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©  Device  and  apparatus  for  scan  line  process  direction  control  in  a  multicolor  electrostatographic 
machine. 

©  An  optical  element  (50)  for  the  selective  def- 
lection  of  a  scan  line  in  a  process  direction  in  a 
raster  output  scanner  (ROS) 
electrophotographic  printer  (10).  The  optical 
element  includes  a  chamber  (54  ;Fig.  3)  con- 
taining  a  nematic  liquid  crystal  material  having 
a  variable  index  of  refraction  (n^V))  as  a  func- 
tion  of  voltage  applied  thereacross  (Fig.2).  The 
ROS  includes  a  control  and  feedback  system 
coupled  to  a  variable  voltage  source  (58)  for 
applying  a  biasing  voltage  (V)  across  the  optical 
element  (50)  to  control  the  variable  index  of 
refraction  (^(V))  of  the  optical  element  for 
selectively  deflecting  the  scan  line  in  the  pro- 
cess  direction. V.  n,<v)  Ik 
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This  invention  relates  generally  to  a  raster  output 
scanning  (ROS)  system  for  producing  electrostatic  la- 
tent  images  from  electronically  stored  data  in,  for  ex- 
ample,  an  electrostatographic  printing  machine  and, 
more  particularly,  concerns  a  device  and  apparatus 
for  providing  controlled  alignment  of  a  scan  line  in  the 
process  direction  of  movement  of  a  photoconductive 
member  in  a  multi-color  electrostatographic  printing 
machine. 

The  basic  reprographic  process  used  in  an  elec- 
trostatographic  printing  machine,  including  multicol- 
our  printing,  is  well  known  in  the  art. 

Electrostatographic  printing  machines  have  in- 
creasingly  utilized  digital  electronics  technology  to 
produce  output  copies  from  input  video  data  repre- 
senting  original  image  information.  In  this  case,  it  is 
known  to  use  a  raster  output  scanner  (ROS)  for  ex- 
posing  the  charged  portions  of  the  photoconductive 
member  to  record  the  electrostatic  latent  image  there- 
on.  Generally,  the  ROS  has  a  laser  for  generating  a 
collimated  beam  of  monochromatic  radiation.  The  las- 
er  beam  is  modulated  in  conformity  with  the  image  in- 
formation  and  is  directed  toward  the  surface  of  the 
photoconductive  memberthrough  an  optics  system  to 
form  the  desired  image  on  the  photoconductive  mem- 
ber.  In  the  optics  system,  the  modulated  laser  beam 
is  reflected  through  a  lens  onto  a  scanning  element, 
typically  a  rotating  polygon  having  mirrored  facets 
such  that  the  light  beam  is  reflected  from  a  facet  and 
thereafter  focused  to  a  "spot"  on  the  photoconductive 
member  The  rotation  of  the  polygon  causes  the  spot 
to  scan  linearly  across  the  photoconductive  member 
in  a  fast  scan  (i.e.,  scan  line)  direction.  Meanwhile,  the 
photoconductive  member  is  advanced  in  a  process  di- 
rection  orthogonal  to  the  scan  line  direction  and  rel- 
atively  more  slowly  than  the  rate  of  the  fast  scan,  the 
so-called  slow  scan  direction.  In  this  manner,  the 
modulated  laser  beam  is  scanned  across  the  record- 
ing  medium  in  a  raster  scanning  pattern.  The  light 
beam  is  intensity-modulated  in  accordance  with  an 
input  image  serial  data  stream  at  a  rate  such  that  in- 
dividual  picture  elements  ("pixels")  of  the  image  rep- 
resented  by  the  data  stream  are  exposed  on  the  pho- 
tosensitive  medium  to  form  the  latent  image. 

In  a  single  pass  color  xerographic  system,  a  plur- 
ality  of  ROS  stations  are  selectively  energized  to  cre- 
ate  successive  image  exposures,  each  correspond- 
ing  to  the  three  primary  colors.  A  fourth  ROS  station 
may  also  be  added  if  black  images  are  to  be  created 
as  well.  Thus,  each  image  area  on  the  photoconduc- 
tive  member  makes  at  least  three  passes  relative  to 
an  image  scan  line  formed  by  the  modulated  laser 
beam  of  the  ROS  system  to  produce  a  multi-color  im- 
age.  Alternatively,  highlight  color  applications  might 
use  black  plus  one  or  two  colors.  Each  image  pass  is 
eventually  superimposed  on  one  another  such  that 
each  image  must  be  measured  to  within  a  0.1  mm  cir- 
cle  or  within  a  tolerance  of  +  0.05  mm,  and  each  color 

image  must  be  registered  in  both  the  photoreceptor 
process  direction  (slow  scan  direction)  and  in  the  di- 
rection  transverse  to  the  process  direction  (fast  scan 
direction). 

