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Description 

The  invention  relates  to  a  display  device  com- 
prising  an  electro-optical  display  medium  between 
two  supporting  plates,  a  system  of  picture  ele- 
ments  arranged  in  rows  and  columns,  with  each 
picture  element  being  formed  by  picture  electrodes 
arranged  on  the  facing  surfaces  of  the  supporting 
plates,  and  a  system  of  row  and  column  electrodes 
for  presenting  selection  and  data  signals  by  means 
of  which  a  range  of  voltages  dependent  on  the 
electro-optical  display  medium  can  be  presented 
across  the  picture  elements  for  the  purpose  of 
picture  display. 

A  display  device  of  this  type  is  suitable  for 
displaying  alphanumerical  information  and  video  in- 
formation  by  means  of  passive  electro-optical  dis- 
play  media  such  as  liquid  crystals,  electrophoretic 
suspensions  and  electrochromic  materials. 

A  display  device  of  the  type  described  in  the 
opening  paragraph  is  known  from  Netherlands  Pat- 
ent  Application  NL-A-8502663  laid  open  to  public 
inspection,  in  the  name  of  the  Applicant.  In  the 
device  shown  in  this  Application  diodes  are  used 
as  non-linear  switching  elements  in  an  active  ma- 
trix,  namely  two  diodes  per  picture  element.  Two 
successive  rows  of  picture  elements  each  time 
have  one  row  electrode  in  common.  The  drive 
mode  is  such  that  in  television  applications  (for 
example,  with  a  drive  mode  in  accordance  with  the 
PAL  or  NTSC  system)  the  information  of  two  suc- 
cessive  even  and  odd  lines  is  presented  across 
each  picture  element  at  an  alternating  polarity  and 
at  the  field  frequency.  The  information  of  a  picture 
element  is  therefore  determined  by  the  average 
signal  of  two  successive  even  and  odd  lines.  Since 
each  time  two  rows  of  picture  electrodes  are  si- 
multaneously  written,  because  two  successive  rows 
each  time  have  one  row  electrode  in  common, 
such  a  device  provides  little  flexibility  as  regards 
the  choice  of  colour  filters  to  be  used.  In  fact,  this 
choice  is  limited  to  strip-shaped  colour  filters. 

The  non-prepublished  Patent  Application  NL-A- 
8701420  in  the  name  of  the  Applicant  describes  a 
picture  display  device  of  the  type  mentioned  in  the 
opening  paragraph  in  which  the  row  electrodes  are 
not  common  and  in  which  the  rows  of  picture 
elements  are  separately  driven  without  the  omis- 
sion  of  common  row  electrodes  leading  to  an  in- 
crease  of  the  number  of  connections. 

This  ensures  a  considerable  freedom  in  the 
choice  of  the  colour  filters  to  be  used. 

This  is  possible  by  giving  the  picture  elements 
a  given  adjustment  per  row  by  charging  or  dis- 
charging  the  capacitances  associated  with  these 
picture  elements  after  first  having  discharged  or 
charged  them  too  far  (either  or  not  accurately). 

To  this  end  such  a  picture  display  device  com- 
prises  means  to  apply,  prior  to  selection,  an  auxil- 
iary  voltage  across  the  picture  elements  beyond  or 
on  the  limit  of  the  voltage  range  to  be  used  for 

5  picture  display. 
In  the  embodiment  shown  in  the  said  Patent 

Application  diodes  are  used  as  non-linear  switching 
elements. 

The  present  invention  has  for  its  object  to 
io  provide  a  device  of  the  type  described  in  the 

opening  paragraph  having  a  high  yield  which  is 
also  realized  by  the  fact  that  a  satisfactorily  operat- 
ing  switching  unit  is  substantially  always  present. 

The  invention  is  based  on  the  recognition  that 
75  this  can  be  achieved  with  redundancy  increasing 

measures  known  per  se  without  affecting  the  op- 
eration  of  the  display  device,  notably  with  respect 
to  grey  scale  adjustment. 

To  this  end  a  device  according  to  the  invention 
20  is  characterized  in  that  the  picture  electrode  on  one 

of  the  supporting  plates  is  connected  in  an  elec- 
trically  conducting  manner  to  the  common  point  of 
two  non-linear  switching  units  which  are  arranged 
in  series  between  a  column  electrode  for  data 

25  signals  and  an  electrode  for  applying,  prior  to  se- 
lection,  an  auxiliary  voltage  across  the  picture  ele- 
ments  beyond  or  on  the  limit  of  the  voltage  range 
to  be  used  for  picture  display,  whilst  at  least  one 
non-linear  switching  unit  comprises  a  plurality  of 

30  non-linear  switching  elements. 
It  appears  that  the  risk  of  faulty  switching  units 

is  reduced  by  a  factor  of  100  to  1000  and  that  the 
yield  is  increased  by  the  same  factor  in  the  manu- 
facture  of  such  a  display  device. 

35  The  switching  units  may  comprise  series  ar- 
rangements  or  parallel  arrangements  of  non-linear 
switching  elements,  but  also  combinations  thereof. 

The  auxiliary  voltage  is,  for  example,  a  fixed 
reference  voltage  so  that  all  picture  elements  in  a 

40  row  are  first  charged  negatively  or  positively  to  a 
fixed  value  and  are  subsequently  charged  or  dis- 
charged  to  the  correct  signal  value,  dependent  on 
the  data  signals  presented. 

