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Description 

This  invention  relates  to  an  active  matrix  display 
device  of  the  kind  canprising  an  array  of  display  ele- 
ments  each  of  which  is  associated  with  at  least  one 
two-terminal  non-linear  device  connected  between 
an  electrode  of  the  display  element  and  an  address 
conductor.  The  invention  is  concerned  also  with 
methods  of  fabricating  display  devices  of  this  kind. 

Active  matrix  addressed  liquid  crystal  display  de- 
vices  using  two  terminal  non-linear  devices  as  switch- 
ing  elements  for  the  display  elements  are  now  well 
known.  The  non-linear  devices  may  be,  for  example, 
in  the  form  of  diode  rings,  back  to  back  diodes  or  MIM 
(Metal-lnsulator-Metal)  devices.  In  a  typical  construc- 
tion  of  LC  display  device,  two  insulative  and  transpar- 
ent,  for  example  glass,  substrates  are  provided 
spaced  apart  and  carry  respective  sets  of  electrodes 
which,  together  with  LC  material  between  the  sub- 
strates,  define  individual  display  elements  in  an  X-Y 
array.  The  non-linear  devices  are  provided  on  one  of 
the  substrates  adjacent  the  electrode  of  their  associ- 
ated  display  element.  Also  provided  on  that  substrate 
is  a  set  of  row  address  conductors  to  which  drive  vol- 
tages  are  applied  in  operation  of  the  device.  Non-lin- 
ear  devices  associated  with  a  row  of  display  elements 
are  connected  electrically  between  the  display  ele- 
ment  electrodes  and  a  respective  row  conductor  on 
the  substrate.  A  display  device  of  this  kind,  and  its 
method  of  construction  by  depositing  and  patterning 
thin  film  layers  on  a  substrate,  is  described  in  EP-A- 
0184341. 

In  fabricating  such  display  devices,  the  display 
element  electrodes,  address  conductors  and  non-lin- 
ear  devices  are  usually  formed  in  a  two  dimensional 
array  on  the  surface  of  one  substrate  by  depositing  a 
series  of  thin  film  layers  on  the  substrate  and  defining 
these  layers  into  required  patterns  using  photolitho- 
graphic  process  operations. 

Although  this  technique  is  now  generally  accept- 
ed  it  suffers  from  certain  drawbacks.  The  photolitho- 
graphic  processes  necessary  mean  that  the  display 
devices  are  expensive  to  produce.  There  is  a  demand 
for  display  devices  having  increasingly  larger  area 
displays.  Because  of  the  extensive  use  of  lithography 
entailed  in  this  approach,  the  capital  cost  required  is 
very  high.  Moreover,  great  care  is  necessary  to  en- 
sure  that  the  so-formed  non-linear  devices  in  partic- 
ular  are,  as  far  as  possible,  free  from  defects  and 
faults  and  that  their  interconnections  with  address 
conductors  and  display  element  electrodes  are  suffi- 
ciently  reliable.  Adefective  non-linear  device  produc- 
ing  for  example  a  short  circuit  can  lead  to  a  fault  in  the 
operation  of  one  or  more  display  elements  thus  ren- 
dering  the  device  unusable.  High  yields  are  therefore 
difficult  to  obtain,  this  being  the  case  particularly  with 
comparatively  large  area  displays.  Attempts  have 
been  made  to  minimise  these  kinds  of  problems  by  in- 

corporating  extra  components  to  provide  some  fault 
tolerance  or  redundancy.  However,  this  adds  signifi- 
cantly  to  the  cost  of  fabrication. 

It  is  an  object  of  the  present  invention  to  provide 
5  active  matrix  display  devices  which  can  be  produced 

conveniently  with  large  display  areas  and  at  relatively 
low  cost. 

It  is  another  object  of  the  present  invention  to  pro- 
vide  a  method  of  fabricating  active  matrix  display  de- 

10  vices  using  two-terminal  non-linear  devices  which  of- 
fers  simplicity  and  reliability. 

According  to  one  aspect  of  the  present  invention 
a  method  of  fabricating  an  active  matrix  display  de- 
vice  having  an  array  of  display  elements  consisting  of 

15  first  and  second  spaced  electrodes  with  electro-opt- 
ical  material  therebetween,  the  first  electrodes  each 
being  connected  electrically  to  an  associated  address 
conductor  through  at  least  one  two-terminal  non-lin- 
ear  device,  the  method  including  the  step  of  forming 

20  the  first  electrodes  in  a  two-dimensional  array,  is 
characterised  by  the  steps  of  forming  the  address 
conductors  separate  from  the  array  of  first  electrodes 
and  providing  the  non-linear  devices  as  prefabricated 
discrete  devices,  and  by  arranging  the  non-linear  de- 

25  vices,  address  conductors  and  first  electrodes  with 
the  non-linear  devices  between  the  array  of  first  elec- 
trodes  and  the  address  conductors  whereby  each 
non-linear  device  is  coupled  electrically  between  a  re- 
spective  first  electrode  and  an  associated  address 

30  conductor.  In  a  structure  formed  using  this  method 
and  in  which  the  non-linear  devices  are  of  uniform 
thickness  the  first  electrodes  and  the  address  con- 
ductors  are  in  respective  planes  spaced  from  one  an- 
other,  and  the  non-linear  devices,  connected  electri- 

35  cally  between  the  first  electrodes  and  the  address 
conductors,  extend  between  these  planes.  The  non- 
linear  devices  may  then  in  effect  serve  also  as 
spacers  maintaining  the  address  conductors  and  first 
electrodes  at  a  fixed  distance  apart,  as  determined  by 

40  the  thickness  of  the  non-linear  devices.  Electrically- 
inert  spacing  elements  of  equivalent  thickness  to  the 
non-linear  devices  may  be  interspersed  with  the  non- 
linear  devices  if  required  to  provide  a  greater  density 
of  spacers. 

45  The  electrical  circuit  thus  obtained,  with  the  non- 
linear  devices  connected  between  address  conduc- 
tors  and  display  element  electrodes,  is  equivalent  to 
that  of  a  conventional  display  device  using  two-termi- 
nal  non-linear  devices.  However,  an  important  dis- 

50  tinction  is  that  the  display  element  electrodes,  ad- 
dress  conductors  and  non-linear  devices  are  not 
formed  on  a  common  support.  The  address  conduc- 
tors  and  first  electrodes  are  formed  as  arrays  sepa- 
rately  from  one  another  and  moreover  separate  from 

55  the  non-linear  devices.  The  method  enables  large 
area  display  devices  to  be  fabricated  readily  with  the 
need  for  extensive  lithography  being  avoided.  Com- 
pared  with  conventional  forms  of  display  devices,  the 
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arrays  are  simpler  to  produce,  and  thus  greater  reli- 
ability  can  be  expected.  For  example,  the  width  of  the 
address  conductors  can  be  considerably  greater,  cor- 
responding  for  example  to  the  dimension  of  the  dis- 
play  elements  in  the  same  direction,  so  that  the  pos- 
sibility  of  discontinuities  is  removed.  Likewise,  im- 
provements  in  the  reliability  of  the  non-linear  devices 
are  possible  by  virtue  of  the  fact  that  the  devices  are 
fabricated  independently  of  the  conductor  and  elec- 
trode  arrays.  Because  the  non-linear  devices  are  fab- 
ricated  separately  from  the  other  components,  their 
fabrication  process  can  be  select  and  preferential  and 
is  not  limited  for  example  by  the  need  for  compatibility 
with  the  processes  used  to  form  the  electrodes  and 
address  conductors.  The  ability  to  fabricate  large 
area  display  devices  is  particularly  advantageous.  By 
using  separately  formed  arrays  and  prefabricated 
non-linear  devices  the  formality  of  conventional  fab- 
rication  processes  for  the  address  conductor,  display 
element  electrodes  and  non-linear  devices,  involving 
the  setting  down  on  a  common  support  complex  reg- 
ular  patterns  requiring  photolithography,  interconnec- 
tions,  etc.,  over  large  areas,  is  unnecessary.  The 
method  of  the  present  invention  enables  less  compli- 
cated  processes  to  be  adopted,  which  leads  to  lower 
costs  and  also  higher  yields  as  the  kinds  of  problems 
commonly  experienced  with  conventional  fabrication 
techniques  are  to  a  large  extent  avoided. 

According  to  another  aspect  of  the  present  inven- 
tion  an  active  matrix  display  device  having  an  array 
of  display  elements  comprising  first  and  second 
spaced  electrodes  with  electro-optical  material  there- 
between,  the  first  electrodes  being  in  a  two  dimen- 
sional  array  with  each  first  electrode  being  connected 
electrically  with  an  associated  address  conductor 
through  at  least  one  two-terminal  non-linear  device, 
is  characterised  in  that  the  address  conductors  are 
spaced  from  the  array  of  first  electrodes  with  prefab- 
ricated,  physically  discrete,  non-linear  devices  being 
arranged  between  the  first  electrodes  and  the  ad- 
dress  conductors,  each  non-linear  device  being  cou- 
pled  electrically  between  a  respective  first  electrode 
and  an  associated  address  conductor. 

The  two-terminal  non-linear  devices  may  com- 
prise  thin  film  diode  structures,  for  example  MIM  or 
p-n-p  devices  having  opposing  flat  surfaces  which 
constitute  respective  terminals.  The  devices  are  pre- 
ferably  of  substantially  uniform  thickness,  this  thick- 
ness  being  the  distance  between  their  two  terminals. 
They  can  then  conveniently  serve  as  spacing  ele- 
ments. 

In  one  example  of  a  suitable  non-linear  device  of 
the  MIM  type,  the  device  comprises  a  three-layer 
structure  with  each  layer  being  of  substantially  uni- 
form  thickness,  the  two  outer  layers  being  of  conduc- 
tive  material,  such  as  a  metal,  and  the  intermediate 
layer  being  of  insulative  material.  The  devices  are  fab- 
ricated  in  bulk  using  commonly-deposited  layers.  In  a 

preferred  method  of  fabrication,  the  three  layer  struc- 
ture  is  built  up  on  a  support,  the  structure  is  then  scri- 
bed,  for  example  in  a  rectangular  pattern,  to  define 
separate  individual  portions  of  the  structure,  each  of 

5  which  is  to  provide  a  MIM  device,  and  thereafter  the 
support  is  removed,  for  example  by  etching,  to  leave 
physically  discrete  MIM  devices.  Because  they  are 
fabricated  from  common  layers,  the  devices  have  a 
high  uniformity  of  layer  thickness  and  exhibit  sub- 

10  stantially  identical  performance.  The  scribing  may  be 
completely  or  only  partially  through  the  layers.  In  the 
latter  case  the  MIM  devices  may  still  be  attached  to 
one  another  after  removal  of  the  support.  They  may 
be  divided  then  to  provide  physically  separate  MIMs 

15  using  a  suitable  technique  such  as  rolling.  In  a  partic- 
ular  example  of  this  method,  a  layer  of  tantalum  is 
evaporated  on  a  support  of  polyimide,  for  example 
Kapton  (Trade  Name),  film  support.  The  tantalum  lay- 
er  is  then  subjected  to  an  anodisation  process  to  form 

20  a  layer  of  insulative  tantalum  pentoxide  at  the  surface 
remote  from  the  film  support.  A  further  layer  of  tanta- 
lum  is  then  deposited,  for  example  by  evaporation, 
over  the  insulative  layer  and  the  resulting  three-layer 
structure  linearly  scribed,  in  a  regular  array  of  rows 

25  and  columns,  completely  therethrough.  Subsequent- 
ly,  the  polyimide  film  is  etched  away. 

