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Description 

Technical  Field 

The  present  invention  relates  to  light  valve  de- 
vices  of  the  kind  having  an  electroded  modulator 
panel,  formed  of  ferro-electric  ceramic  material  and 
sandwiched  between  crossed  polarizers  to  operate 
in  a  quadratic  Kerr  cell  mode,  and  more  specifically 
to  improved  panel  configurations  for  such  devices. 

Background  Art 

In  prior  art  light  valve  devices  of  the  kind  noted 
above,  the  light  modulator  panels  (e.g.  formed  of 
PLZT  materials)  have  been  fabricated  to  have  a 
series  of  selectively  addressable  electrode  pairs 
that  are  spaced  along  a  linear  direction  to  form  an 
array  of  discrete  light  modulator  pixel  portions. 
When  a  particular  electrode  pair  is  addressed  to 
form  an  electric  field  across  the  intervening  panel 
portion,  the  light,  which  is  polarized  in  a  first  direc- 
tion  is  shifted  in  polarization  direction  by  that  panel 
portion.  A  second  output  polarizer  (analyzer)  that  is 
oriented  90°  to  the  input  polarization  direction,  will 
therefore  pass  light,  so  modulated  by  field-acti- 
vated  panel  portions,  and  block  light  that  is  not  so 
modulated.  To  obtain  maximum  modulation  effect 
(and  therefore  good  contrast)  for  such  light  valves, 
it  is  desirable  that  the  direction  of  the  modulator 
field  be  normal  to  the  input  light  beam  and  at  45  ° 
to  the  input  light  polarization  direction.  The  down- 
stream  polarizer  (i.e.  analyzer)  is  oriented  at  90°  to 
the  input  light  polarization  direction. 

Electrodes  have  been  fabricated  on  such 
modulator  panels  as  surface  configurations  (see 
U.S.  4,406,521)  and  as  in-depth  configurations  (see 
U.S.  4,707,081  and  the  prior  art  teachings  de- 
scribed  therein;  see  also  DE-A-3739219).  The  in- 
depth  electrode  approach  is  generally  preferred 
because  it  enables  a  uniform  electric  field  to  be 
effective,  in  a  normal  direction  to  the  passing  light 
beam,  throughout  a  large  portion  of  the  light  pas- 
sage  distance  through  the  modulator  panel  thick- 
ness.  Another  fabrication  method,  to  achieve  in- 
depth  electrode  modulator  panels,  is  described  in 
U.S.  Patent  Application  Serial  No.  107,230  filed 
October  9,  1987. 

U.S.  Patent  4,765,721  discloses  a  light  valve 
array  construction  which  is  less  subject  to  stress 
induced  light  leakage.  This  patent  teaches  that  it  is 
desirable  to  align  the  array  direction  of  a  light  valve 
device  so  that  the  linear  direction  of  its  array  of 
modulator  elements  is  parallel  and  perpendicular, 
respectively,  to  the  polarization  directions  of  the 
sandwiching  polarizers.  This  substantially  reduces 
stress  induced  light  leakage  through  the  array  ele- 
ment,  which  can  be  caused  by  thermal  or  mechani- 

cal  stress  of  the  modulator  panel.  The  electric  field 
of  the  '721  patent  device  is  provided  at  45  °  to  the 
direction  of  input  light  polarization  by  forming  elec- 
trodes  pairs  on  the  surface  of  the  modulator  panel 

5  at  45°  to  the  linear  direction  of  the  array.  The 
improvements  obtained  by  the  '721  patent  ap- 
proach  are  quite  advantageous,  and  it  would  be 
desirable  to  attain  its  advantages  in  an  in-depth 
electrode  construction.  However,  we  have  found 

io  that  if  electrodes  are  disposed  on  a  45  °  centerline 
across  the  width  of  the  ridge  in  an  in-depth  elec- 
trode  configuration,  the  resulting  electric  field  is  not 
uniformly  operative  at  45°  to  the  length  of  the 
ridge,  and,  more  specifically,  not  uniformly  at  45° 

75  to  the  input  light  polarization  direction. 

