  display  dots  on  the  segment 
slectrode  X6  for  changing  from  ON  voltage  to  ON 
'oltage  before  and  after  the  inversion,  the  spike 
ihaped  voltage  shown  in  Figure  74  (C)  generates, 
'his  increases  the  effective  voltage,  thereby  further 
naking  the  display  dark.  On  the  other  hand,  in  the 
'oltage  waveform  which  is  added  to  the  display  dots 
)f  the  segment  electrodes  X1  to  X5  for  changing 
rom  OFF  voltage  to  OFF  voltage  before  and  after 
he  inversion,  the  curved  portion  shown  in  Figure  75 
iccurs.  This  decreases  the  effective  voltage, 
hereby  further  making  the  display  light. 

Conversely,  in  the  display  shown  in  Figure  76,  the 
pike  shaped  voltage  generates  in  the  common 
oltage  waveform  shown  in  Figure  78  (B)  at  the  time 

of  inversion.  At  this  time,  in  the  voltage  waveform 
which  is  added  to  the  display  dots  on  the  segment 
electrodes  X1,  X2,  X3,  X4  and  X6,  wherein  the 
segment  voltage  waveform  switches  from  ON  volt- 

5  age  to  ON  voltage  before  and  after  the  inversion,  the 
curved  portion  shown  in  Figure  78  (C)  generates, 
thereby  making  the  effective  voltage  small  and 
thereby  further  making  the  display  light.  In  the 
voltage  waveform  which  is  added  to  the  display  dots 

10  on  the  segment  electrode  X5,  wherein  the  segment 
voltage  waveform  switches  from  OFF  voltage  to  OFF 
voltage  before  and  after  the  inversion,  the  spike 
shaped  voltage  shown  in  Figure  79  generates, 
thereby  increasing  the  effective  voltage  and  thus 

15  further  making  the  display  dark. 
The  above  mentioned  effects  may  be  generalised 

as  follows.  It  is  defined  that  the  number  of  segment 
electrodes  for  switching  from  ON  voltage  to  ON 
voltage  at  the  time  of  inversion  is  a,  the  number  of 

20  segment  electrodes  for  switching  from  OFF  voltage 
to  OFF  voltage  is  b,  the  number  of  segment 
electrodes  for  switching  from  ON  voltage  to  OFF 
voltage  is  c,  and  the  number  of  segment  electrodes 
for  switching  from  OFF  voltage  to  ON  voltage  is  d. 

25  Further,  the  number  of  ON  dots  on  the  common 
electrode  (common  electrode  Y6  in  Figures  72  and 
76)  which  is  selected  just  before  the  inversion  is  Non, 
the  number  of  OFF  dots  is  Noff,  the  number  of  ON 
dots  on  the  common  electrode  (the  common 

30  electrode  Y1  in  Figures  72  and  76)  which  is  selected 
just  after  the  inversion  is  Mon,  and  the  number  of 
OFF  dots  is  Moff. 

At  this  time,  the  relation  is  as  follows. 
Non  =  a  +  c,  Noff  =  b  4-  d 

35  Mon  =  a  +  d,  Moff  =  b  +  c 
Non  +  Noff  =  Mon  +  Moff  =  K 
(wherein  K  is  a  constant  and  shows  the  number 
display  dots  on  each  common  electrode). 

Also, 
10  F  =  a  -  b 

=  Non  -  Moff 
=  Non  +  Non  -  K. 
If  the  value  of  F  is  negative,  at  the  time  of  the 
inversion,  the  curved  portion  occurs  when  the 

i5  non-selective  voltage  changes  on  the  common 
electrode.  Conversely,  if  the  value  of  F  is  positive, 
the  spike  shaped  voltage  occurs  at  the  side  of  ON 
voltage.  The  value  of  voltage  is  increased  in 
accordance  with  the  absolute  value  of  F.  This 

W  introduces  the  display  crosstalk  as  mentioned 
above. 

There  thus  exist  the  above  mentioned  four  modes 
of  contrast  crosstalk  and  the  related  change  of  the 
voltage  waveform.  There  may  be  other  modes  of 

>5  contrast  crosstalk.  The  contrast  crosstalk  of  the 
display  may  generate  in  response  to  the  rule  of  the 
display  content. 

The  present  invention  provides  an  improved  liquid 
crystal  display  device,  wherein  the  rule  of  the  display 

!0  content  is  extracted  quantitatively,  so  that  the 
compensation  corresponds  to  the  extraction, 
thereby  realising  an  improved  liquid  crystal  display 
device  having  an  uniform  display  without  any 
contrast  cross  talk.  More  specifically,  and  as 

5  indicated  above,  the  present  invention  provides  a 
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liquid  crystal  display  device  comprising:  a  group  of 
common  electrodes  formed  on  one  substrate  of  a 
pair  of  substrates  for  sandwiching  a  liquid  crystal 
layer;  a  group  of  segment  electrodes  formed  on  the 
other  substrate  of  the  pair  of  substrates;  wherein  a 
common  voltage  waveform  comprising  a  selective 
voltage  and  a  non-selective  voltage  is  applied  to  the 
group  of  common  electrodes,  and  the  segment 
voltage  waveform  comprising  the  ON  voltage  and 
OFF  voltage  is  applied  to  the  group  of  segment 
electrodes,  thereby  changing  at  least  one  of  the 
common  voltage  waveform  and  the  segment  voltage 
waveform  in  accordance  with  the  pattern  of  draw- 
ings  or  characters  for  being  displayed  in  the  liquid 
crystal  display  device  derived  by  the  multiplex  by 
means  of  the  voltage  standard  means. 

With  regard  to  the  change  of  effective  voltage 
generated  by  the  deformation  of  the  common 
voltage  waveform  and  by  the  segment  voltage 
waveform  occurring  within  the  liquid  crystal  panel  by 
the  pattern  of  drawings  or  characters  displayed  in 
the  liquid  crystal  display  device,  at  least  one  of  the 
common  voltage  waveform  and/or  the  segment 
voltage  waveform  is  caused  to  be  changed.  This 
compensates  for  the  shift  of  the  effective  voltage 
added  to  each  display  dot,  thereby  further  providing 
the  improved  display  without  any  crosstalk. 

To  facilitate  a  better  understanding  of  the  above 
broad  explanation  of  the  invention,  reference  will 
now  be  made  to  the  following  Examples  and  the 
stated  Figures  of  the  drawings. 

EXAMPLE  1  (Figures  1  to  8) 

This  Example  deals  with  zebra  crosstalk.  As 
mentioned  above,  the  degree  of  zebra  crosstalk 
depends  on  the  difference  I  (I  =  Non  -  Mon)  bet- 
ween  the  number  of  ON  dots  Mon  on  the  common 
electrode  which  has  been  already  selected  and  the 
number  of  the  ON  dots  Non  on  the  common 
electrode  which  is  to  be  selected  next.  Accordingly, 
at  the  time  of  operation  of  the  liquid  crystal  display 
device,  the  waveform  compensation  in  accordance 
with  the  value  of  I  while  calculating  the  value  of  I  has 
only  to  be  accomplished.  This  compensation  can  be 
made  by  the  liquid  crystal  display  device  shown  in 
Figure  1. 

In  Figure  1,  a  liquid  crystal  unit  101  is  composed  of 
a  liquid  crystal  panel  and  a  driving  circuit.  A  series  of 
control  signals  102  for  controlling  the  motion  of  the 
liquid  crystal  display  device  is  composed  of  a  latch 
signal  LP,  a  frame  signal  FR,  a  data-in  signal  DIN,  an 
X  driver  shift  clock  signal  XSCL  and  others.  Also 
shown  in  Figure  1  is  a  data  signal  103,  a  waveform 
compensation  signal  generating  circuit  104  (herein- 
after  referred  to  as  a  compensation  circuit)  and  a 
power  circuit  105. 

The  compensation  circuit  104  calculates  the  value 
of  I  and  at  the  same  time,  transmits  a  sign  signal  108 
for  transmitting  the  sign  of  I  and  a  strength  signal 
109  for  transmitting  the  absolute  value  of  I  to  the 
power  circuit  105  as  a  compensation  signal.  The 
above  strength  signal  109  is  in  the  active  condition 
for  the  period  corresponding  to  the  absolute  value  of 
I. 

The  power  circuit  105  provides  the  common 
electrode  driving  power  source  (hereinafter  referred 
to  as  Y  power  source)  106  for  supplying  the  voltage 
to  the  liquid  crystal  unit  101  in  accordance  with  the 

5  sign  signal  108  and  the  strength  signal  109,  and  the 
segment  electrode  driving  power  source  (herein- 
after  referred  to  as  X  power  source)  107.  The  power 
circuit  105  also  provides  the  voltage  compensation 
of  the  Y  power  source  106. 

10  The  basic  operation  of  Figure  1  is  as  follows.  The 
compensation  circuit  104  firstly  receives  the  data 
signal  103  when  one  common  electrode  is  selected, 
and  then  calculates  the  number  of  ON  dots  M  on  the 
common  electrode  which  is  next  selected.  Next,  the 

15  value  of  I  is  calculated,  which  is  the  difference 
between  the  number  of  the  ON  dots  Non  on  the 
common  electrode  which  has  been  already  selected 
and  the  above  Mon-  When  the  selection  switches, 
the  resulting  sign  and  the  absolute  value  are  output 

20  as  the  sign  signal  108  and  the  strength  signal  109, 
respectively.  At  the  same  time,  Mon  is  stored  as  the 
number  of  the  ON  dots  Non  on  the  common 
electrode  which  has  been  already  selected.  The 
power  circuit  105  performs  the  required  compensa- 

25  tion  to  the  voltage  of  the  Y  power  source  106  in 
accordance  with  the  sign  signal  108  and  the  strength 
signal  109. 

Display  unevenness  due  to  zebra  crosstalk  on  the 
liquid  crystal  panel  can  be  prevented.  Compensation 

30  is  effected  by  applying  the  predetermined  voltage  to 
the  spike  shaped  noise  generated  in  the  driving 
waveform  applied  to  the  liquid  crystal  panel  to  the 
direction  of  cancelling  the  noise,  for  a  period 
corresponding  to  the  strength  of  the  noise.  Deter- 

35  mining  the  direction  of  the  predetermined  voltage  is 
the  sign  signal  108,  and  determining  the  applied  time 
is  the  strength  signal  109. 

Figures  2  to  5  show  the  detailed  components  of 
Figure  1.  Figure  2  shows  one  example  of  a  structure 

40  for  the  liquid  crystal  unit  101. 
In  Figure  2,  there  is  shown  a  liquid  crystal  panel 

201,  wherein  the  common  electrodes  Y1  to  Y6  are 
horizontally  oriented  on  the  one  substrate  202,  the 
segment  electrodes  X1  to  X6  are  vertically  oriented 

45  on  the  other  substrate  203,  and  the  pair  of 
substrates  202  and  203  sandwich  the  liquid  crystal 
layer  therebetween.  The  common  electrodes  Y1  to 
Y6  and  the  segment  electrodes  X1  to  X6  cross  each 
other,  thereby  forming  the  display  dot  204.  For  ease 

50  of  explanation,  the  liquid  crystal  panel  has  a  6  x  6  dot 
structure,  but  it  is  to  be  appreciated  that  the  liquid 
crystal  panel  is  not  limited  to  this  6  x  6  dot  structure. 

A  common  electrode  driving  circuit  205  comprises 
a  shift  register  circuit  206  and  a  level  shifter  circuit 

55  207.  The  output  from  the  level  shifter  circuit  207  is 
introduced  to  each  common  electrode  Y1  to  Y6  of 
the  liquid  crystal  panel  201. 

A  segment  electrode  driving  circuit  208  comprises 
a  shift  register  circuit  209,  a  latch  circuit  210  and  a 

60  level  shifter  circuit  211.  The  output  from  the  level 
shifter  circuit  208  is  introduced  to  each  segment 
electrode  X1  to  X6  of  the  liquid  crystal  panel  201  . 

Figure  3  is  a  timing  chart  showing  signals  DIN,  LP, 
FR,  XSCL  of  the  control  signal  102  and  the  data 

65  signal  103. 

10 
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The  signals  DIN  and  LP  act  as  data  and  shift  clock 
respectively,  relative  to  the  shift  register  circuit  206 
of  the  common  electrode  driving  circuit  205  in  Figure 
2.  The  signal  DIN  is  received  in  the  shift  register 
circuit  206  by  the  falling  or  trailing  edge  of  the  signal 
LP,  and  the  signal  DIN  is  transmitted. 

The  signal  DIN  has  "H"  as  an  active  element, 
"active"  meaning  the  state  of  the  signal  generated. 
Since  the  signal  DIN  outputs  at  the  interval  of  the 
number  of  the  common  electrodes  Y1  to  Y6  of  the 
liquid  crystal  panel  201  or  the  number  of  the  signal 
LP  larger  than  the  common  electrodes  in  the  normal 
case,  the  data  of  "H"  passes  through  the  shift 
register  circuit  206,  and  the  data  of  "L"  passes 
through  the  others.  In  accordance  with  the  content 
of  the  shift  register  circuit  206,  in  the  active  case,  the 
selective  voltage  is  supplied  to  the  common  elec- 
trodes  Y1  to  Y6  by  the  level  shifter  circuit  207.  In  the 
non-active  case,  the  non-selective  voltage  is  sup- 
plied  to  the  common  electrodes  Y1  to  Y6.  The 
selective  voltage  and  the  non-selective  voltage  are 
supplied  from  the  Y  power  source  106. 

The  data  signal  103  and  the  signals  XSCL  and  LP 
act  as  the  data  and  shift  clock  of  the  shift  register 
circuit  209  of  the  segment  electrode  driving  circuit 
208,  and  the  latch  clock  of  the  latch  circuit  210.  In 
Figure  3,  the  data  signal  103  indicates  the  ON  state, 
wherein  "H"  is  defined  as  an  active  element.  The  data 
signal  103  acts  as  a  signal  for  determining  whether 
the  display  dot  204  on  the  next  common  electrode  is 
ON  or  OFF  during  the  one  common  electrode  of  the 
liquid  crystal  panel  201  is  selected.  The  data  signal 
103  is  received  in  the  shift  register  circuit  209  at  the 
time  of  falling  edge  of  the  signal  XSCL,  as  the  signal 
corresponds  to  the  display  dots  on  the  common 
electrode  which  is  selected  next  when  the  common 
electrode  is  selected.  When  the  receipt  of  the  data 
signal  103  in  accordance  with  the  signal  XSCL  is 
terminated,  the  contents  of  the  shift  register  circuit 
209  are  received  in  the  latch  circuit  210  at  the  time  of 
the  falling  edge  of  the  signal  LP.  Then,  in  the  active 
case,  the  ON  voltage  is  supplied  to  the  segment 
electrodes  X1  to  X6  from  the  shift  register  circuit  21  1 
in  accordance  with  the  resulting  contents.  In  the 
non-active  case,  the  OFF  voltage  is  supplied  to  the 
segment  electrodes  X1  to  X6.  The  ON  voltage  and 
OFF  voltage  are  supplied  by  the  X  power  source  107. 

Further,  the  frame  signal  FR  is  connected  to  the 
driving  circuits  205,  208  in  order  to  achieve  the 
alternating  driving  of  the  liquid  crystal  panel  201  .  The 
signal  FR  switches  in  response  to  the  falling  edge  of 
the  signal  LP,  and  switches  the  selection  of  potential 
of  the  driving  voltage.  The  driving  voltage  includes 
two  sets  of  the  following  selective  and  non-selective 
voltages,  and  ON  and  OFF  voltages,  which  are 
switched  by  the  frame  signal  FR. 

The  illustrated  structure  of  the  liquid  crystal  unit 
101  and  the  driving  method  therefor  are  only 
examples  for  explaining  the  present  invention,  and  it 
is  to  be  appreciated  that  the  invention  is  not  limited 
to  the  illustrated  structure  of  the  liquid  crystal  unit 
101. 

Figure  4  is  a  block  diagram  showing  an  example  of 
a  structure  for  the  compensation  circuit  104  in 
Figure  1  .  In  Figure  4,  there  are  shown  a  count  circuit 

401  ,  a  first  count  holding  circuit  402,  a  second  count 
holding  circuit  403,  a  numerically  arithmetic  circuit 
404,  and  a  pulse  width  control  circuit  405. 

The  count  circuit  401  counts  the  number  of  ON 
5  dots  within  the  display  dots  on  the  (n-M)-th 

common  electrode  when  the  n-th  common  electrode 
of  the  liquid  crystal  panel  201  of  Figure  2  is  selected. 
The  counter  circuit  401  counts  the  number  of  ON 
dots  on  the  (n  +  1)-th  common  electrode  by  count- 

ed  ing  the  number  of  dots  from  the  falling  edge  of  the 
signal  LP  of  the  control  signal  102  to  the  falling  edge 
of  the  next  signal  LP  only  where  the  data  signal  103 
is  active  at  the  time  of  falling  edge  of  the  signal 
XSCL.  The  count  value  of  the  counter  circuit  401  is 

15  re-set  to  0.  The  discrete  value  is  output  to  the  first 
counter  holding  circuit  402  at  the  time  of  falling  edge 
of  the  signal  LP.  Then  the  counting  starts  again,  and 
repeats  successively.  With  regard  to  the  counting,  it 
is  not  necessary  to  perform  it  strictly  up  to  one  dot 

20  unit  if  circumstances  require,  for  example  if  the 
number  of  the  segment  electrodes  X1  to  X6  is  about 
640,  there  is  no  inconvenience  even  if  the  counting 
error  is  defined  as  +  16  dots. 

Next,  the  first  counter  holding  circuit  402  receives 
25  the  count  value  just  before  the  count  value  of  the 

counter  circuit  401  becomes  0  at  the  time  of  falling 
edge  of  the  signal  LP,  and  the  second  counter 
holding  circuit  403  receives  the  count  value  from  the 
first  counter  holding  circuit  402,  wherein  the  discrete 

30  value  is  just  before  the  first  counter  holding  circuit 
402  receives  the  next  count  value  from  the  counter 
circuit  401  at  the  time  of  falling  edge  of  the  signal  LP. 
Accordingly,  when  the  first  counter  holding  circuit 
402  receives  the  number  of  ON  dot  Mon  of  the 

35  display  dots  on  the  (n  +  1  )-th  common  electrode,  the 
second  counter  holding  circuit  403  is  such  that  it 
receives  the  number  of  ON  dot  Non  of  the  display 
dots  on  the  n-th  common  electrode,  and  outputs  the 
values  of  Mon  and  Non  to  the  numerically  arithmetic 

40  circuit  404  respectively. 
The  numerically  arithmetic  circuit  404  calculates 

the  difference  between  the  value  of  Mon  and  Non 
produced  from  the  first  and  second  counter  holding 
circuits  402  and  403,  namely  I  =  Non  -  Mon,  and 

45  outputs  the  sign  of  the  value  I  as  the  sign  signal  108. 
At  the  same  time,  the  absolute  value  of  I  is  output  to 
the  pulse  width  control  circuit  405. 

The  pulse  width  control  circuit  405  outputs  the 
active  signal  for  the  period  of  the  absolute  value  of  I 

50  which  is  input  from  the  numerically  arithmetic  circuit 
404  in  response  to  the  falling  edge  of  the  signal  LP  of 
the  control  signal  102  as  the  strength  signal  109. 
However,  the  above  signal  is  not  output  at  the  time 
of  the  falling  edge  of  the  signal  LP  when  the  signal 

55  FR  changes. 
Relative  to  the  absolute  value  of  I,  the  width  W  of 

the  control  signal  102  has  the  increment  function 
shown  by 
W  =  SaK  x  lK  +  EbK  x  l1/K, 

60  wherein  aK  and  bK  are  the  constants  and  K  is  0,  1  ,  2, 
3,  etc.  The  width  W  can  be  differentiated  by  the 
positive  or  negative  value  of  I.  In  this  embodiment, 
W  =  ai  x  I  is  defined  regardless  of  whether  the  value 
of  I  is  positive  or  negative.  In  the  above  mentioned 

65  operation  and  function  of  the  compensation  circuit 
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104,  the  precise  circuit  structure  of  the  components 
401  to  405  has  been  omitted  for  ease  of  explanation. 