5  In  many  printing  machines,  the  sampling  rate  of 
the  slow  scan  direction  data  equates  to  300  lines  per 
inch  (11.8  lines  per  mm)  or  more.  Furthermore,  it  has 
been  shown  that  errors  in  the  slow  scan  direction  of 
as  small  as  1%  of  the  nominal  line  spacing  may  be 

10  perceived  in  a  half  tone  or  continuous  tone  image. 
This  implies  a  need  fora  high  degree  of  control  in  pos- 
itioning  the  scan  line  in  the  slow  scan  direction  on  the 
image  plane,  especially  in  such  applications  as  multi- 
ple  beam  and  multiple  ROS  color  printers  where  a 

15  plurality  of  scan  lines  are  written  onto  a  single  photo- 
receptor.  Errors  of  the  scan  line  position  in  the  slow 
scan  direction  arise  from  many  sources,  including 
polygon  and/or  photosensitive  member  motion  flaws, 
facet  and/or  image  plane  (e.g.,  photoconductive 

20  member)  surface  defects,  etc.  These  errors  are  most 
commonly  addressed  in  the  prior  art  by  passive  or  ac- 
tive  in-line  optics. 

US-A-4,958,914  discloses  an  optical  intensity-to- 
position  mapping  and  light  deflector  apparatus  and 

25  method  wherein  a  liquid  crystal  prism  is  used  to  de- 
flect  a  light  beam.  Voltage  gradients  are  varied  in  ac- 
cordance  with  optical  intensity  at  corresponding  loca- 
tions  in  the  received  light  to  correct  any  optical  varia- 
tions  at  that  particular  location.  The  prism  of  that  pa- 

30  tent  deflects  higher  intensity  light  more  than  lower  in- 
tensity  light. 

The  various  prior  art  schemes  have  disadvantag- 
es  and/or  shortcomings.  For  example,  the  use  of  pre- 
cision  optics  requires  not  only  high  quality  optical  ele- 

35  ments,  but  also  tight  control  in  the  positioning  of  those 
optics  in  order  to  obtain  the  requisite  very  precise 
mechanical  control  sufficient  to  adjust  spot  position 
as  required  in  many  cases.  In  order  to  achieve  this 
level  of  spot  position  control  with  the  acousto-optic 

40  modulators,  an  acoustic  wave  must  be  established 
and  maintained  with  great  precision.  These  acousto- 
optic  modulators  are  relatively  expensive  and  require 
a  correspondingly  accurate  high  frequency  signal 
generator  and  related  electronics  to  produce  and 

45  maintain  the  acoustic  waves.  Further,  such  systems 
which  incorporate  feedback  circuits  to  move  rotating 
or  translating  mirrors  generally  operate  too  slowly  to 
correct  for  motion  quality  errors  because  mirror  com- 
ponents  are  relatively  bulky  and  are  difficult  to  move 

so  precisely  and  quickly. 
According  to  the  present  invention  there  is  pro- 

vided  an  optical  element  according  to  claim  1  of  the 
appended  claims. 

Preferably,  the  index  of  refraction  of  the  nematic 
55  material  ranges  between  approximately  1.33  and 

1  .79  as  a  function  of  a  biasing  voltage  applied  thereto. 
Preferably,  said  member  has  a  maximum  thick- 

ness  of  approximately  300  urn. 
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According  to  another  aspect  of  the  present  inven- 
tion,  there  is  provided  a  raster  output  scanning  (ROS) 
system  according  to  claim  9  of  the  appended  claims, 
and  preferably  including  an  optical  element  according 
to  one  of  the  foregoing  embodiments. 

Preferably,  said  optical  element  defines  a  cham- 
ber  including  of  a  nematic  liquid  crystal  material  sub- 
stantially  filling  the  chamber,  said  nematic  liquid  crys- 
tal  material  having  a  variable  index  of  refraction  as  a 
function  of  a  biasing  voltage  applied  thereto.  Prefer- 
ably,  said  optical  element  includes  first  and  second 
optically  transmissive  plates  defining  the  chamber, 
said  first  and  second  plates  having  substantially  flat 
opposing  parallel  faces  with  one  of  said  plates  having 
a  linearly  varying  thickness  for  providing  the  chamber 
with  a  wedge-shaped  profile.  Preferably,  said  optical 
element  further  includes  first  and  second  electrode 
members  respectively  positioned  substantially  paral- 
lel  to  one  another  on  opposite  sides  of  the  chamber, 
said  electrodes  being  coupled  to  said  voltage  source 
for  applying  a  biasing  voltage  across  said  nematic  liq- 
uid  crystal  material  to  produce  uniform  electric  fields 
therethrough.  Preferably,  the  plate  having  a  linearly 
varying  thickness  includes  first  and  second  segments 
of  optically  transmissive  material  in  abutment  with 
one  another,  said  first  segment  of  optically  transmis- 
sive  material  having  a  first  index  of  refraction  and  said 
second  segment  of  optically  transmissive  material 
having  a  second  index  of  refraction. 