Since  this  is  effected  for  each  individual  row 
45  without  a  subsequent  row  or  a  previous  row  being 

influenced,  the  picture  information  can  be  adapted 
to  a  colour  filter  to  be  used,  which  colour  filter  may 
be  composed  of,  for  example,  triplets  as  described, 
for  example,  in  Netherlands  Patent  Application  NL- 

50  A-861063  in  the  name  of  the  Applicant,  or  it  may 
have,  for  example,  a  diagonal  structure. 

Discharging  and  charging  prior  to  the  actual 
driving  operation  with  the  picture  information  can 
be  effected  during  the  same  line  period  in  which 

55  the  picture  information  is  presented,  but  also  during 
the  preceding  line  period. 

Since  each  row  of  picture  elements  is  now 
separately  written,  the  voltage  across  these  picture 
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elements  can  also  be  inverted  per  row,  which  leads 
to  a  higher  face-flicker  frequency  and  hence  to  a 
steadier  picture. 

The  invention  will  now  be  described  in  greater 
detail,  by  way  of  example,  with  reference  to  the 
accompanying  drawings  in  which 

Fig.  1  is  a  diagrammatic  cross-section  of  a  dis- 
play  device,  taken  on  the  line  l-l  in  Fig.  2; 
Fig.  2  is  a  diagrammatic  plan  view  of  the  device 
of  Fig.  1; 
Fig.  3  shows  the  associated  transmission/voltage 
characteristic; 
Fig.  4  is  a  diagrammatic  representation  of  the 
device; 
Fig.  5  shows  some  drive  signals  associated  with 
the  device; 
Fig.  6  shows  a  modification  of  the  previous 
device; 
Fig.  7  shows  a  first  modification  of  the  device  of 
Fig.  4  using  redundancy  measures  according  to 
the  invention; 
Fig.  8  shows  a  second  modification  according  to 
the  invention,  and 
Fig.  9  shows  another  transmission/voltage  char- 
acteristic. 
The  Figures  are  diagrammatic  and  not  to  scale. 

Corresponding  components  are  usually  denoted  by 
the  same  reference  numerals. 

Figs.  1  and  2  show  in  a  diagrammatic  cross- 
section  and  in  a  plan  view  a  part  of  a  display 
device,  in  this  embodiment  a  liquid  crystal  display 
device  1  which  has  two  supporting  plates  2  and  3 
between  which,  for  example,  a  twisted  nematic  or  a 
ferro-electric  liquid  crystalline  material  4  is  present. 
The  inner  surfaces  of  the  supporting  plates  2  and  3 
have  electrically  and  chemically  insulating  layers  5. 
A  plurality  of  row  and  column-arranged  picture 
electrodes  6  of  indium  tin  oxide  or  another  elec- 
trically  conducting  transparent  material  is  provided 
on  the  supporting  plate  2.  Likewise,  transparent 
picture  electrodes  7  of,  for  example,  indium  tin 
oxide  which  are  integrated  to  strip-shaped  row 
electrodes  1  1  are  provided  on  the  supporting  plate 
3.  The  facing  picture  electrodes  6,  7  constitute  the 
picture  elements  of  the  display  device. 

Strip-shaped  (for  example,  metal)  column  elec- 
trodes  8  are  arranged  between  the  columns  of 
picture  electrodes  6.  Each  picture  electrode  6  is 
connected  to  a  column  electrode  8  by  means  of  a 
switching  unit,  in  this  embodiment  a  diode  9  dia- 
grammatically  shown  in  Fig.  2.  As  is  apparent  from 
Fig.  2,  the  associated  column  electrodes  8a,  8b  are 
arranged  between  two  picture  electrodes  6a,  6b. 
Liquid  crystal  orienting  layers  10  are  also  provided 
on  the  inner  surfaces  of  supporting  plates  2  and  3. 
As  is  known,  another  orientation  state  of  the  liquid 
crystal  molecules  and  hence  an  optically  different 
state  can  be  obtained  by  applying  a  voltage  across 

the  liquid  crystal  layer  4.  The  display  device  may 
be  realized  as  a  transmissive  or  a  reflective  device 
and  may  be  provided  with  one  or  two  polarizers. 

Auxiliary  electrodes  18  which  have  two  picture 
5  electrodes  6  in  common  in  this  embodiment  and 

which  are  arranged  on  the  side  of  the  picture 
electrodes  6  different  from  that  of  the  column  elec- 
trodes  8  are  also  present  between  the  columns  of 
picture  electrodes  6.  The  auxiliary  electrodes  18 

io  connect  the  picture  electrodes  6  to  a  reference 
voltage  via  other  switching  units,  in  this  embodi- 
ment  diodes  19  which  are  diagrammatically  shown 
in  Fig.  2.  This  reference  voltage  is  chosen  to  be 
such  that,  dependent  on  the  voltages  used  on  the 

is  selection  line  11  and  the  electro-optical  material 
used,  the  capacitance  associated  with  the  picture 
element  can  always  be  discharged  via  the  diode  19 
to  a  voltage  value  beyond  or  on  the  limit  of  the 
range  of  transition  in  the  transmission/voltage  char- 

20  acteristic  of  the  relevant  electro-optical  material. 
Fig.  3  shows  diagrammatically  a  transmis- 

sion/voltage  characteristic  of  a  display  cell  as  it 
occurs  in  the  display  device  of  Figs.  1  ,  2.  Below  a 
given  threshold  voltage  (Vi  or  Vth)  the  cell  substan- 

25  tially  passes  no  light,  whereas  above  a  given  satu- 
ration  voltage  (V2  or  Vsat)  the  cell  is  substantially 
entirely  transparent.  The  intermediate  range  con- 
stitutes  the  above-mentioned  range  of  transition 
and  is  indicated  in  Fig.  3  by  means  of  a  brace  17. 