Figure  5  shows  one  example  of  the  structure  of 
the  voltage  power  circuit  105  of  Figure  1  .  In  Figure  5, 
the  resistors  501  to  509  are  connected  in  series  and 
the  voltage  V0  and  the  voltage  V5  are  supplied  to 
both  ends  thereof.  If  the  resistance  values  of  each  of 
the  resistors  501  to  509  are  defined  as  R1  to  R9 
respectively,  the  relation  is: 
R1  =  R9,  R2  =  R8 
R3  =  R7,  R4  =  R6 
and: 
R1  +  R2  =  R3  +  R4 
=  R9  +  R8  =  R7  +  R6 
=  R5/(n-4) 
(wherein  n  is  a  constant). 

Therefore,  if  the  voltages  at  the  ends  of  each  of 
the  resistors  501  to  509  are  defined  as  V0,  V1  U,  V1  N, 
V1L,  V2,  V3,  V4U,  V4N,  V4L  and  V5  respectively  as 
shown  in  Figure  5,  the  following  relation  occurs: 
V0-V1N  =  V1N  -V2 
=  V4N  -  V5  -  V3  -  V4N 

=  (V2  -  V3)/(n-4) 
K1  =  (V1U-V1N)/(V0-V1N) 
=  (V4N  -  V4L)/(V4N  -  V5) 
K2  =  (V1N-V1L)/(V0-V1N) 
=  (V4U  -  V4N)/(V4N  -  V5) 
wherein  the  resistance  values  of  each  resistors  501 
to  509  are  set  so  that  the  relation  of  K1  and  K2 
satisfies  the  condition  of  0  <  K2,  K1  <  1. 

A  voltage  stabilising  circuit  501  is  for  stabilising 
the  divided  voltages  V1  U,  V1  N,  V1  L,  V2,  V3,  V4U,  V4N 
and  V4L  formed  by  each  of  the  resistors  501  to  509. 
The  voltage,  the  same  as  the  input  voltage,  is  output 
having  a  low  impedance.  The  voltage  stabilising 
circuit  510  is  constructed  by  the  voltage  follower 
circuit  owing  to  the  operational  amplifier. 

The  switches  511  and  51  2  are  switched  by  the  sign 
signal  108  and  the  strength  signal  109  from  the 
compensation  circuit  104.  More  specifically,  where 
the  strength  signal  109  is  active  and  the  sign  signal 
108  is  positive,  the  switches  511  and  512  are 
switched  to  the  voltage  V1U  and  the  voltage  V4L 
respectively.  Where  the  strength  signal  109  is  active 
and  the  sign  signal  108  is  positive,  the  switches  511 
and  512  are  switched  to  the  voltage  V1L  and  the 
voltage  V4U  respectively.  When  the  strength  signal 
109  is  non-active,  the  switches  511  and  512  are 
switched  to  the  voltage  V1N  and  the  voltage  V4N 
respectively.  Each  voltage  is  output  from  the 
switches  511  and  512  as  the  output  voltage  V1  and 
V4.  The  voltage  V1  and  V4  and  the  voltage  V0  and  V5 
is  output  as  the  Y  power  source  106  of  Figure  1. 
Additionally,  the  voltages  V0,  V2,  V3  and  V5  are 
output  as  the  X  power  source  107  of  Figure  1. 

Accordingly,  the  Y  power  source  106  has  the 
voltages  V0,  V1  ,  V4  and  V5  of  Figure  5,  the  X  power 
source  107  has  the  voltages  V0,  V2,  V3  and  V5  of 
Figure  5,  and  then  the  above  voltages  are  output  to 
the  liquid  crystal  unit  101  in  the  form  of  the 
combination  of  the  two  groups  of  voltages.  One 
group  of  voltages  is  thus  as  follows: 
The  voltage  V0  of  Y  power  source  106  (selective 
voltage) 
The  voltage  V4  of  Y  power  source  1  06  (non-selective 

voltage) 
The  voltage  V5  of  X  power  source  107  (ON  voltage) 
The  voltage  V3  of  X  power  source  107  (OFF  voltage). 

The  other  group  of  voltages  is  thus  as  follows: 
5  The  voltage  V5  of  Y  power  source  106  (selective 

voltage) 
The  voltage  V1  of  Y  power  source  106  (non-selective 
voltage) 
The  voltage  V0  of  X  power  source  107  (ON  voltage) 

10  The  voltage  V2  of  X  power  source  1  07  (OFF  voltage)  . 
The  above  two  groups  of  voltages  are  switched  by 

the  signal  FR  of  control  signal  102  in  the  common 
electrode  driving  circuit  205  and  the  segment 
electrode  driving  circuit  208  periodically. 

15  According  to  the  above  structure,  when,  as  for  the 
common  electrodes  Y1  to  Y6  of  the  liquid  crystal 
panel  201,  the  selection  moves  from  n-th  to 
(n  +  1)-th,  in  case  of  the  value  of  I  being  positive,  the 
Y  power  source  106  outputs  the  voltages  V1U  and 

20  V4L  for  the  time  in  accordance  with  the  absolute 
value  of  I  to  the  liquid  crystal  unit  101  as  the  voltages 
V1  and  V4  of  Figure  5.  In  case  of  the  value  of  I  being 
negative,  the  Y  power  source  106  outputs  the 
voltages  of  V1  L  and  V4U  for  the  time  in  accordance 

25  with  the  absolute  value  of  I  to  the  liquid  crystal  unit 
101  as  the  voltages  V1  and  V4. 

Further,  the  voltages  V1  N  and  V4N  are  output  as 
the  voltages  V1  and  V4  in  case  of  where  the  strength 
signal  is  non-active  including  the  value  of  I  is  0. 

30  The  above  operation  is  explained  precisely  using 
an  example  in  which  the  pattern  as  shown  in  Figure  6 
is  displayed.  Thus,  Figure  7  shows  the  example  of 
the  applied  voitage  waveform  at  the  time  of  when  the 
pattern  shown  in  Figure  6  is  displayed.  Figure  7  (A) 

35  shows  the  voltage  waveform  which  is  applied  to  the 
segment  electrode  X4  for  forming  the  display  dot 
601  of  Figure  6.  Figure  7  (B)  shows  the  voltage 
waveform  which  is  applied  to  the  common  electrode 
Y3  for  forming  the  display  dot  601.  Figure  7  (C) 

40  shows  the  voltage  waveform  which  is  added  to  the 
display  dot  601  . 

The  voltage  shown  by  the  oblique  line  in  Figures  7 
(A)  and  (B)  indicates  the  voltages  V0,  V2,  V3  and  V5 
of  the  X  power  source  107  of  Figure  1  and  the 

45  voltages  V0,  V1  ,  V4  and  V5  of  the  Y  power  source 
106. 

The  portion  surrounded  by  the  circled  portion  701 
in  Figure  7  (B)  is  enlarged,  and  is  shown  in  Figure  8. 
In  Figure  8,  there  is  shown  a  spike  shaped  noise 

50  voltage  801  which  tends  to  occur  in  the  common 
electrode,  a  changeable  non-selective  voltage  802 
formed  by  Y  power  source  106,  and  a  voltage  803 
which  is  composed  of  the  voltages  801  and  802. 

When  the  pattern  of  Figure  6  is  displayed,  the 
55  difference  I  between  the  number  of  ON  dot  Non  on 

the  n-th  common  electrode  and  the  number  of  ON 
dot  Mon  on  the  (n  +  1)-th  common  electrode  at  the 
time  of  changing  the  selection  from  n-th  common 
electrode  to  (n  +  1)-th  common  electrode  is  as 

60  follows: 
when  the  selection  moves  from  the  first  common 
electrode  Y1  to  the  second  common  electrode 
Y2  I  =  -2 
when  the  selection  moves  from  the  second  common 

65  electrode  Y2  to  the  third  common  electrode 
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TO  I  —  d. 
when  the  selection  moves  from  the  third  common 
electrode  Y3  to  the  fourth  common  electrode 
Y4  I  =  -4 
when  the  selection  moves  from  the  fourth  common 
electrode  Y4  to  the  fifth  common  electrode 
Y5  1  =  4 
when  the  selection  moves  from  the  fifth  common 
electrode  Y5  to  the  sixth  common  electrode 
Y6  I  =  -6 
when  the  selection  moves  from  the  sixth  common 
electrode  Y6  to  the  first  common  electrode 
Y1  I  =  6. 

Thus,  in  accordance  with  the  change  from  first  to 
second,  second  to  third,  third  to  fourth,  etc.  the 
noise  voltage  801  of  Figure  8  increases.  However, 
the  period  during  which  the  non-selective  voltage 
802  changes  to  the  reverse  direction  of  the  noise 
voltage  801,  increases  from  T1  to  T3  and  the 
composed  voltage  803  is  compensated.  Therefore, 
the  voltage  applied  to  the  display  dot  601  of  Figure  7 
(C)  is  compensated,  thereby  providing  an  improved 
display  without  zebra  crosstalk. 

As  mentioned  above,  when  the  selection  moves 
from  n-th  common  electrode  to  (n-M)-th  common 
electrode  of  the  liquid  crystal  panel  201,  the 
non-selective  voltage  of  Y  power  source  106  is 
changed  for  the  period  in  accordance  with  the 
difference  I  between  the  number  of  ON  dots  on  the 
n-th  common  electrode  and  the  number  of  ON  dots 
on  the  (n-M)-th  common  electrode,  thereby  provid- 
ing  an  improved  display  without  zebra  crosstalk. 

The  present  Example  provides  a  structure  in 
which  the  period  for  changing  the  voltage  of  the 
non-selective  voltage  is  increased  or  decreased  to 
perform  the  compensation.  This  is  hereinafter 
referred  to  as  a  time  base  compensation  of  the 
non-selective  voltage. 

EXAMPLE  2  (FIGURES  9  to  13) 

Reference  is  now  made  to  another  embodiment  of 
the  invention  to  provide  an  improved  display  without 
zebra  crosstalk. 

As  mentioned  above,  Example  1  shows  a  way  of 
Droviding  an  improved  display  without  zebra  cross- 
:alk  by  the  time  base  compensation  of  the  non-se- 
ective  voltage.  The  same  effect  can  be  obtained 
aven  though  the  non-selective  voltage  is  changed 
:or  the  voltage  width  corresponds  to  the  difference  I 
tor  a  predetermined  period.  Figure  9  shows  an 
sxample  of  a  precise  structure  of  a  device  for 
achieving  this  compensation. 

In  Figure  9,  there  are  shown  a  compensation 
circuit  904  and  a  power  circuit  905.  The  other 
3omponents  are  the  same  as  in  Example  1,  and  they 
lave  been  given  the  same  reference  numerals  to 
woid  duplication  of  description. 

The  compensation  circuit  904  counts  the  value  of  I 
he  same  as  in  Example  1.  The  value  of  I  is 
ransmitted  to  the  power  circuit  905,  wherein  the 
sign  thereof  is  the  sign  signal  108,  and  the  absolute 
'alue  of  I  is  as  the  strength  signal  909.  The  power 
:ircuit  905  changes.  the  non-selective  voltage  of  Y 
)ower  source  906,  for  being  entered  into  the  liquid 

crystal  unit  101  to  the  direction  corresponding  to  the 
sign  signal  108  and  for  the  voltage  width  in 
accordance  with  the  strength  signal  909  for  a 
predetermined  period. 

5  According  to  the  above  method,  the  non-selective 
voltage  is  changed  for  the  voltage  width  correspond- 
ing  to  the  noise  strength  for  a  predetermined  period 
to  the  direction  of  cancelling  the  spike  shaped  noise 
generated  on  the  electrode  of  the  liquid  crystal  panel 

10  201.  This  provides  the  improved  display  without 
zebra  crosstalk.  The  sign  signal  108  is  to  determine 
the  direction  of  the  change  and  the  strength  signal 
109  is  to  determine  the  width  of  the  voltage. 

The  precise  structure  and  operation  of  various 
15  components  of  the  present  invention  will  now  be 

given. 
Figure  10  shows  the  structure  of  the  compensa- 

tion  circuit  904.  In  Figure  10  there  are  shown  a 
counter  circuit  401,  a  first  counter  holding  circuit 

20  402,  a  second  counter  holding  circuit  403  and  a 
numerically  arithmetic  circuit  404  which  are  all  the 
same  as  those  in  Figure  4  and  which  act  similarly. 
Thus,  the  counter  circuit  401  counts  the  number  of 
ON  dots  by  the  data  signal  103.  The  first  counter 

25  holding  circuit  402  and  the  second  counter  holding 
circuit  403  hold  the  number  of  ON  dots  Mon  and  Non 
on  the  (n  +  1)-th  and  the  n-th  common  electrodes 
202  respectively,  whereby  the  numerically  arithmetic 
circuit  403  calculates  the  value  of  I.  The  sign  signal 

30  108  and  the  strength  signal  909  showing  the 
absolute  value  of  I  are  output  in  response  to  the 
signal  LP  of  the  control  signal  102. 

Figure  1  1  shows  the  structure  of  the  power  circuit 
905.  In  Figure  11,  there  are  shown  resistors  1101  to 

35  1105  connected  in  series,  and  the  voltages  V0  and 
V5  are  applied  to  both  ends  thereof. 

When  the  resistance  value  of  each  of  the  resistors 
1101  to  1105  is  rO,  r1,  r2,  r3  and  r4  respectively,  the 
following  relation  occurs: 

to  r0  =  r1  =  r3  =  r4 
(n-4)  x  rO  =  r2. 

When  the  divided  voltage  applied  to  the  end 
portions  of  each  of  the  resistors  1101  to  1105  is  V0, 
V1N,  V2,  V3,  V4N  and  V5,  the  following  relation 

15  occurs: 
V0-V1N 
=  V1N-V2 
=  V3-V4N 
=  V4N  -  V5 

70  =  (V2-V3)/(n-4). 
Each  divided  voltage  is  output  by  stabilising  with  the 
voltage  stabilising  circuit  510  the  same  as  in  Figure 
5. 

Voltage  generating  circuits  1107,  1108  are  for 
>5  generating  a  voltage  in  accordance  with  the  sign 

signal  108  and  the  strength  signal  909,  which  is 
constructed  by  a  digital  to  analog  converter. 

When  the  sign  signal  108  shows  a  positive  value, 
the  voltage  generating  circuit  1107  generates  a 

>0  voltage  N1C  in  which  the  value  of  the  voltage  shifts 
to  the  voltage  V0  side  for  the  voltage  width  in 
accordance  with  the  absolute  value  of  I  which  is 
shown  by  the  strength  signal  909  relative  to  the 
voltage  V1N.  Similarly,  the  voltage  generating  circuit 

<5  1108  generates  a  voltage  V4C  in  which  the  value  of 
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the  voltage  shifts  to  the  voltage  V5  side  for  the 
voltage  width  in  accordance  with  the  absolute  value 
of  I  shown  by  the  strength  signal  909  relative  to  the 
voltage  V4N. 

When  the  sign  signal  108  shows  a  negative  value, 
the  voltage  generating  circuits  1107  and  1108  each 
generates  the  voltages  V1C  and  V4C  respectively,  in 
which  the  each  value  of  the  voltage  shifts  to  each 
side  of  voltage  V2  and  V3  for  the  voltage  width  in 
accordance  with  the  absolute  value  of  I  which  is 
shown  by  the  strength  signal  909. 

The  size  of  the  above  voltage  width,  for  varying  in 
accordance  with  the  absolute  value  of  I  shown  by  the 
strength  signal  909,  can  be  changed  in  the  positive 
case  and  negative  case  of  the  value  I  shown  by  the 
sign  signal  108. 

A  pulse  width  generating  circuit  1109  is  for 
generating  the  signal  which  becomes  the  active 
state  only  for  a  predetermined  period.  The  signal  is 
output  in  response  to  the  signal  LP  of  the  control 
signal  102.  However,  the  above  signal  is  not  output 
when  the  signal  FR  of  the  control  signal  102  is 
switched. 

A  switch  1110  is  for  switching  the  voltages  V1N 
and  V1C.  A  switch  1111  is  for  switching  the  voltages 
V4N  and  V4C.  Additionally,  each  switch  1110  and 
1111  is  switched  by  the  signal  output  from  the  pulse 
width  generating  circuit  1109.  Thus,  each  switch 
1110  and  1111  selects  the  voltages  V1C  and  V4C 
respectively,  for  a  predetermined  period  in  accord- 
ance  with  the  pulse  width  when  the  signal  which  is 
output  from  the  pulse  width  generating  circuit  1109 
is  in  the  active  state.  When  the  signal  which  is  output 
from  the  pulse  width  generating  circuit  1  109  is  in  the 
non-active  state,  each  voltage  is  switched  to  the 
voltage  V1  N  and  the  voltage  V4N  respectively,  and 
finally  each  voltage  is  output  as  the  voltages  of  V1 
and  V4  respectively.  Accordingly,  the  voltages  V1 
and  V4  output  from  the  switches  1110  and  1111 
change  by  the  value  of  I  for  a  predetermined  period, 
the  direction  of  change  being  in  accordance  with  the 
sign  of  I,  and  the  size  of  the  change  being  in 
accordance  with  the  absolute  value  of  I. 

The  power  circuit  905  outputs  the  voltages  V1  and 
V4  and  the  voltages  V0  and  V5  as  the  Y  power  source 
906,  and  outputs  the  voltages  V0,  V2,  V3  and  V5  as 
the  X  power  source  107. 

The  Y  power  source  906  and  X  power  source  107 
output  the  following  two  groups  of  voltages  to  the 
liquid  crystal  unit  101.  Namely,  one  group  of  voltages 
is: 
the  voltage  V0  of  Y  power  source  906  (selective 
voltage) 
the  voltage  V4  of  Y  power  source  906  (non-selective 
voltage) 
the  voltage  V5  of  X  power  source  107  (ON  voltage) 
the  voltage  V3  of  X  power  source  107  (OFF  voltage), 
and  the  other  group  of  voltages  is: 
the  voltage  V5  of  Y  power  source  906  (selective 
voltage) 
the  voltage  V1  of  Y  power  source  906  (non-selective 
voltage) 
the  voltage  V0  of  X  power  source  107  (ON  voltage) 
the  voltage  V2  of  X  power  source  107  (OFF  voltage). 

The  non-selective  voltage  varies  in  accordance 

with  the  value  of  I  for  a  predetermined  period  in  view 
of  the  direction  and  size  of  the  value.  This  operation 
is  explained  using  an  example  in  which  the  pattern 
shown  in  Figure  6  is  displayed. 

5  Figure  12  shows  an  example  of  the  applied  voltage 
waveform.  Figure  12  (A)  shows  the  segment  voltage 
waveform  added  on  the  segment  electrode  X4  for 
forming  the  display  dot  601  in  Figure  6.  Figure  12  (B) 
shows  the  voltage  waveform  added  to  the  common 

10  electrode  Y3  for  forming  the  display  dot  601  .  Figure 
12  (C)  shows  the  voltage  waveform  added  to  the 
display  dot  601  . 