In  another  example  of  a  suitable  non-linear  de- 
vice  of  the  diode  type,  the  device  comprises  a  punch- 
through  diode  having  a  p+  n  p+  layer  structure.  A  pre- 

30  ferred  method  of  fabricating  devices  of  this  type  in 
bulk  comprises  an  epitaxial  process  on  a  single  crys- 
tal  wafer,  using  CVD  or  MBE.  For  example  on  a  n+ 
type  wafer  there  are  formed  successively  a  p  type  lay- 
er,  followed  by  a  p+  type  layer,  an  n  type  layer  and  a 

35  further  p+  type  layer  in  that  order.  The  four-layer 
structure  thus  formed  is  scribed  linearly,  in  a  regular 
array  of  rows  and  columns,  completely  or  partially 
therethrough  following  which  the  substrate  wafer  is 
etched  away,  this  etching  stopping  at  the  p  type  layer 

40  boundary,  to  leave  discrete  diode  structures  whose 
overall  thickness  is  determined  by  the  constituent  lay- 
er  thicknesses  and  whose  other  dimensions  are  de- 
termined  by  the  scribing  process.  Diode  structues  of 
highly  uniform  thickness  and  substantially  equivalent 

45  performance  are  thus  obtained. 
If  only  partially  scribed,  the  devices  can  be  sepa- 

rated  to  leave  physically  discrete  devices  by  any  suit- 
able  means,  such  as  rolling. 

By  way  of  example,  the  non-linear  device  may 
so  typically  be  around  ten  by  twenty  in  size  and  have 

a  thickness  of  between  five  and  ten  depending  on 
the  type  of  device  and  its  fabrication  process.  It  will 
be  appreciated  that  with  the  diode  structures  descri- 
bed  above,  the  opposing  major  surfaces  constitute 

55  the  two  contact  terminals. 
The  non-linear  devices  may  be  disposed  overthe 

first  electrodes  in  a  quasi-random  manner.  To  this 
end,  the  devices,  which  in  bulk  can  be  considered  to 

3 
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take  the  form  of  a  powder,  may  be  distributed  overthe 
array  of  first  electrodes,  or  alternatively  the  address 
conductors,  by  spinning  or  otherwise  so  that  the  de- 
vices  are  substantially  evenly  scattered  over  the  first 
electrodes,  or  address  conductors,  the  amount  of 
"powder"  being  such  that  the  density  of  the  quasi-ran- 
dom  distribution  results  in  at  least  one  device  being 
present  on  the  surface  of  each  individual  first  elec- 
trode  in  the  array.  The  provision  of  more  than  one 
non-linear  device  on  any  particular  first  electrode  is 
not  detrimental  as  in  the  finished  display  device  they 
merely  operate  in  parallel  with  one  another.  Indeed, 
the  provision  of  two,  or  more,  devices  on  each  first 
electrode  might  be  regarded  as  preferable  as  a  de- 
gree  of  redundancy  is  then  obtained. 

In  the  method  of  the  invention,  the  non-linear  de- 
vices  may  be  distributed  over  the  array  of  first  elec- 
trodes  and  thereafter  the  array  of  address  conductors 
disposed  over  the  non-linear  devices,  or  vice  versa. 

Alternatively,  the  non-linear  devices  may  be  pro- 
vided  in  a  carrier  film  of  transparent,  insulative  mate- 
rial.  The  carrierf  ilm  may  be  disposed  as  a  pre-formed 
component  between  the  array  of  first  conductors  and 
the  address  conductors. 

It  will  be  understood  that  unlike  conventional  dis- 
play  device  constructions  the  arrangement  of  the  ar- 
ray  of  first  electrodes  and  the  array  of  address  con- 
ductors  in  respective,  spaced,  planes,  with  address 
conductors  overlapping  respective  associated  first 
electrodes,  means  that  the  positioning  of  the  non-lin- 
ear  devices  is  not  critical.  Moreover,  for  the  same  rea- 
son,  the  first  electrodes  can  be  extended  in  size  com- 
pared  with  those  of  conventional  display  devices  as 
the  need  for  gaps  to  be  provided  between  adjacent 
rows,  or  alternatively  columns  as  the  case  may  be,  of 
first  electrodes  to  accommodate  address  conductors 
is  removed.  For  simplicity,  the  width  of  the  address 
conductors,  at  least  at  the  regions  of  the  first  electro- 
des,  is  preferably  substantially  the  same  as  the  di- 
mension  of  the  first  electrodes  in  that  direction.  For 
example  in  the  case  where  the  address  conductors 
comprise  row  conductors,  their  width  is  substantially 
equal  to  the  height  of  the  first  electrodes.  The  area  of 
overlap  between  a  display  element's  first  electrode 
and  its  associated  address  conductor  is  thus  maxi- 
mised  making  distribution  of  the  non-linear  devices 
easier.  The  size  of  a  non-linear  device  is  small  in  re- 
lation  to  that  of  the  first  electrode  (typically  approxi- 
mately  250  urn  square)  so  that  the  effect  on  light 
transmission  through  a  display  element  due  to  the 
presence  of  one,  ora  few,  non-linear  devices,  assum- 
ing  the  devices  are  non-transmissive  and  the  display 
device  is  operated  in  transmissive  mode,  is  negligible. 
The  address  conductors  may  be  formed  from  a  layer 
of  transparent  material  such  as  ITO.  In  addition,  the 
address  conductors  may  include  a  further  layer  of 
metal,  for  example  aluminium,  which  is  narrow  in  com- 
parison  with  the  transparent  material. 

Fabrication  of  the  display  device  further  includes 
the  provision  of  opposing  display  element  second 
electrodes  spaced  from  the  first  electrodes  and  of 
electro-optical  material  between  these  electrodes. 

5  The  invention  is  of  particular  interest  in  relation  to 
display  devices  in  which  the  electro-optical  material 
comprises  liquid  crystal  material,  although  it  is  envis- 
aged  that  other  electro-optical  materials  could  be  em- 
ployed. 

10  In  one  embodiment,  using  liquid  crystal  as  the 
electro-optical  material,  the  opposing  display  ele- 
ment  second  electrodes  are  carried  on  a  second  sup- 
port  together  with  a  liquid  crystal  film  overlying  the 
opposing  display  element  electrodes  and  the  display 

15  element  first  electrodes  which  overlie  the  film.  Self- 
supporting  films  containing  liquid  crystal  material,  for 
example  encapsulated  liquid  crystal  films,  some- 
times  otherwise  referred  to  as  a  polymer  dispersed 
liquid  crystal  films,  may  be  employed.  Encapsulated 

20  liquid  crystal  films  are  now  well  known  in  the  art  and, 
briefly,  comprise  small  droplets  of  liquid  crystal  ma- 
terial,  typically  of  the  nematic  type  in  operation  and 
having  positive  dielectric  anisotropy,  which  are  em- 
bedded  or  encapsulated  in  a  solid,  but  flexible,  poly- 

25  merfilm.  Examples  of  this  kind  of  film  and  its  opera- 
tion  in  a  display  device  to  modulate  light  are  described 
in  EP-A-88126and  in  the  article  by  J.  L.  Ferguson  en- 
titled  "Polymer  Encapsulated  Nematic  Liquid  Crys- 
tals  for  Display  and  Light  Control  Applications"  pub- 

30  lished  in  SID  85  DIGEST  at  pages  68-69.  Because  en- 
capsulated  liquid  crystal  films  are  solid,  in  the  sense 
that  they  are  self-supporting,  the  display  element 
electrodes  provided  the  surface  of  the  film  remote 
from  the  support,  that  is,  the  first  electrodes,  no  sep- 

35  arate  support  is  necessary  for  these  electrodes.  Thus 
the  exposed  surfaces  of  the  first  electrodes  may  be 
used  to  contact  the  non-linear  devices  directly. 

The  use  of  an  encapsulated  liquid  crystal  film  in 
this  manner  greatly  facilitates  fabrication  of  the  dis- 

40  play  device.  The  liquid  crystal  film,  with  electrodes  on 
opposing  surfaces  can  be  provided  as  a  sub-assem- 
bly  using  standard  technology  for  these  kinds  of  films. 
The  prefabricated  non-linear  devices  can  then  be  dis- 
posed  on  this  sub-assembly,  either  by  themselves  or 

45  carried  in  an  insulative  carrierf  ilm  as  previously  men- 
tioned,  followed  by  the  support  carrying  the  address 
conductors  to  complete  the  assembly.  Another  possi- 
bility,  when  the  devices  are  provided  in  a  carrier  film, 
is  that  the  array  of  first  electrodes  is  formed  on  the 

so  carrier  film. 
Other  films  containing  pockets  or  cells  of  liquid 

crystal  material  may  be  used. 
The  comparatively  new  type  of  liquid  crystal  ma- 

terial  known  as  liquid  crystal  polymer  may  also  be 
55  used  in  the  form  of  a  film.  This  material,  like  encap- 

sulated  liquid  crystal  film,  is  a  solid,  self-supporting, 
type  of  film  and  consequently  does  not  need  any  in- 
ternal  spacing  elements  in  order  to  maintain  the  elec- 
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trades  on  its  opposing  surfaces  in  predetermined 
spatial  relationship. 

Other,  more  conventional,  liquid  crystal  materials 
in  fluid  phase  may  be  used. 

In  another  embodiment,  therefore,  being  a  modi- 
fied  form  of  the  above  embodiment,  an  intermediate 
support  layer  of  insulative  material  may  be  provided 
between  the  supports  carrying  the  address  conduc- 
tors  and  second  electrodes  respectively  which  serves 
to  contain  the  liquid  crystal  material,  the  intermediate 
support  layer  carrying  the  display  element  first  elec- 
trodes.  The  first  electrodes  may  be  provided  on  the 
layer's  surface  facing  the  liquid  crystal  material  and 
an  additional  set  of  electrodes  in  registration  with  the 
first  electrodes  provided  on  its  opposite  side  with 
which  the  non-linear  devices  contact.  In  one  variant  of 
this  embodiment,  sets  of  electrodes  on  opposing 
sides  of  the  intermediate  support  layer  are  separated 
completely  by  the  support  layer. 

The  respective  pairs  of  registered  electrodes  on 
the  intermediate  support  layer  form,  in  combination 
with  the  insulative  material  of  that  layer,  capacitors 
whereby  in  this  embodiment,  the  one  or  more  non-lin- 
ear  devices  associated  with  an  individual  display  ele- 
ment  are  capacitively  coupled  to  the  display  element. 

In  another  variant  of  this  embodiment  the  inter- 
mediate  support  layer  is  provided  with  at  least  one 
aperture  at  the  location  of  each  pair  of  registered 
electrodes  through  which  the  pair  of  electrodes  are  in 
contact  with  one  another. 

In  another  embodiment  of  display  device  adapted 
for  use  with  fluid  phase  liquid  crystal  material,  the 
non-linear  devices  are  carried  in  a  carrier  film  of  in- 
sulative  material  on  whose  surface  the  array  of  first 
electrodes  is  carried.  The  address  conductors  may  be 
formed  on  the  opposing  surface  of  this  film,  or  alter- 
natively  on  a  substrate  against  which  the  film  is  dis- 
posed,  whereby  the  address  conductors  and  first 
electrodes  are  connected  electrically  via  the  non-lin- 
ear  devices.  As  before,  the  display  element  second 
electrodes  are  formed  on  a  further  substrate  with  liq- 
uid  crystal  material  being  disposed  between  the  op- 
posing  first  and  second  electrodes,  the  spacing  be- 
tween  the  first  and  second  electrodes  being  main- 
tained  by  spacing  elements  in  conventional  manner. 