The  raster  output  scanner  preferably  further  in- 
cludes  means  for  detecting  scan  line  position  on  the 
imaging  member  to  generate  an  error  signal  in  re- 
sponse  thereto;  and  means,  responsive  to  the  error 
signal,  for  controlling  the  biasing  voltage  applied  to 
the  optical  element  for  selectively  varying  the  index 
of  refraction  thereof. 

According  to  yet  another  aspect  of  the  present  in- 
vention,  there  is  provided  an  electrostatographic 
printing  machine  according  to  claim  1  0  of  the  append- 
ed  claims,  and  preferably  incorporating  a  ROS  ac- 
cording  to  any  of  the  foregoing  embodiments. 

Other  features  of  the  present  invention  will  be- 
come  apparent  as  the  following  description  proceeds 
and  upon  reference  to  the  drawings  in  which: 

FIG.  1  shows  a  plan  view  of  the  general  optical 
configuration  of  a  Raster  Output  Scanner  (ROS) 
system,  showing  an  optical  element  according  to 
the  present  invention  disposed  at  various  loca- 
tions  along  the  scan  path  of  the  ROS; 
FIG.  2  shows  a  graphic  representation  of  the  re- 
lationship  between  the  index  of  refraction  and  the 
voltage  applied  to  a  nematic  material; 
FIG.  3  shows  a  schematic  side  view  of  an  optical 
element  in  accordance  with  the  present  inven- 
tion; 
FIG.  4  shows  a  perspective  schematic  view  of  the 
optical  element  of  FIG.  3; 
FIG.  5  shows  a  perspective  schematic  view  of  an 

alternative  embodiment  of  an  optical  element  in 
accordance  with  the  present  invention;  and 
FIG.  6  shows  a  schematic  perspective  view  of  a 
prior  art,  single  pass,  multiple  ROS  system  for 

5  forming  a  multicolor  image  on  a  xerographic  ma- 
chine. 
Referring  initially  to  FIG.  6,  before  describing  the 

invention  in  detail,  there  is  shown  a  prior  art,  single 
pass,  ROS  multicolor  printing  system  having  four 

10  ROS  systems,  10,20,  30,  and  40.  The  multicolor  print- 
ing  system  includes  a  photoreceptor  belt  2,  driven  in 
a  process  direction,  indicated  by  the  arrow  4.  The 
length  of  the  belt  2  is  designed  to  accept  an  integral 
number  of  spaced  image  areas,  h  -  ln,  represented  by 

15  dashed  line  rectangles.  Each  image  area  has  an  as- 
sociated  charging  station  (not  shown)  which  places  a 
predetermined  electrical  charge  on  the  surface  of  belt 
2.  Each  image  area  h  -  ln  is  exposed  successively  by 
ROS  systems  1  0,  20,  30,  40,  respectively.  As  each  of 

20  the  image  areas  h  -  ln  reaches  a  transverse  line  of 
scan,  represented  by  lines  19,  29,  39,  49,  the  image 
area  is  progressively  exposed  on  closely  spaced 
transverse  raster  lines,  shown  generally  with  exag- 
gerated  longitudinal  spacing  as  reference  numerals 

25  1  9a  and  49a  on  the  image  areas  h  and  l4,  respectively 
Downstream  from  each  exposure  station,  a  de- 

velopment  station  (not  shown)  develops  the  latent  im- 
age  formed  in  the  associated  image  area.  A  fully  de- 
veloped  color  image  is  then  transferred  to  an  output 

30  sheet.  The  charge,  development,  and  transfer  sta- 
tions  are  conventional  in  the  art.  Details  of  charge  and 
development  xerographic  stations  in  a  multiple  ex- 
posure  single  pass  system  are  disclosed,  for  exam- 
ple,  in  US-A-4,660,059. 

35  Each  ROS  system  10,20,  30,  and  40  contains  its 
own  conventional  scanning  components,  as  variously 
described  in  the  art  For  purposes  of  simplicity,  each 
ROS  system  10,  20,  30,  40  is  shown  as  having  two 
components,  namely,  a  laser  light  source  12,  22,  32, 

40  42  and  a  rotating  polygon  1  6,  26,  36,  46,  respectively. 
It  will  be  appreciated  by  those  of  skill  in  the  art  that 
multiple  scan  lines  may  also  be  generated  with  a  sin- 
gle  ROS. 

An  exemplary  ROS  system  1  0,  includes  a  gas,  or 
45  preferably,  diode  laser  light  source  1  2,  having  an  out- 

put  which  is  modulated  by  signals  from  control  circuit 
8,  which  output  is  optically  processed  to  impinge  on 
the  facets  of  rotating  polygon  16.  Each  facet  reflects 
the  modulated  incident  laser  beam  as  it  is  rotated  to 

so  produce  a  scan  line  which  is  focused  at  the  photore- 
ceptor  surface  2.  Control  circuit  8  contains  the  circuit 
and  logic  modules  which  respond  to  input  video  data 
signals  and  other  control  and  timing  signals  to  oper- 
ate  the  photoreceptor  drive  in  synchronism  with  the  im- 

55  age  exposure  and  to  control  the  rotation  of  the  polygon 
8  by  a  motor  (not  shown).  The  other  ROS  systems  20, 
30,  40,  have  their  own  associated  laser  diodes  22,  32, 
42,  and  polygons  26,  36,  46,  respectively. 