The  voltages  marked  by  the  oblique  lines  of 
Figures  12  (A)  and  (B)  show  the  voltages  of  V0,  V2, 

15  V3  and  V5  of  X  power  source  107  and  the  voltages 
V0,  V1  ,  V4  and  V5  of  Y  power  source  906. 

The  encircled  portion  1201  in  Figure  12  (B)  is 
shown  in  an  enlarged  form  in  Figure  13.  In  Figure  13, 
there  are  shown  a  spike  shaped  noise  voltage  1301 

20  for  being  generated  in  the  common  electrode,  a 
changeable  non-selective  voltage  1302  formed  by  Y 
power  source  906  and  voltage  widths  E1  to  E3  for 
changing.  Also  shown  in  Figure  13  is  a  voltage  1303 
which  is  composed  of  the  above  voltages  1301  and 

25  1302. 
The  difference  I  between  the  number  of  ON  dots 

on  the  n-th  common  electrode  and  the  number  of 
ON  dots  on  the  (n  +  1)-th  common  electrode  at  the 
time  when  the  selection  moves  from  n-th  common 

30  electrode  to  (n  +  1)-th  common  electrode  when  the 
display  as  shown  in  Figure  6  is  performed,  is  as 
follows; 
from  first  to  second  I  =  -2 
from  second  to  third  I  =  2 

35  from  third  to  fourth  I  =  -4 
from  fourth  to  fifth  I  =  4 
from  fifth  to  sixth  I  =  -6 
from  sixth  to  first  I  =  6. 

With  the  movement  from  first  to  second,  second 
40  to  third,  third  to  fourth,  etc.,  the  noise  voltage  1301 

shown  in  Figure  13  increases.  The  width  of  the 
non-selective  voltages,  for  changing  to  the  reverse 
direction  of  generating  the  noise  voltage  1301  for  a 
predetermined  period  from  E1  to  E3,  also  increase 

45  and  thus  compensate  the  voltage  1303.  Thus,  the 
voltage  added  to  the  display  dot  601  of  Figure  12  (C) 
is  compensated,  thereby  providing  an  improved 
display  without  zebra  crosstalk. 

When  the  selection  moves  from  the  n-th  common 
50  electrode  of  the  liquid  crystal  panel  201  to  (n  +  1)-th 

common  electrode,  the  non-selective  voltage  of  Y 
power  source  906  is  changed  for  a  predetermined 
period  for  the  voltage  in  accordance  with  the 
difference  I  between  the  number  of  ON  dot  on  n-th 

55  common  electrode  of  the  liquid  crystal  panel  201  and 
(n  +  1)-th  common  electrode.  This  provides  the 
improved  display  without  zebra  crosstalk. 

Accordingly,  in  the  present  Example,  the  non-se- 
lective  voltage  is  changed  for  a  predetermined 

60  period  for  the  voltage  width  in  accordance  with  the 
value  of  I,  thereby  achieve  a  compensation  which  is 
hereinafter  referred  to  as  a  voltage  base  compensa- 
tion  of  the  non-selective  voltage. 

65 
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EXAMPLE  3  (Figures  14  and  15) 

This  Example  describes  another  way  of  providing 
an  improved  display  without  zebra  crosstalk. 

Examples  1  and  2  show  a  method  of  compensat- 
ing  the  non-selective  voltage  by  either  time  or 
voltage  in  accordance  with  the  value  of  I.  However, 
both  the  time  and  voltage  are  compensated  in 
accordance  with  the  value  of  I,  thereby  also 
obtaining  the  same  effect.  Figure  14  shows  one 
example  of  a  precise  structure  of  a  device  for 
compensating  as  above. 

In  Figure  14,  the  structure  and  operation  except 
for  the  power  circuit  1405  and  the  Y  power  source 
1406  formed  by  the  power  circuit  1405  are  the  same 
as  that  in  Figure  9. 

Figure  15  shows  a  precise  structure  of  the  power 
circuit  1405,  and  the  structure  and  operation  except 
for  the  pulse  width  control  circuit  1509  are  the  same 
as  that  in  Figure  11. 

The  pulse  width  control  circuit  1509  outputs  an 
active  signal  for  the  period  in  accordance  with  the 
value  of  the  strength  signal  909  in  response  to  the 
falling  edge  of  the  signal  LP  of  the  control  signal  102. 
However,  the  signal  is  not  output  when  the  signal  FR 
of  control  signal  102  is  switched.  The  signal  from  the 
pulse  width  control  circuit  1509  controls  the  swit- 
ches  1  1  1  0  and  1  1  1  1  ,  and  switches  the  switches  1110 
and  1  1  1  1  for  the  period  in  accordance  with  the  value 
of  I. 

According  to  the  above  structure,  the  non-selec- 
tive  voltage  of  the  Y  power  source  1406  is  changed 
by  the  period  and  the  voltage  width  in  accordance 
with  the  value  of  I,  thereby  compensating  the  noise 
voltage  generated  in  the  liquid  crystal  panel  201. 
Thereby,  the  improved  display  without  zebra  cross- 
talk  can  be  provided,  the  same  as  in  Examples  1  and 
2. 

In  the  present  Example  3,  the  non-selective 
voltage  is  compensated  by  both  of  period  and 
voltage  in  accordance  with  the  value  of  I,  and  this  is 
hereinafter  referred  to  as  a  time  voltage  base 
compensation. 

EXAMPLE  4  (Figures  16  to  20) 

In  the  circuits  of  Examples  1  to  3,  a  square  shaped 
waveform  is  applied  to  the  common  electrodes  in 
order  to  compensate  a  spike  shaped  noise  wave- 
form  which  is  generated  on  the  common  electrodes 
of  the  liquid  crystal  panel  201  .  The  generated  noise 
waveform  is  spike  shaped,  rather  than  square 
shaped.  (The  generated  noise  waveform  is  a  wave- 
form  of  the  voltage  generated  from  a  differentiating 
circuit  and  is  indicated  by  an  exponential  function, 
the  differentiating  circuit  comprising  the  resistors  of 
the  common  and  segment  electrodes  of  the  liquid 
crystal  panel  201  and  a  capacitor  of  the  liquid  crystal 
layer).  In  order  to  compensate  the  voltage  waveform 
more  accurately,  the  voltage  waveform  having  a 
peak  value  according  to  the  value  I  and  having  a 
shape  similar  to  the  generated  noise  waveform,  is 
applied  to  the  non-selective  voltage.  This  makes  it 
possible  to  provide  an  improved  display  quality 
without  zebra  crosstalk. 

Referring  now  to  Figure  16,  there  is  shown  a 
circuit  diagram  for  compensating  such  voltage 
waveforms.  In  Figure  16,  all  the  constituents  operate 
in  the  same  way  as  in  Figure  9,  except  the  power 

5  source  circuit  1605  and  the  Y  power  source  1601 
generated  from  the  power  circuit  1605. 

Figure  17  shows  a  construction  of  the  power 
source  1605,  in  detail.  In  Figure  17,  respective 
resistors  1701  to  1703  are  connected  in  order  and  in 

10  series,  and  the  resistance  values  r1  ,  r2  and  r3  of  the 
respective  resistors  1701  to  1703  are  expressed  by 
the  following  equations; 
r1/2  =  r2/2  =  r3/(n-4). 
Further,  the  voltages  V0  and  the  voltages  V5  are 

15  applied  to  both  ends  of  the  resistors  1701  to  1703. 
(Voltage  V0>  Voltage  V5).  As  shown  in  Figure  17, 
V0,  V2,  V3  and  V5  are  the  voltages  at  the  ends  of  the 
resistors  1701  to  1703  respectively,  and  are  ex- 
pressed  by  the  following  equations: 

20  (V0-V2)/2 
=  (V3  -  V5)  /  2 
=  (V2-V3)  /  (n-4). 
The  voltages  V2  and  V3  are  stabilised  by  a  voltage 
stabilising  circuit  1704  in  a  similar  manner  to  the 

25  voltage  stabilising  circuit  510  shown  in  Figure  5. 
The  voltages  V1N  and  V4N  are  defined  as  follows: 

V1N  =  (V0-V2)  12  +  V2 
V4N  =  (V3  -  V5)  12  +  V5. 
The  voltage  V1N  is  an  intermediate  value  between 

30  the  voltages  V0  and  V2,  and  the  voltage  V4N  is  an 
intermediate  value  between  the  voltages  V3  and  V5. 

In  Figure  17,  function  waveform  generating  cir- 
cuits  1705  and  1706  are  provided  to  generate 
function  waveform  voltages  of  which  the  direction 

35  and  the  peak  value  is  changed  by  a  sign  signal  108 
and  a  strength  signal  109.  The  function  waveform 
circuit  1705  outputs  the  compensation  voltage  V1 
comprising  the  voltage  E  having  a  potential  function 
waveform  shown  in  Figure  18  and  the  voltage  V1N.  In 

40  this  case,  the  voltage  E  having  the  exponential 
function  waveform  is  expressed  by  the  following 
equation: 
E  =  a  X  exp  (-  (3  X  T) 
wherein  a  and  p  are  constants,  and  T  is  time. 

45  Similarly,  the  function  waveform  circuit  1706  outputs 
the  compensation  voltage  V4  comprising  the  voltage 
E  having  an  exponential  function  waveform  E  (shown 
in  Figure  18)  and  the  voltage  V4N.  Also  similarly,  the 
voltage  E  is  expressed  by  the  following  equation: 

50  E  =  -  a  X  exp  (-  p  X  T). 
The  sign  of  a  corresponds  to  the  signal  which  the 

sign  signal  108  indicates.  Upon  the  sign  signal,  the 
direction  where  the  voltage  is  applied  is  switched. 
The  absolute  value  of  a  is  changed  according  to  the 

55  strength  signal  909,  thereby  making  it  possible  to 
change  the  peak  value  of  the  waveforms. 

When  the  sign  signal  108  is  plus  and  the  value  of 
the  strength  signal  909  is  gradually  increased,  the 
waveforms  1801,  1802,  1803  etc.  are  generally 

60  generated  from  the  function  waveform  generating 
circuit  1705,  as  shown  in  Figure  18.  When  the  sign 
signal  108  is  minus,  the  waveforms  1806,  1807,  1808, 
etc.  are  generated. 

When  the  sign  signal  108  is  plus  and  the  value  of 
65  the  strength  signal  909  is  gradually  increased,  the 
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waveforms  1806,  1807,  1808,  etc.  are  gradually 
generated  from  the  function  waveform  generating 
circuit  1706,  as  shown  in  Figure  18.  When  the  sign 
signal  108  is  minus,  the  waveforms  1801,  1802,  1803, 
etc.  are  generated. 

The  compensation  voltages  V1  and  V4  are  gener- 
ated  from  the  function  waveform  generating  circuits 
1701  and  1706  respectively,  in  synchronism  with  the 
signal  LP  of  the  control  signal  102.  However,  when 
the  signal  FR  of  the  control  signal  102  is  switched, 
the  voltages  V1  N  and  V4N  are  generated  from  the 
function  waveform  generating  circuits  1705  and  1706 
respectively,  and  not  in  synchronism  with  the  signal 
LP  of  the  control  signal  102.  In  addition,  the  function 
waveform  generating  circuit  1705  outputs  the  volt- 
age  V1  comprising  the  voltage  V1  N  and  the  voltage 
of  the  triangular  waveform  E  (shown  in  Figure  19) 
which  is  similar  to  the  exponential  function  obtained 
by  the  following  equation: 
E  =  a  (P  -  T)  p  ^  T 
E  =  0  p  <  T 
wherein  a  and  p  are  constants  and  T  is  time. 
Similarly,  the  function  waveform  generating  circuit 
1706  outputs  the  voltage  V4  comprising  the  voltage 
V4N  and  the  voltage  of  the  triangular  waveform  E 
(shown  in  Figure  19)  which  is  similar  to  the 
exponential  function  obtained  by  the  following 
equation: 
E  =  -a  (p  -  T)  P  &;  T 
E  =  0  p  <  T. 
The  sign  a  corresponds  to  either  plus  or  minus  for 
the  sign  signal  108  and,  upon  the  state  of  sign,  the 
direction  where  the  voltage  is  applied  is  changed. 
Similarly,  the  absolute  value  of  a  is  changed 
according  to  the  strength  signal  909,  thereby  making 
it  possible  to  change  the  peak  value  of  the 
waveform. 

When  the  sign  signal  108  is  plus  and  the  value  of 
the  strength  signal  909  is  gradually  increased,  the 
waveforms  1901,  1902,  1903,  etc.  and  the  waveforms 
1906,  1907,  1908,  etc.  are  gradually  generated  from 
the  function  waveform  generating  circuits  1705  and 
1706  respectively.  When  the  sign  signal  108  is  minus, 
the  waveforms  1906,  1907,  1908,  etc.  and  the 
waveforms  1901,  1902,  1903,  etc.  are  gradually 
generated  from  the  function  waveform  generating 
circuits  1705  and  1706  respectively. 

Reference  will  now  be  made  to  Figure  20,  which 
shows  in  detail  the  construction  of  the  respective 
function  waveform  circuits  1705  and  1706.  In  Figure 
20,  when  the  function  generating  circuit  1705  is 
utilised,  the  reference  voltage  2001  is  V1N,  and  when 
the  function  generating  circuit  1706  is  utilised,  the 
reference  voltage  is  V4N.  A  variable  resistor  2002 
comprises  a  plurality  of  resistors  wherein  the 
resistance  value  is  increased  in  the  exponential 
functions  of  r,  2r,  4r  and  2mr.  Upon  the  input  of  the 
switches,  the  values  of  the  resistors  can  be 
changed. 

A  circuit  2003  is  for  changing  the  value  of  the 
variable  resistor  2002  upon  the  output  of  the 
strength  signal  909.  As  the  strength  signal  909  is 
gradually  increased,  the  value  of  the  variable  resistor 
2002  is  increased.  A  capacitor  2004  is  provided  to 
form  a  differential  circuit  together  with  the  variable 

resistor  2002. 
The  voltage  of  a  first  switching  power  source  2005 

is  higher  than  the  reference  voltage  2001  .  In  addition, 
instead  of  switching  the  power  source  2005,  the 

5  voltage  V0  may  be  utilised  in  the  function  waveform 
generating  circuit  1705.  Further,  the  voltage  V3  may 
be  utilised  in  the  function  waveform  generating 
circuit  1706. 

The  voltage  of  a  second  switching  power  source 
10  2006  is  lower  than  the  reference  voltage  2001  .  In  this 

case,  instead  of  using  the  switching  power  source 
2001,  the  voltage  V2  may  be  utilised  in  the  function 
waveform  generating  circuit  1705.  Further,  the 
voltage  V5  may  be  utilised  in  the  function  waveform 

15  generating  circuit  1706. 
A  switch  2007  is  switched  by  a  switch  control 

circuit  2008.  The  switch  2007  is  connected  to  the 
opposing  electrodes  of  the  capacitor  2004.  After  the 
switch  2007  is  switched  to  either  the  first  switching 

20  power  source  2005  or  the  second  switching  power 
source  2006  according  to  the  condition  of  the  sign 
signal  108,  in  synchronism  with  the  signal  LP  of  the 
control  signal  102  (except  the  time  when  the  signal 
FR  of  the  control  signal  102  is  switched)  by  the 

25  switch  control  circuit  2008. 
In  the  function  waveform  generating  circuit  1705, 

when  the  sign  signal  108  indicates  plus,  the  switch 
2007  is  switched  so  as  to  be  connected  to  the  first 
switching  power  source  2005.  When  the  sign  signal 

30  108  indicates  minus,  the  switch  2007  is  switched  so 
as  to  be  connected  to  the  second  switching  power 
source  2006. 

Similarly,  in  the  function  waveform  generating 
circuit  1706,  when  the  sign  signal  108  indicates  plus, 

35  the  switch  2007  is  switched  so  as  to  be  connected  to 
the  second  switching  power  source  2006.  When  the 
sign  signal  108  indicates  minus,  the  switch  2007  is 
switched  so  as  to  be  connected  to  the  first  switching 
power  source  2005.  Then,  prior  to  inputting  the  next 

40  signal  LP  of  the  control  signal  102  to  the  switch 
control  circuit  2008,  the  switch  2007  is  switched  to 
the  opposing  electrode  of  the  capacitor  2004. 

A  voltage  follower  circuit  2009  having  an  oper- 
ational  amplifier  is  provided  to  reduce  the  imped- 

45  ance  of  the  voltage  applied  to  the  non-inverted  input 
terminal,  and  output  the  voltage  waveform  having 
the  reduced  impedance.  An  output  voltage  2010  of 
the  voltage  follower  circuit  2009  is  output  as  V1  from 
the  function  waveform  generating  circuit  1705,  and  is 

50  output  as  V4  from  the  function  waveform  generating 
circuit  1706. 

In  the  above  mentioned  circuit  construction,  since 
either  the  first  switching  power  source  2005  or  the 
second  switching  power  source  2006  is  connected 

55  to  the  differential  circuit  comprising  the  capacitor 
2004  and  the  variable  resistor  2002,  the  voltage 
waveform  of  the  exponential  function  is  generated  at 
the  non-inverted  input  terminal  of  the  voltage 
follower  circuit  2009.  The  voltage  waveform  has  a 

60  value  which  is  variable  according  to  the  capacitance 
of  the  capacitor  2004  and  the  resistance  of  the 
variable  resistor  2002.  Therefore,  the  larger  the 
strength  signal  909,  then  the  larger  the  resistance 
value  of  the  variable  resistor  2002  becomes,  and  the 

65  larger  the  voltage  waveform  becomes.  In  addition, 
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the  direction  where  the  voltage  is  applied  is 
determined  by  the  output  of  the  sign  signal  108.  The 
voltage  follower  circuit  2009  functions  to  reduce  the 
impedance  of  the  voltage  applied  to  the  non-inverted 
input  terminal  and  output  the  voltage  waveform 
having  the  reduced  impedance.  Further,  the  volt- 
ages  V1  and  V4  generated  from  the  function 
waveform  generating  circuits  1705  and  1706  and  the 
voltages  V0  and  V5  are  combined  as  a  Y  power 
source  1601  and  are  output  to  the  liquid  crystal  unit 
101.  Further,  the  voltages  V0,  V2,  V3  and  V5  are 
combined  as  a  X  power  source  107  and  are  output  to 
the  liquid  crystal  unit  101  .  At  this  time,  upon  the  input 
of  the  sign  signal  108  and  the  strength  signal  909 
according  to  the  value  I,  the  voltage  having  the 
different  direction  and  value  of  the  exponential 
function  waveform  or  the  voltage  having  the  trigon- 
ometric  function  waveform  similar  to  the  exponential 
function  waveform  is  super-imposed  and  is  applied 
to  the  non-selective  voltage. 

In  the  construction  of  the  circuits  according  to  the 
Example,  when  the  selection  is  moved  from  its  n-th 
common  electrode  to  the  (n  +  1)-th  common  elec- 
trode  on  the  liquid  crystal  panel  201,  the  exponential 
function  voltage  waveform  or  the  trigonometric 
function  waveform  similar  to  the  exponential  func- 
tion  voltage  waveform  which  has  a  peak  value 
according  to  the  difference  I  between  the  values  of 
ON  dots  on  the  n-th  and  (n-M)-th  common 
electrode,  is  super-imposed  onto  the  non-selective 
voltage  of  the  Y  power  source  1606.  The  super-im- 
posed  voltage  waveform  has  the  reversed  direction 
to  that  of  the  spiked  shape  noise  waveform,  and  it 
has  the  same  shape  as  that  of  the  spike  shaped 
noise  waveform.  By  such  a  super-imposition,  the 
spike  shaped  noise  waveform  is  omitted  substan- 
tially  completely  and  the  voltages  applied  to  the 
respective  display  dots  204  are  compensated.  It  is 
thus  possible  to  provide  an  improved  display  quality 
without  any  zebra  crosstalk. 