In  all  the  above  embodiments,  the  display  ele- 
ment  second  electrodes  may  for  convenience  and 
simplicity  comprise  portions  of  the  second  set  of  ad- 
dress  conductors.  This  second  set  of  address  conduc- 
tors  may  comprise  column  or  row  address  conductors 
in  which  case  the  first-mentioned  set  of  address  con- 
ductors  adjacent  the  non-linear  devices  comprise  row 
or  column  address  conductors  respectively. 

Embodiments  of  the  active  matrix  display  devic- 
es,  particularly  liquid  crystal  display  devices,  and 
their  method  of  fabrication,  in  accordance  with  the 
present  invention  will  now  be  described,  by  way  of  ex- 
ample,  with  reference  to  the  accompanying  drawings, 
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in  which  :- 
Figure  1  shows  schematically  the  circuit  config- 
uration  of  part  of  an  active  matrix  liquid  crystal 
display  device  according  to  the  invention; 

5  Figure  2  is  a  schematic  cross-sectional  view,  not 
to  scale,  through  a  typical  part  of  one  embodi- 
ment  of  display  device  according  to  the  invention; 
Figure  3  is  a  schematic  plan  view,  not  to  scale,  of 
part  of  the  display  device  of  Figure  2; 

10  Figures  4A  and  4B  illustrate  two  forms  of  non-lin- 
ear  devices  which  are  used  in  the  display  devices 
of  the  present  invention  during  a  stage  in  their 
fabrication;  and 
Figures  5,  6  and  7  are  schematic  cross-sectional 

15  views,  not  to  scale,  through  parts  of  three  further 
embodiments  of  display  devices  according  to  the 
invention. 
Referring  to  Figures  1  to  3,  the  active  matrix  liquid 

crystal  display  device  consists  of  m  rows  of  picture 
20  elements  12  with  n  horizontal  picture  elements  12  in 

each  row.  The  total  number  of  picture  elements  in  the 
matrix  array  of  row  and  columns  may  be,  for  example, 
200,000  or  more.  Only  a  few,  typical,  picture  ele- 
ments  are  represented  in  the  figures  for  simplicity. 

25  Referring  particularly  to  Figure  1,  each  picture  ele- 
ment  12  comprises  a  liquid  crystal  display  element  14 
connected  electrically  in  series  with  a  two-terminal  bi- 
directional  non-linear  resistance  element  16  exhibit- 
ing  a  threshold  characteristic  and  acting  as  a  switch- 

30  ing  element  between  a  row  address  conductor  1  8  and 
a  column  address  conductor  20  via  which  the  picture 
element  is  addressed.  Each  element  16  may  com- 
prise  one  or  more  non-linear  device.  A  single  device 
is  represented  in  Figure  1  .  The  sets  of  row  and  column 

35  address  conductors  extend  at  right  angles  to  each 
other  with  the  picture  elements  located  at  their  cross- 
over  regions. 

The  circuit  of  the  picture  elements  thus  far  descri- 
bed  and  the  manner  in  which  they  are  driven  follow 

40  conventional  practice  and  as  such  will  not  be  descri- 
bed  herein  in  detail.  Briefly,  however,  the  row  conduc- 
tors  1  8  serve  as  scanning  electrodes  to  which  a  scan- 
ning  signal  is  applied  sequentially  in  turn  by  a  row 
driver  circuit.  In  synchronism  with  the  scanning  sig- 

45  nals  data  signals  are  applied  to  the  column  address 
conductors  20  by  a  column  driver  circuit  to  produce 
the  required  display  from  the  display  elements  of 
each  row  as  they  are  scanned.  For  a  video  or  TV  dis- 
play  these  data  signals  comprise  video  information. 

so  By  appropriate  selection  of  the  scanning  and  data  sig- 
nal  voltages  the  optical  transmissivity  of  the  display 
elements  14  of  each  row  of  elements  in  turn  are  con- 
trolled  to  modulate  light  directed  onto  the  display  de- 
vice  to  create  a  visible  effect.  Each  row  of  display  ele- 

55  ments  is  addressed  in  one  row  address  period  in 
which  the  display  elements  are  charged  according  to 
the  value  of  the  applied  data  signals,  the  display  ele- 
ments  being  isolated  upon  removal  of  the  scanning 
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signal  so  that  the  charge  is  stored  in  the  display  ele- 
ments  to  maintain  the  display  effect  for  the  remainder 
of  a  field  period  until  they  are  next  addressed.  The  in- 
dividual  display  effects  of  the  rows  of  display  ele- 
ments  combine  to  build  up  a  complete  picture  in  one 
field,  the  display  elements  being  addressed  again  in 
subsequent  field  periods.  For  further  information  on 
the  driving  and  operation  generally  of  liquid  crystal 
devices  using  two  terminal  non-linear  switching  ele- 
ments  reference  is  invited  to  US-A-4223308  and  GB- 
A-2091468  by  way  of  example. 

The  structure  of  one  embodiment  of  the  display 
device  is  illustrated  in  Figures  2  and  3  which  show  re- 
spectively  cross-sectional  and  plan  schematic  views 
of  typical  parts  of  the  device.  Referring  particularly  to 
Figure  2,  the  display  device  can  be  regarded  as  hav- 
ing  two  sections,  a  display  element  section,  A,  and  a 
switching  section,  B,  each  section  including  address 
conductors. 

The  display  element  section  in  this  embodiment 
basically  comprises  a  polymer  dispersed  liquid  crys- 
tal  type  of  matrix  display.  Atransparent  substrate  23, 
for  example  of  glass  or  other  rigid  insulative  material, 
has  on  its  surface  a  set  of  parallel,  transparent,  ITO 
strip  electrodes  of  constant  width  and  uniform  thick- 
ness  which  constitute  row  address  conductors  18. 
These  are  provided  in  standard  manner  by  deposition 
and  definition  of  ITO  material  and  extend  in  a  flat 
plane.  The  conductors  18,  and  intervening  surface 
areas  of  the  substrate,  are  overlain  with  polymer  dis- 
persed  liquid  crystal  film  material  21  consisting  of  a 
solid  polymer  matrix  in  which  separate,  generally 
spherical,  droplets  22  of  nematic  liquid  crystal  are  dis- 
persed,  and  whose  surface  remote  from  the  sub- 
strate  extends  substantially  parallel  to  the  surface  of 
the  substrate.  On  the  surface  of  the  film  21  there  are 
formed  in  conventional  manner  transparent  display 
element  electrodes  24  of  ITO  in  a  two  dimensional 
regular  array  whose  plane  is  parallel  to  that  of  the  row 
conductors  18  and  is  spaced  therefrom  by  the  thick- 
ness  of  the  film  21  .  The  electrodes  24  are  physically 
separate  from  one  another  and  in  the  form  of  discrete 
rectangular  pads  supported  by  the  film  21  in  registra- 
tion  with  the  row  conductors  18  and  whose  one  di- 
mension  corresponds  substantially  with  the  lateral  di- 
mension  of  the  row  conductors,  as  can  be  seen  in  Fig- 
ure  3.  The  portions  of  the  row  conductors  18  under- 
lying  the  electrodes  24  serve  as  second  electrodes 
for  the  display  elements.  Each  electrode  24  together 
with  the  underlying  portion  of  its  associated  row  con- 
ductor  18  and  the  film  21  therebetween  constitutes  a 
display  element. 

The  structure  of  the  display  element  section  Afol- 
lows  that  of  conventional  polymer  dispersed  liquid 
crystal  display  devices  as  described  in  the  aforemen- 
tioned  references  except  that  the  display  element 
electrodes  24  are  individually  defined  rather  than 
comprising  respective  portions  of  column  conductors. 

The  size  of  each  display  element  14  is  deter- 
mined  in  accordance  with  the  size  of  the  overall  dis- 
play  area  and  the  desired  resolution.  For  video,  e.g. 
TV,  display  purposes  they  may  typically  be  around 

5  250  urn  square.  In  known  polymer  dispersed  liquid 
crystal  films,  the  droplets  22  of  liquid  crystal  can  be 
from  1  to  20  urn  in  diameter  and  their  size  is  chosen 
to  suit  the  display  element  dimensions.  The  thickness 
of  the  polymer  matrix  material  may  be  from  around  2 

10  to  50  urn  so  that  several  layers  of  droplets  can  be  ac- 
commodated.  Latex,  polyvinyl  alcohol,  epoxy  resin, 
polyurethane  resin,  polycarbonate  resin  or  polyvinyl 
butyral  resin  can  be  used  for  the  polymer.  The  liquid 
crystal  droplets  may  be  formed  and  fixed  in  random 

15  disbursement  in  the  polymer  matrix  by  chemical,  ther- 
mal  or  light  induced  phase  separation.  The  film  21  for 
example  can  be  one  of  the  encapsulated  group  in 
which  the  liquid  crystal  is  encapsulated  in  polymer 
shells  which  are  subsequently  embedded  in  a  poly- 

20  mer  continuum  or  of  the  kind  in  which  liquid  crystal 
droplets  are  spontaneously  dispersed  in  the  matrix 
material  during  film  formation. 

The  device,  as  shown  in  Figure  2,  includes  a  fur- 
ther  substrate  30,  again,  for  example,  of  glass,  ex- 

25  tending  over  the  array  of  electrodes  24.  The  substrate 
30  carries  a  set  of  constant  width,  uniform  thickness, 
ITO  strip  electrodes  constituting  the  column  conduc- 
tors  20  which  extend  at  right  angles  to  the  row  con- 
ductors  18  and  which  lie  in  a  plane  parallel  to,  and 

30  spaced  from,  the  plane  of  the  electrodes  24.  The 
width  of  the  column  conductors  20  corresponds  sub- 
stantially  with  the  dimension  of  the  electrodes  24  in 
the  same  direction. 

Disposed  between  the  substrate  30  and  the  film 
35  21  ,  and  bridging  the  space  between  the  column  con- 

ductors  20  and  the  display  element  electrodes  24  are 
discrete  two-terminal  non-linear  devices  35,  here 
shown  in  simple  block  form.  In  this  embodiment  the 
devices  35  comprise  MIMs  or  punch-through  diodes. 

40  The  devices  35  are  pre-formed  and  of  rectangular 
shape  with  opposing,  substantially  flat,  major  surfac- 
es.  They  are  of  uniform  thickness  and  act  as  spacer 
elements  between  the  conductors  20  and  electrodes 
24.  Their  opposing  major  surfaces  constitute  respec- 

45  tive  terminals  so  that,  in  situ,  the  two  terminals  of 
each  device  are  in  electrical  contact  with  a  column 
conductor  20  and  a  display  element  electrode  24  re- 
spectively,  thus  forming  the  circuit  configuration  illu- 
strated  in  Figure  1.  The  devices  35  are  distributed 

so  over  the  film  21  in  quasi-random  fashion  but  in  suffi- 
cient  density  to  ensure  that  at  least  one  device  is  pro- 
vided  between  each  electrode  24  and  its  associated 
column  conductor  20. 