3 
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Moving  now  to  a  more  detailed  description  of  a 
ROS  system  used,  for  example,  in  an  electrostato- 
graphic  printing  machine,  FIG  1  shows  a  general  con- 
figuration  of  the  optical  system  and  the  optical  path 
of  a  ROS.  For  purposes  of  the  present  discussion,  a 
single  ROS  system  will  be  described  in  detail  with  ref- 
erence  to  ROS  system  10.  It  will  be  understood  that 
each  ROS  system  20,  30,  40  may  comprise  similar 
components  or  may  include  other  components,  as  the 
case  may  be  Initially,  input  video  data  is  transmitted 
to  the  laser  source  12  which  embodies  a  self- 
modulating  light  source  for  producing  a  modulated  di- 
verging  beam  of  coherent  light.  The  beam  may  be  col- 
limated  by  a  spherical  collimating  lens  14  and  then  re- 
focused  by  an  imaging  lens  15.  The  beam  is  next  in- 
cident  upon  a  rotating  polygon  16  having  at  least  one 
mirrored  facet  16a  for  reflecting  the  beam  through  a 
post  scan  optics  system.  Other  suitable  devices  for 
scanning  are  known  in  the  art,  including  rotating  ho- 
logons,  rotating  diffraction  gratings,  etc.  The  post 
scan  optics  system  reconfigures  the  beam  reflected 
by  facet  16a  to  a  circular  or  elliptical  cross-section,  re- 
focuses  the  beam  to  the  proper  point  on  the  surface 
of  photoreceptor/drum  2,  and  corrects  for  scan  nonli- 
nearity  (f-theta  correction).  A  recollimating  lens  and  a 
1X  (or  other  working  magnification)  toroidal  lens  18 
can  be  disposed  between  the  scanning  device  16  and 
the  photoreceptor  2  to  correct  for  wobble  (scanner 
motion  or  facet  errors)  and  other  defects  where  ap- 
propriate. 

In  the  exemplary  embodiment  of  FIG.  1,  the  ro- 
tation  of  the  mirrored  facets  16a  causes  the  reflected 
beam  to  be  deflected  and  thereby  scanned  across  a 
photosensitive  image  member  or  the  photoreceptor 
belt  2.  Thus,  if  polygon  16  is  rotated  in  a  clockwise 
fashion,  a  beam  reflected  from  one  of  its  moving  fac- 
ets  16a  will  be  caused  to  scan  from  left  to  right  on  the 
photoreceptor  belt  2.  Polygon  16  is  preferably  driven 
by  a  motor  (not  shown)  through  a  shaft,  with  the  an- 
gular  velocity  of  t  he  polygon  1  6  synchronized  wit  h  t  he 
angular  velocity  of  belt  2.  The  combination  of  the  ro- 
tation  of  polygon  16  with  rotation  of  the  photoreceptor 
belt  2  in  the  direction  as  shown  by  arrow  4,  causes 
scanning  to  proceed,  raster  manner  formed  by  an  ar- 
ray  of  scan  lines.  A  typical  ROS  can  illuminate  the 
charged  portion  of  drum  2  at  a  rate  of  about  600  pixels 
per  inch  (23.6  pixels  per  mm);  e  g  at  600  spots  per  inch 
(spi)  (23.6  spots  per  mm)  resolution. 

The  optic  system  described  hereinabove  disclo- 
ses  the  basic  elements  of  a  ROS  system  as  is  well 
known  in  the  art.  In  accordance  with  the  present  in- 
vention,  an  additional  optical  element  50  is  provided 
and  disposed  along  the  scan  path  of  the  optical  sys- 
tem  for  deflecting  the  scan  line  in  the  process  direc- 
tion  such  that  the  entire  scan  line  will  be  repositioned 
on  the  imaging  member.  In  FIG.  1,  optical  element  50 
is  shown  located  between  the  collimating  lens  14  and 
the  polygon  1  6,  but  t  he  optical  element  50  of  t  he  pres- 

ent  invention  may  alternatively  be  disposed  between 
the  f-theta  correction  lens  17  and  the  magnification 
lens  18  or  between  the  magnification  lens  18  and  the 
imaging  member  2,  as  shown  in  phantom  in  FIG.  1. 

5  Placement  of  the  optical  element  50  in  the  prescan 
optics  permits  control  of  the  entire  scan  line  by  ma- 
nipulation  of  the  beam  emitted  from  laser  diode  12. 
Conversely,  positioning  of  the  optical  element  50  in 
the  post-scan  optic  system  requires  manipulation  of 

10  the  entire  scan  line  through  the  scan  path  such  that 
a  larger  optical  element  is  required  for  manipulating 
the  entire  scan  line  through  the  optical  element  50  be- 
fore  being  transmitted  to  the  image  receiving  photo- 
receptor  belt  2. 