Disclosure  of  Invention 

Thus,  one  important  purpose  of  the  present 
20  invention  is  to  provide  an  improved  light  valve 

modulator  configuration  wherein  an  effective  in- 
depth  electrode  field  can  be  used  to  address  in- 
dividual  pixel  portions  of  the  modulator  panel, 
wherein  the  light  leakage  incident  to  ther- 

25  mal/mechanical  stress  can  be  obviated  and  wherein 
the  operative  electric  field  for  modulation  is  uni- 
formly  about  45°  to  the  input  light  polarization 
direction. 

In  one  embodiment  the  invention  constitutes, 
30  an  electro-optic  modulator  panel  construction  as 

claimed  in  claim  1  . 

Brief  Description  of  the  Drawings 

35  The  subsequent  detailed  description  of  the  pre- 
ferred  embodiments  refers  to  the  accompanying 
drawings  wherein: 

FIG.  1  is  a  perspective  view  of  an  electronic 
imaging  system  showing  schematically  one  em- 

40  bodiment  of  a  light  valve  device  in  accord  with 
the  present  invention; 
FIG.  2  is  a  perspective  view  showing  in  more 
detail  one  electroded  modulator  panel  such  as 
can  be  used,  in  accord  with  the  present  inven- 

45  tion,  in  the  light  valve  device  of  the  FIG.  1 
system; 
FIG.  3a  and  3b  are  respectively  top  and  cross- 
sectional  views  of  the  FIG.  2  panel;  and 
FIGS.  4a  and  4b  are  schematic  diagrams  illus- 

50  trating  the  field  directions  through  pixel  portions 
of  light  valve  modulators. 

Modes  for  Carrying  Out  the  Invention 

55  FIG.  1  illustrates  schematically  one  electronic 
imaging  system  employing  a  light  valve  device  20 
in  accord  with  the  present  invention.  In  general,  the 
imaging  system  includes  an  exposure  light  source 
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31  which  directs  light  through  the  device  20  to  a 
lens  system,  indicated  schematically  as  32.  The 
lens  system  focuses  the  light  pattern  controlled  by 
device  20  onto  a  print  medium  M,  e.g.  a  photosen- 
sitive  imaging  material  such  as  photographic  film. 

The  light  valve  device  20  shown  in  FIG.  1,  in 
general,  comprises  an  electroded  modulator  panel 
21  sandwiched  between  crossed  polarizer  elements 
22,  23.  The  modulator  panel  can  be  formed  of 
ferro-electric  ceramic  material,  e.g.  lanthanum  sub- 
stituted  lead  titanite  zirconate  (PLZT).  As  shown  in 
FIG.  1,  and  in  more  detail  in  FIGS.  2,  3a  and  3b, 
the  modulator  panel  is  diced  by  sawing  to  form  a 
plurality  of  parallel,  rectangular  ridge  modulator 
portions  R  and  bus-land  portions  B,  having  parallel 
sides  and  top  lands,  located  between  the  plurality 
of  parallel  grooves  G.  In  accord  with  the  present 
invention  the  panel  21  is  predeterminedly  elec- 
troded  on  the  side  walls  of  ridge  portions  R  to  form 
a  plurality  of  selectively  addressable  pixel  portions 
Pi  ,  P2,  P3  Thus,  the  electrodes  on  one  side  wall 
of  each  pixel  portion  are  coupled,  via  deposited 
conductive  leads  formed  in  grooves  G  and  on  bus- 
land  portions  B,  to  selectively  activatible  electrical 
energy  sources  E1  ,  E2,  E3....  The  electrodes  on  the 
other  side  wall  of  each  pixel  portion  are  similarly 
coupled  to  a  common  reference  potential,  e.g. 
ground,  at  pad  locations  denoted  Gd.  Also,  it  will 
be  noted  that  in  accord  with  the  present  invention, 
the  pixel  portions  are  predeterminedly  located  by 
the  electrode  construction  to  form  a  linear  array 
along  the  linear  array  direction  denoted  L.A.D.  As 
shown  in  FIG.  1,  the  panel  21  is  oriented  relative  to 
the  polarizers  22,  23  so  that  the  linear  array  direc- 
tion  L.A.D.  is  parallel  and  perpendicular  respec- 
tively  to  the  polarization  direction  of  polarizers  22, 
23. 