The  remaining  space  between  the  substrate  30 
55  and  the  film  21  may  be  a  partial  vacuum  or  filled  with 

air  or  an  inert  gas. 
It  will  be  appreciated  from  the  circuit  configura- 

tion  that  operation  of  the  device  is  similar  to  conven- 
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tional  forms  of  display  devices  using  two-terminal 
non-linear  devices.  In  use,  light  is  directed  towards 
the  substrate  30.  In  the  absence  of  an  electric  field 
across  the  display  elements  14,  the  droplets  are  in 
the  isotropic,  non-aligned,  state  with  their  optic  axes 
randomly  orientated'so  that  light  entering  a  display 
element  is  scattered.  In  the  presence  of  an  electric 
field  across  the  display  elements  produced  by  a  vol- 
tage  difference  being  applied  to  the  row  conductors 
18  and  the  display  element  electrodes  24,  the  optic 
axes  of  the  droplets  become  aligned  with  the  field  so 
that  minimal  scattering  of  light  takes  place  and  the 
display  elements  become  transparent  allowing  light 
to  pass  therethrough  with  practically  no  change  in  di- 
rection.  By  varying  the  applied  field,  the  degree  of 
transmission  can  be  varied  correspondingly  to  pro- 
vide  grey  scales.  The  necessary  voltage  on  the  elec- 
trode  24  of  a  display  element  to  produce  the  desired 
display  effect  is  supplied  when  the  display  element  is 
addressed  by  scanning  and  data  signal  voltages  pro- 
vided  on  its  associated  row  and  column  conductors 
18  and  20  which,  in  combination,  are  sufficient  to 
overcome  the  threshold  of  the  device  35,  or  devices 
if  more  than  one  is  present  on  the  electrode  24, 
whereby  a  voltage  depending  on  the  data  signal  vol- 
tage  is  written  onto  the  electrode  24.  Because  of  the 
overlap  between  electrodes  24  and  column  conduc- 
tors  20,  a  parasitic  capacitance,  Cp,  is  introduced.  To 
minimise  undesirable  effects  caused  by  this  capaci- 
tance  Cp,  the  relevant  spacings  between  the  electro- 
des  24  and  the  conductors  20  on  the  one  hand  and 
the  conductors  1  8  on  the  other  are  chosen  such  that 
the  capacitance  of  the  display  element,  CLC  is  much 
greater  than  the  parasitic  capacitance  Cp.  To  this  end, 
the  thickness  of  the  film  21  is  preferably  chosen  to  be 
less  than  the  thickness  of  the  non-linear  device  35. 
The  non-linear  devices  35  may  exhibit  some  capaci- 
tance  in  operation  but  any  such  capacitance  is  likely 
to  be  much  smaller  than  the  capacitance  of  the  dis- 
play  elements  and  consequently  will  have  minimal  ef- 
fect. 

Fabrication  of  the  display  device  will  now  be  de- 
scribed.  Section  A  of  the  device,  comprising  compo- 
nents  23,  18,  21  and  24,  is  formed  as  a  sub-assembly 
using  techniques  standard  in  the  art  for  polymer  dis- 
persed  liquid  crystal  type  display  devices.  Similarly, 
the  substrate  30  and  conductors  20  are  provided  as 
another  sub-assembly  using  conventional  processes 
in  which  ITO  is  deposited  and  patterned. 

The  prefabricated  non-linear  devices  35  are  then 
distributed  over  the  exposed  surfaces  of  the  elecc- 
trodes  24  of  the  sub-assembly  A.  This  is  conveniently 
achieved  by  a  spinning  or  sprinkling  process,  al- 
though  other  techniques  may  be  used  instead.  The 
devices  35  are  applied  in  the  form  of  a  "powder"  which 
is  produced  in  the  following  manner. 

To  obtain  a  powder  of  discrete  bidirectional  diode 
structure  devices,  for  example  MIM  or  pnp  type  de- 

vices,  a  large  area,  multiple  layer  diode  structure  is 
built  up  on  a  temporary  support  and  then  divided  to 
produce  physically  discrete  devices.  Separation  from 
the  temporary  support  is  accomplished  by  etching 

5  away  the  support.  Division  is  assisted  by  scribing  at 
least  partially  through  the  multiple  layer  structure 
while  still  supported  to  define  individual  portions  of 
the  structure.  Upon  subsequent  removal  of  the  sup- 
port,  the  multiple  layer  structure  is  broken  up  into  its 

10  individual  elements,  as  determined  by  the  scribing 
pattern,  each  of  which  constitutes  a  non-linear  de- 
vice. 

Using  this  technique,  and  referring  to  Figure  4A, 
MIMs  having  a  known  kind  of  structure  comprising 

15  tantalum  -  tantalum  pentoxide  -  tantalum  superim- 
posed  layers  are  produced  on  a  polyimide  (e.g.  Kap- 
ton)  support  film  40.  Firstly,  a  layer  of  tantalum  41  of 
approximately  2.5  urn  thickness  is  evaporated  onto 
the  film  40.  This  layer  is  then  subjected  to  an  anodi- 

20  sation  process,  using  for  example  a  weak  citric  acid 
solution,  at  an  anodising  voltage  of  around  30  to  60  V 
to  produce  a  thin  surface  film  of  insulative  tantalum 
pentoxide  42  around  0.1  urn  in  thickness.  Following 
this,  a  further  layer  43  of  tantalum  is  evaporated  over 

25  the  surface  of  the  tantalum  pentoxide  layer  to  a  thick- 
ness  of  approximately  2.5  urn.  All  three  layers  are 
formed  as  continuous  co-extensive  layers. 

The  triple  layer  structure  thus  formed  on  the  sup- 
port  film  is  then  reticulated  by  scribing  linearly,  in  a 

30  pattern  of  rows  and  columns,  to  define  individual  por- 
tions  45  of  approximately  10  ^m  by  20  urn.  This  scrib- 
ing  may  be  completely  or  only  part  way  through  the 
three  layers.  Figure  4A  illustrates  schematically,  and 
not  to  scale,  a  small,  representative,  part  of  the  struc- 

35  ture  following  such  scribing,  which  in  this  case  is  car- 
ried  out  to  a  depth  approximately  equal  to  the  thick- 
ness  of  the  three  layers.  In  practice,  the  size  of  the 
film  40  and  the  area  of  the  layers  40  to  43  is  such  that 
many  hundreds  of  thousands  of  these  individual  por- 

40  tions  45  are  defined.  The  polyimide  support  film  40  is 
then  removed  by  means  of  a  dry  etching  process  or 
wet  etching  in  hydrazine.  Upon  removal  of  this  film  the 
individual  portions  45  of  the  structure  become  sepa- 
rated  into  physically  discrete  elements,  each  of  which 

45  constitutes  a  MIM  device  35.  If  only  partial  scribing  is 
employed,  the  elements  may  still  be  joined  after  re- 
moval  of  the  support  film.  If  this  is  the  case  they  can 
be  physically  separated  by  subjecting  the  triple-layer 
structure  to  rolling,  or  another  suitable  known  techni- 

50  que,  which  breaks  up  the  structure  into  the  required 
individual  elements. 

In  this  way  discrete  rectangular  MIM  devices 
comprising  a  thin  film  of  tantalum  pentoxide  sand- 
wiched  between  tantalum  layers  are  formed  whose 

55  overall  thickness  is  approximately  5  urn.  The  two  op- 
posing,  flat,  major  surfaces  of  the  elements,  defined 
by  the  tantalum  layers,  act  as  respective  terminals  of 
the  devices. 
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MIM  devices  using  different  materials  known  in 
the  art  can  be  produced  instead  using  this  method. 
Other  examples  of  metallisation  are  aluminium,  chro- 
mium,  nickel  or  titanium.  Insulative  layer  materials  in- 
clude  aluminium  oxide,  silicon  nitride,  and  silicon  oxy- 
nitride. 

Punch-through  diodes  having  a  p+  n  p+  type  di- 
ode  structure  of  silicon  material  can  also  be  formed 
in  a  similar  manner.  In  a  preferred  method  of  making 
such  devices  a  wafer  of  n+  single  crystal  silicon  is 
used  for  the  temporary  support.  Referring  to  figure 
4B,  successive  continuous  layers  of  uniform  thick- 
ness  are  grown  on  the  wafer,  50,  by  an  epitaxial  proc- 
ess,  using  either  CVD  or  MBE.  These  directly  super- 
imposed  layers  comprise,  in  order  starting  at  the  wa- 
fer  surface,  a  0.1nm  lightly  doped  p  type  silicon  layer 
51,  a  4p.m  p+  type  silicon  layer  52,  a  2p.m  n  type  sili- 
con  layer  53  and  a  4p.m  p+  type  silicon  layer  54.  The 
multiple  layer  structure  on  the  wafer  is  then  reticulat- 
ed  by  linearly  scribing  in  a  pattern  of  rows  and  col- 
umns  either  completely  or  partly  through  the  struc- 
ture  to  define  individual  portions  45  of  the  structure 
approximately  20nm  by40nm  in  dimension.  Like  Fig- 
ure  4A,  Figure  4B  illustrates  schematically  and  not  to 
scale  a  representative  small  part  of  the  multilayer 
structure  following  the  scribing  operation,  which  in 
this  case  again  is  to  a  depth  approximately  equal  to 
the  thickness  of  the  layers.  As  with  the  MIM  structure, 
many  hundreds  of  thousands  of  these  portions  45  are 
produced.  The  n+  wafer  is  then  removed  by  an  etch- 
ing  process  using  0.5%  HF  in  HN03.  The  p  type  layer 
51  acts  as  an  etch  stop  so  that  etching  finishes  at  the 
p  type  layer  boundary.  Upon  removal  of  the  wafer,  the 
individual  portions  45  of  the  multiple  layer  structure 
defined  by  scribing  are  separated  into  physically  dis- 
crete  elements,  each  of  which  constitutes  a  punch 
through  diode  device.  Again,  it  may  be  necessary  if 
only  partial  scribing  is  used  to  physically  separate  any 
elements  still  joined  together  by  a  rolling  operation  or 
similar  to  break  them  into  the  required  individual  ele- 
ments.  The  layer  51  may  be  removed  by  a  non-selec- 
tive  silicon  etch.  Because  of  its  thinness,  however,  it 
adds  little  resistance  and  its  presence  should  not  af- 
fect  operation  of  the  diode  structure  adversely. 

The  individual  diodes  thus  formed  each  comprise 
a  rectangular  multi-layer  structure  of  around  20nm  by 
40p.m  and  of  a  uniform  thickness  of  approximately 
lO^m.  The  opposing  two  major,  flat,  surfaces  consti- 
tute  the  terminals  of  the  device. 

Flat-surfaced,  two  terminal  non-linear  devices 
having  p-i-p,  n-i-n,  or  n-p-n  structures  may  similarly 
be  formed  using  this  method. 

The  shape  of  the  non-linear  devices  35,  compris- 
ing  a  slab  having  two  opposing  flat  major  surfaces, 
ensures  that  when  they  are  deposited  over  the  elec- 
trodes  34  they  lie  in  the  desired  orientation  with  their 
major  surfaces  extending  parallel  with  the  planes  of 
the  first  electrodes  24  and  the  address  conductors 

20.  Because  of  the  symmetrical  and  bidirectional 
characteristic  electrical  behaviour  of  the  device  35  in 
operation  it  is  not  important  which  way  up  they  fall.  If 
two,  or  more  non-linear  devices  35  are  associated 

5  with  any  one  electrode  24,  they  operate  in  parallel 
with  one  another  so  that  a  degree  of  redundancy  is  af- 
forded. 

The  electrodes  24  are  preferably  spaced  such 
that  the  gap  between  adjacent  electrodes  24  is  great- 

10  er  than  the  maximum  dimension  of  a  non-linear  de- 
vice  so  that  bridging  of  two  adjacent  electrodes  24  by 
a  non-linear  device  when  randomly  scattered  is  not 
possible.  However,  even  if  the  spacing  of  electrodes 
24  is  reduced  such  that  a  non-linear  device  could  per- 

is  haps  be  located  with  its  one  terminal  bridging  across 
two  adjacent  electrodes  the  effects  on  the  produced 
display  would  hardly  be  perceptible. 