15  Optical  element  50  is  preferably  a  parallel  aligned 
nematic  liquid  crystal  cell  of  the  type  generally  known 
in  the  art.  In  utilizing  such  a  cell,  light  polarization  is 
parallel  to  the  alignment  of  the  liquid  crystal  material. 
It  will  be  understood  that  other  liquid  crystal  materials 

20  may  be  utilized,  such  as  smectic  phase  crystal  mate- 
rial.  In  accordance  with  the  present  invention,  the  opt- 
ical  element  50  placed  in  the  scan  path  of  a  ROS  in- 
cludes  a  cell  or  chamber  having  a  linearly  varying 
thickness  containing  a  volume  of  nematic  liquid  crys- 

25  tal  material.  When  a  biasing  voltage  is  applied  to  the 
optical  element  50,  a  combination  of  bias  fields  are 
formed  across  the  cell  or  chamber  to  produce  a  con- 
dition  in  which  the  molecules  of  the  liquid  crystal  ma- 
terial  in  the  cell  are  aligned  by  the  bias  fields  in  a  gen- 

30  erally  uniform  direction  with  respect  to  the  magnitude 
of  the  voltage  applied  to  the  optical  element  50. 

The  manner  in  which  the  refractive  index  of  the 
liquid  crystal  material  varies  in  response  to  the  bias- 
ing  voltage  is  shown  in  FIG.  2.  As  shown  in  FIG.  2,  by 

35  varying  the  magnitude  of  the  biasing  voltage,  the  re- 
fractive  index  ne  of  the  liquid  crystal  material  can  be 
freely  controlled  for  light  polarized  parallel  to  the 
alignment  direction  of  the  nematic  crystal  material. 
That  is,  when  the  level  of  the  biasing  voltage  exceeds 

40  the  threshold  value  Vth,  the  arrangement  of  the  liquid 
crystal  molecules  will  change  from  homogeneous  to- 
ward  homeotropic  and  the  refractive  index  ne  will  also 
change  with  respect  to  the  voltage.  Thus,  as  the  bias- 
ing  voltage  applied  to  the  optical  element  50  is  varied, 

45  the  refractive  index  of  the  liquid  crystal  material 
changes,  thereby  changing  the  angle  at  which  the 
laser  beam  exits  the  optical  element  50  This  angle  is 
continuously  variable  within  the  limits  set  by  the  avail- 
able  change  in  the  refractive  index. 

so  Typically,  a  liquid  crystal  cell  is  made  up  of  paral- 
lel  plates  which  form  a  liquid  crystal  layer  of  uniform 
thickness.  Such  liquid  crystal  cells  are  known  in  the 
art  and  have  been  described  variously,  as  for  exam- 
ple,  in  US-A-s4,066,334  and  4,768,864  as  well  as  the 

55  references  cited  therein.  In  standard  practice,  liquid 
crystal  cells  are  used  to  achieve  specific  electro-optic 
effects  by  placing  a  small  amount  of  nematic  liquid 
crystal  material  between  two  glass  plates.  For  a 

4 
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range  of  angles  of  incidence  on  the  liquid  crystal  in- 
terface,  light  is  either  partially  transmitted  or  totally  re- 
flected,  depending  on  the  electric  field  orientation  of 
the  optic  axis  in  the  nematic  material. 

FIGS.  3  and  4  show,  in  schematic  form,  a  prefer- 
red  embodiment  of  the  liquid  crystal  member  making 
up  the  optical  element  50  in  accordance  with  the 
present  invention.  The  specific  configuration  of  the 
optical  element  of  the  present  invention  provides  a 
chamber  54  having  a  progressively  decreasing  vol- 
ume  from  one  marginal  region  to  another  profile  posi- 
tioned  between  two  plates  52,  56  having  substantially 
planar  external  surface  51,  55,  respectively.  The 
plates  comprise  glass  or  some  other  optically  trans- 
missive  materials.  One  of  the  glass  plates,  in  this 
case  plate  56,  is  coated  with  a  transparent  dielectric 
material  having  a  uniformly  increasing  thickness 
forming  a  dielectric  wedge  56a  and  defining  the  de- 
creasing  volume  of  the  chamber  such  that  the  cham- 
ber  has  a  wedge-shaped  profile  between  the  two 
glass  plates  for  receiving  the  liquid  crystal  material, 
thereby  forming  the  optical  element  50.  The  dielectric 
wedge  could  be  made,  for  example,  by  dip  coating  a 
plate  with  a  particular  light  transmissive  material  at  a 
linearly  varying  rate.  Alternatively,  grinding  or  other 
methods  can  be  used.  The  optical  element  is  then  as- 
sembled  by  positioning  the  two  plates  52,  56  such 
that  the  exterior  surfaces  51,  55  remain  parallel  to 
one  another,  forming  a  chamber  54  having  a  progres- 
sively  decreasing  volume  from  one  marginal  region  to 
another  marginal  region  opposed  therefrom  inter- 
posed  between  the  plates  52,  56.  The  chamber  54  is 
then  filled  with  the  nematic  liquid  crystal  material,  as 
for  example,  a  commercial  nematic  liquid  crystal  ma- 
terial  produced  by  EM  Industries  of  Hawthorne,  NY, 
having  a  refractive  index  (n  ̂ ranging  from  1  .33  to  1  .79 
depending  on  the  voltage  (V)  applied  to  the  cell. 