Referring  specifically  to  FIGS.  2,  3a  and  3b, 
the  predetermined  electrode  configuration  of  the 
grooved  panel  21  can  be  seen  in  more  detail. 
Thus,  it  can  be  seen  that  pixel  portions  Pi  ,  is 
defined  between  address  electrode  surface  ei  ,  and 
reference  electrode  surface  gi  ,  and  that  the  pair  of 
surfaces  ei  ,  gi  ,  are  parallel  to  each  other  and  to 
the  parallel  side  walls  of  the  ridge  R  therebetween. 
Also,  an  important  aspect  of  the  invention  is  that 
the  surfaces  ei  ,  gi  substantially  are  centered  to 
one  another  on  a  line  perpendicular  to  the  land 
side  walls.  Such  construction  causes  an  electrical 
field,  applied  between  electrodes  ei  ,  gi  ,  to  be 
uniform  in  a  direction  across  the  width  the  pixel  Pi 
panel  material  therebetween,  as  well  as  extending 
uniformly  in  the  depth  of  the  pixel  material. 

As  shown  in  FIG.  3,  the  address  and  reference 
electrode  pairs  e2,  Q2  and  e3,  g3  are  constructed 
with  the  same  opposingly  centered  relation  de- 
scribed  above  with  respect  to  pair  ei  ,  gi  .  However, 
it  can  be  seen  that  the  different  electrode  pairs  are 

located  in  a  staggered  relation,  with  respect  to  the 
longitudinal  dimension  of  the  ridges  in  the  panel 
21.  More  specifically,  the  electrode  pairs  are  stag- 
gered  in  a  predetermined  manner  such  that  pixel 

5  portions  Pi  ,  P2,  P3  defined  therebetween,  lie 
along  a  linear  array  direction  L.A.D.  that  is  at  ap- 
proximately  45°  to  the  longitudinal  dimensions  of 
the  ridges  (i.e.  groove/ridge  direction). 

As  noted  above,  the  preferred  method  for  con- 
10  structing  the  grooved  panel  is  by  dicing.  The  ad- 

dress  and  reference  electrode  pairs,  and  their  lead 
structure  (indicated  by  stippling  in  FIG.  3a)  to  en- 
ergy  sources  Ei  ,  E2,  E3  and  to  ground,  are  prefer- 
ably  formed  by  photofabrication  and  vapor  deposi- 

15  tion  through  a  stencil.  Preferred  details  for  these 
fabrication  procedures  are  described  in  U.S.  Ap- 
plication  Serial  No.  107,230,  filed  October  9,  1987, 
and  entitled  "In-Depth  Electrode  Light  Valve  Array 
Devices  and  Improved  Fabrication  Method  There- 

20  for".  The  disclosure  of  that  U.S.  Application  is 
incorporated  herein  by  reference  for  its  detailed 
teachings  of  those  fabrication  techniques. 

The  physical  mechanisms  whereby  light  valve 
devices,  constructed  as  described  above,  provide 

25  enhance  performance  can  be  understood  further  by 
a  description  of  the  operation  of  the  illustrative  FIG. 
1  system.  In  one  mode,  the  record  medium  M  is 
advanced  in  the  direction  of  arrow  A,  the  light 
source  31  is  continuously  "on"  and  the  light  valve 

30  device  is  activated  by  information  signals  to  selec- 
tively  pass  light  to  pixels  on  the  print  medium  (e.g., 
Pi',  P2',  P3'-..)  as  lines  of  the  medium  move  past  a 
linear  exposure  zone.  That  is,  when  the  address 
electrode  of  a  pixel  portion  pairs  is  coupled  to  an 

35  energy  potential,  an  electric  field  is  created  across 
the  intervening  modulator  portion  toward  the  refer- 
ence  (ground)  potential  electrode  of  the  pair.  This 
causes  the  light  passing  through  the  intervening 
modulator  portion  (from  top  to  bottom  as  viewed  in 

40  FIG.  2)  to  be  rotated  in  polarization.  The  desired 
rotation  for  an  "on"  condition  is  90°  so  that  light 
rotated  will  pass  analyzer  23.  This  will  be  achieved 
when  the  field  strength  is  adequate  and  light  of  the 
proper  intensity  light  level  will  then  pass  to  the 

45  record  medium  M.  The  in-depth  electrode  structure 
provided  in  accord  with  one  aspect  of  the  present 
invention  allows  proper  light  modulation  at  lower 
field  levels  than  surface  electrode  configurations. 