Such  a  compensation  is  carried  out  by  super-im- 
posing  the  function  waveform  to  the  non-selective 
voltage  that  is  hereinafter  referred  to  as  the  function 
waveform  compensation  of  the  non-selective  volt- 
age. 

EXAMPLE  5  (Figures  21  to  23) 

In  the  circuits  of  the  Examples  1  to  4,  the 
non-selective  voltages  are  compensated  according 
to  the  value  I.  However,  the  same  effects  can  be 
obtained  by  compensating  the  ON/OFF  voltages 
according  to  the  value  I,  and  it  is  thus  possible  to 
provide  an  improved  display  quality  without  any 
zebra  crosstalk. 

Reference  will  now  be  made  to  Figure  21  which 
shows  a  circuit  diagram  of  a  circuit  according  to  an 
embodiment  of  the  present  invention,  for  compen- 
sating  for  the  time  base  where  the  voltage  is  applied 
to  the  ON/OFF  voltages. 

In  Figure  21,  all  the  constituents  operate  in  the 
same  way  as  in  Figure  1,  except  the  power  circuit 
2105,  the  Y  power  source  2106  generated  from  the 
power  source  circuit  2105,  and  the  X  power  source 
2107. 

Upon  the  input  of  the  sign  signal  108  and  the 
strength  signal  109,  the  power  source  circuit  2105 
outputs  the  X  power  source  2107  of  which  ON/OFF 
voltages  are  variable,  and  the  Y  power  source  2106 

5  of  which  the  selective/non-selective  voltages  are  not 
variable. 

Referring  now  to  Figure  22,  there  is  shown  a 
detailed  circuit  diagram  of  the  power  circuit  2105.  In 
Figure  22,  resistors  2201  to  2213  are  connected  in 

10  series  at  a  time,  and  the  voltages  V0U  and  V5L  are 
applied  to  both  ends  thereof.  The  voltages  V0U,  VON, 
VOL,  V1  ,  V2U,  V2N,  V2L,  V3U,  V3N,  V3L,  V4,  V5U,  V5N 
and  V5L  are  the  voltages  generated  at  terminals  of 
the  respective  resistors  2201  to  2213  and  are 

15  predetermined  so  as  to  be  expressed  by  the 
following  equations: 
VON  -  V1  =  V1  -  V2N 
=  V3N  -  V4  =  V4  -  V5N 
=  (V2N-V3N)  /  (n-4). 

20  Further, 
(VON  -VOL)  /  (V0N-V1) 
=  (V2N  -  V2L)  /  (V1  -  V2N) 
=  (V3U-V3N)  /  (V3N-V4) 
=  (V5U-V5N)  /  (V4-V5N). 

25  Further, 
(V0U-V1N)  /  (V0N-V1) 
=  (V2U-V2N)  /  (V1-V2N) 
=  (V3N  -  V3L)  /  (V3N-V4) 
=  (V5N-V5L)  /  (V4-V5N). 

30  The  voltages  VON  -  V5N  are  obtained  by  dividing 
the  respective  resistors  2201  to  2213  and  they  are 
stabilised  by  a  voltage  stabilising  circuit  510  respec- 
tively,  in  the  same  way  as  in  Figure  5.  Switches  2214 
to  2217  are  switched  upon  the  input  of  the  sign 

35  signal  108  and  the  strength  signal  109.  When  the 
strength  signal  109  is  active  and  the  sign  signal  108 
is  plus,  the  respective  switches  2214  to  2217  are 
connected  to  the  following  voltages: 
switch  2214  voltage  V0U 

40  switch  2215  voltage  V2U 
switch  2216  voltage  V3L 
switch  2217  voltage  V5L. 

When  the  sign  signal  108  is  minus,  the  respective 
switches  2214  to  2217  are  connected  to  the 

45  following  voltages: 
switch  2214  voltage  VOL 
switch  2215  voltage  V2L 
switch  2216  voltage  V3U 
switch  2217  voltage  V5U. 

50  When  the  strength  signal  109  is  not  active,  the 
respective  switches  2214  to  2217  are  connected  to 
the  following  voltages,  irrespective  of  the  condition 
of  the  sign  signal  108: 
switch  2214  voltage  VON 

55  switch  2215  voltage  V2N 
switch  2216  voltage  V3N 
switch  2217  voltage  V5N. 

When  the  voltages  are  generated  from  the 
switches  2214  to  2217  are  V0,  V2,  V3  and  V5,  the 

60  power  circuit  2105  outputs  the  voltages  cotnbined 
with  V0,  V2,  V3  and  V5  as  a  X  power  source  21  07,  and 
outputs  the  voltages  combined  with  VON,  V1  ,  V4  and 
V5N  as  a  Y  power  source  2106.  The  voltages  of  the  Y 
power  source  2016  and  the  X  power  source  2107  are 

65  applied  to  the  liquid  crystal  unit  101  by  either  of  the 

17 



33 EP  0  303  510  A2 34 

following  ways.  The  first  way  is  one  in  which  the 
voltage  VON  of  the  Y  power  source  2106  is  the 
selective  voltage,  the  voltage  V4  of  the  Y  power 
source  2106  is  the  non-selective  voltage,  the  voltage 
V5  of  the  X  power  source  2107  is  the  ON  voltage,  and 
the  voltage  V3  of  the  X  power  source  21  07  is  the  OFF 
voltage.  The  second  way  is  one  in  which  the  voltage 
V5N  of  the  Y  power  source  2106  is  the  selective 
voltage,  the  voltage  V1  of  the  Y  power  source  2106  is 
the  non-selective  voltage,  the  voltage  V0  of  the  X 
power  source  2107  is  the  ON  voltage,  and  the 
voltage  V2  of  the  X  power  source  2107  is  the  OFF 
voltage.  Either  of  the  two  ways  may  be  selected  in 
the  same  manner  as  in  the  Example  1  . 

In  the  above  construction,  as  for  the  common 
electrodes  Y1  to  Y6  on  the  liquid  crystal  panel  210, 
when  the  selection  is  moved  from  the  n-th  common 
electrode  to  the  (n  +  1)-th  common  electrode,  when 
the  difference  I  between  the  numbers  of  the  ON  dots 
on  both  common  electrodes  is  positive,  the  voltages 
V0U,  V2U,  V3L  and  V5L  are  applied  from  the  X  power 
source  2107  to  the  liquid  crystal  unit  101  for  the 
period  in  accordance  with  the  absolute  value  of  the 
difference  I  as  the  voltages  V0,  V2,  V3  and  V5  from 
the  X  power  source  2107.  When  the  difference  I  is 
negative,  the  voltages  VOL,  V2L,  V3U  and  V5U  are 
applied  to  the  liquid  crystal  unit  101  for  the  period 
according  to  the  absolute  value  of  the  difference  I  as 
the  voltages  V0,  V2,  V3  and  V5. 

Referring  again  to  Figure  6,  there  is  shown  one 
embodiment  of  the  display  pattern  wherein  the 
above  construction  is  adapted  to  the  liquid  crystal 
panel  201  .  Figure  23  (A)  shows  a  voltage  waveform 
applied  to  the  segment  electrode  X4  for  forming  the 
display  dots  601  of  Figure  6.  Figure  23  (B)  shows  the 
voltage  waveform  applied  to  the  common  electrode 
Y3  for  forming  the  display  dots  601.  Figure  23  (C) 
shows  the  voltage  waveform  applied  to  the  display 
dots  601. 

When  the  selection  is  moved  from  one  common 
electrode  to  the  next  common  electrode,  the  larger 
the  difference  I  between  the  number  of  ON  dots  on 
the  one  common  electrode  and  on  the  next  common 
electrode  are,  then  the  larger  the  spike  shaped  noise 
waveform  super-imposed  to  the  non-selective  volt- 
age  becomes.  However,  in  Figure  23  (A),  ON/OFF 
voltages  are  changed  in  the  direction  where  the 
super-imposed  spike  shaped  noise  is  generated, 
and  the  period  where  the  ON/OFF  voltages  are 
changed  are  increased  according  to  the  difference  I, 
as  shown  in  T1  ,  T2  and  T3  of  Figure  23  (A).  With  such 
a  construction,  it  is  possible  to  provide  an  excellent 
display  without  any  zebra  crosstalk  by  compensat- 
ing  the  effective  voltage. 

The  ON/OFF  voltages  are  changed  for  the  period 
according  to  the  value  I,  so  that  the  same  effects  as 
those  of  Examples  1  to  4  can  be  obtained.  This 
method  of  compensation  is  hereinafter  referred  to  as 
time  base  compensation  of  ON/OFF  voltages. 

EXAMPLE  6 

It  is  possible  to  compensate  the  voltage  base,  the 
time  voltage  base  or  the  functional  waveform  of  the 
ON/OFF  voltages.  In  these  cases,  the  same  effects 

as  those  of  Example  5  can  be  obtained.  It  is  also 
possible  to  compensate  the  voltage  base,  the  time 
voltage  base  or  the  functional  waveform  of  non-se- 
lective  voltage  and  either  of  ON/OFF  voltages,  or 

5  these  three  voltages.  In  addition,  such  constructions 
are  easily  achieved  based  on  the  above  Examples 
and  so  a  detailed  description  of  such  constructions 
will  not  be  given. 

In  Examples  1  to  6,  as  for  the  common  electrodes 
10  Y1  to  Y6,  when  the  selection  is  moved  from  one 

common  electrode  to  the  next  common  electrode, 
the  non-selective  voltage  or  the  ON/OFF  voltages 
are  changed  according  to  the  difference  I  between 
the  number  of  ON  dots  of  the  one  and  next  selected 

15  common  electrode,  thereby  making  it  possible  to 
provide  an  improved  display  quality  without  zebra 
crosstalk. 

It  is  to  be  appreciated  that  the  means  for 
compensating  the  voltage  is  not  limited  to  what  has 

20  been  described  in  Examples  1  to  6.  It  is  also  possible 
to  apply  many  means  that  can  compensate  the 
effective  voltages  applied  to  the  display  dots 
according  to  the  difference  I. 

25  EXAMPLE  7  (FIGURES  24  to  31) 

Reference  is  now  made  to  Figures  24  to  31  in 
connection  with  the  provision  of  a  display  without 
horizontal  crosstalk.  As  aforementioned,  the  degree 

30  of  the  horizontal  crosstalk  is  determined  by  the 
number  of  the  ON  dots  selected  on  the  common 
electrode.  Therefore  it  is  necessary  to  compensate 
the  waveform  due  to  counting  the  value  Z  during 
operating  the  liquid  crystal  display  device.  Figure  24 

35  shows  a  circuit  diagram  for  compensating  such 
voltage. 

In  Figure  24,  a  compensation  circuit  (a  circuit  for 
generating  a  compensating  signal  2404)  is  provided 
to  count  the  value  of  Z  of  ON  dots  on  the  next 

40  selected  common  electrode,  and  output  the 
strength  signal  2409  for  the  period  according  to  the 
value  Z  in  synchronism  with  the  signal  LP  of  the 
control  signal  102.  A  power  circuit  2405  receives  the 
strength  signal  2409,  thereby  forming  a  Y  power 

45  source  2409  having  a  changeable  selective  voltage 
and  a  X  power  source  107.  The  changed  voltage 
width  of  the  selective  voltage  is  uniform,  and  the 
period  of  the  changed  voltage  width  is  defined  by  the 
strength  signal  2409.  The  selective  voltage  is  varied 

50  for  the  period  according  to  the  value  Z.  Thus,  the 
selective  voltage  is  compensated  for  the  counted 
period  according  to  the  value  Z  by  the  compensation 
circuit  2404. 

Figure  25  shows  one  example  of  a  compensation 
55  circuit  2404  having  counter  circuit  2501  and  a  count 

holding  circuit  2502.  The  counter  circuit  2501  and  the 
count  holding  circuit  2502  are  operated  in  the  same 
way  as  the  counter  circuit  401  and  the  count  holding 
circuit  402.  In  Figure  25,  the  value  Mon  of  ON  dots  of 

60  the  next  selected  common  electrode  is  counted  by 
the  counter  circuit  2501  ,  and  is  output  as  the  value  Z 
into  the  count  holding  circuit  2502.  A  pulse  width 
control  circuit  2503  is  provided  to  output  the 
strength  signal  2409  which  is  active  for  the  period 

65  according  to  the  value  Z,  in  synchronism  with  the 
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falling  edge  of  the  signal  LP  of  the  control  signal  102. 
The  period  W  where  the  strength  signal  2409  is 

active  is  represented  by  the  following  equation: 
W  =  SaK  Z1/K  +  EbK  Z1/K 
wherein  aK  and  bi<  are  constants,  and  K  is  a  natural 
number. 

The  period  is  represented  by  the  following 
equation: 
W  =  a0  +  ai  Z  +  a2Z2  +  b2Z1/2. 

When  the  selection  is  moved  from  the  n-th 
common  electrode  to  the  (n  +  1)-th  common  elec- 
trode,  the  strength  signal  2409  is  output  for  the 
period  in  accordance  with  the  value  Z  of  ON  dots  on 
the  (n  +  1)-th  common  electrode. 

Reference  is  now  made  to  Figure  26  which  shows 
a  power  circuit  2405  having  resistors  2601  to  2607. 
The  resistors  2601  to  2607  are  connected  in  series, 
and  they  are  connected  to  voltages  V0U  and  V5L  at 
both  ends  thereof.  The  voltages  V0U,  VON,  V1,  V2, 
V3,  V4,  V5N  and  V5L  represent  the  voltages 
generated  at  terminals  of  the  respective  resistors 
2601  to  2607,  and  the  relations  among  the  respective 
voltages  are  as  follows: 
VON  -  V1  =  V1  -  V2 
=  V3  -  V4  =  V4  -  V5N 
=  (V2-V3)  /  (n-4) 
(wherein  n  is  a  constant). 
Further, 
(V0U-V0N)  /  (V1  -V2) 
=  (V5N-V5L)  /  (V4-V5N). 
Further,  the  voltages  VON  -  V5N  generated  from  the 
resistors  2601  to  2607  are  stabilised  by  a  voltage 
stabilising  circuit  510  in  the  same  way  as  in  Figure  5. 

Switches  2608  and  2609  are  switched  by  the 
strength  signal  2409.  When  the  strength  signal  2409 
is  active,  the  switches  2608  and  2609  are  connected 
to  the  voltages  VOL!  and  V5L  respectively.  When  the 
strength  signal  2509  is  not  active,  the  switches  2608 
and  2609  are  connected  to  the  voltages  VON  and 
V5N  respectively.  The  voltages  generated  from  the 
above  switches  2608  and  2609  are  generated  as  the 
voltages  V0  and  V5,  and  the  voltages  V0  and  V5  and 
the  voltages  V1  and  V2  are  generated  as  a  Y  power 
source  2406.  The  voltages  VON,  V2,  V3  and  V5N  are 
generated  as  a  X  power  source  107.  The  power 
circuit  2405  has  the  above  mentioned  construction. 
On  receiving  the  strength  signal  2409  generated  by 
the  compensation  circuit  2404,  the  voltages  VOL)  and 
V5L  are  generated  as  the  voltages  V0  and  V5  of  the  Y 
power  source  for  the  period  that  the  strength  signal 
is  active.  When  the  strength  signal  is  not  active,  the 
voltages  VON  and  V5N  are  generated. 

The  selective  voltage,  non-selective  voltage,  ON 
voltage  and  OFF  voltage  are  applied  in  two  combina- 
tions  from  the  Y  power  source  2406  and  X  power 
source  107  to  the  liquid  crystal  unit  101  in  the  same 
way  as  those  of  Examples  1  to  7.  The  selective 
voltage  of  the  Y  power  source  2406  is  varied  in 
accordance  with  the  value  Z.  In  the  above  construc- 
tion,  when  the  selection  is  moved  from  the  n-th 
common  electrode  to  the  (n  +  1)-th  common  elec- 
trode  on  the  liquid  crystal  panel  201,  instead  of  the 
voltages  VON  and  V5N,  the  voltages  VOL)  and  V6L  are 
generated  as  the  voltages  V0  and  V5  of  the  Y  power 
source  2406  for  the  period  in  accordance  with  the 

value  Z  of  ON  dots  on  the  (n  +  1)-th  common 
electrode. 

In  Figure  27  there  is  shown  an  embodiment  of  the 
display  pattern  wherein  the  above  construction  is 

5  adapted  to  the  liquid  crystal  panel  201  .  Figure  28  (A) 
shows  the  voltage  waveform  applied  to  the  segment 
electrode  X1  to  form  an  ON  dot  2701.  Figure  28  (B) 
shows  the  voltage  waveform  applied  to  the  common 
electrode  Y2  to  form  the  ON  dot  2701.  Figure  28  (C) 

10  shows  the  voltage  waveform  applied  to  the  ON  dot 
2701. 

Similarly,  Figure  29  (A)  shows  the  voltage  wave- 
form  applied  to  the  segment  electrode  X1  to  form  an 
ON  dot  2702.  Figure  29  (B)  shows  the  voltage 

15  waveform  applied  to  the  common  electrode  Y4  to 
form  the  ON  dot  2702.  Figure  29  (C)  shows  the 
voltage  waveform  applied  to  the  ON  dot  2702.  The 
voltage  shown  by  the  dashed  line  is  a  voltage  applied 
from  the  Y  power  source  2406  and  the  X  power 

20  source  107. 
Figure  30  shows  an  exploded  view  of  the  portion 

surrounded  with  a  circle  in  Figure  28  (B).  In  Figure 
30,  the  reference  numeral  3001  shows  a  curved 
waveform  generated  in  the  second  common  elec- 

25  trode  Y2  at  the  time  of  being  switched  from  the 
non-selective  voltage  to  the  selective  voltage.  The 
reference  numeral  3002  shows  the  waveform  of  the 
selective  voltage  applied  from  the  Y  power  source 
2406.  The  reference  numeral  3003  shows  the 

30  waveform  obtained  by  the  combination  of  the 
waveforms  3001  and  3002,  and  is  the  voltage 
waveform  applied  to  the  second  common  electrode 
Y2. 

Similarly,  Figure  31  shows  an  exploded  view  of  the 
35  portion  surrounded  with  a  circle  in  Figure  29  (B).  The 

reference  numeral  3101  shows  a  curved  waveform 
generated  in  the  fourth  common  electrode  Y4  at  the 
time  of  being  switched  from  the  non-selective 
voltage  to  the  selective  voltage.  The  reference 

40  numeral  3102  shows  the  waveform  of  the  selective 
voltage  applied  from  the  Y  power  source  2406.  The 
reference  numeral  3013  shows  the  waveform  ob- 
tained  by  the  combination  of  the  waveforms  3101 
and  3102,  and  is  the  voltage  waveform  applied  to  the 

45  fourth  common  electrode  Y4. 
When  the  display  pattern  shown  in  Figure  27  is 

formed,  the  respective  value  Z  of  ON  dots  on  the 
common  electrode  202  are  as  follows: 
first  common  electrode  Y1  Z  =  0 

50  second  common  electrode  Y2  Z  =  5 
third  common  electrode  Y3  Z  =  0 
fourth  common  electrode  Y4  Z  =  0 
fifth  common  electrode  Y5  Z  =  1 
sixth  common  electrode  Y6  Z  =  0. 