Conductive  electrodes  53  and  57  are  also  provid- 
ed  for  applying  a  biasing  voltage  across  the  chamber 
54.  In  FIG.  3,  transparent  conductive  electrodes  53 
and  57  are  placed  directly  on  the  exterior  faces  51  ,  55 
of  the  two  glass  substrates  52,  56,  respectively.  Alter- 
natively,  the  transparent  electrodes  53  and  57  may  be 
embedded  into  the  plates,  as  shown  in  FIG.  4.  It  is  an 
important  feature  of  the  present  invention  that  the 
electrodes  are  positioned  parallel  to  one  another  in  or- 
der  to  create  uniform  electric  fields  therebetween. 
That  is,  due  to  the  biasing  voltage  (V)  applied  to  the 
electrodes  53,  57  by  voltage  source  58,  electrodes  53 
and  57  generate  uniform  electric  fields  across  the 
chamber  54  to  induce  reorientation  of  the  molecules 
in  the  chamber  54  and  thereby  control  the  refractive 
index  thereof.  While  it  may  be  possible  to  place  the 
liquid  crystal  material  between  two  flat  glass  plates 
that  are  angularly  positioned  with  respect  to  one  an- 
other  to  form  a  wedge  or  prism,  the  parallel  configur- 
ation  of  the  electrodes  described  by  the  present  in- 
vention  provides  the  capability  to  maintain  a  uniform 

electric  field  between  the  electrodes  53,  57  when  a 
biasing  voltage  is  applied  thereto.  This  uniform  elec- 
tric  field  provides  means  for  creating  a  uniformly  va- 
riable  refractive  index  within  the  chamber  54.  A  typi- 

5  cal  liquid  crystal  cell  of  the  type  described  herein 
should  have  a  maximum  thickness  of  less  than  300 
urn.  Forthe  purposes  of  the  present  invention,  a  liquid 
crystal  cell  having  a  wedge  of  approximately  50  urn 
overa  1  mmaperture  was  utilized  to  form  a  wedge  an- 

10  gle  of  0.05  radians. 
An  alternative  embodiment  of  the  optical  element 

50  of  the  present  invention  is  shown  in  FIG.  5.  In  this 
alternative  embodiment,  the  chamber  54  is  truncated 
to  form  the  frustum  of  a  prism  or  a  truncated  triangu- 

15  lar  shape,  as  shown.  The  configuration  shown  in  this 
embodiment  may  provide  specific  advantages  with 
respect  to  manufacturing  and  cost  without  degrading 
from  the  optical  deflection  capabilities  of  the  optical 
element  of  the  present  invention. 

20  The  qualitative  aspects  of  the  electro-optic  effect 
provided  by  the  optical  element  in  the  present  inven- 
tion  can  be  explained  by  a  simple  application  of 
Snell's  Law: 

N|Sin9  =  N|'sin9|' 
25  In  the  present  analysis,  Snell's  Law  must  be  ap- 

plied  fourtimes:  (1)  atthe  air/glass  interface  along  ex- 
terior  face  51  ,  (2)  at  the  glass/liquid  crystal  interface 
between  plate  52  and  chamber  54,  (3)  at  the  liquid 
crystal/glass  interface  between  chamber  54  and 

30  plate  56,  and  (4)  the  glass/air  interface  along  exterior 
face  55,  in  order  to  determine  the  aggregate  angle  of 
refraction  for  light  rays  passing  through  the  optical 
element  50.  For  simplicity,  it  is  assumed  that  the  ma- 
terial  making  up  the  dielectric  wedge  56a  has  a  refrac- 

35  tive  index  similar  to  the  glass  substrate.  However,  it 
will  be  recognized  by  those  of  skill  in  the  art  that  the 
dielectric  wedge  56a  may  be  composed  of  a  material 
having  a  unique  refractive  index  independent  of  that 
of  the  substrate  making  up  the  plates  of  the  optical 

40  element  50.  It  will  be  appreciated  that  calculations 
based  on  Snell's  Law  will  yield  an  output  angle  as  a 
function  of  the  input  angle  and  the  refractive  index  of 
the  flat  plate  material  as  well  as  the  variable  refraction 
in  the  liquid  crystal  cell.  In  a  typical  application,  the 

45  angular  range  covered  by  varying  the  voltage  applied 
to  the  liquid  crystal  cell  is  in  the  range  of  1  to  1  .5  de- 
grees.  This  angular  range  can  be  increased  substan- 
tially  for  larger  angles  of  incidence.  Likewise,  smaller 
angular  ranges  can  be  provided  by  reducing  the 

so  wedge  dimensions  and/or  by  reducing  the  refractive 
index  change  attainable  with  the  liquid  crystal  mate- 
rial. 