30  In  this  aspect  it  is  to  be  noted  that  the  absolute 
value  of  the  voltage  is  plotted  on  the  abscissa, 
because  such  cells  are  usually  driven  at  an  al- 
ternating  voltage. 

Fig.  4  shows  diagrammatically  the  display  de- 
35  vice  of  Figs.  1,  2.  Picture  elements  12  constituted 

by  facing  picture  electrodes  6,  7  are  connected  via 
the  picture  electrodes  7  to  row  electrodes  11  at 
one  end,  which  together  with  the  column  electrodes 
8  are  arranged  in  the  form  of  a  matrix.  The  picture 

40  elements  12  are  connected  to  column  electrodes  8 
via  diodes  9.  They  are  also  connected  via  diodes 
19  to  an  auxiliary  electrode  18  which  is  each  time 
common  to  two  diodes  19,  19'. 

For  writing  information  a  first  selection  voltage 
45  Vs1  is  presented  on  a  selection  line  11  during  a 

selection  period  ts  whilst  the  information  or  data 
voltages  Vd  are  simultaneously  presented  on  the 
column  electrodes  8;  this  leads  to  a  positive  volt- 
age  across  a  picture  element  12  which  represents 

50  the  information  presented. 
To  prevent  degradation  of  the  liquid  crystal  and 

to  be  able  to  increase  the  so-called  face-flicker 
frequency,  information  having  an  alternating  sign  is 
preferably  presented  across  the  picture  element 

55  12.  In  a  device  according  to  the  invention  a  nega- 
tive  voltage  across  the  picture  element  12,  which 
represents  the  information  presented,  is  achieved 
by  presenting  a  second  selection  voltage  Vs2  while 

3 
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simultaneously  presenting  inverted  data  voltages  (- 
Vd)  after  having  discharged  the  capacitance  asso- 
ciated  with  the  picture  element  12  too  far  (or  hav- 
ing  negatively  charged  it  too  far). 

Fig.  5  shows  how  the  drive  signals  are  chosen 
for  a  plurality  of  rows  of  picture  elements  12  in 
order  to  write  them  with  picture  information  which 
changes  sign  during  each  field  (for  example,  in  TV 
applications). 

From  the  instant  to  (see  Fig.  5a)  a  selection 
voltage  Vs1  is  presented  on  a  row  electrode  11 
during  a  selection  period  ts  (which  in  this  example 
is  chosen  to  be  equal  to  a  line  period  for  TV 
applications,  namely  64u.sec)  whilst  information  vol- 
tages  or  data  voltages  Vd  are  simultaneously  pre- 
sented  on  the  column  electrodes  8.  After  the  in- 
stant  ti  the  row  of  picture  elements  12  is  no  longer 
selected  because  the  row  electrode  11  receives  a 
voltage  Vns1.  This  voltage  is  maintained  until  just 
before  the  next  selection  of  the  row  of  picture 
elements  12.  In  this  example  this  is  effected  by 
giving  the  selection  line  11  a  reset  voltage  just 
before  selecting  the  first  row  of  picture  elements  12 
again,  namely  at  an  instant  t3  =  tf  -  ts  in  which  tf 
represents  a  field  period.  The  reset  voltage  and  a 
reference  voltage  presented  on  the  common  point 
of  the  diodes  9,  19'  can  then  be  chosen  to  be  such 
that  the  picture  elements  12  are  charged  negatively 
to  such  an  extend  that  the  voltage  across  the  row 
of  picture  elements  lies  beyond  the  range  to  be 
used  for  picture  display  (to  a  value  of   ̂ -  Vsat).  In  a 
subsequent  selection  period  (from  t+)  they  are  then 
charged  to  the  desired  value  determined  by  data 
voltages  -Vd.  To  this  end  the  row  electrodes  re- 
ceive  the  voltage  Vs2  and  after  the  selection  period 
(after  k)  has  elapsed,  they  receive  a  non-selection 
voltage  Vns2.  In  this  way  the  voltage  across  the 
picture  elements  is  inverted  during  each  field  pe- 
riod. 

Fig.  5b  shows  the  same  voltage  variation  as 
Fig.  5a,  but  is  then  shifted  over  a  field  period  plus 
a  selection  period  (in  this  case  a  line  period).  This 
provides  the  possibility  of  writing  two  successive 
rows  of  picture  elements  with  inverse  data  voltages 
with  respect  to  each  other.  Fig.  5c  is  identical  to 
Fig.  5a,  but  is  shifted  over  two  selection  periods. 

For  (television)  pictures  with  half  the  vertical 
resolution  in  which  the  lines  of  the  even  and  the 
odd  field  are  written  over  each  other,  it  is  achieved 
that  the  picture  information  changes  its  sign  and  is 
refreshed  once  per  field  period.  Although  the  line- 
flicker  frequency  is  25  Hz  (30  Hz)  in  this  case,  a 
face-flicker  frequency  of  50  Hz  (60  Hz)  is  achieved 
between  successive  rows  due  to  the  phase  dif- 
ference  of  180°  introduced  by  changing  the  sign 
per  row. 