55  As  will  be  apparent  from  the  comparison  between 
the  waveform  3001  of  Figure  30  and  the  waveform 
3101  of  Figure  31,  a  larger  curved  waveform  may 
occur  on  the  second  common  electrode  Y2,  rather 
than  that  of  the  fourth  common  electrode  Y4,  at  the 

60  time  of  switching  from  non-selective  voltage  to  the 
selective  voltage.  However,  the  waveform  3002  of 
the  selective  voltage  of  Figure  30  is  changed  more 
promptly  in  the  direction  where  the  voltage  on  the 
common  electrode  is  applied  to  the  selective 

65  voltage,  and  for  a  longer  time,  than  those  of  the 
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waveform  3102  of  Figure  31  .  By  such  a  construction, 
the  selective  voltages  are  compensatively  applied  in 
accordance  with  the  respective  degrees  of  the 
curved  waveforms  3001  and  3101  of  Figures  30  and 
31  respectively,  resulting  in  no  difference  between 
the  effective  voltages  applied  to  the  ON  dots  2701 
and  2702  respectively.  Therefore,  it  is  possible  to 
provide  a  superior  display  quality  without  any 
horizontal  crosstalk. 

As  aforementioned,  it  is  possible  to  provide  an 
improved  display  without  any  horizontal  crosstalk  by 
compensating  the  period  where  the  selective  volt- 
age  is  applied  in  accordance  with  the  value  Z  of  ON 
dots  on  the  selected  common  electrode. 

EXAMPLE  8 

It  is  also  possible  to  compensate  the  voltage  base, 
the  time  voltage  base,  or  the  functional  waveform  of 
the  selective  voltage  in  accordance  with  the  value  Z 
of  the  ON  dots  on  the  selected  common  electrode  of 
Figure  2.  In  this  case,  the  same  effects  as  those  of 
Example  7  may  be  obtained. 

EXAMPLE  9 

It  is  possible  to  compensate  the  voltage,  the  time 
voltage  base  or  the  functional  waveform  of  ON 
voltage  and  OFF  voltage  in  accordance  with  the 
value  Z  of  the  ON  dots  on  the  selected  common 
electrode  202. 

EXAMPLE  10  (Figures  32  to  36) 

This  Example  deals  with  a  display  which  does  not 
have  vertical  crosstalk.  As  mentioned  above,  the 
degree  of  vertical  crosstalk  is  determined  by  the 
difference  T'  between  the  number  T  of  ON  dots  and 
the  value  L  of  OFF  dots  on  the  liquid  crystal  panel. 
Since  the  total  of  the  values  T  and  L  is  G  which 
indicates  the  number  of  all  the  display  dots  on  the 
liquid  crystal  panel,  T'  is  expressed  by  the  following 
equation: 
T'  =  T  -  L 
=  T-(G-T) 
=  2  x  T-G 
(wherein  G  is  a  constant). 
Therefore,  when  the  liquid  crystal  display  device  is 
operated,  it  is  not  necessary  to  count  both  the 
values  T  and  L,  but  is  necessary  to  count  only  the 
value  T  and  then  compensate  the  applied  voltage  in 
accordance  with  the  value  T. 

Figure  32  shows  a  block  diagram  of  Example  8.  In 
Figure  32,  the  number  of  ON  dots  on  the  liquid 
crystal  panel  201  is  counted  by  a  compensation 
circuit  3204  and  is  output  to  a  power  circuit  3205  as  a 
strength  signal  3209.  Upon  the  strength  signal  3209, 
the  power  circuit  3205  functions  to  shift  the  potential 
value  of  the  non-selective  voltage  of  the  Y  power 
source  3206  in  accordance  with  the  value  of  the 
strength  signal.  By  such  a  construction,  it  is  possible 
to  prevent  vertical  crosstalk  and  provide  a  superior 
display. 

The  construction  of  the  compensation  circuit  3204 
will  now  be  described  in  detail,  with  reference  to 

Figure  33.  In  Figure  33  a  counter  circuit  3301  is 
provided  to  count  the  total  number  of  ON  dots  on 
the  liquid  crystal  panel  201,  and  more  particularly,  is 
provided  to  count  the  number  of  ON  dots  from  a 

5  signal  DIN  till  next  signal  DIN  of  the  control  signal 
102  only  when  the  data  signal  103  is  active  at  the 
falling  edge  of  the  signal  XSCL  and  then,  output  the 
number  counted  by  the  next  signal  DIN  to  a  counter 
holding  circuit  3302,  return  the  counted  number  to  0, 

10  and  again  count  the  number  of  next  ON  dots.  By 
such  a  construction,  it  is  possible  to  count  the  value 
T  of  the  ON  dots  on  the  liquid  crystal  panel  201.  In 
addition,  it  is  not  required  to  count  the  number  very 
accurately  without  any  error,  and  errors  of  approxi- 

15  mately  b*Vo  of  all  the  numbers  of  the  display  dots  204 
on  the  liquid  crystal  panel  201  do  not  affect  the 
quality  of  the  display. 

The  counter  holding  circuit  3302  is  provided  to 
hold  the  value  T  generated  from  the  counter  circuit 

20  3301  ,  and  the  counted  value  T  is  output  as  a  strength 
signal  3209. 

The  value  T  of  ON  dots  on  the  liquid  crystal  panel 
201  is  output  as  the  strength  signal  3209. 

Reference  will  now  be  made  to  Figure  34  which 
25  shows  the  construction  of  the  power  circuit  3205.  In 

Figure  34,  resistors  3401  to  3403  are  connected  in 
series  and  voltages  V0  and  V5  are  applied  to  both 
ends  of  the  connected  resistors  3401  to  3403. 
Voltages  V0,  V2,  V3  and  V5  represent  the  voltages 

30  generated  at  terminals  of  the  respective  resistors 
3401  to  3403  and  the  respective  values  are  predeter- 
mined  so  as  to  be  formulated  as  follows: 
(V0  -  V2)/2  =  (V3  -  V5)/2. 
In  order  to  stabilise  the  voltages  V2  and  V3,  a  voltage 

35  stabilising  circuit  510  is  provided,  in  the  same  way  as 
that  of  Figure  5. 

The  voltages  V1N  and  V4N  are  defined  as  follows: 
V1N  =  (V0  +  V2)/2 
V4N  =  (V5  +  V3)/2. 

40  The  voltages  V1  N  and  V4N  are  predetermined  so  as 
to  be  an  intermediate  voltage  between  the  voltages 
V0  and  V2,  and  an  intermediate  voltage  between  the 
voltages  V3  and  V5  respectively. 

Voltage  generating  circuits  3405  and  3406  are 
45  provided  to  output  voltages  which  are  varied  in 

accordance  with  the  output  of  the  strength  signal 
3209.  The  voltage  generating  circuits  3405  and  3406 
each  comprise  a  digital-to-analog  converter.  Herein, 
P  is  defined  as  follows: 

50  P  =  T  -  y  X  G 
G  indicates  the  number  of  all  the  dots  on  the  liquid 
crystal  panel  201  ,  y  is  1/2  or  approximately  1/2  when 
T  >  G  /  2,  P  >  0  and  when  T  <  G  /  2,  P  <  0. 

The  voltage  generating  circuit  3405  is  controlled  to 
55  output  the  voltage  which  is  shifted  in  accordance 

with  the  absolute  value  of  the  value  P  to  the  voltage 
V1  N,  toward  the  voltage  V2  when  the  value  T  is  larger 
(T  >  y  X  G)  and  toward  the  voltage  V0  when  the 
value  T  is  smaller  (T  <  y  X  G).  Similarly,  when  the 

60  value  T  of  the  strength  signal  3209  is  large,  the 
voltage  generating  circuit  3406  outputs  the  voltage 
which  is  shifted  toward  the  voltage  V3  to  the  voltage 
V4  according  to  the  absolute  value  of  the  value  P. 
When  the  value  T  of  the  strength  signal  3209  is  small, 

65  the  voltage  generating  circuit  3406  outputs  the 

20 
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/oltage  which  is  shifted  toward  the  voltage  V5  to  the 
/oltage  V4  according  to  the  absolute  value  of  the 
/alue  P.  The  voltages  generated  from  the  voltage 
generating  circuits  3405  and  3406  serve  as  V1  and 
i/4,  and  the  voltages  V1,  V4  and  the  previous 
/oltages  V0  and  V5  are  generated  from  the  power 
circuit  3205  as  a  Y  power  source  3206.  The  voltages 
v"0,  V2,  V3  and  V5  are  generated  from  the  power 
circuit  3205  as  a  X  power  source  3207.  The  Y  power 
source  3206  and  the  X  power  source  3207  are 
applied  to  the  liquid  crystal  panel  201  in  either 
combination  as  mentioned  above.  The  voltages  V1 
and  V4  are  non-selective  voltages  of  the  Y  power 
source  3206  and  their  potential  values  are  changed 
in  accordance  with  the  value  T  as  mentioned  above. 

In  the  above  construction,  when  a  small  number  of 
dots  on  the  liquid  crystal  panel  201  are  in  the  ON 
state,  the  non-selective  voltage  of  the  Y  power 
source  3206  goes  to  a  value  near  the  ON  voltage. 
When  a  large  number  of  dots  on  the  liquid  crystal 
panel  201  are  in  the  ON  state,  the  non-selective 
voltage  goes  to  a  value  near  the  OFF  voltage. 

Reference  will  now  be  made  to  Figure  35  which 
shows  one  embodiment  of  the  display  pattern 
wherein  the  above  construction  is  adapted  to  the 
liquid  crystal  panel  201.  In  Figure  35,  the  display 
pattern  has  a  small  number  of  ON  dots.  Figure  36  (A) 
shows  the  voltage  waveform  applied  to  the  segment 
electrode  X6  to  form  an  ON  dot  3501.  Figure  36  (B) 
shows  the  voltage  waveform  applied  to  the  common 
electrode  Y3  to  form  the  ON  dot  3501.  Figure  36  (C) 
shows  the  voltage  waveform  applied  to  the  ON  dot 
2701. 

In  Figure  36  (B),  the  reference  numeral  3601  is  a 
voltage  to  be  shifted  on  the  common  electrode,  the 
reference  numeral  3602  is  a  voltage  of  the  non-se- 
lective  voltage  generated  from  the  Y  power  source  in 
Figure  34,  and  the  reference  numeral  3603  is  a 
voltage  on  the  common  electrode  obtained  by  the 
combination  of  the  voltages  3601  and  3602. 

Since  the  display  pattern  of  Figure  35  has  a  small 
number  of  ON  dots  on  the  liquid  crystal  panel  201  (T 
<  y  X  G),  the  non-selective  voltage  on  the  common 
electrode  is  likely  to  be  changed  to  the  value  near 
the  non-selective  voltage  as  shown  in  the  voltage 
3601  of  Figure  36.  However,  since  the  display  pattern 
has  a  small  number  of  ON  dots  on  the  liquid  crystal 
panel  201  ,  the  non-selective  voltage  generated  from 
the  Y  power  source  3206  is  near  the  ON  voltage,  as 
shown  in  the  voltage  3602  of  Figure  36.  By  such  a 
construction,  the  voltage  3603  is  compensated  to  be 
an  intermediate  value  between  the  ON/OFF  volt- 
ages,  resulting  in  no  difference  between  the  effec- 
tive  voltages  applied  to  the  display  dots  on  the  liquid 
crystal  panel  201. 

When  the  display  pattern  has  a  large  number  of 
ON  dots  on  the  liquid  crystal  panel  201  (T>yXK),  
the  non-selective  voltage  on  the  common  electrode 
is  likely  to  be  changed  to  a  value  near  the  ON 
voltage.  However,  since  the  display  pattern  has  a 
large  number  of  ON  dots  on  the  liquid  crystal  panel 
201  ,  the  Mon  selective  voltage  generated  from  the  Y 
power  source  3206  is  near  the  OFF  voltage. 
Therefore,  the  voltage  is  compensated  in  the  same 
way. 

The  value  of  the  non-selective  voltage  is  changed 
in  accordance  with  the  value  T  of  the  ON  dots  on  the 
liquid  crystal  panel  201  ,  thereby  making  it  possible  to 
provide  a  display  of  good  quality  and  without  any 

5  vertical  crosstalk. 

EXAMPLE  11 

The  value  of  the  ON/OFF  voltages  are  changed  in 
10  accordance  with  the  value  T  of  the  ON  dots  on  the 

liquid  crystal  panel  201,  and  the  same  effects  can  be 
obtained.  Namely,  instead  of  compensating  the 
value  of  the  non-selective  voltage,  the  ON/OFF 
voltages  can  be  changed  by  the  same  value  and  in 

15  the  same  direction  as  the  value  and  the  direction 
where  the  non-selective  voltage  on  the  common 
electrode  is  likely  to  be  changed.  This  makes  it 
possible  to  provide  a  high  quality  display  without  any 
vertical  crosstalk. 

20  The  means  for  compensating  the  voltage  is  not 
limited  to  that  specifically  described.  It  is  possible  to 
apply  any  means  that  can  compensate  the  difference 
of  the  effective  voltages  generated  in  accordance 
with  the  value  T  of  ON  dots  on  the  liquid  crystal  panel 

25  201. 

EXAMPLE  12  (Figures  37  to  44) 

This  Example  relates  to  the  provision  of  a  display 
30  without  inversion  crosstalk.  As  mentioned  above,  if 

the  polarity  is  reversed  at  the  time  when  the  n-th 
common  electrode  is  switched  to  the  (n  +  1)-th 
common  electrode,  the  degree  of  the  inversion 
crosstalk  is  determined  by  the  value  F  which  is  the 

35  difference  between  the  sum  of  the  display  dots  and 
the  sum  of  the  ON  dots  on  both  the  n-th  and  the 
(n  +  1  )-th  common  electrodes.  Therefore,  at  the  time 
of  moving  the  liquid  crystal  display  device,  it  is 
necessary  to  count  the  value  F  and  compensate  the 

40  voltage  in  accordance  with  the  value  F. 
Referring  now  to  Figure  37,  there  is  shown  a 

construction  which  is  the  same  as  that  shown  in 
Figure  1  ,  except  for  a  compensation  circuit  3704,  a 
sign  signal  3708  and  a  strength  signal  3709.  In  Figure 

45  37,  similar  parts  as  in  Figure  1  have  been  given  the 
same  reference  numerals,  and  their  precise  con- 
struction  and  operation  will  not  again  be  given. 

Upon  receipt  of  the  control  signal  102  and  the  data 
signal  103,  the  value  F  is  counted  by  the  compensa- 

50  tion  circuit  3704,  and  the  sign  of  the  value  F  is  output 
as  the  sign  signal  3708  from  the  compensation 
circuit  3704.  Further,  from  the  compensation  circuit 
3704,  the  strength  signal  3709  whiclj  is  generated  for 
a  period  in  accordance  with  the  absolute  value  of  the 

55  value  F,  is  also  output  in  synchronism  with  the  signal 
LP  at  the  time  of  the  variation  of  the  signal  FR  of  the 
control  signal  102.  Upon  receipt  of  the  sign  signal 
3708  and  the  strength  signal  3709,  the  non-selective 
voltage  of  Y  power  source  106  is  changed  in  the 

60  power  circuit  105  to  compensate  the  applied 
voltage. 

Figure  38  shows  in  detail  the  construction  of  the 
compensation  circuit  3704.  In  Figure  38,  a  counter 
circuit  401  ,  a  first  counter  holding  circuit  402  and  a 

65  second  counter  holding  circuit  403  are  operated  in 

21 
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the  same  way  as  those  of  Figure  4. 
A  numerically  arithmetic  circuit  3804  is  provided  to 

do  the  following  calculation: 
F  =  -(Non  +  Mon  -  Q) 
wherein  Q  is  a  number  near  that  of  the  segment 
electrodes  X1  to  X6.  In  this  Example,  Q  is  predeter- 
mined  to  be  the  number  of  the  segment  electrodes 
X1  to  X6.  The  sign  of  the  value  F  obtained  by  the 
numerically  arithmetic  circuit  is  output  as  a  sign 
signal  3708,  and  the  absolute  value  F  is  output  to  the 
pulse  width  control  circuit  3805.  From  the  pulse 
width  control  circuit  3805,  the  strength  signal  3709, 
which  is  generated  for  a  period  according  to  the 
absolute  value  of  the  value  F,  is  output  in  synchron- 
ism  with  the  signal  LP  at  the  time  of  the  variation  of 
the  signal  FR  of  the  control  signal  102.  The  relation 
between  the  outputting  period  of  the  strength  signal 
3709  and  the  absolute  value  of  the  value  F  is  the 
same  as  that  of  the  pulse  width  control  circuit  405 
shown  in  Figure  4.  Further,  the  sign  signal  3708  and 
the  strength  signal  3709  generated  from  the  com- 
pensation  circuit  3704  are  operated  in  the  same  way 
as  those  of  the  sign  signal  108  and  the  strength 
signal  109  shown  in  Figure  1. 

In  the  above  construction,  if  the  polarity  is 
reversed  at  the  time  when  the  n-th  common 
electrode  is  switched  to  the  (n  +  1)-th  common 
electrode,  when  the  sum  of  the  number  of  ON  dots 
on  the  n-th  and  the  (n  +  1)-th  common  electrodes  is 
larger  than  the  number  of  the  segment  electrodes 
X1  to  X6,  the  non-selective  voltage  applied  to  the 
common  electrodes  Y1  to  Y6  is  changed  for  the 
period  according  to  the  difference  between  the 
numbers  toward  the  direction  of  the  OFF  voltage. 
When  the  sum  of  the  number  of  ON  dots  on  the  n-th 
and  the  (n+1)-th  common  electrodes  is  smaller 
than  the  number  of  the  segment  electrodes  X1  to  X6, 
the  non-selective  voltage  is  changed  for  the  period 
according  to  the  difference  between  the  numbers 
toward  the  direction  of  the  ON  voltage. 

Referring  now  to  Figures  39  and  42,  there  are 
shown  other  embodiments  of  the  display  pattern 
wherein  the  above  construction  is  adapted  to  the 
liquid  crystal  panel  201.  Figure  40  (A)  shows  the 
voltage  waveform  applied  to  the  segment  electrode 
X6  to  form  an  ON  dot  3901  .  Figure  40  (B)  shows  the 
voltage  waveform  applied  to  the  common  electrode 
Y4  to  form  the  ON  dot  3901  .  Figure  40  (C)  shows  the 
voltage  waveform  applied  to  the  ON  dot  3901  .  Figure 
41  shows  an  enlarged  view  of  the  portion  sur- 
rounded  with  a  circle  in  Figure  40  (B). 

In  Figure  41  ,  the  reference  numeral  41  01  is  a  spike 
shaped  noise  waveform  to  be  generated  on  the 
common  electrode.  The  reference  numeral  4102 
shows  the  waveform  of  the  selective  voltage  applied 
from  the  Y  power  source  107.  The  reference  numeral 
4103  is  the  waveform  obtained  by  the  combination  of 
the  waveforms  4101  and  4102,  on  the  common 
electrode  V. 

Figure  43  (A)  is  a  voltage  waveform  applied  to  the 
segment  electrode  X6  to  form  the  display  dots  4201  . 
Figure  43  (B)  is  a  voltage  waveform  applied  to  the 
segment  electrode  Y4  to  form  the  display  dots  4201  . 
Figure  43  (C)  is  the  waveform  of  the  voltage  applied 
to  the  display  dots  4201. 

Figure  44  is  an  enlarged  view  of  the  portion 
surrounded  with  a  circle  in  Figure  43  (B).  In  Figure 
44,  the  reference  numeral  4401  is  a  spike  shaped 
noise  waveform  to  be  generated  on  the  common 

5  electrode.  The  reference  numeral  4402  is  the 
waveform  of  the  non-selective  voltage  of  the  Y 
power  source  107  applied  to  the  common  electrode. 
The  reference  numeral  4403  is  the  waveform  ob- 
tained  by  the  combination  of  the  waveform  4401  and 

10  4402.  In  addition,  Figures  41  and  44  are  enlarged  by 
the  same  amount. 