In  a  variant  of  the  above-described  method,  the 
non-linear  devices  35  may  instead  be  scattered  over 

20  the  address  conductors  20  on  the  substrate  30  and 
the  section  A  then  disposed  over  the  exposed  surfac- 
es  of  the  non-linear  devices. 

Afterthe  two  substrates  20  and  30  are  brought  to- 
gether,  they  are  clamped  together  around  their  per- 

25  iphery  under  pressure  which  ensures  that  the  non-lin- 
ear  devices  35  are  held  firmly  between  their  associ- 
ated  electrodes  24  and  conductors  20  and  that  reli- 
able  electrical  contact  is  achieved.  The  remaining 
space  between  the  substrate  30  and  the  film  21  may 

30  be  filled  with  air  or  an  inert  gas.  Preferably,  however, 
this  space  is  subjected  to  a  partial  vacuum  whose  ef- 
fect  would  be  to  assist  in  firmly  clamping  the  devices 
35. 

Because  the  non-linear  devices  are  formed  sep- 
35  arately  and  disposed  as  prefabricated  devices  be- 

tween  pre-formed  electrodes,  the  need  for  complex 
photolithographic  processes  to  define  display  ele- 
ments  electrodes  and  address  conductors  together 
with  non-linear  devices  on  a  common  substrate  is 

40  avoided.  The  two  sub-assemblies  used  in  fabricating 
the  display  device,  comprising  section  A  and  the  sub- 
strate  30  with  column  conductors  20  respectively,  are 
simple  to  form  using  standard  technology  which  does 
not  require  complicated  photolithography  processes 

45  and  conductor  interconnections  over  large  areas. 
These  components  can  therefore  be  fabricated  with 
greater  reliability.  Likewise,  the  manner  in  which  the 
non-linear  devices  are  formed  offers  greater  reliabil- 
ity.  The  method  of  fabricating  display  devices  accord- 

so  ing  to  the  invention  avoids  the  formality  of  existing  ap- 
proaches  and  is  a  major  simplification  of  convention- 
al  technologies.  High  yields  of  display  devices  can  be 
expected  and  at  comparatively  low  cost.  Importantly, 
the  display  device  construction  means  that  devices 

55  with  large  display  areas  can  be  produced  in  a  conve- 
nient  and  relatively  simple  manner. 

Various  modifications  to  the  above  described 
embodiment  of  display  device  and  its  method  of  fab- 

8 
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rication  are  possible  within  the  scope  of  the  invention. 
For  example,  the  described  arrangement  of  row  and 
column  address  conductors  may  be  reversed  with  the 
non-linear  devices  contacting  row  conductors  provid- 
ed  on  the  substrate  30  and  column  conductors  provid-  5 
ed  on  the  substrate  23. 

Further,  the  non-linear  devices  35  may  be  con- 
tained,  or  embedded  in,  a  film  of  transparent  insula- 
tive  polymer  material,  for  example  polyimide  or  poly- 
urethane  provided  in  the  space  between  the  electro-  10 
des  24  and  the  conductors  20  rather  than  this  space 
being  partially  occupied  by  only  the  non-linear  devic- 
es  themselves.  The  insulative  material  matrix  may  be 
provided  in  situ  after  the  devices  35  have  been  scat- 
tered  over  the  electrodes  24,  or  the  conductors  20,  by  15 
depositing  the  material  in  a  non-solid  state  over  the 
electrodes  24  or  conductors  20  as  the  case  may  be 
such  that  it  flows  around  the  devices  35  and  fills  the 
spaces  therebetween  to  a  thickness  slightly  less  than 
the  thickness  of  the  devices  35.  Thereafter,  the  ma-  20 
terial  is  allowed  to  set  or  harden  or  is  suitably  cured 
or  treated  according  to  the  type  of  material  employed 
to  form  a  solid  matrix  thereby  trapping  and  physically 
restraining  the  devices.  Preferably,  however,  a  film  of 
the  combined  insulative  material  and  non-linear  de-  25 
vices  is  formed  as  a  separate  component  and  then 
subsequently  disposal  over  the  electrodes  24  or  con- 
ductors  20,  thus  eliminating  the  step  of  disposing  the 
devices  over,  for  example,  the  electrodes  24  by  scat- 
tering.  Such  a  film  can  be  obtained  by  scattering  the  30 
devices  over  a  support  and  depositing  the  insulative 
material  in  a  manner  similar  to  that  described  previ- 
ously  in  which  the  density  of  the  devices  is  sufficient 
to  ensure  that  ultimately  at  least  one  device  is  asso- 
ciated  with  each  display  element,  and  thereafter  re-  35 
moving  the  film  from  this  support.  The  film,  with  the 
devices  contained  and  supported  by  the  matrix  mate- 
rial,  is  then  laid  over  the  electrodes  24  or  conductors 
20.  Alternatively,  the  insulative  material  can  be  de- 
posited  over  the  support  and  thereafter  the  devices  40 
scattered  over  this  material  and  embedded  in  the  ma- 
terial  by  pressing  the  devices  into  the  material  with  the 
aid  of  a  movable  plate.  After  embedding  the  devices, 
the  film  is  removed  and  can  then  be  used  as  before. 

It  is  intended  that  the  major  surfaces  of  the  em-  45 
bedded  devices,  that  is  their  terminals,  remain  ex- 
posed  so  that  in  use  of  the  film  direct  contact  is  es- 
tablished  between  these  terminals  surfaces  and  the 
electrodes  24  and  conductors  20.  Using  these  meth- 
ods,  the  possibility  exists  that  a  thin  layer  of  polymer  50 
material  may  overlie  a  terminal  surface.  When  the 
film  is  disposed  between  the  electrodes  24  and  the 
conductors  20,  however  electrical  coupling  between 
this  terminal  and  its  associated  electrode  24  or  con- 
ductor  20  is  achieved  capacitively  rather  than  by  di-  55 
rect  contact  and  operation  of  the  display  element  con- 
cerned  would  normally  be  unimpaired.  Thus  with  re- 
gard  to  Figure  1,  the  effective  circuit  in  this  case 

would  include  a  capacitor  in  series  with  the  non-linear 
device  16  between  the  display  element  14  and  its  ad- 
dress  conductor  20. 

The  display  elements  may  comprise  fluid  liquid 
crystal  material  rather  than  solid  polymer  dispersed 
orsimilartype  material.  Figures  5,  6  and  7  show  sche- 
matic  cross-sections  through  three  embodiments  of 
liquid  crystal  display  devices  of  this  kind.  In  these  Fig- 
ures,  the  same  reference  numerals  are  used  to  des- 
ignate  components  corresponding  to  those  of  the  pre- 
vious  embodiment. 

Referring  to  Figure  5,  this  embodiment  is  similar 
in  many  respects  to  the  variant  of  the  previous  em- 
bodiment  using  a  carrierf  ilm  of  polymer  material  such 
as  a  polyimide  in  which  the  non-linear  devices  are 
contained.  The  carrier  film,  here  referenced  at  66, 
containing  the  device  35  embedded  therein  may  be 
prefabricated  as  a  separate  component  using  the 
methods  described  previously.  In  this  embodiment 
the  carrier  film  also  carries  the  display  element  elec- 
trodes  24  which  are  formed  by  depositing  and  pat- 
terning  ITO  material  on  the  surface  of  the  film.  The 
conductors  20  may  be  formed  on  the  other  surface  of 
the  film  66  in  similar  manner  or  instead  formed  on  the 
substrate  30  with  the  film  then  being  disposed  adja- 
cent  the  conductors.  Alternatively,  the  conductors  20 
may  be  formed  on  the  substrate  30,  and  the  non-lin- 
ear  devices  35  then  scattered  over  the  conductors  20 
following  which  the  polymer  material  constituting  the 
film  is  deposited  to  fill  the  spaces  between  the  devic- 
es  35  and  form  the  film  in  situ  as  also  previously  de- 
scribed.  Thereafter,  the  electrodes  24  are  formed  on 
the  surface  of  the  film  66. 

Using  any  of  these  methods,  a  sub-assembly 
comprising  the  components  30,  20,  35,  66  and  24  is 
obtained. 

This  sub-assembly  is  then  brought  together  with 
the  sub-assembly  comprising  the  substrate  23  and 
the  conductors  1  8  with  inert  spacing  elements  63  dis- 
posed  therebetween  to  maintain  the  two  sub-assem- 
blies  a  predetermined  distance  apart.  It  will  be  under- 
stood  therefore  that  in  the  resulting  structure,  the 
conductors  20  and  18  and  the  electrodes  24  lie  in  re- 
spective,  spaced,  planes  which  are  substantially  par- 
allel  to  one  another  with  each  display  element  elec- 
trode  24  being  electrically  coupled  with  an  associated 
conductor  20  via  at  least  one  non-linear  device  35  as 
in  the  previous  embodiment.  The  space  between  the 
film  66  and  the  substrate  23  is  bounded  by  sealing 
means  around  the  periphery  of  the  structure  and 
twisted  nematic  liquid  crystal,  61,  material  is  intro- 
duced  so  as  to  fill  completely  this  space.  In  practice, 
the  electrodes  24  and  the  conductors  18  would  be 
covered  by  molecular  alignment  layers  in  convention- 
al  fashion,  these  layers  having  been  omitted  from  Fig- 
ure  5  for  simplicity. 

Referring  now  to  Figure  6,  this  embodiment  uses 
fluid  twisted  nematic  liquid  crystal  61  which  is  con- 
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tained  between  the  substrate  23  and  a  further,  inter- 
mediate  layer  60  of  transparent  insulative  material  ex- 
tending  continuously  and  completely  over  the  display 
area.  As  before,  row  conductors  1  8  are  carried  on  the 
substrate  23.  The  display  element  electrodes  24  are 
carried  on  the  surface  of  the  layer  60  facing  the  sub- 
strate  23.  The  substrate  23  and  the  intermediate  layer 
60  are  maintained  a  predetermined  distance  apart  in 
the  usual  manner  by  spacer  elements  63  of  inert  ma- 
terial.  For  each  electrode  24,  a  respective  supple- 
mentary  pad  electrode  64  of  ITO  is  provided  on  the 
surface  of  the  layer  60  which  is  co-extensive  with  the 
electrode  24.  In  this  embodiment,  therefore,  the  non- 
linear  devices  35  contact  with  the  supplementary 
electrodes  64  rather  than  directly  connecting  with  the 
electrodes  24.  Each  respective  pair  of  electrodes  24 
and  64  together  with  the  insulative  material  of  the  lay- 
er  60  therebetween  act  as  a  capacitor  whose  capac- 
itance  is  determined  by  the  thickness  of  the  layer  60. 
Thus  for  each  display  element  in  this  arrangement, 
the  associated  one  or  more  non-linear  devices  35  are 
capacitively  coupled  to  the  display  element  electrode 
24.  The  material  for  the  layer  60  is  chosen  having  re- 
gard  also  to  its  supporting  function  and  the  mechan- 
ical  properties  required  in  this  respect.  The  insulative 
material  of  the  layer  60  should  be  sufficiently  stiff  to 
prevent  significant  distortion  in  the  plane  thereof  due 
to  pressure  applied  to  the  layer  60  by  the  devices  35 
and  the  spacer  elements  63  upon  clamping  together 
of  the  substrates  20  and  30.  In  constructing  this  em- 
bodiment,  first,  second  and  third  sub-assemblies, 
comprising  respectively  the  substrate  23  and  conduc- 
tors  18,  the  layer  60  with  the  electrodes  64  and  24, 
and  the  substrate  30  with  the  conductors  20,  are  fab- 
ricated  separately.  The  non-linear  devices  35  are  dis- 
tributed  over  the  conductors  20  and  clamped  therea- 
gainst  by  positioning  the  second  sub-assembly.  The 
third  sub-assembly  is  positioned  with  the  spacer  ele- 
ments  63  serving  to  define  a  gap  of  predetermined 
thickness  which  is  subsequently  filled  with  liquid 
crystal  material. 