The  selection  voltages  Vs1  and  Vs2  may  of 
course  also  be  chosen  to  be  shorter  than  one  line 

period  (64u.sec).  In  this  case  the  reset  voltage  may 
alternatively  be  presented  during  a  part  of  the  line 
period  in  which  selection  takes  place,  provided 
there  is  sufficient  time  left  to  charge  the  picture 

5  elements  12.  The  voltage  variation  on  the  elec- 
trodes  11  is  then  effected,  for  example,  in  the  way 
as  shown  diagrammatically  in  Fig.  5a  by  means  of 
the  broken  line  14. 

The  device  shown  is  very  suitable  for  using  a 
io  drive  method  in  which 

v  =  Vsat+Vth 
c  2 

is  for  the  average  voltage  across  a  picture  element 
(see  Fig.  3)  so  that  the  absolute  value  of  the 
voltage  for  the  purpose  of  picture  display  across 
the  picture  elements  12  is  substantially  limited  to 
the  range  between  Vth  and  Vsat. 

20  A  satisfactory  operation  as  regards  grey  scales 
is  obtained  if,  dependent  on  the  data  voltages  Vd 
on  the  column  electrodes  8,  the  voltage  values 
across  the  picture  elements  12  are  at  most 
Vc  +  Vdmax  =  Vsat  and  at  least  Vc-Vdmax  =  Vth. 

25  Elimination  of  Vc  yields:  |Vd|max=  1/2(Vsat-Vth),  that 
is  to  say, 

-1/2(Vsat-Vth)̂ V dm  ax— 1/2(Vsat-Vth). 

30  In  order  to  charge  a  row  of  picture  elements 
12,  for  example,  positively,  the  associated  row 
electrode  1  1  is  given  a  selection  voltage  Vs1  =  -Von- 
1  /2(Vsat  +  Vth)  in  which  Von  is  the  forward  voltage  of 
the  diode  9.  The  voltage  across  the  picture  element 

35  12  is  therefore  Vd-Von-Vsi;  it  ranges  between  -1/2- 
(Vsat-Vth)  +  1/2(Vsat  +  Vth)  =  Vth  and 
1/2(Vsat-Vth)  +  1/2(Vsat  +  Vth)  =  Vsat,  dependent  on  Vd. 

In  order  to  negatively  charge  the  same  row  of 
picture  elements  12  (in  a  subsequent  field  or  frame 

40  period)  at  a  subsequent  selection  with  inverted  data 
voltages,  these  are  first  charged  negatively  too  far 
by  means  of  a  reset  voltage  Vreset  on  the  row 
electrode  11  via  diodes  19  connected  to  the  refer- 
ence  voltage.  Subsequently  the  selected  row  elec- 

45  trade  receives  a  selection  voltage  Vs2  =  Von  +  1/2- 
(Vsat  +  Vth)  (in  the  same  line  period  or  in  a  subse- 
quent  line  period).  The  picture  elements  12  which 
are  negatively  charged  too  far  are  now  charged  via 
the  diodes  9  to  Vd-Von-Vs2,  that  is  to  say,  to  values 

50  between 
-1/2(Vsat-Vth)-1/2(Vsat-Vth)  =  -Vsat  and 
1/2(Vsat-Vth)-1/2(Vsat-Vth)  =  -Vth,  so  that  information 
with  the  opposite  sign  is  presented  across  the 
picture  elements  12. 

55  In  the  case  of  non-selection  the  requirement 
must  be  satisfied  that  neither  diodes  9  nor  diodes 
19  can  conduct,  in  other  words,  for  the  voltage  VA 
at  the  junction  point  13  it  must  hold  that  Vâ Vd  and 

4 
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VÂ Vref  or  VAmin̂ VDmax(1)  and  VAmax̂ Vref(2). 
For  the  lowest  non-selection  voltage  Vns1  it  then 
holds  that 

(1  )  VAmin  =  Vns1  +  Vtĥ VDmax  =  1  /2(Vsat-Vth), 

or 

Vns1̂ 1/2(Vsat-Vth)-Vth  (3). 

It  follows  from  (2)  that: 

Vnsi  +Vsat̂ Vref  or 
V„s^VrerVsat  (4). 

Combination  of  (3)  and  (4)  yields: 

VrerVsa^Vns1^1/2(Vsat-Vth)-Vth 
Vre£3/2(Vsat-Vth)  (5). 

For  the  highest  non-selection  voltage  Vns2  it  simi- 
larly  holds  that: 

VAmi„  =  Vns2-Vsat̂ 1/2(Vsat-Vth)  or 
V„s2^1/2(Vsat-Vth)  +  Vsat  (3')  and 
V„s2-Vtĥ Vref  or  Vns2̂ Vref  +  Vth  (4'). 

Combination  of  (3')  and  (4')  yields: 

Vref  +  Vtĥ Vns2̂ 1  /2(Vsat-Vth)  +  Vsat  or 
Vre£3/2(Vsat-Vth)  (5). 