In  the  case  of  Figure  39,  the  value  F  is  -2.  (F  =  -2). 
In  the  case  of  Figure  42,  the  value  F  is  -4.  (F  =  -4). 
The  voltage  of  Figure  44  becomes  a  curved 

15  waveform  4401  which  is  larger  than  the  waveform 
4101  of  the  voltage  of  Figure  41.  However,  the 
non-selective  voltage  is  compensatively  changed 
and  the  voltage  waveform  4402  is  applied  for  a 
longer  period  than  that  of  the  voltage  waveform 

20  4102,  in  accordance  with  the  value  F  to  prevent  any 
noise  waveform.  By  such  a  construction,  the 
non-selective  voltage  is  compensated,  and  there 
exists  no  difference  between  the  effective  voltage 
applied  to  the  display  dots  shown  in  Figures  40  (C) 

25  and  43  (C).  As  mentioned  above,  the  period  of  the 
non-selective  voltage  is  compensated  in  accordance 
with  the  value  F,  thereby  making  it  possible  to 
improve  the  display  quality  at  the  time  of  reversing 
the  polarity. 

30 
EXAMPLE  13 

It  is  possible  to  compensate  the  voltage  base,  the 
time  voltage  base  or  the  functional  waveform  of  the 

35  non-selective  voltage  in  accordance  with  the  value  F. 
In  this  case,  the  same  effects  as  those  of  Example  12 
can  be  obtained. 

EXAMPLE  14 
40 

It  is  also  possible  to  compensate  the  voltage  base, 
the  time  voltage  base  or  the  functional  waveform  of 
ON/OFF  voltages  in  accordance  with  the  value  F.  In 
this  case,  the  same  effects  as  those  of  Example  7 

45  can  be  obtained. 
The  means  for  compensating  the  voltage  is  not 

limited  to  those  specifically  described.  It  is  also 
possible  to  apply  any  means  that  can  compensate 
the  difference  of  the  effective  voltages  on  the  display 

50  dots  by  changing  the  voltage  and/or  ON/OFF 
voltage  according  to  the  value  F. 

To  provide  an  improved  and  excellent  display 
quality  without  respective  modes  of  crosstalk, 
various  examples  have  been  illustrated  and  de- 

55  scribed  above.  The  values  according  to  the  kinds 
and  degree  of  the  crosstalk  are  not  limited  to  the 
values  I,  Z,  T  and  F  mentioned  above.  For  example,  it 
has  been  explained  that  the  horizontal  crosstalk  is 
determined  by  the  number  Mon  of  ON  dots  on  the 

60  selected  common  electrode,  that  is,  the  value  Z.  In 
particular,  as  a  result  of  the  analysis  of  the 
charge/discharge  between  the  pommon  and  seg- 
ment  electrodes  at  the  time  of  selecting  the  common 
electrodes,  the  value  Z'  is  expressed  by  the 

65  following  equation: 
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Z'  =  Mon  +  5  X  (Mon  -  Non), 
(  5  is  a  constant). 
Z'  is  defined  by  the  relation  between  the  display 
pattern  and  the  crosstalk  and  in  accordance  with  the 
value  71  the  voltage  is  compensated,  thereby  making 
it  possible  to  provide  an  excellent  display  quality 
without  horizontal  crosstalk.  In  addition,  the  above 
equation,  Z'  =  Mon  +  8  X  (Mon  -  Non)  is  calculated 
from  the  following  equation: 
Z'  =  Mon  +  5  X  (d-c). 
71  =  Mon  +  Herein,  c  is  the  number  of  the  segment 
electrodes  which  are  switched  from  ON  voltage  to 
OFF  voltage  when  the  selection  is  moved  to  the  next 
common  electrode;  and  d  is  the  number  of  the 
segment  electrodes  which  are  switched  from  OFF 
voltage  to  ON  voltage. 

When  the  voltage  on  the  common  electrode  is 
changed  from  the  non-selective  voltage  to  the 
selective  voltage,  it  is  possible  to  prevent  the  voltage 
on  the  common  electrode  from  being  changed  to  the 
selective  voltage  by  the  value  M  according  to  the 
horizontal  crosstalk,  that  is  to  increase  the  size  of  a 
curved  waveform.  The  direction  where  the  voltage  is 
changed  on  the  segment  electrodes  which  are 
switched  from  ON  voltage  to  OFF  voltage  is  the 
reverse  to  the  direction  where  the  voltage  is 
changed  on  the  common  electrodes.  Therefore,  it  is 
possible  to  prevent  the  voltage  on  the  common 
electrode  from  being  changed  to  the  selective 
voltage.  Since  the  direction  where  the  voltage  is 
changed  on  the  segment  electrodes  whiGh  are 
switched  from  OFF  voltage  to  ON  voltage  is  the 
same  voltage  and  the  direction  where  the  voltage  is 
changed  on  the  common  electrodes,  the  segment 
electrode  serves  to  change  the  voltage  on  the 
common  electrode  to  the  selective  voltage  to  some 
degree.  Therefore,  the  degree  of  a  round  waveform 
is  determined  by  the  difference  (d  -  c)  between  the 
number  c  of  the  segment  electrodes  which  are 
switched  from  ON  voltage  to  OFF  voltage  and  the 
number  d  of  the  segment  electrodes  which  are 
switched  from  OFF  voltage  to  ON  voltage,  when  the 
voltage  on  the  common  electrodes  is  changed  to  the 
selective  voltage. 

EXAMPLE  15  (Figure  45  to  50) 

Reference  is  made  to  Figure  45  in  order  to 
illustrate  the  compensation  of  crosstalk  according  to 
the  value  Z'.  In  Figure  45,  the  various  parts  are 
operated  in  the  same  way  as  those  shown  in  Figure 
24,  except  for  a  compensation  circuit  4504,  a 
strength  signal  4509  generated  from  the  compensa- 
tion  circuit  4504,  and  a  Y  power  source  4506 
generated  from  the  power  circuit  2405. 

Upon  receipt  of  the  control  signal  102  and  the  data 
signal  103,  the  compensation  circuit  4504  counts  the 
yalue  71.  From  the  compensation  circuit  4504,  the 
strength  signal  4509  which  is  active  for  a  period 
according  to  the  absolute  value  Z'  is  output  in 
synchronism  with  the  signal  LP  of  the  control  signal 
102.  Upon  receipt  of  the  strength  signal  4509,  the 
selective  voltage  of  a  Y  power  source  generated 
from  the  power  circuit  2405  is  changed  to  compen- 
sate  the  applied  voltage. 

Figure  46  shows  in  detail  the  construction  of  the 
compensation  circuit  4504.  In  Figure  46,  a  counter 
circuit  401,  a  first  counter  holding  circuit  402  and  a 
second  counter  holding  circuit  403  are  operated  in 

5  the  same  way  as  those  of  Figure  4.  An  operative 
circuit  4604  is  provided  to  do  the  following  calcula- 
tion: 
71  =  Mon  +  8  X  (Mon  -Non). 
The  value  71  obtained  by  the  above  equation  is 

10  output  to  the  pulse  width  control  circuit  405.  Upon 
the  input  of  the  value  Z'  from  the  numerically 
arithmetic  circuit  4604,  the  strength  signal  4509 
which  is  active  for  the  period  according  to  both  the 
value  71  and  the  constant  s  is  output  from  the  pulse 

15  width  control  circuit  405.  In  addition,  the  constant  s 
is  defined  as  the  number  which  is  obtained  by 
multiplying  the  number  of  the  segment  electrodes 
X1  to  X6  on  the  liquid  crystal  panel  201  by  8,  within 
the  range  that  the  value  71  is  not  minus. 

20  Since  the  circuit  according  to  the  embodiment  has 
the  above  construction,  the  selective  voltage  is 
changed  for  the  period  according  to  the  value  71  at 
the  time  of  selecting  the  n-th  common  electrode. 

Referring  now  to  Figure  47,  there  is  shown  an 
25  embodiment  of  a  display  pattern  wherein  the  above 

construction  is  adapted  to  the  liquid  crystal  panel 
201  .  Further,  Figure  48  shows  the  display  condition 
after  compensating  the  applied  voltage  according  to 
the  above  construction  to  prevent  the  horizontal 

30  crosstalk.  In  Figure  48,  the  reference  numeral  4801 
indicates  a  remaining  crosstalk  (hereinafter  referred 
to  as  a  fine  horizontal  crosstalk)  on  the  liquid  crystal 
panel  after  compensating  the  applied  voltage  ac- 
cording  to  the  above  construction.  The  fine  horizon- 

35  tal  crosstalk  occurs  on  the  common  electrodes 
disposed  at  the  boundary  of  ON/OFF  dots,  as  shown 
in  Figure  48. 

When  the  display  pattern  shown  in  Figure  47  is 
formed,  the  respective  values  71  are  as  follows: 

40  first  common  electrode  Y1  Z'  =  0 
second  common  electrode  Y2  71  =  0  +  4  x  8 
third  common  electrode  Y3  71  =  4 
fourth  common  electrode  Y4  71  =  4 
fifth  common  electrode  Y5  71  =  4 

45  sixth  common  electrode  Y6  71  =  0  -  4  x  8 
Figures  -49  and  50  are  enlarged  views  of  the 

waveforms  of  the  second  common  electrode  Y2  and 
the  fourth  common  electrode  Y4  at  the  time  when 
they  are  changed  from  the  non-selective  voltage  to 

50  the  selective  voltage  respectively. 
In  Figure  49,  the  reference  numeral  4901  shows  a 

curved  waveform  to  be  generated  in  the  second 
common  electrode  Y2.  The  reference  numeral  4902 
shows  a  changed  waveform  of  the  applied  selective 

55  voltage.  The  reference  numeral  4903  shows  the 
waveform  obtained  by  the  combination  of  the 
waveforms  4901  and  4902,  and  is  the  waveform  of 
the  voltage  applied  to  the  second  common  electrode 
Y2. 

SO  Similarly,  in  Figure  50  the  reference  numeral  5001 
shows  a  curved  waveform  to  be  generated  in  the 
fourth  common  electrode  Y4.  The  reference  numeral 
5002  shows  a  changed  waveform  of  the  applied 
selective  voltage.  The  reference  numeral  5003 

35  shows  the  waveform  obtained  by  the  combination  of 

>3 
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the  waveforms  5001  and  5002,  and  is  the  waveform 
of  the  voltage  applied  to  the  fourth  common 
electrode  Y4. 

In  Figure  47,  when  the  selection  is  moved  from  the 
first  common  electrode  Y1  to  the  third  common 
electrode  Y3,  a  curved  waveform  4901  may  be 
generated  in  accordance  with  the  number  Z  (  =  4)  of 
ON  dots  on  the  second  common  electrode  Y2  and 
the  difference  (=  4)  between  the  numbers  of  ON 
dots  on  the  first  common  electrode  Y1  and  the 
second  common  electrode  Y2,  as  shown  in  Figure 
49.  Similarly,  in  Figure  47  when  the  selection  is 
moved  from  the  third  common  electrode  Y3  to  the 
fourth  common  electrode  Y4,  a  curved  waveform 
5001  may  be  generated  in  accordance  with  the 
number  Z  (=  4)  of  ON  dots  on  the  third  common 
electrode  Y3  and  the  difference  (  =  0)  between  the 
number  of  ON  dots  on  the  second  common 
electrode  Y2  and  the  third  common  electrode  Y3,  as 
shown  in  Figure  50.  As  will  be  apparent  from  a 
comparison  between  the  waveform  4901  of  Figure 
49  and  the  waveform  5001  of  Figure  50,  the 
waveform  4901  may  be  curved  and  larger  than  that  of 
the  waveform  5001  by  the  difference  of  the  number 
of  ON  dots.  However,  the  waveform  4902  of  the 
selective  voltage  of  Figure  49  is  changed  for  a  longer 
time  than  those  of  the  waveform  5002  of  Figure  50. 
By  such  a  construction,  the  waveform  4903  of  Figure 
49  and  the  waveform  5003  of  Figure  50  are 
compensated,  .  resulting  in  the  provision  of  an 
improved  display  without  any  fine  horizontal  cross- 
talk. 

As  mentioned  above,  there  is  a  charge/discharge 
analysis  between  the  common  and  segment  elec- 
trodes  which  are  generated  according  to  the  display 
pattern  on  the  liquid  crystal  panel  201.  Based  on  the 
analysis,  the  differences  of  the  effective  voltages 
applied  to  the  display  dots  are  compensated 
according  to  changing  the  voltages  applied  to  the 
common  electrodes  Y1  to  Y6  and  the  segment 
electrodes  X1  to  X6,  resulting  in  providing  an 
improved  display. 

There  is  also  a  charge/discharge  analysis  bet- 
ween  the  adjacent  segment  electrodes  X1  to  X6 
through  the  common  electrodes  Y1  to  Y6  and 
charge/discharge  between  the  adjacent  segment 
electrodes  Y1  to  Y6  through  the  common  electrodes 
X1  to  X6.  Based  on  the  analysis,  the  difference  of  the 
effective  voltages  applied  to  the  display  dots  are 
compensated  by  changing  the  voltages  applied  to 
the  common  electrodes  Y1  to  Y6  and  the  segment 
electrodes  X1  to  X6,  resulting  in  the  provision  of  an 
improved  display. 

Instead  of  ON  dots,  when  OFF  dots  are  counted, 
the  same  effects  can  be  obtained.  Furthermore,  it  is 
also  possible  to  eliminate  any  crosstalk  by  weighting 
respective  positions  of  ON  dots  at  the  time  of 
counting  the  number  of  ON  dots.  It  is  also  possible 
to  combine  several  of  the  above  mentioned  embodi- 
ments  to  prevent  any  several  kind  of  crosstalks. 

EXAMPLE  16  (Figures  51  to  53) 

Reference  is  made  in  this  Example  to  the 
construction  of  preferred  embodiments  according 

to  the  present  invention  wherein  the  several  kinds  of 
the  above  mentioned  embodiments  are  combined  to 
eliminate  zebra  crosstalk,  horizontal  crosstalk,  verti- 
cal  crosstalk  and  inversion  crosstalk. 

5  Figure  51  shows  the  construction  of  one  such 
embodiment.  In  this  embodiment,  to  prevent  zebra 
crosstalk,  the  time  base  compensation  of  non-selec- 
tive  voltage  is  carried  out  according  to  the  value  I.  To 
prevent  horizontal  crosstalk,  the  time  base  compen- 

10  sation  of  the  selective  voltage  is  carried  out  by  the 
value  Z.  To  prevent  vertical  crosstalk,  the  voltage 
base  compensation  of  the  non-selective  voltage  is 
carried  out  according  to  the  value  T.  To  prevent 
inversion  crosstalk,  the  time  base  compensation  is 

15  carried  out  according  to  value  F.  In  Figure  51,  there 
is  shown  a  compensation  circuit  5104,  a  power 
circuit  5105,  and  reference  numerals  5106  and  1507 
which  are  Y  and  X  power  sources  of  the  power 
circuit  5105.  There  are  also  shown  a  sign  signal  5108, 

20  a  first  strength  signal  5109,  a  second  strength  signal 
5110  and  a  third  strength  signal  5111. 

The  compensation  circuit  5104  functions  to  count 
the  value  I,  output  the  sign  (plus  or  minus)  of  the 
value  I,  and  output  the  signal  which  is  active  for  the 

25  period  according  to  the  absolute  value  of  the  value  I 
as  the  first  strength  signal  5109,  in  synchronism  with 
the  signal  LP  of  the  control  signal  102.  When  the 
signal  FR  is  changed,  the  strength  signal  5109  is  not 
output.  When  the  FR  signal  is  changed,  the 

30  compensation  circuit  5104  functions  to  count  the 
value  F,  output  the  sign  (plus  or  minus)  of  the  value  F 
as  a  sign  signal  5108  and  output  the  signal  which  is 
active  for  the  period  predetermined  by  the  absolute 
value  of  the  value  F  as  the  first  strength  signal  5109, 

35  in  synchronism  with  the  signal  Lp  of  the  control 
signal  102.  The  compensation  circuit  5104  simulta- 
neously  functions  to  count  the  value  T,  and  output 
the  counted  value  as  a  second  strength  signal  5110. 
The  compensation  circuit  5104  functions  to  count 

40  the  value  Z,  and  output  the  signal  which  is  active  for 
the  period  according  to  the  value  Z  as  a  third 
strength  signal  5111,  in  synchronism  with  the  signal 
LP  of  the  control  signal  102. 

The  power  circuit  5105  functions  to  change  at 
45  least  one  of  the  Y  power  source  5106  and  the  X 

power  source  5107  by  the  first,  the  second  and  the 
third  strength  signals  5109  to  5111,  and  the  sign 
signal  5108  thereby  making  it  possible  to  eliminate 
any  crosstalk. 

50  Figure  52  shows  in  detail  a  compensation  circuit 
according  to  one  embodiment  of  the  present 
invention.  In  Figure  52,  the  counter  circuit  401,  the 
first  counter  holding  circuit  402,  a  second  counter 
holding  circuit  403  and  an  operative  circuit  404  are 

55  operated  in  the  same  way  as  those  of  Figure  4.  The 
counter  circuit  401  is  provided  to  count  the  number 
of  ON  dots,  the  first  counter  holding  circuit  402  is 
provided  to  hold  the  value  Mon,  and  the  second 
counter  holding  circuit  403  is  provided  to  hold  the 

60  value  Non.  The  value  I  is  calculated  by  the  operative 
circuit  404. 

A  numerically  arithmetic  circuit  3804  is  provided  to 
count  the  value  F  from  the  value  M  stored  in  the  first 
counter  holding  circuit  402,  and  the  value  N  stored  in 

65  the  second  counter  holding  circuit  403.  A  switching 

24 
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circuit  5206  functions  to  pick  up  the  sign  of  the  value 
and  the  absolute  value  of  the  value  which  is 
generated  from  either  the  numerically  arithmetic 
circuit  404  or  the  numerically  arithmetic  circuit  3804. 
When  the  signal  FR  of  the  control  signal  102  is  not 
changed,  the  switching  circuit  5206  functions  to  pick 
up  the  value  I  of  the  numerically  arithmetic  circuit 
404.  When  the  signal  FR  is  changed,  the  switching 
circuit  5206  functions  to  pick  up  the  value  F  of  the 
numerically  arithmetic  circuit  3804. 

The  switching  circuit  5206  functions  to  output  the 
sign  of  the  value  I  or  F  as  a  sign  signal  5108,  and  to 
output  the  value  I  or  F  to  a  pulse  width  control  circuit 
405.  The  pulse  width  control  circuit  405  is  operated 
in  the  same  way  as  that  of  Figure  4,  that  is  it 
functions  to  output  the  signal  which  is  active  for  the 
period  according  to  the  absolute  value  of  the  value  I 
or  F  as  the  first  strength  signal  5109.  Therefore,  the 
sign  signal  5108  and  the  first  strength  signal  5109 
indicate  the  amount  of  the  compensated  voltage  to 
prevent  zebra  and  inversion  crosstalk. 

In  Figure  52,  the  counter  circuit  3301  and  the 
counter  holding  circuit  3302  are  operated  in  the 
same  way  as  those  of  Figure  33.  The  counter  circuit 
3301  functions  to  count  the  value  T  and  to  output  the 
counted  value  as  a  second  strength  signal  51  10  from 
the  counter  holding  circuit  3302.  Therefore,  the 
second  strength  signal  51  10  indicates  the  amount  of 
the  compensated  voltage  to  prevent  vertical  cross- 
talk. 

The  pulse  width  control  circuit  2503  is  operated  in 
the  same  way  as  that  of  Figure  25,  and  outputs  the 
signal  which  is  active  for  the  period  according  to  the 
value  Mon  of  the  first  counter  holding  circuit  402,  that 
is  the  value  Z  as  a  third  strength  signal  5111. 
Therefore,  the  third  strength  signal  5111  indicates 
the  amount  of  the  compensated  voltage  to  prevent 
horizontal  crosstalk. 