The  embodiment  of  Figure  7  can  be  regarded  as 
a  variant  of  the  embodiment  of  Figure  6.  In  this  ar- 
rangement,  the  layer  60  is  formed  with  a  regular  array 
of  perforations  each  of  which  is  at  the  location  of  the 
display  element  electrode  24.  when  the  electrodes  24 
and  64  are  provided  on  opposing  surfaces  of  the  layer 
60  therefore,  the  deposited  electrode  materials  ex- 
tends  through  the  perforations  so  that  each  pair  of 
electrodes  24  and  64  are  connected  electrically.  Thus 
the  terminals  of  the  non-linear  devices  35  facing  the 
display  elements  are  connected  electrically  with  their 
associated  display  element  electrodes  24. 

In  all  the  embodiments  described  with  reference 
to  Figures  5,  6  and  7  it  will  be  appreciated  that  the 
same  general  advantages  are  afforded  as  described 
with  regard  to  the  embodiment  of  Figures  2  and  3. 
Notably  the  need  for  extensive  and  complex  lithogra- 

phy,  particularly  when  making  large  area  display  de- 
vices,  is  avoided. 

It  should  be  understood  that  the  Figures  are 
merely  schematic  and  are  not  drawn  to  scale.  In  par- 

5  ticular  certain  dimensions  such  as  the  thickness  of 
the  layers  or  regions  may  have  been  exaggerated 
whilst  other  dimensions  may  have  been  reduced.  It 
should  also  be  understood  that  the  same  reference 
numerals  are  used  throughout  the  Figures  to  indicate 

10  the  same  or  similar  parts. 
From  reading  the  present  disclosure,  other  mod- 

ifications  will  be  apparent  to  persons  skilled  in  the  art. 
Such  modifications  may  involve  other  features  which 
are  already  known  in  the  field  of  active  matrix  display 

15  devices  and  component  parts  thereof  and  which  may 
be  used  instead  of  or  in  addition  to  features  already 
described  herein. 

20  Claims 

1.  A  method  of  fabricating  an  active  matrix  display 
device  having  an  array  of  display  elements  (14) 
consisting  of  first  and  second  spaced  electrodes 

25  (24,18)  with  electro-optical  material  (21  ;61) 
therebetween,  the  first  electrodes  (24)  each  be- 
ing  connected  electrically  to  an  associated  ad- 
dress  conductor  (20)  through  at  least  one  two-ter- 
minal  non-linear  device  (35),  the  method  includ- 

30  ing  the  step  of  forming  the  first  electrodes  (24)  in 
a  two-dimensional  array,  characterised  by  the 
steps  of  forming  the  address  conductors  (20) 
separate  from  the  array  of  first  electrodes  and 
providing  the  non-linear  devices  (35)  as  prefabri- 

35  cated  discrete  devices,  and  by  arranging  the  non- 
linear  devices,  address  conductors  and  first  elec- 
trodes  with  the  non-linear  devices  between  the 
array  of  first  electrodes  and  the  address  conduc- 
tors  whereby  each  non-linear  device  is  coupled 

40  electrically  between  a  respective  first  electrode 
and  an  associated  address  conductor. 

2.  A  method  according  to  Claim  1  ,  characterised  by 
the  steps  of  forming  the  address  conductors  (20) 

45  on  an  insulative  support  (30)  and  thereafter  dis- 
posing  the  support  over  the  array  of  first  electro- 
des  (24)  with  the  non-linear  devices  positioned 
therebetween. 

so  3.  A  method  according  to  Claim  2,  characterised  by 
distributing  the  non-linear  devices  (35)  in  a  quasi- 
random  manner  over  the  first  electrodes  or  the 
address  conductors  prior  to  disposing  the  ad- 
dress  conductors  over  the  first  electrodes. 

55 
4.  A  method  according  to  Claim  3,  characterised  by 

the  step  of  providing  insulative  material  in  the 
space  between  the  address  conductors  (20)  and 

10 
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the  first  electrodes  (24)  around  the  non-linear  de- 
vices. 

7.  A  method  according  to  Claim  6,  characterised  by 
the  steps  of  forming  the  address  conductors  (20) 
on  a  support  (30)  and  thereafter  disposing  the 
film  carrying  the  non-linear  devices  over  the  ad- 
dress  conductors. 

and  arranging  the  arrays  of  first  and  second  elec- 
trodes  (24,18)  parallel  to  and  spaced  from  one 
another  with  a  self-supporting  film  (21)  contain- 
ing  liquid  crystal  material  situated  between  the 
two  arrays. 

11.  A  method  according  to  any  one  of  the  preceding 
claims,  characterised  in  that  the  non-linear  devic- 
es  (35)  comprise  thin  film  diode  devices. 

12.  A  method  according  to  Claim  11  ,  characterised  by 
the  steps  of  fabricating  the  thin  film  diode  devices 
by  forming  on  a  support  a  multiple  layer  structure 
comprising  a  series  of  layers  of  selected  materi- 
als  constituting  a  diode  structure,  scribing  the 
multiple  layer  structure  to  define  individual  por- 
tions  thereof,  and  thereafter  removing  the  sup- 
port  and  separating  the  portions  into  discrete  ele- 
ments  (45)  each  constituting  a  diode  device. 

13.  An  active  matrix  display  device  having  an  array 
of  display  elements  (14)  comprising  first  and  sec- 
ond  spaced  electrodes  (24,18)  with  electro-opti- 

cal  material  (21  ;61)  therebetween,  the  first  elec- 
trodes  (24)  being  in  a  two  dimensional  array  with 
each  first  electrode  being  connected  electrically 
with  an  associated  address  conductor  (20) 

5  through  at  least  one  two-terminal  non-linear  de- 
vice  (35),  characterised  in  that  the  address  con- 
ductors  (20)  are  spaced  from  the  array  of  first 
electrodes  (24)  with  prefabricated,  physically  dis- 
crete,  non-linear  devices  (35)  being  arranged  be- 

10  tween  the  first  electrodes  and  the  address  con- 
ductors,  each  non-linear  device  being  coupled 
electrically  between  a  respective  first  electrode 
and  an  associated  address  conductor. 

15  14.  A  display  device  according  to  Claim  13,  charac- 
terised  in  that  the  non-linear  devices  (35)  com- 
prise  thin  film  diode  devices  having  opposing  flat 
surfaces  which  constitute  respective  terminals. 

20  15.  A  display  device  according  to  Claim  13  or  Claim 
14,  characterised  in  that  the  non-linear  devices 
are  distributed  between  the  first  conductors  (24) 
and  the  address  conductors  (20)  in  quasi-random 
manner. 

25 
16.  A  display  device  according  to  any  one  of  Claims 

13  to  15,  characterised  in  that  the  address  con- 
ductors  (20)  are  carried  on  a  transparent  insula- 
tive  support  (30). 

30 
17.  A  display  device  according  to  any  one  of  Claims 

13  to  16,  characterised  in  that  the  non-linear  de- 
vices  are  contained  in  a  film  of  transparent  insu- 
lative  material  (66)  extending  between  the  ad- 

35  dress  conductors  (20)  and  the  first  electrodes 
(24). 

18.  A  display  device  according  to  Claim  17,  charac- 
terised  in  that  the  array  of  first  electrodes  (24)  is 

40  carried  on  a  surface  of  the  film  (66)  containing  the 
non-linear  devices. 

19.  A  display  device  according  to  any  one  of  Claims 
13  to  18,  characterised  in  that  the  device  further 

45  includes  an  array  of  display  element  second  elec- 
trodes  (18)  carried  on  a  transparent  substrate 
(23)  and  facing  the  array  of  first  electrodes,  and 
a  self-supporting  electro-optical  film  (21)  con- 
taining  liquid  crystal  material  which  extends  be- 

so  tween  the  arrays  of  first  and  second  electrodes. 

20.  A  display  device  according  to  any  one  of  Claims 
13  to  18,  characterised  in  that  the  device  further 
includes  an  array  of  display  element  second  elec- 

55  trades  (18)  carried  on  a  transparent  substrate 
(23)  and  facing  the  array  of  first  electrodes,  a  lay- 
er  of  liquid  crystal  material  (61)  between  the  ar- 
rays  of  first  and  second  electrodes,  and  spacer 

5.  A  method  according  to  Claim  1,  characterised  in 
that  the  non-linear  devices  are  carried  in  a  film  of  5 
transparent  insulative  material  (66). 

6.  A  method  according  to  Claim  5,  characterised  by 
the  step  of  forming  the  array  of  first  electrodes 
(24)  on  one  surface  of  said  film.  10 

8.  A  method  according  to  Claim  6,  characterised  by 
the  step  of  forming  the  address  conductors  (20) 
on  the  opposing  surface  of  said  film.  20 

9.  A  method  according  to  any  one  of  the  preceding 
claims,  characterised  by  the  further  steps  of 
forming  on  an  insulative  substrate  (23)  an  array 
of  display  element  second  electrodes  (18),  dis-  25 
posing  the  substrate  over,  and  parallel  to,  the  ar- 
ray  of  first  electrodes  (24)  with  respective  first 
and  second  electrodes  facing  and  spaced  from 
one  another  and  providing  liquid  crystal  material 
(61)  in  the  space  between  the  first  and  second  30 
electrodes. 

10.  A  method  according  to  any  one  of  Claims  1  to  8, 
characterised  by  the  further  steps  of  forming  an 
arrav  of  disDlav  element  second  electrodes  (18}  35 

45 

50 

11 



21 EP  0  417  852  B1 22 

elements  (63)  extending  between  the  arrays  and 
maintaining  the  arrays  a  predetermined  distance 
apart. 

21.  A  display  device  according  to  any  one  of  Claims 
13  to  18,  characterised  in  that  the  array  of  first 
electrodes  (24)  is  carried  on  a  transparent  insu- 
lative  support  layer  (60),  in  that  an  array  of  dis- 
play  element  second  electrodes  (1  8)  is  carried  on 
a  transparent  substrate  (23)  facing  the  array  of 
first  electrodes  and  spaced  therefrom  by  spacer 
elements  (63),  and  in  that  a  layer  of  liquid  crystal 
material  (61)  is  provided  between  the  arrays  of 
first  and  second  electrodes  and  contained  be- 
tween  the  transparent  substrate  and  the  insula- 
tive  support  layer. 

22.  A  display  device  according  to  any  one  of  Claims 
13  to  21,  characterised  in  that  respective  termi- 
nals  of  the  non-linear  devices  (35)  are  in  direct 
electrical  contact  with  the  address  conductors 
(20)  and  the  first  electrodes  (24). 

23.  A  display  device  according  to  any  one  of  Claims 
13  to  22,  characterised  in  that  the  width  of  the  ad- 
dress  conductors  (20),  at  least  at  the  regions 
overlying  the  display  element  first  electrodes 
(24),  is  substantially  equal  to  the  dimension  of  the 
first  electrodes  in  that  direction. 