The  reference  voltage  3/2(Vsat-Vth)  thus  suffices  to 
block  the  diodes  19,  19'  after  writing  both  data  and 
inverted  data  by  means  of  the  method  described 
above.  In  summary  it  holds  for  the  voltages  Vns1, 
Vs1  ,  Vref  and  Vreset  that: 

Vs1=-Von-1/2(Vsat  +  Vth); 
Vs2  =  -Von  +  1/2(Vsat  +  Vth); 
V„si=1/2(Vsat-Vth)-Vth; 
V„s2  =  1/2(Vsat-Vth)  +  Vsat; 
Vref  =  3/2(Vsat-Vth); 
Vres  =  V0„  +  5/2Vsat-3/2Vth. 

When  reversing  the  sign  of  the  diodes  9,  19  as 
is  diagrammatically  shown  in  Fig.  4a,  the  same 
type  of  drive  mode  may  be  used.  Similar  relations, 
be  it  with  reversed  sign,  then  apply  to  the  drive 
signals. 

Fig.  6  shows  diagrammatically  a  modification  of 
the  device  of  Fig.  4.  Since  per  column  of  picture 
elements  both  a  column  electrode  8  and  an  auxil- 
iary  electrode  18  is  present,  such  a  realization  is  at 
the  expense  of  surface  area  which  may  otherwise 
be  utilized  for  picture  electrodes.  Otherwise  the 
reference  numerals  have  the  same  significance  as 
in  the  previous  embodiment.  The  drive  mode  is 

also  identical. 
As  has  been  stated,  the  advantage  of  such  a 

device  is,  inter  alia,  that  each  row  of  picture  ele- 
ments  can  be  separately  driven  without  extra  con- 

5  nection  lines  being  required  and  with  a  free  choice 
as  regards  the  colour  filters  to  be  used. 

In  the  embodiments  described  above  the  de- 
vices  comprise  two  switching  units,  in  this  case  the 
diodes  9,  19,  for  each  picture  element  12.  To 

io  reduce  the  risk  of  poorly  functioning  picture  ele- 
ments  due  to  non-functioning  or  poorly  functioning 
switching  elements,  redundancy  is  used;  for  exam- 
ple,  two  diodes  may  be  arranged  in  parallel  to 
neutralize  the  consequences  of  open  connections 

is  and  two  diodes  may  be  arranged  in  series  to 
neutralize  the  consequences  of  a  short-circuited 
diode. 

Fig.  7  shows  in  which  way  for  a  single  picture 
element  12  a  switching  unit  21  connects  the  picture 

20  element  12  to  the  auxiliary  electrode  18  for  the 
reference  voltage.  The  switching  unit  comprises 
two  series-arranged  diodes  19a,  19b.  The  refer- 
ence  voltage  is  adapted  in  such  a  way  that  despite 
the  additional  voltage  drop  across  the  second  di- 

25  ode  the  picture  elements  can  be  negatively 
charged  so  far  that  the  voltage  across  the  picture 
elements  lies  again  beyond  the  range  to  be  used 
for  picture  display  (up  to  a  value  of  -̂Vsat)  and  is 
subsequently  charged  to  the  desired  value  in  the 

30  same  way  as  described  with  reference  to  Figs.  4 
and  5.  If  one  of  the  diodes  19a,  19b  is  short- 
circuited,  the  relevant  picture  element  12  is  nega- 
tively  charged  to  a  slightly  further  extent,  but  is  still 
charged  to  the  desired  value  in  the  subsequent 

35  selection  period.  Hence,  such  a  short  circuit  does 
not  affect  the  operation  of  the  display  device. 

Another  error  which  may  occur  is  an  open 
connection.  This  can  be  neutralized  by  arranging 
one  or  more  switching  elements  in  parallel  with  the 

40  diode  circuit. 
This  is  diagrammatically  indicated  by  means  of 

the  diodes  22a,  22b  in  the  relevant  embodiment. 
In  Fig.  8  switching  units  9a,  9b,  in  this  embodi- 

ment  diodes,  are  arranged  in  the  switching  unit  23 
45  so  as  to  neutralize  the  consequences  of  a  short- 

circuited  diode.  In  order  to  cope  with  the  effect  of 
an  additional  diode  in  the  switching  unit,  the  above- 
derived  selection  voltages  (for  the  configuration  of 
Fig.  4)  must  be  corrected  by  an  amount  of  -Von, 

50  both  when  charging  the  display  element  negatively 
and  when  charging  it  positively. 

If  one  of  the  diodes  9a,  9b  is  short-circuited, 
the  picture  element  12  is  charged  too  far  by  an 
amount  of  Von  during  positive  charging,  but  is 

55  charged  too  little  in  an  absolute  sense  by  the  same 
amount  Von  during  negative  charging.  This  is 
shown  diagrammatically  in  Fig.  9.  In  this  Figure  the 
reference  Pi  is  the  desired  setting  value  of  the  grey 

5 
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scale  associated  with  a  voltage  V|;  the  references 
Pp  and  Pn  denote  the  values  achieved  in  practice 
during  positive  and  negative  writing,  respectively, 
when  one  of  the  diodes  9a,  9b  is  short-circuited. 
Thus  the  picture  element  12  flickers.  However,  it 
has  been  found  that  flicker  of  a  single  picture 
element  is  invisible  or  is  hardly  visible.  Moreover,  if 
two  frames  are  averaged,  the  effective  value  of  the 
voltage  across  the  picture  element  is  substantially 
equal  to  the  desired  value. 