Since  the  compensation  circuit  5109  has  the 
above  mentioned  construction,  the  respective 
amount  of  the  compensated  voltage  for  preventing 
the  respective  crosstalks  are  output  as  respective 
compensated  signals. 

Reference  will  now  be  made  to  Figure  53  which 
shows  the  power  circuit  5105  of  one  embodiment 
according  to  the  present  invention.  In  Figure  53, 
resistors  5301  to  5308  are  connected  in  series  and 
are  connected  to  voltages  VOL!  and  V5L  at  both  ends 
thereof. 

The  voltages  V0U,  VON,  V1  ,  V2,  V3,  V4N,  V5N,  V5L 
represent  the  voltages  generated  at  terminals  of  the 
respective  resistors  5301  to  5308,  and  the  respective 
values  are  predetermined  so  as  to  be  formulated  as 
follows: 
V0N-V1N  =  V1N-V2 
=  V3  -  V4N  =  V4N  -  V5N 
=  (V2-V3)  /  (n-4) 
(wherein  n  is  a  constant). 
Further, 
(V0U-V0N)  /  (V0N-V1N) 
=  (V5N-V5L)  /  (V4N-V5N). 
Further,  the  voltages  VON  -  V5N  are  stabilised  by  a 
voltage  stabilising  circuit  510.  Voltage  generating 
circuits  3405  and  3406  are  operated  in  the  same  way 
as  those  of  Figure  34  and  the  voltage  generated  from 

the  voltage  generating  circuits  3405  and  3406  are 
changed  by  the  second  strength  signal  510. 

The  reference  numerals  5309  to  5312  are  ref- 
erence  voltages.  The  absolute  value  of  the  reference 

5  voltage  5309  is  the  same  as  that  of  the  reference 
voltage  5312.  These  reference  voltages  have  the 
opposite  signs  on  the  basis  of  the  voltages  V1  N  and 
V5N  respectively. 

Similarly,  the  reference  voltages  5310  and  5311 
10  have  the  same  absolute  values,  and  have  the 

opposing  signs  (plus  or  minus)  on  the  basis  of  the 
voltages  V1N  and  V4N.  At  this  time,  the  voltages 
5310  and  5311  are  defined  as  V1L  and  V4L.  The 
switches  511  and  512  are  operated  in  the  same  way 

15  as  those  of  Figure  5  and  are  switched  by  the  sign 
signal  5108  and  the  first  strength  signal  5109.  More 
specifically,  one  of  the  voltages  V1U,  V1N  and  V1  L  is 
selected  by  the  switch  51  1  ,  and  one  of  the  voltages 
V4U,  V4N  and  V4L  is  selected  by  the  switch  512.  The 

20  voltages  generated  from  the  switches  511  and  512 
are  defined  as  the  voltages  V1  and  V4  respectively. 

The  switches  2608  and  2609  are  operated  in  the 
same  way  as  those  of  Figure  26,  and  are  switched  by 
the  third  strength  signal  5111.  More  specifically,  one 

25  of  the  voltages  V0U  and  VON  is  selected  by  the 
switch  2608  and  one  of  the  voltages  V5U  and  V5N  is 
selected  by  the  switch  2609.  The  voltages  generated 
from  the  switches  2608  and  2609  are  defined  as  the 
voltages  V0,  V5  respectively.  The  reference  numeral 

30  5106  is  a  Y  power  source,  the  selective  voltage  of  the 
Y  power  source  5106  is  changed  by  the  third 
strength  signal  5111,  and  the  non-selective  voltage 
is  changed  by  the  sign  signal  5108,  the  first  strength 
signal  5109  and  the  second  strength  signal  51  10.  The 

35  reference  numeral  5107  is  a  X  power  source.  The 
selective/non-selective  voltages  of  the  Y  power 
source  are  changed  by  the  compensating  signals 
comprising  the  sign  signal,  and  the  first,  second  and 
third  strength  signals  for  the  above  mentioned 

40  respective  compensations.  Any  zebra  crosstalk  is 
compensated  for  by  the  non-selective  voltage  a't  the 
time  when  the  signal  FR  of  the  control  signal  102  is 
not  changed.  Any  inversion  crosstalk  is  compen- 
sated  for  by  the  non-selective  voltage  at  the  time 

45  when  the  signal  FR  is  changed.  Any  horizontal 
crosstalk  is  compensated  for  by  the  selective 
voltages.  Any  vertical  crosstalk  is  compensated  for 
by  changing  the  voltages  V1N  and  V4N  of  the 
non-selective  voltage.  Therefore,  the  means  of 

50  compensating  the  various  modes  of  crosstalk  are 
substantially  independent  and  can  easily  be  com- 
bined. 

EXAMPLE  17 
55 

In  Example  16,  the  period  of  the  applied  voltages 
are  compensated  according  to  the  values  I,  Z  and  F. 
However,  in  addition  to  the  means  of  compensating 
the  voltage  waveforms  which'  is  described  in 

60  Example  16,  when  the  other  compensating  means 
are  combined,  the  same  effects  can  be  obtained. 

EXAMPLE  18 

65  When  the  degree  of  crosstalk  is  small  in  Example 

25. 
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16,  it  is  possible  to  omit  the  means  for  compensating 
the  voltage  waveforms  and  to  simplify  the  construc- 
tion  of  the  circuits.  For  example,  when  the  degree  of 
a  vertical  crosstalk  is  so  little  as  not  to  affect  the 
display  quality,  in  order  to  simplify  the  construction  5 
of  the  circuits  it  is  possible  to  omit  the  counter 
circuit  3301  and  the  counter  holding  circuit  3302  so 
as  not  to  generate  the  second  strength  signal  5110 
shown  in  Figure  52.  It  is  also  possible  to  substitute 
the  voltage  generating  circuits  3405  and  3406  for  the  10 
stabilising  circuit  510. 

It  is  to  be  appreciated  that  the  embodiments  of  the 
invention  described  above  with  reference  to  the 
Examples  and  the  drawings  have  been  given  by  way 
of  example  only,  and  that  modifications  may  be  15 
effected.  Thus,  the  present  invention  is  also  applic- 
able  to  a  liquid  crystal  display  device  performing  any 
other  display  such  as  grey  scale  display  wherein  the 
voltage  applied  to  the  segment  electrodes  is 
switched  to  ON/OFF  voltages  for  the  period  when  20 
the  segment  electrodes  are  selected.  In  this  case, 
the  same  effects  can  be  obtained.  Generally,  the 
present  invention  extends  to  any  liquid  crystal 
display  device  in  which  at  least  one  of  the  voltage 
waveforms  of  the  common  electrodes  and  the  25 
voltage  waveforms  of  the  segment  electrodes  is 
compensated,  based  on  the  conversion  of  the 
display  patterns  of  drawings  or  characters,  thereby 
making  it  possible  to  provide  a  remarkably  improved 
display  quality  without  any  crosstalks.  It  is  further  to  30 
be  understood  that  the  present  invention  includes 
any  novel  integer  or  step,  or  combination  of  integers 
or  steps  herein  disclosed  and/or  shown  in  the 
accompanying  drawings. 

Claims 

1.  A  liquid  crystal  display  device  comprising: 
a  group  of  common  electrodes  formed  on  one 
substrate  of  a  pair  of  substrates  for  sandwich- 
ing  a  liquid  crystal  layer;  a  group  of  segment 
electrodes  formed  on  the  other  substrate  of  the  45 
pair  of  substrates;  wherein  a  multiplex  driving  is 
achieved  successively  by  applying  a  common 
voltage  waveform  comprising  selective  voltage 
and  non-selective  voltage  to  the  group  of 
common  electrodes  and  applying  a  segment  50 
voltage  waveform  comprising  an  ON  voltage 
and  an  OFF  voltage  to  the  group  of  segment 
electrodes;  and  wherein  at  least  one  of  the 
common  voltage  waveform  and  the  segment 
voltage  waveform  is  changed  in  accordance  55 
with  the  pattern  of  drawings  and/or  characters 
displayed  in  the  liquid  crystal  display  device. 

2.  A  liquid  crystal  display  device  according  to 
claim  1,  in  which  the  pattern  of  drawings  and/or 
characters  displayed  in  the  liquid  crystal  device  60 
is  driven  by  the  multiplex  by  means  of  the 
voltage  standard  means. 

3.  A  matrix  liquid  crystal  display  device  for 
displaying  characters  or  a  pattern  comprising:  a 
first  substrate;  a  plurality  of  common  electrodes  65 

being  formed  on  said  first  substrate;  a  second 
substrate;  a  plurality  of  segment  electrodes 
being  formed  on  said  second  substrate;  a  liquid 
crystal  layer  sandwiched  between  said  first 
substrate  and  said  second  substrate;  multiplex 
driving  means  for  providing  a  common  voltage 
waveform  including  a  selected  voltage  or  a 
non-selected  voltage  to  said  plurality  of  com- 
mon  electrodes  and  providing  a  segment 
voltage  waveform  including  an  ON  voltage  or  an 
OFF  voltage  to  said  plurality  of  segment 
electrodes;  and  compensation  means  for  com- 
pensating  at  least  one  of  said  common  voltage 
waveform  or  said  segmented  voltage  waveform 
based  upon  said  pattern  or  said  characters 
displayed  by  said  liquid  crystal  display  device. 

4.  A  matrix  liquid  crystal  display  device 
according  to  claim  3  in  which  said  common 
electrodes  intersect  said  segment  electrodes 
to  define  a  matrix  having  a  dot  at  each 
intersection,  the  dots  being  in  either  an  ON 
state  or  an  OFF  state  depending  on  the  voltage 
applied  to  the  intersecting  common  and  seg- 
ment  electrodes,  said  multiplex  driving  means 
sequentially  switching  the  selected  voltage 
among  the  common  electrodes,  the  compensa- 
tion  means  being  arranged  to  receive  a  data 
signal  representative  of  the  characters  or 
pattern  to  be  displayed,  and  producing  a  sign 
signal  and  strength  signal,  said  multiplex  driving 
means  providing  a  common  voltage  waveform 
or  a  segment  voltage  waveform  having  a 
direction  and  size  based  at  least  in  part  upon 
the  sign  signal  and  the  strength  signal. 

5.  A  matrix  liquid  crystal  display  device 
according  to  claim  4,  in  which  the  compensa- 
tion  means  comprises  count  means  for  receiv- 
ing  the  data  signal,  substantially  counting  the 
number  of  dots  in  the  ON  state  on  the  common 
electrode  to  next  be  selected,  and  outputting  a 
count,  first  count  holding  means  for  the  count 
from  the  count  means,  storing  the  count  and 
outputting  a  stored  count  when  a  successive 
count  is  output  by  the  count  means,  a  second 
count  holding  means  for  receiving  the  stored 
count  output  from  the  first  count  holding 
means,  storing  the  stored  count  value  and 
outputting  a  second  stored  count  when  a 
successive  stored  count  is  output  by  the  first 
count  holding  means,  arithmetic  means  for 
receiving  the  first  stored  count  and  the  second 
stored  count  and  outputting  a  value  I  substan- 
tially  equal  to  the  difference  between  the  count 
stored  in  the  second  count  holding  means  and 
the  count  stored  in  the  first  count  holding 
means  and  the  sign  signal,  and  a  pulse  width 
control  circuit  for  receiving  the  value  I  and 
producing  a  strength  signal  based  at  leasl  in 
part  on  the  absolute  value  of  I. 

6.  A  matrix  liquid  crystal  display  device 
according  to  claim  3,  in  which  the  common 
electrodes  intersect  with  the  segment  elec- 
trodes  to  define  a  matrix  having  a  dot  at  each 
intersection,  the  dots  having  either  an  ON  state 
or  an  OFF  state  depending  on  the  voltage 

26 
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supplied  to  the  intersecting  common  and 
segment  electrodes,  said  multiplex  driving 
means  sequentially  switching  the  selected 
voltage  among  the  common  electrodes,,  the 
compensation  means  being  arranged  to  receive  5 
a  data  signal  representative  of  the  character  or 
pattern  to  be  displayed  and  producing  a 
strength  signal  in  response  thereto. .  

7.  A  matrix  liquid  crystal  display  device 
according  to  claim  3,  in  which  the  common  10 
electrodes  intersect  with  the  segment,  elec- 
trodes  to  define  a  matrix  having  a  dot  at  each 
intersection,  the  dots  being  in  either  an  ON 
state  or  an  OFF  state  depending  on  the  voltage 
applied  to  the  intersecting  common  and  seg-  15 
ment  electrodes  said  multiplex  driving  means 
sequentially  switching  the  selected  voltage 
among  the  common  electrodes,  the  compensa- 
tion  means  being  arranged  to  receive  a  data 
signal  representative  of  the  character  or  pattern  20 
to  be  displayed,  and  the  compensation  means 
including  a  count  means  for  substantially  count- 
ing  the  number  of  dots  in  the  ON  state  on  the 
liquid  crystal  display  and  producing  a  cognt,  a 
count  holding  means  for  storing  the  count  and  25 
producing  a  strength  signal,  the  multiplex 
driving  means  receiving  the  strength  signal  and 
producing  a  voltage  output  for  compensating  at 
least  one  of  the  non-  selected  voltage  and  the 
segment  voltage  waveform  in  response  to  the  30 
strength  signal. 

8.  A  matrix  liquid  crystal  display  device 
according  to  claim  3,  in  which  the  common 
electrodes  intersect  with  the  segment  elec- 
trodes  to  define  a  matrix  having  a  dot  at  -each  35 
intersection,  the  dots  being  in  either  an  ON 
state  or  an  OFF  state  depending  on  the  voltage 
applied  to  the  intersecting  common  and  seg- 
ment  electrodes,  said  multiplex  driving  means 
sequentially  switching  the  selected  voltage  40 
among  the  common  electrodes,  the  compensa- 
tion  means  being  arranged  to  receive  a.  data 
signal  representative  of  the  character  or  pattern 
to  be  displayed,  the  compensation  means 
producing  a  sign  signal  and  a  strength  signal  45 
representative  of  the  difference  between  the 
sum  of  the  number  of  dots  in  the  ON  state  of  the 
present  and  next  common  electrodes  to  receive 
the  selected  voltage,  and  the  number  of  dots  on 
each  common  electrode,  said  multiplex  driving  50 
means  compensating  at  least  one  of  a  non-se- 
lected  voltage  and  a  segment  voltage  waveform 
in  response  to  said  sign  and  strength  signals. 

9.  A  matrix  liquid  crystal  display  device 
according  to  claim  4,  in  which  the  compensa-  55 
tion  means  includes  count  means  for  substan- 
tially  counting  the  number  of  dots  in  the  ON 
state  of  the  common  electrode  to  next  receive 
the  selected  voltage  and  outputting  a  count  in 
response  to  the  data  signal,  a  first  count  60 
holding  means  for  storing  the  count  and 
outputting.  a  stored  count  in  response  to  the 
next  count  output  of  the  count  means,  a  second 
count  holding  .  means  for  storing  the  stored 
count  of  the  first  count  holding  means  output-  65 
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ting  a  second  stored  count  in  response  to  the 
next  stored  count  output  by  the  first  count 
holding  means,  arithmetic  means  for  for  receiv- 
ing  the  first  stored  count  and  the  second  stored 
count  and  outputting  a  value  F  equal  to  the 
difference  between  the  sum  of  the  first  and 
second  stored  counts  and  the  number  of  dots 
on  a  common  electrode  to  produce  said  sign 
and  strength  signals. 

10.  A  matrix  liquid  crystal  display  device 
according  to  claim  3,  in  which  the  common 
electrodes  intersect  with  the  segment  elec- 
trodes  to  define  a  matrix  having  a  dot  at  each 
intersection,  the  dots  existing  in  either  an  ON 
state  or  an  OFF  state  depending  on  the  voltage 
applied  to  the  intersecting  come  on  and 
segment  electrodes,  said  multiplex  driving 
means  sequentially  switching  the  selected 
voltage  among  the  common  electrodes,  the 
compensation  means  receiving  a  data  signal 
representative  of  the  character  or  pattern  to  be 
displayed,  the  compensation  means  producing 
a  strength  signal  representative  of  the  value  Z' 
equal  to  the  sum  of  the  number  of  dots  in  the 
ON  state  of  the  next  common  electrode  to 
receive  the  selected  voltage  and  a  constant 
times  the  difference  between  the  number  of 
dots  in  the  ON  state  in  the  next  and  present 
common  electrodes  to  receive  the  selected 
voltage,  said  multiplex  driving  means  providing 
compensation  to  the  selected  signal  of  the  next 
common  electrode  of  a  period  representative  of 
71. 

11.  A  matrix  liquid  crystal  display  device 
according  to  claim  3,  in  which  the  common 
electrodes  intersect  with  the  segment  elec- 
trodes  to  define  a  matrix  having  a  dot  at  each 
intersection,  the  dots  being  in  either  an  ON 
state  or  an  OFF  state  depending  on  the  voltage 
applied  to  the  intersecting  common  and  seg- 
ment  electrodes,  said  multiplex  driving  means 
sequentially  switching  the  selected  voltage 
among  the  common  electrodes,  the  compensa- 
tion  means  receiving  a  data  signal  representa- 
tive  of  the  character  or  pattern  to  be  displayed, 
the  compensation  means  producing  a  first 
strength  signal  and  a  first  sign  signal  represen- 
tative  of  a  value  I  equal  to  the  difference 
between  the  number  of  dots  in  the  ON  state  on 
the  common  electrode  presently  receiving  the 
selected  voltage  and  next  to  receive  the 
selected  voltage;  a  second  strength  signal  and 
a  second  sign  signal  representative  of  a  value  F 
equal  to  the  sum  of  the  number  of  dots  in  the 
ON  state  on  the  common  electrode  presently 
receiving  the  selected  voltage  and  next  to 
receive  the  selected  voltage  less  the  number  of 
dots  on  the  common  electrode,  a  third  strength 
signal  representative  of  a  value  T  equal  to  the 
number  of  ON  dots  on  the  liquid  crystal  display 
and  a  fourth  strength  signal  representative  of  a 
value  Z  equal  to  the  number  of  ON  dots  of  the 
common  electrode,  in  response  to  the  data 
signal  and  the  multiplex  driving  means  providing 
a  voltage  output  for  compensating  the  non-se- 
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lected  voltage  during  alternating  periods  in 
response  to  the  first  strength  and  sign  signals 
and  the  second  strength  and  sign  signals  and 
further  in  response  to  the  third  strength  signal, 
and  compensating  the  selected  voltage  in  5 
response  to  the  fourth  strength  signal. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

28 



1  U  1  

i U J   J  ; 

X  0  2  H ^ ^ i   L P   > r  

F R   >  

.  U  *4 

. 0 8  

0 9   • 

0 5 -  

i   < i   1  



V 

1  U  1 
I 

q u o ;   —  

T Q T > r ^ l X 5 C L > - J ~  

i 
^ H L P   >—  j —  
/T-  =-=  S. 

f 0 6 > -  
v.  1  > 

r  a 
—  l 

i  

—   T  

4  

j_ 

■  I  ii  ii  ii  ii  i i  —  TT  n  —  n  r—  i  n  r1  1  1 

- 2 0 4 v 2 0 2 v 2 i  

2 0 9  
y  

1  1  0  

i l l  

X 6  

! Q 3  

'  I   G   2  



'  i   G   3  



EP  0  303  510  A2 

1 0 3   Y  —   1 

^ 1 0 4  
/■ 

"  ■■ 

4 0 1  

t  
X  
CO 
o  

<9> 

F I G   4  





X I   a  d.  X d   X 4   X 5   X 6  
' / / / / /  

: 0 3  

u  i  



EP  0  303  510  A2 

( A )  

E C )  
V 
0  

-  V  j 

[  N - 2   )  V  —  

- N V   —  

_  —   r -  
!  1_ 

F I G   7  



1  <jr  5  



i U i  

a  u  J  j  

:i  o  2  > y g ^ i   l  p  w  

^ W i   F R   >  

D  I  N  >  

0  8  - 

0 9   - 

0  5 -  



S U 1  

1 0 3  1 0 2  

2?v  / ^ l  ■ft  « *  T  
> 

X  ~  
CD  I "  
O  
7   ¥  

4 0 2  

—   i  —  1 

'  I   G   1 0  



EP  0  303  510  A2 

/V 

1 0   8 -  

1 1 0  

v o  

1  1 0 2 - \ -  

1 1 0 3 ^  

1 1 0 4 / ^ N :  

V I  

^ 9 0 9  
i  

1 0 2  

1 1 0 9   / ^ 9 0 5 1 0 7  
S  ,  ) 

r  

1 0 7  

v i q  

X  V I !  