Patentanspruche 

1.  Verfahren  zum  Herstellen  einer  Anzeigeanord- 
nung  mit  aktiver  Matrix  und  mit  einem  Feld  von 
Anzeigeelementen  (14),  das  aus  ersten  und  zwei- 
ten  im  Abstand  voneinander  liegenden  Elektro- 
den  (24,  18)  mit  zwischenliegendem  elektroopti- 
schem  Material  (21  ;  61)  enthalt,  wobei  die  ersten 
Elektroden  (24)  mit  je  einem  zugeordneten 
Adrelileiter  (20)  uber  wenigstens  eine  nichtlinea- 
re  Zweiklemmenanordnung  (35)  elektrisch  ver- 
bunden  sind,  und  das  Verfahren  den  Schritt  der 
Bildung  der  ersten  Elektroden  (24)  in  einem  zwei- 
dimensionalen  Gebiet  umfalit,  gekennzeichnet 
durch  die  Schritte  der  Bildung  der  Adrelileiter 
(20)  getrennt  vom  Feld  erster  Elektroden  und  der 
Anbringung  der  nichtlinearen  Anordnungen  (35) 
als  vorgefertigter  diskreter  Anordnungen,  und 
durch  Anordnung  der  nichtlinearen  Anordnun- 
gen,  Adrelileiter  und  erster  Elektroden  mit  den 
nichtlinearen  Anordnungen  zwischen  dem  Feld 
erster  Elektroden  und  den  Adrelileitern,  wobei  je- 
de  nichtlineare  Anordnung  zwischen  einer  betref- 
fenden  ersten  Elektrode  und  einem  zugeordne- 
ten  Adrelileiter  elektrisch  gekoppelt  ist. 

2.  Verfahren  nach  Anspruch  1,  gekennzeichnet 

durch  die  Schritte  der  Bildung  der  Adrelileiter 
(20)  auf  einem  Isoliertrager  (30)  und  anschlie- 
liend  durch  das  Anbringen  des  Tragers  auf  das 
Feld  erster  Elektroden  (24)  mit  den  zwischenlie- 

5  genden  nichtlinearen  Anordnungen. 

3.  Verfahren  nach  Anspruch  2,  gekennzeichnet 
durch  die  Verteilung  der  nichtlinearen  Anordnun- 
gen  (35)  auf  eine  quasi  willkurliche  Weise  auf  die 

10  ersten  Elektroden  oder  die  Adrelileiter  vor  dem 
Anbringen  der  Adrelileiter  auf  den  ersten  Elektro- 
den. 

4.  Verfahren  nach  Anspruch  3,  gekennzeichnet 
15  durch  den  Schritt  der  Anordnung  von  Isoliermate- 

rial  im  Raum  zwischen  den  Adrelileitern  (20)  und 
den  ersten  Elektroden  (24)  urn  die  nichtlinearen 
Anordnungen. 

20  5.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dali  die  nichtlinearen  Anordnungen  in 
einem  Film  aus  transparentem  Isoliermaterial 
(66)  angebracht  sind. 

25  6.  Verfahren  nach  Anspruch  5,  gekennzeichnet 
durch  den  Schritt  der  Bildung  des  Feldes  erster 
Elektroden  (24)  auf  einer  Oberf  lache  des  Films. 

7.  Verfahren  nach  Anspruch  6,  gekennzeichnet 
30  durch  die  Schritte  der  Bildung  der  Adrelileiter 

(20)  auf  einem  Trager  (30)  und  anschlieliend 
durch  das  Anbringen  des  Films  mit  den  nichtli- 
nearen  Anordnungen  auf  den  Adrelileitern. 

35  8.  Verfahren  nach  Anspruch  6,  gekennzeichnet 
durch  den  Schritt  der  Bildung  der  Adrelileiter  (20) 
auf  der  gegenuberliegenden  Oberflache  des 
Films. 

40  9.  Verfahren  nach  einem  oder  mehreren  der  voran- 
gehenden  Anspruche,  gekennzeichnet  durch  die 
weiteren  Schritte  der  Bildung  eines  Feldes  zwei- 
ter  Anzeigeelementelektroden  (18)  auf  einem 
Isoliersubstrat  (23),  der  Anordnung  des  Sub- 

45  strats  auf  und  parallel  zu  dem  Feld  erster  Elektro- 
den  (24)  mit  betreffenden  ersten  und  zweiten 
Elektroden  einander  zugewandt  und  im  Abstand 
voneinander  und  der  Anbringung  von  Flussigkri- 
stallmaterial  (61)  im  Raum  zwischen  den  ersten 

so  und  zweiten  Elektroden. 

10.  Verfahren  nach  einem  der  Anspruche  1  bis  8,  ge- 
kennzeichnet  durch  die  weiteren  Schritte  der  Bil- 
dung  eines  Feldes  zweiter  Anzeigeelementelek- 

55  troden  (1  8)  und  der  Anordnung  der  Felder  erster 
und  zweiter  Elektroden  (24,  18)  parallel  zu  und  im 
Abstand  voneinander  mit  einem  freitragenden 
Film  (21)  mit  Flussigkristallmaterial  zwischen  den 
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beiden  Feldern. 

11.  Verfahren  nach  einem  oder  mehreren  der  voran- 
gehenden  Anspruche,  dadurch  gekennzeichnet, 
dali  die  nichtlinearen  Anordnungen  (35)  Dunn-  5 
schichtdiodenanordnungen  enthalten. 

12.  Verfahren  nach  Anspruch  11,  gekennzeichnet 
durch  die  Schritte  der  Herstellung  der  Dunn- 
schichtdiodenanordnungen  durch  die  Bildung  ei-  10 
ner  Mehrschichtstruktur  auf  einem  Trager  mit  ei- 
ner  Reihe  von  Schichten  ausgewahlter  Werkstof- 
fe  zur  Bildung  einer  Diodenstruktur,  der  Anrit- 
zung  der  Mehrschichtstruktur  zum  Definieren 
einzelner  Anteile  dieser  Struktur  und  anschlie-  15 
Rend  der  Entfernung  des  Tragers  und  der  Tren- 
nung  der  Anteile  in  diskrete  Elemente  (45),  die  je 
eine  Diodenanordnung  darstellen. 

13.  Anzeigeanordnung  mit  aktiver  Matrix  und  mit  ei-  20 
nem  Feld  von  Anzeigeelementen  (14)  mit  ersten 
und  zweiten  im  Abstand  voneinander  liegenden 
Elektroden  (24,  18)  mitzwischenliegendem  elek- 
trooptischem  Material  (21;  61),  wobei  die  ersten 
Elektroden  (24)  sich  in  einem  zweidimensionalen  25 
Feld  bef  inden,  wobei  jede  erste  Elektrode  mit  ei- 
nem  zugeordneten  Adrelileiter  (20)  uber  wenig- 
stens  eine  nichtlineare  Zweiklemmenanordnung 
(35)  elektrisch  verbunden  ist,  dadurch  gekenn- 
zeichnet,  dali  die  Adrelileiter  (20)  im  Abstand  30 
vom  Feld  erster  Elektroden  (24)  liegen,  wobei 
vorgefertigte  physikalisch  diskrete  nichtlineare 
Anordnungen  (35)  zwischen  den  ersten  Elektro- 
den  und  den  Adrelileitern  angeordnet  sind,  und 
jede  nichtlineare  Anordnung  zwischen  einer  be-  35 
treffenden  ersten  Elektrode  und  einem  zugeord- 
neten  Adrelileiter  elektrisch  gekoppelt  ist. 

14.  Anzeigeanordnung  nach  Anspruch  13,  dadurch 
gekennzeichnet,  dali  die  nichtlinearen  Anordnun-  40 
gen  (35)  Dunnfilmdiodenanordnungen  miteinan- 
der  gegenuberliegenden  ebenen  Flachen  enthal- 
ten,  die  jeweils  Klemmen  bilden. 

15.  Anzeigeanordnung  nach  Anspruch  13  oder  14,  45 
dadurch  gekennzeichnet,  dali  die  nichtlinearen 
Anordnungen  zwischen  den  ersten  Leitern  (24) 
und  den  Adrelileitern  (20)  auf  quasi  willkurliche 
Weise  verteilt  sind. 

50 
16.  Anzeigeanordnung  nach  einem  der  Anspruche 

13  bis  15,  dadurch  gekennzeichnet,  dali  die 
Adrelileiter  (20)  auf  einem  transparenten  Isolier- 
trager  (30)  angeordnet  sind. 

55 
17.  Anzeigeanordnung  nach  einem  der  Anspruche 

13  bis  16,  dadurch  gekennzeichnet,  dali  die 
nichtlinearen  Anordnungen  sich  in  einem  Film 

aus  transparentem  Isoliermaterial  (66)  befinden, 
der  sich  zwischen  den  Adrelileitern  (20)  und  den 
ersten  Elektroden  (24)  erstrecken. 

18.  Anzeigeanordnung  nach  Anspruch  17,  dadurch 
gekennzeichnet,  dali  das  Feld  erster  Elektroden 
(24)  sich  auf  einer  Oberflache  des  Films  (66)  mit 
den  nichtlinearen  Anordnungen  befindet. 

19.  Anzeigeanordnung  nach  einem  der  Anspruche 
1  3  bis  1  8,  dadurch  gekennzeichnet,  dali  die  An- 
ordnung  aulierdem  ein  Feld  zweiter  Anzeigeele- 
mentelektroden  (18)  auf  einem  transparenten 
Substrat  (23)  enthalt,  das  dem  Feld  erster  Elek- 
troden  zugewandt  ist,  und  ein  freitragenderelek- 
trooptischer  Film  (21)  Flussigkristallmaterial  ent- 
halt,  das  sich  zwischen  den  Feldern  erster  und 
zweiter  Elektroden  erstreckt. 

20.  Anzeigeanordnung  nach  einem  der  Anspruche 
1  3  bis  1  8,  dadurch  gekennzeichnet,  dali  die  An- 
ordnung  aulierdem  ein  Feld  zweiter  Anzeigeele- 
mentelektroden  (18)  auf  einem  transparenten 
Substrat  (23)  enthalt,  das  dem  Feld  erster  Elek- 
troden,  einer  Schicht  aus  Flussigkristallmaterial 
(61)  zwischen  den  Feldern  erster  und  zweiter 
Elektroden  zugewandt  ist,  und  Distanzelemente 
(63)  sich  zwischen  den  Feldern  erstrecken  und 
die  Felder  in  einem  vorgegebenen  Abstand  von- 
einander  getrennt  halten. 

21.  Anzeigeanordnung  nach  einem  der  Anspruche 
1  3  bis  1  8,  dadurch  gekennzeichnet,  dali  das  Feld 
erster  Elektroden  (24)  auf  einer  transparenten 
Isoliertragerschicht  (60)  angeordnet  ist,  dali  ein 
Feld  zweiter  Anzeigeelementelektroden  (18)  sich 
auf  einem  transparenten  Substrat  (23)  befindet, 
das  dem  Feld  erster  Elektroden  zugewandt  ist 
und  im  Abstand  davon  durch  Distanzelemente 
(63)  liegt,  und  dali  eine  Schicht  aus  Flussigkri- 
stallmaterial  (61)  zwischen  den  Feldern  erster 
und  zweiter  Elektroden  angeordnet  ist  und  sich 
zwischen  dem  transparenten  Substrat  und  der 
Isoliertragerschicht  befindet. 

22.  Anzeigeanordnung  nach  einem  der  Anspruche 
13  bis  21,  dadurch  gekennzeichnet,  dali  jeweils 
Klemmen  der  nichtlinearen  Anordnungen  (35)  in 
direktem  elektrischem  Kontakt  mit  den  Adrelilei- 
tern  (20)  und  den  ersten  Elektroden  (24)  stehen. 