The  grey  scale  to  be  set  is  approached  all  the 
better  as  the  voltage  drop  in  the  forward  direction 
across  the  diodes  is  smaller  by  an  amount  of  Von. 
Consequently,  Schottky  diodes  (Von=0.3V)  are  pref- 
erably  used  for  this  purpose,  but  pin  diodes 
(Von=0.8V)  are  alternatively  suitable. 

To  neutralize  the  consequences  of  open  con- 
nections,  diodes  24a,  24b  may  be  arranged  in 
parallel  in  the  same  way  as  for  switching  unit  21. 
However,  the  forward  characteristic  of  the  switching 
unit  23  changes  if  one  of  the  branches  fails.  This 
change  is  of  the  order  of  18  mV  for  Schottky 
diodes.  For  a  typical  liquid  crystal  material  (ZLI 
84.460)  Vth  =  1.5  Volt  and  Vsat  =  3.6  Volt.  The 
change  in  this  case  is  only  1/83  of  the  full  range 
(VSat-Vth  =  2.1V)  and  is  thus  substantially  neglible. 

If  the  open  connections  prevail,  for  example, 
because  contact  holes  are  so  small  that  they  can- 
not  be  etched  open  during  manufacture,  it  is  also 
possible  to  manufacture  larger  diodes  having  larger 
contact  holes. 

The  above-described  measures  of  providing  re- 
dundancy  in  the  switching  units  may  lead  to  a 
considerably  higher  yield  (an  improvement  by  a 
factor  of  100  to  1000). 

The  invention  is  of  course  not  limited  to  the 
embodiments  shown,  but  several  variations  are 
possible  within  the  scope  of  the  invention. 

There  are  various  possibilities  for  the  diodes.  In 
addition  to  the  diodes  which  are  conventionally 
used  in  the  technology  for  display  devices,  for 
example,  a  pn  diode,  Schottky  diode  or  pin  diode 
formed  in  monocrystalline,  polycrystalline  or  amor- 
phous  silicon,  CdSe  or  another  semiconductor  ma- 
terial  may  be  considered,  whilst  the  diodes  may  be 
formed  both  vertically  and  laterally. 

Moreover,  the  availability  of  a  reset  voltage 
renders  the  above-described  device  particularly 
suitable  for  use  in  a  ferro-electric  display  medium 
as  described  in  the  non-prepublished  Netherlands 
Patent  Application  NL-A-8700627  in  the  name  of 
the  Applicant. 

Claims 

1.  A  display  device  comprising  an  electro-optical 
display  medium  between  a  first  (3)  and  a  sec- 
ond  (2)  supporting  plate,  a  system  of  picture 

elements  (12)  arranged  in  rows  and  columns, 
picture  elements  being  defined  by  picture 
electrodes  (6,7)  on  the  facing  surfaces  of  the 
supporting  plates  (2,3),  a  system  of  row  elec- 

5  trades  (11)  for  presenting  selection  voltages 
being  provided  on  the  first  supporting  plate  (3) 
and  a  number  of  column  electrodes  (8a,8b)  for 
presenting  data  voltages  being  provided  on  the 
second  supporting  plate  (2),  the  selection  and 

io  data  voltages  for  each  picture  element  (12)  via 
a  first  non-linear  two-pole  switching  element 
(9),  connected  between  said  column  electrode 
(8a,8b)  and  the  picture  electrode  (6)  on  the 
second  supporting  plate  (2),  determining  a 

is  voltage  across  said  picture  element  within  the 
display  medium's  voltage  range  intended  for 
picture  display,  each  picture  element  of  the 
display  device  being  associated  with  a  second 
non-linear  two-pole  switching  element  (19,19') 

20  connected  between  said  picture  electrode  (6) 
on  the  second  supporting  plate  (2)  and  an 
electrode  (1  8)  for  a  reference  voltage  to  charge 
the  picture  element  to  an  auxiliary  voltage  be- 
yond  or  on  one  of  the  limits  of  the  voltage 

25  range  intended  for  picture  display  prior  to  se- 
lection  of  said  picture  element,  characterized  in 
that  one  or  more  redundant  non-linear  two-pole 
switching  elements  are  employed  in  a  series, 
parallel  or  series-parallel  combination  with  at 

30  least  one  of  said  respective  first  and  second 
non-linear  two-pole  switching  elements  being 
connected  such  that  the  reliability  of  the  dis- 
play  device  is  increased. 

35  2.  A  display  device  as  claimed  in  Claim  1,  char- 
acterized  in  that  a  non-linear  two-pole  switch- 
ing  element  is  arranged  in  series  with  at  least 
one  of  said  first  and  second  non-linear  two- 
pole  switching  elements. 

40 
3.  A  display  device  as  claimed  in  Claim  1,  char- 

acterized  in  that  a  non-linear  two-pole  switch- 
ing  element  is  arranged  in  parallel  with  at  least 
one  of  said  first  and  second  non-linear  two- 

45  pole  switching  elements. 

4.  A  display  device  as  claimed  in  Claim  1,  char- 
acterized  in  that  the  auxiliary  voltage  is  beyond 
or  on  the  limit  of  the  range  of  transition  in  the 

50  transmission/voltage  characteristic  of  the  elec- 
tro-optical  medium. 

5.  A  display  device  as  claimed  in  any  one  of 
Claims  1  to  4,  characterized  in  that  the  non- 

55  linear  two-pole  switching  elements  are  pn  di- 
odes,  pin  diodes  or  Schottky  diodes. 