It  is  also  important  that  the  electrical  field  be  at 
50  45  0  to  the  polarization  directions  of  input  polarizer 

and  analyzer.  For  example,  FIG.  4a  shows  sche- 
matically  how  the  electric  field  direction  can  vary  in 
a  direction  within  portions  of  the  bulk  of  an  oper- 
ative  modulator,  with  electrode  pairs  that  are  offset 

55  (e.g.  45°)  with  respect  to  the  longitudinal  direction 
of  a  single  ridge  array,  i.e.  one  having  an  L.A.D.  as 
indicated  in  FIG.  4a.  In  contrast,  it  can  be  noted 
that  in  FIG.  4b,  where  the  electrodes  are  con- 

3 
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structed,  in  accord  with  the  invention,  the  elec- 
trodes  of  the  pair  are  centered  on  a  center-line  C.L. 
that  is  normal  to  the  longitudinal  direction  of  the 
ridge  and  thus  its  sidewalls.  As  illustrated  in  FIG. 
4b  and  in  accord  with  the  present  invention,  the 
electric  field  within  the  modulator  is  then  uniformly 
directed  at  45°  to  L.A.D.  throughout  the  operative 
modulation  portion  of  the  ridge,  as  well  as  being 
uniform  throughout  the  depth  of  the  ridge. 

Referring  again  to  FIG.  1,  it  can  be  seen  that, 
in  accord  with  the  present  invention,  the  staggered 
relation  of  electrode  pairs  along  the  ridges  of  panel 
21  creates  the  linear  array  direction  L.A.D.  Also  it 
can  be  seen  that  the  modulator  panel  is  located 
between  the  polarizers  so  that  the  L.A.D.  of  the 
panel  is  respectively  parallel  and  perpendicular  to 
polarizers  22,  23.  Thus,  according  to  the  present 
invention  light  leakage  (due  to  stress  induced 
birefringence)  will  not  occur  along  the  line  of  the 
array  and  will  not  reduce  the  system  contrast. 

Considering  all  of  the  foregoing  it  will  be  appre- 
ciated  that  the  modulator  panel  and  electrodes 
construction  in  accord  with  the  present  invention 
and  their  orientation  (vis  a  vis  the  polarizers)  coop- 
erate  to  achieve  the  advantages  of  an  in-depth 
electric  field,  uniformly  at  45°  to  the  polarizer 
directions  throughout  the  modulator  pixel  portion, 
while  still  providing  an  L.A.D.  construction  that  can 
avoid  light  leakage.  This  in  turn  provides  good 
contrast  imaging  at  lowered  operating  voltages. 

Industrial  Applicability 

Light  valve  devices  constructed  in  accord  with 
the  present  invention  provide  the  industrial  advan- 
tages  of  uniformly  high  contrast  and  lower  activat- 
ing  fields,  which  results  in  increased  device  longev- 
ity. 

Claims 

1.  An  electro-optic  modulator  having  an  electrod- 
ed,  ferro-electric  modulator  panel  (21)  sand- 
wiched  between  crossed  polarizer  elements 
(22,23),  for  use  in  a  light  valve  device,  said 
panel  comprising  a  plurality  of  parallel  grooves 
(G)  that  form  a  plurality  of  parallel  walled  ridge 
portions  (R)  therebetween  and  planar  address 
and  reference  electrode  pairs  on  opposing  wall 
surfaces  of  said  ridge  portions, 

characterized  by  the  electrodes  of  each 
electrode  pair  (E1  ,G1  ;E2,G2;E3,G3;..)  being 
substantially  parallel  and  opposingly  centered 
on  a  normal  across  the  intervening  ridge  por- 
tion,  said  electrode  pairs  being  staggered  in 
location  along  their  respective  ridge  portions 
so  as  to  form  a  linear  array  of  modulator  pixels 
(P1  ,P2,P3...)  having  a  linear  array  direction 

(L.A.D.)  at  about  45°  to  the  longitudinal  dimen- 
sions  of  said  ridges  (R)  and  grooves  (G);  and 
said  panel  (21)  being  oriented  between  said 
polarizer  elements  (22,23)  so  that  the  polariza- 

5  tion  directions  (D1.D2)  of  said  elements  are 
respectively  parallel  and  perpendicular  to  said 
linear  array  direction  (L.A.D.). 