As  previously  discussed,  the  optical  element  of 
the  present  invention  is  proposed  for  use  in  the  align- 

55  ment  of  ROS  scan  lines  in  the  slow  scan  direction  for 
a  tandem  xerographic  printing  engine  systems.  Typi- 
cally,  a  coarse  alignment  can  be  made  within  an  elec- 
tronic  tandem  engine  to  within  one  half  of  a  pixel  width 

5 
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via  an  electronic  delay  line  or  a  buffer.  The  present  in- 
vention  provides  for  the  critical  adjustment  of  the  opt- 
ical  system  on  the  order  of  a  pixel  width  or  less.  Va- 
rious  embodiments  of  an  error  detection  and  feed- 
back  control  circuit  60,  as  shown  in  FIG.  1  are  contem- 
plated  for  determining  the  existence  and  extent  of  the 
alignment  error  of  a  scan  line  on  the  photoreceptive 
surface  2  and  for  controlling  the  biasing  voltage  (V) 
applied  to  the  optical  element  50  for  controlling  the  re- 
fractive  index  of  the  liquid  crystal  material  as  required 
to  correct  the  alignment  error.  Error  detection  and 
feedback  control  circuitry  used  for  this  purpose  are 
known  in  the  art.  For  example,  an  exemplary  system 
is  shown  in  EP-A-529,785,  wherein  a  start  of  scan 
sensor  emits  signals  at  a  frequency  equal  to  the  sys- 
tem  slow  scan  resolution  while  timing  marks  are 
sensed  by  a  light  source/detector  combination  to  pro- 
vide  the  basic  timing  signals  for  the  synchronization 
of  the  control  system.  The  beam  is  initially  aligned  and 
adjusted  with  some  relationship  to  the  occurrences  of 
the  photoreceptor  timing  marks.  A  phase  detector  de- 
tects  the  phase  difference  between  the  signal  from 
the  start  of  scan  detector  and  the  timing  marks  on  the 
photoreceptor  and  generates  a  phase  error  voltage 
that  is  fed  to  a  biasing  source  which  applies  an  appro- 
priate  biasing  voltage  across  the  electrodes  53,  57  of 
the  optical  element  50  to  make  the  necessary  proc- 
ess  direction  correction. 

It  will  be  understood  that  the  positioning  of  the 
optical  element  50  of  the  present  invention  may  be 
placed  in  various  locations  along  the  scan  path  of  the 
ROS.  However,  it  will  be  further  understood  by  those 
of  skill  in  the  art,  that  it  is  preferable  to  place  the  opt- 
ical  element  of  the  present  invention  in  regions  where 
the  light  beam  has  a  limited  divergence  angle  or 
where  configuration  complications  do  not  exist.  As 
such,  FIG.  1  shows  two  preferred  locations  for  the 
optical  element  50  Af  irst  alternative  location  is  to  pos- 
ition  the  optical  element  50  between  the  laser  colli- 
mating  lens  14  and  the  facet  16.  This  position  is  very 
desirable  since  the  beam  transmitted  from  the  laser 
diode  is  relatively  small  and,  therefore,  a  very  com- 
pact  liquid  crystal  cell  could  be  used  to  implement  the 
objectives  of  the  present  invention.  By  placing  the 
electro-optic  device  of  the  present  invention  in  the 
prescan  optics  of  the  ROS,  the  positional  change 
achievable  at  the  photoreceptor  would  be  the  product 
of  the  translation  on  the  facet  and  the  magnification 
of  the  facet  image.  For  an  exemplary  toroidal  system, 
the  sagittal  magnification  will  most  likely  be  in  the  re- 
gion  between  1-10  such  that  the  toroidal  design 
ROS  can  be  scanned  more  than  1-10  pixel  widths. 
Another  preferred  alternative  location  for  the  optical 
element  50  of  the  present  invention  may  include  a 
position  between  the  scan  and  magnification  lenses 
17  and  the  imaging  surface  2.  Locating  the  optical 
element  50  in  the  post-scan  optics  may  be  less  ad- 
vantageous  due  to  the  fact  that  a  larger  size  element 

will  be  needed  for  shifting  the  entire  scan  line.  How- 
ever,  other  design  considerations  may  make  it  desir- 
able  to  position  the  optical  element  in  the  post-scan 
optics.  For  example,  in  practice  a  ROS  is  embodied 

5  in  a  modular  device  including  a  window  from  which 
the  light  beam  is  transmitted  onto  the  imaging  screen; 
replacement  of  this  window  by  the  optical  element  of 
the  present  invention  may  be  desirable. 