6 
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6.  A  display  device  as  claimed  in  any  one  of  the 
preceding  Claims,  characterized  in  that  in  a 
row  of  picture  electrodes  each  time  two  jux- 
taposed  picture  electrodes  are  connected  via  a 
non-linear  two-pole  switching  element  to  a 
common  electrode  for  the  auxiliary  voltage, 
which  electrode  is  located  between  the  picture 
electrodes. 

7.  A  display  device  as  claimed  in  any  one  of  the 
preceding  Claims,  characterized  in  that  the 
electro-optical  medium  comprises  a  liquid  cry- 
stalline  material. 

8.  A  display  device  as  claimed  in  Claim  7,  char- 
acterized  in  that  the  electro-optical  medium 
comprises  a  ferro-electric  liquid  crystalline  ma- 
terial. 

Patentanspruche 

1.  Anzeigegerat  mit  einem  elektrooptischen  An- 
zeigemittel  zwischen  einer  ersten  (3)  und  einer 
zweiten  (2)  Tragerplatte,  einem  System  von 
Bildelementen  (12)  in  Zeilen  und  Spalten,  wo- 
bei  Bildelemente  durch  Bildelektroden  (6,  7) 
auf  den  einander  zugewandten  Oberflachen 
der  Tragerplatten  (2,  3)  definiert  werden,  ei- 
nem  System  von  Zeilenelektroden  (11)  zum 
Abgeben  von  Wahlspannungen  an  die  erste 
Tragerplatte  (3)  und  einer  Anzahl  von  Spalten- 
elektroden  (8a,  8b)  zum  Abgeben  von  Daten- 
spannungen  an  die  zweite  Tragerplatte  (2),  wo- 
bei  die  Wahl-  und  Datenspannungen  fur  jedes 
Bildelement  (12)  uber  ein  erstes  nicht-lineares 
Zweipol-Schaltelement  (9),  das  zwischen  den 
Spaltenelektroden  (8a,  8b)  und  der  Bildelektro- 
de  (6)  auf  der  zweiten  Tragerplatte  (2)  ange- 
schlossen  ist,  eine  Spannung  am  Bildelement 
innerhalb  des  Anzeigemittel-Spannungsbe- 
reichs  fur  Bildwiedergabe  bestimmen,  jedes 
Bildelement  des  Anzeigegerats  einem  zweiten 
nicht-linearen  Zweipol-Schaltelement  (19,  19') 
in  Verbindung  mit  der  Bildelektrode  (6)  auf  der 
zweiten  Tragerplatte  (2)  und  einer  Elektrode 
(18)  fur  eine  Bezugsspanung  zum  Aufladen 
des  Bildelements  auf  eine  Hilfsspanung  vorbei 
oder  auf  der  Begrenzung  des  Spannungsbe- 
reichs  fur  Bildwiedergabe  vor  der  Wahl  des 
Bildelements  zugeordnet  ist,  dadurch  gekenn- 
zeichnet,  dal3  eines  oder  mehrere  uberzahlige 
nicht-lineare  Zweipol-Schaltelemente  in  einer 
Serien-Parallel  oder  Serien/Parallelverknupfung 
mit  wenigstens  einem  der  jeweiligen  ersten 
und  zweiten  nicht-linearen  Zweipol-Schaltele- 
mente  (4)  derart  verwendet  werden,  dal3  die 
Zuverlassigkeit  des  Anzeigerats  erhoht  wird. 

2.  Anzeigegerat  nach  Anspruch  1,  dadurch  ge- 
kennzeichnet,  dal3  ein  nichtlineares  Zweipol- 
Schaltelement  mit  wenigstens  einem  der  er- 
sten  und  zweiten  nichtlinearen  Zweipol-Schalt- 

5  elemente  in  Reihe  geschaltet  ist. 

3.  Anzeigegerat  nach  Anspruch  1,  dadurch  ge- 
kennzeichnet,  dal3  ein  nichtlineares  Zweipol- 
Schaltelement  zu  wenigstens  einem  der  ersten 

io  und  zweiten  nichtlinearen  Zweipol-Schaltele- 
mente  parallelgeschaltet  ist. 

4.  Anzeigegerat  nach  Anspruch  1,  dadurch  ge- 
kennzeichnet,  dal3  die  Hilfsspannung  vorbei 

is  oder  auf  der  Begrenzung  der  Ubergagsbe- 
reichs  in  der  Ubertragungs/Spannungskennlinie 
des  elektrooptischen  Mediums  liegt. 

5.  Anzeigegerat  nach  einem  der  Anspruche  1  bis 
20  4,  dadurch  gekennzeichnet,  dal3  die  nicht-linea- 

ren  Zweipol-Schaltelemente  pn-Dioden,  PIN- 
Dioden  oder  Schottky-Dioden  sind. 

6.  Anzeigegerat  nach  einem  oder  mehreren  der 
25  vorangehenden  Anspruche,  dadurch  gekenn- 

zeichnet,  dal3  in  einer  Zeile  von  Bildelektroden 
jeweils  zwei  angrenzende  Bildelektroden  uber 
ein  nicht-lineares  Zweipol-Schaltelement  mit 
einer  gemeinsamen  Elektrode  fur  die  Hilfsspa- 

30  nung  verbunden  sind,  wobei  die  Elektrode  sich 
zwischen  den  Bildelektroden  befindet. 