2.  Electro-optic  modulator  according  to  claim  1, 
io  characterized  in  that  said  modulator  panel  (21) 

comprises  a  plurality  of  bus-land  portions  (B), 
having  parallel  sides  and  top  lands,  located 
between  the  plurality  of  parallel  grooves  (G) 
between  said  ridge  portions  (R),  whereby  said 

is  modulator  pixels  (P1  ,P2,P3...)  are  electroded 
on  the  side  walls  of  the  ridge  portions  (R),  said 
electrodes  being  coupled  to  said  bus-land  por- 
tions  (B),  said  bus-land  portions  having  depos- 
ited  conductive  leads  to  connect  said  elec- 

20  trades  with  contact  pads  for  selectively  ac- 
tivatible  electrical  energy  sources  (E1  ,E2,E3...) 
and  for  reference  potential  (Gd)  respectively, 
located  on  opposite  ends  of  said  panel  (21). 

25  3.  Electro-optic  modulator  according  to  claims  1 
or  2,  characterized  in  that  said  modulator  panel 
(21)  is  of  ceramic  ferro-electric  PLZT  material. 

Patentanspruche 
30 

1.  Fur  die  Verwendung  in  einer  Lichtventilvorrich- 
tung  vorgesehener  elektro-optischer  Modulator 
mit  einer  mit  Elektroden  versehenen  ferro-elek- 
trischen  Modulatorplatte  (21),  die  zwischen  Po- 

35  larisierungselementen  (22,  23)  mit  sich  kreu- 
zender  Polarisierungsrichtung  angeordnet  ist 
und  eine  Vielzahl  von  parallelen  Nuten  (G) 
aufweist,  die  zwischen  einer  Vielzahl  von  paral- 
lel  Zwischenwande  bildenden  Rippen  (R)  lie- 

40  gen,  wobei  auf  gegenuberliegenden  Wandfla- 
chen  der  Rippen  Paare  von  planen  Adress- 
und  Referenzelektroden  vorgesehen  sind,  da- 
durch  gekennzeichnet,  dal3  die  Elektroden 
eines  jeden  Elektrodenpaares  (E1,  G1;  E2,  G2; 

45  E3,  G3;  ..)  im  wesentlichen  parallel  zueinander 
und  gegenuberliegend  in  bezug  auf  eine  senk- 
recht  durch  die  dazwischenliegende  Rippe  ver- 
laufende  Linie  ausgerichtet  sind  und  die  Elek- 
trodenpaare  langs  ihrer  jeweiligen  Rippe  so 

50  zueinander  versetzt  sind,  dal3  sie  eine  lineare 
Anordnung  von  Modulatorpixeln  (P1,  P2,  P3, 
...)  bilden,  die  sich  in  einer  linearen  Anord- 
nungsrichtung  (L.A.D.)  von  etwa  45°  zu  der 
Langsrichtung  der  Rippen  (R)  und  Nuten  (G) 

55  erstreckt,  und  dal3  die  Platte  (21)  zwischen  den 
Polarisierungselementen  (22,  23)  so  ausgerich- 
tet  ist,  dal3  die  Polarisierungsrichtungen  (D1, 
D2)  der  Polarisierungselemente  parallel  bzw. 

4 
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senkrecht  zu  der  linearen  Anordnungsrichtung 
(L.A.D).  verlaufen. 

2.  Elektro-optischer  Modulator  nach  Anspruch  1, 
dadurch  gekennzeichnet,  dal3  die  Modulator- 
platte  (21)  eine  Vielzahl  von  Sammelstegen  (B) 
aufweist,  die  parallele  Seiten  und  obere  Steg- 
teile  aufweisen  und  zwischen  der  Vielzahl  der 
zwischen  den  Rippen  (R)  liegenden  parallelen 
Nuten  (G)  angeordnet  sind,  wobei  die  die  Mo- 
dulatorpixel  (P1,  P2,  P3  ...)  bildenden  Elektro- 
den  auf  den  Seitenwandungen  der  Rippen  (R) 
ausgebildet  und  mit  den  Sammelstegen  (B) 
verbunden  sind  und  wobei  auf  den  Sammelste- 
gen  Leitungen  aufgebracht  sind,  welche  die 
Elektroden  mit  Kontaktelementen  fur  die  selek- 
tive  Aktivierung  elektrischer  Energiequellen 
(E1,  E2,  E3,...)  bzw.  einer  Referenzspannung 
(Gd)  verbinden,  die  auf  gegenuberliegenden 
Seiten  der  Modulatorplatte  (21)  angeordnet 
sind. 