23.  Anzeigeanordnung  nach  einem  der  Anspruche 
1  3  bis  22,  dadurch  gekennzeichnet,  dali  die  Brei- 
te  der  Adrelileiter  (20)  wenigstens  in  den  Gebie- 
ten  auf  den  ersten  Anzeigeelementelektroden 
(24)  im  wesentlichen  gleich  der  Abmessung  der 
ersten  Elektroden  in  dieser  Richtung  sind. 

13 
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Revendications 

1.  Pro-cede  de  fabrication  d'un  dispositif  d'affichage 
a  matrice  active  comportant  un  reseau  d'ele- 
ments  d'affichage  (14)  constitues  de  premieres  5 
et  deuxiemes  electrodes  (24,  1  8)  espacees  avec, 
entre  elles,  une  matiere  electro-optique  (21;  61), 
les  premieres  electrodes  (24)  etant  chacune 
connectees  electriquement  a  un  conducteur 
d'adresse  (20)  associe  via  au  moins  un  dispositif  10 
non  lineaire  a  deux  bornes  (35),  le  procede 
comprenant  I'etape  consistant  a  former  les  pre- 
mieres  electrodes  (24)  selon  un  reseau  bidimen- 
sionnel,  caracterise  en  ce  que  Ton  forme  les 
conducteurs  d'adresse  (20)  separement  du  re-  15 
seau  de  premieres  electrodes  et  on  prevoit  les 
dispositifs  non  lineaires  (35)  sous  la  forme  de  dis- 
positifs  discrets  prefabriques,  et  on  agence  les 
dispositifs  non  lineaires,  les  conducteurs 
d'adresse  et  les  premieres  electrodes  avec  les  20 
dispositifs  non  lineaires  entre  le  reseau  de  pre- 
mieres  electrodes  et  les  conducteurs  d'adresse, 
de  sorte  que  chaque  dispositif  non  lineaire  est 
couple  electriquement  entre  une  premiere  elec- 
trode  respective  et  un  conducteur  d'adresse  as-  25 
socie. 

2.  Procede  selon  la  revendication  1,  caracterise  en 
ce  que  Ton  forme  les  conducteurs  d'adresse  (20) 
sur  un  support  isolant  (30)  et  on  dispose  ensuite  30 
le  support  sur  le  reseau  de  premieres  electrodes 
(24),  les  dispositifs  non  lineaires  etant  disposes 
entre  eux. 

3.  Procede  selon  la  revendication  2,  caracterise  en  35 
ce  que  Ton  distribue  les  dispositifs  non  lineaires 
(35)  de  maniere  quasi  aleatoire  sur  les  premieres 
electrodes  ou  les  conducteurs  d'adresse  avant 
de  disposer  les  conducteurs  d'adresse  sur  les 
premieres  electrodes.  40 

4.  Procede  selon  la  revendication  3,  caracterise  en 
ce  que  Ton  place  de  la  matiere  isolante  dans  I'es- 
pace  compris  entre  les  conducteurs  d'adresse 
(20)  et  les  premieres  electrodes  (24)  autour  des  45 
dispositifs  non  lineaires. 

5.  Procede  selon  la  revendication  1,  caracterise  en 
ce  que  les  dispositifs  non  lineaires  sont  suppor- 
tes  par  un  film  de  matiere  isolante  transparente  50 
(66). 

6.  Procede  selon  la  revendication  5,  caracterise  en 
ce  que  Ton  forme  le  reseau  de  premieres  electro- 
des  (24)  sur  une  surface  dudit  film.  55 

7.  Procede  selon  la  revendication  6,  caracterise  en 
ce  que  Ton  forme  les  conducteurs  d'adresse  (20) 

sur  un  support  (30)  et  on  dispose  ensuite  le  film 
portant  les  dispositifs  non  lineaires  sur  les 
conducteurs  d'adresse. 

8.  Procede  selon  la  revendication  6,  caracterise  en 
ce  que  Ton  forme  les  conducteurs  d'adresse  (20) 
sur  la  surface  opposee  du  film. 

9.  Procede  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  caracterise,  en  outre,  en  ce 
que  Ton  forme  sur  un  substrat  isolant  (23)  un  re- 
seau  de  deuxiemes  electrodes  (18)  d'elements 
d'affichage,  on  dispose  le  substrat  sur  le  reseau 
de  premieres  electrodes  (24),  parallelementa  ce- 
lui-ci,  les  premieres  et  deuxiemes  electrodes  res- 
pectives  se  faisant  face  et  etant  reciproquement 
espacees,  et  on  prevoit  une  matiere  a  cristaux  li- 
quides  (61)  dans  I'espace  compris  entre  les  pre- 
mieres  et  deuxiemes  electrodes. 

10.  Procede  selon  I'une  quelconque  des  revendica- 
tions  1  a  8,  caracterise,  en  outre,  en  ce  que  Ton 
forme  un  reseau  de  deuxiemes  electrodes  (18) 
d'elements  d'affichage  et  on  dispose  les  reseaux 
de  premieres  et  deuxiemes  electrodes  (24,  18) 
parallelement  I'un  a  I'autre  et  a  distance  I'un  de 
I'autre,  avec  un  film  autoportant  (21)  contenant 
une  matiere  a  cristaux  liquides  situee  entre  les 
deux  reseaux. 

11.  Procede  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  caracterise  en  ce  que  les  dis- 
positifs  non  lineaires  (35)  comprennent  des  dis- 
positifs  a  diodes  a  couches  minces. 

12.  Procede  selon  la  revendication  11  ,  caracterise  en 
ce  que  Ton  fabrique  les  dispositifs  a  diodes  a  cou- 
ches  minces  en  formant  sur  un  support  une  struc- 
ture  a  couches  multiples  comprenant  une  serie 
de  couches  de  matieres  choisies  constituant  une 
structure  de  diode,  on  decoupe  la  structure  a 
couches  multiples  pour  def  inir  ses  parties  indivi- 
duelles,  on  elimine  ensuite  le  support  et  on  sepa- 
re  les  parties  en  elements  discrets  (45)  dont  cha- 
cun  constitue  un  dispositif  a  diode. 

13.  Dispositif  d'affichage  a  matrice  active  compor- 
tant  un  reseau  d'elements  d'affichage  (14) 
comprenant  des  premieres  et  deuxiemes  electro- 
des  (24,  18)  espacees  avec,  entre  elles,  une  ma- 
tiere  electro-optique  (21  ;  61),  les  premieres  elec- 
trodes  (24)  se  trouvant  dans  un  reseau  bidimen- 
sionnel  et  chaque  premiere  electrode  etant 
connectee  electriquement  a  un  conducteur 
d'adresse  associe  (20)  via  au  moins  un  dispositif 
non  lineaire  a  deux  bornes  (35),  caracterise  en  ce 
que  les  conducteurs  d'adresse  (20)  sont  espaces 
du  reseau  de  premieres  electrodes  (24)  par  des 
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dispositifs  non  lineaires  (35)  physiquement  dis- 
crets  prefabriques  agences  entre  les  premieres 
electrodes  et  les  conducteurs  d'adresse,  chaque 
dispositif  non  lineaire  etant  couple  electrique- 
ment  entre  une  premiere  electrode  respective  et  5 
un  conducteur  d'adresse  associe. 

14.  Dispositif  d'affichage  selon  la  revendication  13, 
caracterise  en  ce  que  les  dispositifs  non  lineaires 
(35)  comprennent  des  dispositifs  a  diodes  a  cou-  10 
ches  minces  ayant  des  surfaces  planes  oppo- 
sees  qui  constituent  des  bornes  respectives. 

15.  Dispositif  d'affichage  selon  la  revendication  13 
ou  14,  caracterise  en  ce  que  les  dispositifs  non  15 
lineaires  sont  distribues  entre  les  premiers 
conducteurs  (24)  et  les  conducteurs  d'adresse 
(20)  de  maniere  quasi  aleatoire. 

1  6.  Dispositif  d'affichage  selon  I'une  quelconque  des 
revendications  13  a  15,  caracterise  en  ce  que  les 
conducteurs  d'adresse  (20)  sont  supportes  par 
un  support  isolant  transparent  (30). 

determinee. 

21.  Dispositif  d'affichage  selon  I'une  quelconque  des 
revendications  13  a  18,  caracterise  en  ce  que  le 

5  reseau  de  premieres  electrodes  (24)  est  supporte 
par  une  couche  de  support  isolante  transparente 
(60),  un  reseau  de  deuxiemes  electrodes  (18) 
d'elements  d'affichage  est  supporte  par  un  subs- 
trat  transparent  (23),  en  regard  du  reseau  de  pre- 

10  mieres  electrodes  et  espace  de  celui-ci  par  des 
elements  d'espacement  (63),  et  une  couche  de 
matiere  a  cristaux  liquides  (61)  est  placee  entre 
les  reseaux  de  premieres  et  de  deuxiemes  elec- 
trodes  et  est  contenue  entre  le  substrat  transpa- 

15  rent  et  la  couche  de  support  isolante. 

22.  Dispositif  d'affichage  selon  I'une  quelconque  des 
revendications  1  3  a  21  ,  caracterise  en  ce  que  les 
bornes  respectives  des  dispositifs  non  lineaires 

20  (35)  sont  en  contact  electrique  direct  avec  les 
conducteurs  d'adresse  (20)  et  les  premieres  elec- 
trodes  (24). 

23.  Dispositif  d'affichage  selon  I'une  quelconque  des 
25  revendications  13  a  22,  caracterise  en  ce  que  la 

largeur  des  conducteurs  d'adresse  (20),  au 
moins  dans  les  regions  chevauchant  les  premie- 
res  electrodes  (24)  des  elements  d'affichage,  est 
sensiblement  egale  a  la  dimension  des  premieres 

30  electrodes  dans  cette  direction. 

1  7.  Dispositif  d'affichage  selon  I'une  quelconque  des  25 
revendications  13  a  16,  caracterise  en  ce  que  les 
dispositifs  non  lineaires  sont  contenus  dans  un 
film  de  matiere  isolante  transparente  (66)  s'eten- 
dant  entre  les  conducteurs  d'adresse  (20)  et  les 
premieres  electrodes  (24).  30 

18.  Dispositif  d'affichage  selon  la  revendication  17, 
caracterise  en  ce  que  le  reseau  de  premieres 
electrodes  (24)  est  supporte  par  une  surface  du 
film  (66)  contenant  les  dispositifs  non  lineaires.  35 

19.  Dispositif  d'affichage  selon  I'une  quelconque  des 
revendications  13  a  18,  caracterise  en  ce  que  le 
dispositif  comprend,  en  outre,  un  reseau  de 
deuxiemes  electrodes  (1  8)  d'elements  d'aff  icha-  40 
ge  supportees  par  un  substrat  transparent  (23)  et 
disposees  en  regard  du  reseau  de  premieres 
electrodes,  et  un  f  ilm  electro-optique  autoportant 
(21)  contenant  une  matiere  a  cristaux  liquides  qui 
s'etend  entre  les  reseaux  de  premieres  et  de  45 
deuxiemes  electrodes. 

20.  Dispositif  d'aff  ichage  selon  I'une  quelconque  des 
revendications  13  a  18,  caracterise  en  ce  que  le 
dispositif  comprend,  en  outre,  un  reseau  de  so 
deuxiemes  electrodes  (18)  d'elements  d'afficha- 
ge  supportees  par  un  substrat  transparent  (23)  et 
disposees  en  regard  du  reseau  de  premieres 
electrodes,  une  couche  de  matiere  a  cristaux  li- 
quides  (61)  entre  les  reseaux  de  premieres  et  de  55 
deuxiemes  electrodes,  et  des  elements  d'espa- 
cement  (63)  s'etendant  entre  les  reseaux  et  main- 
tenant  les  reseaux  a  une  distance  mutuelle  pre- 
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