7.  Anzeigegerat  nach  einem  oder  mehreren  der 
vorangehenden  Anspruche,  dadurch  gekenn- 

35  zeichnet,  dal3  das  elektrooptische  Medium  ein 
flussigkristallines  Material  enthalt. 

8.  Anzeigegerat  nach  Anspruch  7,  dadurch  ge- 
kennzeichnet,  dal3  das  elektrooptische  Medium 

40  ein  ferroelektrisches  flussigkristallines  Material 
enthalt. 

Revendicatlons 

45  1.  Dispositif  d'affichage  comprenant  un  milieu 
d'affichage  electro-optique  entre  une  premiere 
plaque  de  support  (3)  et  une  seconde  plaque 
de  support  (2),  un  systeme  d'elements  d'ima- 
ge  (12)  disposes  en  rangees  et  colonnes,  les 

50  elements  d'image  etant  definis  par  des  electro- 
des  d'image  (6,  7)  disposees  sur  les  surfaces 
des  plaques  de  support  (2,  3)  qui  se  font  face, 
un  systeme  d'electrodes  de  rangees  (11)  pour 
presenter  des  tensions  de  selection  etant  pre- 

ss  vu  sur  la  premiere  plaque  de  support  (3)  et  un 
certain  nombre  d'electrodes  de  colonnes  (8a, 
8b)  pour  presenter  des  tensions  de  donnees 
etant  prevu  sur  la  seconde  plaque  de  support 

7 
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(2),  les  tensions  de  selection  et  de  donnees 
pour  chaque  element  d'image  (12)  via  un  pre- 
mier  element  de  commutation  bipolaire  non 
lineaire  (9)  connecte  entre  I'electrode  de  colon- 
ne  (8a,  8b)  et  I'electrode  d'image  (6)  sur  la  5 
seconde  plaque  de  support  (2),  determinant 
une  tension  sur  I'element  d'image  dans  la 
gamme  de  tensions  du  milieu  d'affichage  des- 
tinee  a  I'affichage  d'une  image,  chaque  ele- 
ment  d'image  du  dispositif  d'affichage  etant  10 
associe  a  un  second  element  de  commutation 
bipolaire  non  lineaire  (19,  19')  connecte  entre 
I'electrode  d'image  (6)  sur  la  seconde  plaque 
de  support  (2)  et  une  electrode  (18)  pour  une 
tension  de  reference  afin  de  charger  I'element  is 
d'image  jusqu'a  une  tension  auxiliaire  situee 
au-dela  ou  sur  une  des  limites  de  la  gamme 
de  tensions  destinee  a  I'affichage  de  I'image 
avant  la  selection  de  I'element  d'image,  carac- 
terise  en  ce  qu'un  ou  plusieurs  elements  de  20 
commutation  bipolaires  non  lineaires  redon- 
dants  sont  utilises  en  serie,  en  parallele  ou  en 
serie-parallele,  au  moins  un  des  premier  et 
second  elements  de  commutation  bipolaires 
non  lineaires  etant  connecte  de  telle  fagon  que  25 
la  fiabilite  du  dispositif  d'affichage  soit  accrue. 

mutation  bipolaire  non  lineaire  a  une  electrode 
commune  pour  la  tension  auxiliaire,  cette  elec- 
trode  etant  situee  entre  les  electrodes  d'image. 

7.  Dispositif  d'affichage  suivant  I'une  quelconque 
des  revendications  precedentes,  caracterise  en 
ce  que  le  milieu  electro-optique  comprend  une 
matiere  cristalline  liquide. 

8.  Dispositif  d'affichage  suivant  la  revendication 
7,  caracterise  en  ce  que  le  milieu  electro- 
optique  comprend  une  matiere  cristalline  liqui- 
de  ferroelectrique. 

2.  Dispositif  d'affichage  suivant  la  revendication 
1,  caracterise  en  ce  qu'un  element  de  commu- 
tation  bipolaire  non  lineaire  est  dispose  en  30 
serie  avec  au  moins  un  des  premier  et  second 
elements  de  commutation  bipolaires  non  lineai- 
res. 

3.  Dispositif  d'affichage  suivant  la  revendication  35 
1,  caracterise  en  ce  qu'un  element  de  commu- 
tation  bipolaire  non  lineaire  est  dispose  en 
parallele  avec  au  moins  un  des  premier  et 
second  elements  de  commutation  bipolaires 
non  lineaires.  40 

4.  Dispositif  d'affichage  suivant  la  revendication 
1,  caracterise  en  ce  que  la  tension  auxiliaire 
est  situee  au-dela  ou  a  la  limite  de  la  gamme 
de  transition  dans  la  caracteristique  de  tran-  45 
smission/tension  du  milieu  electro-optique. 

5.  Dispositif  d'affichage  suivant  I'une  quelconque 
des  revendications  1  a  4,  caracterise  en  ce 
que  les  elements  de  commutation  bipolaires  so 
non  lineaires  sont  des  diodes  pn,  des  diodes 
PIN  ou  des  diodes  Schottky. 

6.  Dispositif  d'affichage  suivant  I'une  quelconque 
des  revendications  precedentes,  caracterise  en  55 
ce  que  dans  une  rangee  d'electrodes  d'image, 
chaque  fois  deux  electrodes  d'image  juxtapo- 
sees  sont  connectees  via  un  element  de  com- 
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