In  recapitulation,  there  has  been  shown  a  device 
10  and  apparatus  for  scan  line  process  direction  control 

in  a  multicolor  electrostatographic  machine  by  means 
of  an  electro-optic  device  placed  in  the  optical  system 
of  a  raster  output  scanning  system.  The  present  in- 
vention  provides  an  optical  element  which  facilitates 

15  control  of  the  scan  line  positioning  to  provide  exact  lo- 
cation  of  the  scan  line  on  the  photoreceptor.  Acontrol 
system  used  in  combination  with  the  optical  element 
of  the  present  invention  may  be  adapted  to  monitor 
the  positioning  of  the  each  scan  line  and  to  apply  a 

20  voltage  to  the  optical  element  for  changing  the  refrac- 
tive  index  thereof  to  shift  the  position  of  a  scan  line. 
A  novel  configuration  of  the  optical  element  having  a 
liquid  crystal  chamber  providing  the  desirable  charac- 
teristics  to  provide  the  desired  results  is  disclosed. 

25 

Claims 

1  .  An  optical  element  for  selective  deflection  of  a 
30  light  beam,  comprising: 

a  member  (50)  having  a  pair  of  generally 
planar  external  surfaces  (51,55),  said  member 
defining  a  chamber  (54,54')  having  a  progres- 
sively  decreasing  volume  from  one  marginal  re- 

35  gion  to  another  marginal  region  opposed  there- 
from,  with  the  chamber  (54;54')  being  interposed 
between  said  planar  surfaces;  and 

a  material  having  a  variable  index  of  re- 
fraction  (^(V))  substantially  filling  the  chamber 

40  (54;54')  of  said  member. 

2.  The  optical  element  of  claim  1,  further  including 
means  (58)  for  applying  a  biasing  voltage  (V) 
across  said  member  (50)  to  generate  uniform 

45  electric  fields  through  said  material  to  vary  the  in- 
dex  of  refraction  (^  (V))  thereof  as  a  function  of 
the  applied  biasing  voltage  (V). 

3.  The  optical  element  of  claim  2,  further  including 
so  a  pair  of  electrodes  (53,57)  disposed  substantial- 

ly  parallel  to  one  another  on  opposite  sides  of  the 
chamber  (54;54'),  said  electrodes  (53,57)  being 
coupled  to  said  biasing  voltage  applying  means 
(58). 

55 
4.  The  optical  element  of  claim  3,  wherein  each  of 

said  pair  of  electrodes  (53,57)  is  disposed  on  said 
pair  of  external  surfaces  (51  ,55). 

6 
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5.  The  optical  element  of  any  of  claims  1  to4,  where- 
in  said  member  (50)  includes  first  (52)  and  sec- 
ond  (56)  optically  transmissive  plates  defining 
the  chamber  (54;54'),  said  first  and  second  plates 
having  the  generally  planar  exterior  surfaces  5 
(51,55)  and  one  (56)  of  said  plates  having  a  line- 
arly  varying  thickness  (56a)  to  define  a  wedge- 
shaped  chamber  (54;  54'). 

6.  The  optical  element  of  claim  5,  wherein  the  opti-  10 
cally  transmissive  plate  (56)  having  a  linearly 
varying  thickness  includes  first  and  second  seg- 
ments  of  optically  transmissive  material  in  abut- 
ment  with  one  another,  said  first  segment  having 
a  first  index  of  refraction,  and  said  second  seg-  15 
ment  having  a  second  index  of  refraction. 

7.  The  optical  element  of  claim  1  ,  wherein  said  ma- 
terial  having  a  variable  index  of  refraction  (^(V)) 
includes  a  nematic  liquid  crystal  material.  20 

8.  The  optical  element  of  any  of  the  preceding 
claims,  wherein  the  index  refraction  of  the  nemat- 
ic  material  ranges  between  approximately  1.33 
and  1.79  as  a  function  of  a  biassing  voltage  (V)  25 
applied  thereto. 

9.  A  raster  output  scanner,  comprising: 
means  (12)  for  generating  a  light  beam 

modulated  in  accordance  with  a  video  input  data  30 
signal; 

means  (10)  for  scanning  the  light  beam 
onto  a  movable  imaging  surface  (2)  being  trans- 
ported  in  a  process  direction  to  provide  succes- 
sive  scan  lines  on  the  movable  imaging  surface;  35 

an  optical  element  (50)  for  selectively  de- 
flecting  the  light  beam  in  a  direction  parallel  to  the 
process  direction,  said  optical  element  (50)  hav- 
ing  a  variable  index  of  refraction  (n^V))  as  a  func- 
tion  of  voltage  (V)  applied  thereacross;  and  40 

a  voltage  source  (58)  for  applying  a  biasing 
voltage  (V)  across  said  optical  element  to  gener- 
ate  a  substantially  uniform  electric  field  there- 
through  to  control  the  index  of  refraction  (^(V)) 
of  said  optical  element  (50).  45 

1  0.  An  electrostatographic  printing  machine  incorpor- 
ating  a  ROS  according  to  claim  9. 
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