3.  Elektro-optischer  Modulator  nach  Anspruch  1 
oder  2,  dadurch  gekennzeichnet,  dal3  die  Mo- 
dulatorplatte  (21)  aus  einem  keramischen  ferro- 
elektrischen  PLZT-Material  besteht. 

2.  Modulateur  electro-optique  selon  la  revendica- 
tion  1,  caracterise  en  ce  que  ledit  panneau  de 
modulateur  (21)  comprend  une  pluralite  de 
portions  d'appui  de  bus  (B),  comportant  des 

5  cotes  paralleles  et  des  appuis  superieurs,  pla- 
ces  entre  la  pluralite  de  rainures  paralleles  (G) 
situees  entre  lesdites  portions  de  nervure  (R), 
d'ou  il  resulte  que  les  pixels  modulateurs  (P1, 
P2,  P3  ...)  sont  constitues  d'electrodes  sur  les 

io  parois  laterales  des  portions  de  nervure  (R), 
lesdites  electrodes  etant  couplees  aux  portions 
d'appui  de  bus  (B),  lesdites  portions  d'appui 
de  bus  ayant  des  conducteurs  deposes  pour 
connecter  lesdites  electrodes  a  des  plots  de 

is  contact  pour  activer  selectivement  des  sources 
d'energie  electriques  (E1,  E2,  E3  ...)  et  pour 
selectivement  activer  un  potentiel  de  reference 
(Gd),  respectivement,  place  sur  les  extremites 
opposees  dudit  panneau  (21). 

20 
3.  Modulateur  electro-optique  selon  la  revendica- 

tion  1  ou  2,  caracterise  en  ce  que  ledit  pan- 
neau  modulateur  (21)  est  constitue  d'un  mate- 
riau  PLZT  ferro-electrique  ceramique. 

25 

Revendicatlons 

1.  Modulateur  electro-optique  comportant  un  pan-  30 
neau  modulateur  ferro-electrique  a  electrodes 
(21)  place  entre  deux  elements  polariseurs 
croises  (22,  23)  pour  utilisation  dans  un  dispo- 
sitif  a  valve  de  lumiere,  ledit  panneau  compre- 
nant  une  pluralite  de  rainures  paralleles  (G)  qui  35 
forment  une  pluralite  de  portions  de  nervures  a 
parois  paralleles  (R)  entre  celles-ci  et  des  pai- 
res  d'electrodes  d'adressage  et  de  reference 
planes  sur  les  surfaces  de  paroi  opposees 
desdites  portions  de  nervure,  40 

caracterise  en  ce  que  les  electrodes  de 
chaque  paire  d'electrodes  (E1,  G1  ;  E2,  G2  ; 
E3,  G3  ;  ...)  sont  pratiquement  paralleles  et 
centrees  de  maniere  opposee  sur  une  perpen- 
diculaire  a  travers  la  portion  de  nervure  corres-  45 
pondante,  lesdites  paires  d'electrodes  etant 
etagees  en  emplacement  suivant  leurs  portions 
de  nervure  respectives  de  fagon  a  former  un 
reseau  lineaire  de  pixels  modulateurs  (P1,  P2, 
P3  ...)  ayant  une  direction  de  reseau  lineaire  50 
(L.A.D.)  a  environ  45°  par  rapport  aux  dimen- 
sions  longitudinales  desdites  nervures  (R)  et 
rainures  (G)  ;  et  ledit  panneau  (21)  est  oriente 
entre  les  elements  polariseurs  (22,  23)  de  sorte 
que  les  directions  de  polarisation  (D1  ,  D2)  des-  55 
dits  elements  sont  respectivement  paralleles  et 
perpendiculaires  a  ladite  direction  du  reseau 
lineaire  (L.A.D.). 
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