1 1 1 0  

V4  

1 1 0 5   4   | V 5 V 5 1 °  1 1 1 1  

9 0 6  

F I G   1 1  



EP  0  303  510  A2 

-  (  N - 2   )  V 

~ N V '  

F I G   1 2  



EP  0  303  510  A2 

F I G   1 3  



1  U  1  

J-  U  J  J  : 

1 0 _ 2 _ _ > y C ^ , i   L P   > r  

< s ^ t   F R   >  

^ f l ^ \   D  1  N  >  

0 8   -  

0 9   -  

4  Ut>  | 

1  U   1 4  



EP  0  303  510  A2 

YY 

1 1 0  

1 0   8 -  

_ _  

v o  

^ 9 0 9  

1 1 0 2 "  

1 1 0 3 -  

1  1 0 4 / < > :  

v  1  i 

1 0 2  

. ^ 1 4   0  5  
1 5   

0 9 ^  

f  

l l  1 0 7  

1 1 1 0  

V4I 

1 1 0 5  /  5 

*1  1  Q 8   .  '  

5 1 0   M i l l  

1 0 7  

1 4 0 6  

F I G   1 5  



1  U  1  

q u a   j  —  

( 1 0 2   > y ^ H ^ l   L P   } j  
F R   >  

i  D  1  N >  

L 0 8   • 

3  0 9   ■ 

.  u  u  u  

?  I   G   1 6  



EP  0  303  510  A2 

9 0 9  

, —   9 0 5   1 0 7  

1 7 0 1  

l  i  u  o  

L  6  0 6  

F I G   1 7  



EP  0  303  510  A2 

F I G   1 8  



cr  u  ouo  oiu  Ait 

t  

r 

F I G   1 9  



1  <J  £ A 3  



.  U  I  

J-  u  j   ) 

- f e ^ i   F  R  >  

- f o ^ l   P I   N >  

A  VJ  ^ 1  



1 U O  L 0 9  
2 2 1 4  

1  U   Z < £  



eP  0  303  510  A2 

(  A  ) 

(  B  )  

(  C  ) 

v u   —  
V I   <  —  
V 2   —  

V 3  
V 4  
V 5  

F l  F 2  

J  i  i  i  i 

•  i  it  ii  —  i  i- 

T ^ i V i   V 2 V 2   V ;  

T  

I  L_  I  ' ' ' I I I  

N V  

(  N - 2   )  V 

T  

0  

;  N  -  2  )  V 

-  N V  

.  r  I  L_ 
— J  

F I G   2 3  



3 

1  U  1 

I j l s L - ^ r f a * * !   L  P  > 7 -  

F  R  >  

D  t  N >  

4  

-t  \j  j  

I   G   2 4  



EP  0  303  510  A2 

<  
2 5 0 2  

•  2 4 0 4  

F I G   2 5  



EP  0  303  510  A2 

2 4 0 9  

2 6 0  

2 6   0 ;  

2 6 0 :  

2 6 0 <  

2 6 0 5 -   p ^  

2 6 0 6 -   ̂ ;  

2 6 0 7 -   ; 

1 0 7  

2 4   0  6  

2  4  0  5  

F   I  G   2 6  



U G   2 7  



\  a   ;  

V I  
V 2   j 

V  J  
V 4  

V  5  N  

I-  1  F 2  

1  1  L_ J  I  L_ 

2 8 0 1  

!  L_ 
T  

v  u  
V I  
V 2   j 

v  o  
V 4  
V 5  

C I  

i  i 1  1  1  1  i  I  ! 
r  

IN  V 

:  N - 2   )  V  

V 
0  

- V  

:  )  v  - 

NV  - 



EP  0  303  510  A2 

(  A  ) 

(  B  )  

V O N  
V I  
V 2  

V 3  
V 4  

V  5  N 

F l  * H   F 2  

I  I  I  L  

v o  
V I  
V 2  

V 3  
V 4  
V 5  

i 

J  L  

—   2  9 0 1  

—  r  a- 

J  L  
T 

!  l l l i   I   !  I  I  1""^!  i  i 
T  

N V  

(  N  -   2  )  V 

C  C  ) 
V 

[  N  -   2  )  V 

- N V  

F I G   2 9  



EP  0  303  510  A2 

,  3 0 0 2  
/ 
/ 
i 

3 0 0 1  

F   I   G   3 0  

^ - 3 1 0 2  

3 1 0 3  
3 1 0 1  

F I G   3 1  

i 



LO  1 

C10   3  )  

( 1 0   2  H - f r w * !   L P   > r  

i w i   FR   >  

D  I  N >  
4 , ^ x s c L y  

1  3 ^  



EP  0  303  510  A2 

3 2 0 4  

F   I  G   3 3  



\  

^ 3 2 0 5  

I G   3 4  



A  J.  A  C.  A  J  a  4  X b   X b  

\\  ,11  
(N  \   \   \  

\  

\  

t  

f  

T  
i 

l ■ 

I ■ 

= f f "  

K_ 

—  p  — 
I 

I 

I 

I 

—  r— 

i 

U  1 



V  u  
V I  
V 2  

V 4  
V 5  

r  i  

—   1  —   1  —   i  —   i  —   l  T T ~ ~ i ~ T ~ T ~ 7 ~ ~ ~ ~ ~  

T 

^ 3 6 0 2   ^ 3 o u   J  

IN  V 

N - 2   )  V  - 

V 
0  -  
V  -  

\  IN  C  J  V 

- N V   -  

I  r f  



1  0  1  

1 0 3   J  

!l  0  2  H f r ^ l   L  P  > r  

^ w x i   F R   >  

j ^ i   D  1  N  >  

r  I   G   3 7  



1 0 3  4 0 2  

J  Y  U  4  

I  

X  
CO 
o  
V  

1  I  

f—  T l  

3 >  

< :  
4 0 1  

1  —  

3  Y  0  8  

3 7 0 9  

F I G   3 8  



EP  0  303  510  A2 

X I   X 2   X 3   X 4   X 5   X 6  

I I   I I   I I  

■ 

I  I 
1 

2 0 3  

139   0 1  

i  i i  i I  ' 

I  i 

2 0 1  

2 0 2  

F I G   3 9  



'  U3U3  51U  A2 

A  ) 

B  )  

' 0   -  
f  i  -  
' 2   -  

/ 3   - 
14  - 
l b   - 

/ 0  
/ l  
/ 2  

^ 3  

^ 5  

1 

i  i  1  —  ■  i  —  

_  .  -j  
—   r  j  

v  \  v/  i  I  f  I  l  1  1  !  J  1  —  =»- 

'  4  U  U  1  
1 

N V  

(  N - 2   )  V 

( G ) .  
V 
0  
V 

-  (  N  -  2  )  V 

- N V  

i  

t   l   G   4 0  



EP  0  303  510  A2 

. . - - 4   1 0 2  
' 

F   I  G   4 1  



*\  ±  a  £  a j   a«4  a o   X b  
/  /  /  /  /  



EP  0  303  510  A2 

(  A  ) 

V 0  
V I  
V 2  

V 3  
V 4  
V 5  

F l  F 2  

J  1  L  1  !  1  1 J  L 
T  

(  B  ) 

4 3 0 1  

N V  

(  N - 2   )  V 

( C )  
V  
0  
V  

-  (  N  -  2  )  V 

- N V  

f i g   4 3  



EP  0  303  510  A2 

. — - 4 4   0  2  

4  4  0  3  T >  

- 4 4 0 1  

F   I   G   4 4  



EP  0  303  510  A2 

1 0 1  

( 1 0   3  >  

( 1 0   2  > y f o ~ \   L P   h  

S s ^ w l   F  R  >  

D  I  N  >  
^ i X S C L X  

F   I  G   4 5  



f  1 0 3  

4 5 0 4  

4 0 1  

r-  _J 

4  6  0 4 '  

O  
4 0 3  

—   jr  1 

■  I   G   4 6  



X I   X Z   X 3   X 4   X 5   X 6  
' / / / / /  

£ 0 3  

U  £1 

1  ( i   4 7  



5? 

EP  0  303  510  A2 

X I   X 2   X 3   X 4   X 5   X 6  
t  /  /  /  /  /  

\   \   \  

£ 0   3  

i r k  

'  I   G   4 8  



EP  0  303  510  A2 

/   4  9  0  2  
/ 
I 
I 

F I G   4 9  

5 0 0 2  

5  0 0   3  

P I G   5 0  

/  



cr  U  OUO  9  IU  HI 

L  0  1  

Q 0 3   )  

( 1 0   2  K f ^ l   L P   ) j  

" f e ^ l   F  R  >  

^ 4   D  !  N >  
W ^ X   5  C  L V  

1 1 1  

P I G   5 1  



EP  0  303  510  A2 

1 0 3  0 2  

(£}  f k \  

o   x   -  -  
1  —  cn  i  ~n 

y   v   V   ^  

5  1 0 8  

—   5 1 0 9  

5 1 0 9  

5 1 1 1  

F   I   G   5 2  



cr  0  303  510  A2 

5 1 1 0   5 1 0 8   5 1 0 9  5 1 1 1  

v o u  

5 3 0 8 - t ^ ;  

3 1 0  

J   
.  

I T  

2 6 0 9  

2  6 0 8  

5 1 0 7  

5 1 2  

5 1 0 5  
/  

F   I   G   5 3  



t r   u  ovo  n  i  u 

X I   X 2   X 3   X 4   X 5   X 6  
r  /  t  t  t  t  

1  Lr   5 4  



EP  0  303  510  A2 

H  F l   > h   F 2   H  

(  A  ) 

I  b  ;  

v u  
V I  
V 2  

v  J  
V 4  
V 5  

V  u  
V I  
V 2  

v  j  
V 4  
V 5  

i  —   i  —   i  —   i  —   i  —   i  —   i  i  i  i  i  i 
T  

1  L_...,L  1  1  1  1  1  I  l  I  i  ^  
T 

N  V  —  

:  N - 2   )  V - -  

V 
: o   o  

- v   ■ 

- N V -  

•  I  G   5 5  



H  —  F  1  >H  F 2   H  

K  a  ; 

v  u  
V I  
V 2  

v  J  
V 4  
V 5  

v  u  
V I  
V 2  

v  J  
V 4  
V 5  

i  —   i  —   i  —   I  —   i  i  i  i  i  i 
T  

—   1  —   1  —   '  —  I  1  1  t  1  .  1  1  . 
r  

IN  V 

:  N - 2   )  v ~ -  

U  I  O h  
- v  

N  ~  Z  )  \  — 

- N V -  

r 

•  I  ( j   5 6  



EP  0  303  510  A2 

F I G   5   7  

X I   X 2   X 3   X 4   X 5   X 6  

ri  Si  Si  V   Si  St  Si  n  



EP  0  303  510  A2 

f i g   5 8  

(  A  ) 

(  B  ) 

H  - F   1  >H  F  2  

V 0  
V I  
V 2  

V 3  
t  t  A V 4  
V 5 K -  

V  l |   —  
V 2 f -  

V 3   —  
V 4   —  
V 5   —  

J  I  L  l  l  l 

NV  
_  

(  N - 2   )  V -  

( C )  
V 
0  
V 

I  1  1  1  I  !  I  I  I  I  i  i 
T  

J  !  1  l_ 
T  

1  L_ 

-  (  N - 2   )  V  

- N V  



F I G   b   9  

H  F l   >H  F 2  

i  A  ;  

v  u  
V I  
V 2 f  

V  d  
V 4  
V 5  

V  U 
V I  
V 2  

V  d  
V 4  
V 5  

'  —   "  —   i  —   i  —   i  —   i  —   i  —   i  i  i  i  i 
T  

—   ,  ■-  -  K  _  k  
 ̂ k 

r  

—   Y  '  y  
k  

r   "  -  - 

-L  1  I  1  1  •  1  l  "  1  1  l  ., 
r  

,  n  -  ; 

n  v  

v  ■ 
0  ■ 

-V  ■ 

• ( N - 2  

- N V  

r  



cr  U  OUO  9  IU  Ml 

F I G   6   0  

X I   XH  X 3   X 4   X 5   X 6  
/ / / / / /  



F I G   6 1  

Ad.  A d   X 4   X b   X b  
L  f  f  f  f  



EP  0  303  510  A2 

f i g   6 2  

H  F l   H-s  F 2  

( A )  

(  B  ) 

V 0  
V I  
V 2  

V 3  
V 4  
V 5  

V O '  
V I  
V 2  

V 3  
V 4  
V 5  

I  I  I  I  I  I  I  1  1  1  1  1  .x 
T  

1  !  1  1  1  1  1  1  1  1  I  I  ^ 
T  

NV  —  

(  N - 2   )  V - -  

( C )  
V 
0  
V 

(  N - 2   ) \ —  

- N V - -  



D  } 

V I  
V 2  

v  a  
V 4  
V 5  

V  u  
/ I  
/ 2  

/ 4   - 
/ 5   - 

F I G   6 3  

H  —   —  F l   >H  —   —   F 2   H  

—   1  —   ■  —   •  —   '  —   i  —   i  —   i  i  i  i  i 

IN  V 

N - 2   )  V  —  

)  -  
r 

I 

- . : : : : : : : ! : : : : : : :  

- 1   J —   
-  

—  !  1  I  !  1  L_  I  1  !  t  ,  ,  ^  

3  

v  in  -  n  j  \  —  

- N V   —  



F I G   6 4  

X I   A d   X d   X 4   X b   X 6  
/  /  /  /  /  



F I G   6 5  

U   A d   X d   X 4   X b   X 6  
f  /  /  /  /  

i 
a r k  



EP  0  303  510  A2 

F   I  G   6   6  

■ F l  F 2   H  

(  A  ) 

V 0  
V I  
V 2  

V 3  
V 4  
V 5  

I  I  I  I  I  I  !  !  I  !  I  L 
T  

( B )  

V O '  
V I  
V 2  

V 3  
V 4  
V 5  

' I ' ' ' '   l  I  I  I  I  L 
T  

NV  --■ 

(  N - 2   )  V -  

V  
( C )   0  

-  V 
J  L J  L 

3  



F I G   6   7  

r6  t-  1  H-6  F 2  

V  U 
V I  
V 2  

v  J  
V 4  
V 5  

v  u  
V I  
V 2  

v  j   ■ 
�  4  ■ 
/ 5   ■ 

1  1  1  1  1  1  ' ' ' i i ;  

IN  ~  C 

N  V  

>  )  v  —  

- v  

M.  N  ~  d  )  Y -  

-   N  V  — 

i 

I 

1  '  1  1  1  1  1  !  I  I 
I 

I  : 



F I G   b D  

\  

6 V  

• I ' M  

!  j U  
p n f   i 

• ^ 4 4  I 
!  r 

LJ  1  I 
I  I t  

'x-i  A  £  A J   A q   X b   X 6  

L_ 

I  I  i 

I 

1  —  
I 

I 

f~  !  i  n  •  1 1 1 
1 

1 
1 1 
1 

i  1  1 
I 
I ! 

1  

J 3  



f i g   b y  

^J .   /\  C  AO  A  <4  A  O  X b  
C  L  (  f  f  

r x  



f i g   Y   U  

K —   —   F  1  >H  F 2   ■ 

□  ;  

v  u  
V I  
V 2  

V 4  
V 5  

/ I   :  
/ 2   - 

< 3 r  

—  1  !  '  1  !  f  1  1  !  t  i  i  ^  
I 



F I G   7   1  

F l   >H  F 2   H  

k  a  ;  

v  u  
V I  
V 2  

v  a  
V 4  
V 5  

v  u  
V I  
V 2  

v  j  
V 4  
V 5  

1  1  !  1  1  1  1  1  1  1  t  l  > 

N  V  • 

[  N - 2   )  V  

v  - 
C  0  :  

7 

1  1  1  1  1  1  1  !  I  I  I 
I 

I  I 
r  

-  I  N  -   2  ;  V  L- 

in  v r  



F   I   G   7   2  

X I   X Z   X 3   X 4   X 5   X 6  
f  /  /  /  /  /  

' 1  

•  X 
I 

i  r r r "  
^   j 

I  I  I 
m f L .  

- _ j f r  

r j T "  

r H -  

- ; - i | J _  

. _ J u  
M I L .  

i  

i f  

ll   l l   B  N  «  N  

I 
I 

1 

■  -   -   " - = g §  

I 
■  ■  I I   I I   I I   1  1 1 1 

1 

1 
1 1 
1 

I I   I I   I I   1  1  1  1 
, , , , , , ,   

j ^ ^ j   

' 



tH  0  303  510  A2 



r  j  

\  

6 X  

T 
I 
I 
c z :  

i 
i 

!  c : :  
.  i  ;  
T  
I 
I 
e n :  

.  f  j  
T  
I 
l 
e n :  

i v  
i 
i 
i 
c : :  

i 
i 

' l i t  

_ j i t  
L  I  | 
' l i t  

4 + -  
I  > -  
K_ 

\ 

^   x ^   X J   X 4   X b   X 6  

i 

i  i i   i i   i  m n  

_ 3  

1 

Li! 
r k  



I=F  0  303  510  A2 

(  A  ;  

(  B  ) 

f i g   7   4  

h   F l  

v o  
V I  
V 2  

V  d  
V 4  
V 5  

V  0  
V I  
V 2  

V 3  
V 4  
V 5  

S  1  1  L_ 

F 2  

i  —   i  i  '  i  i 
T 

\  

!  1  1.  1  1  1  l  l  i  i  i  i  x  
T 



f i g   Y   b  

1  1  v 

- 2   )  V  —  

r-  r  i  '"■3Te  f-  «d  >j 

 ̂ ;  v 

NV  —  



f i g   r   b  

A i   A d   X J   X 4   X 5   X b  

11  \ \   \ \   \   \ \   \   ■ 

—   
j  

1 

4 4 - 4 -   —   j  

■  i i   i  i  i  i i  i i   i t   i i   i 
f  I  I I  1  I I  I I  1 

1 

_  
m \  

, 1  

U 3  



Jf  1  { j   (  (  

f\  ±  /\  c  AO  A  H  AO  A O  
L  L  (  f  r  



EP  0  303  510  A2 

(  A  ) 

( B )  

f i g   7 8  

H  F l   H<  F 2  

V 0  
V I  
V 2  

V 3  
V 4  
V 5  

V O  
V I  
V 2  

V 3  
V 4  
V 5  

j  I  i  i  i  i I  I  I  L 
T  

I  I  I  »  1  1  1  1  1  l  I  I 
T  



EP  0  303  510  A2 

f i g   7   9  

F l  F 2  - H  

N V  

(  N - 2   )  V 

V 
0  J  L J  L 4  

-   (  N - 2   )  V 

- N V  


	bibliography
	description
	claims
	drawings

