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Description 

Technical  Field 

The  present  invention  relates  to  a  method  for  oper- 
ating  an  electrophoretic  display  panel  apparatus  and, 
more  particularly,  to  a  method  which  increases  the 
speed  with  which  information  can  be  written  to  an  elec- 
trophoretic  display  panel. 

Background  Art 

Electrophoretic  displays  (EPIDS)  are  now  well 
known.  A  variety  of  display  types  and  features  are  taught 
in  several  patents  issued  in  the  names  of  Frank  J. 
DiSanto  and  Denis  A.  Krusos  and  assigned  to  the  as- 
signee  herein,  Copytele,  Inc.  of  Huntington  Station,  New 
York.  For  example,  U.S  Patent  Nos.  4,655,897  and 
4,732,830,  each  entitled  ELECTROPHORETIC  DIS- 
PLAY  PANELS  AND  ASSOCIATED  METHODS  de- 
scribe  the  basic  operation  and  construction  of  an  elec- 
trophoretic  display.  U.S.  Patent  No.  4,742,345,  entitled 
ELECTROPHORETIC  DISPLAY  PANELS  AND  METH- 
ODS  THEREFOR,  describes  a  display  having  improved 
alignment  and  contrast.  U.S.  Patent  No.  4,833,464  en- 
titled  ELECTROPHORETIC  INFORMATION  DISPLAY 
(EPID)  APPARATUS  EMPLOYING  GREY  SCALE  CA- 
PABILITY  relates  to  an  EPID  with  the  capability  to  dis- 
play  pixels  of  varying  grey  scale  intensity.  This  patent 
recognizes,  inter  alia,  that  the  duration  of  application  of 
a  voltage  gradient  at  a  particular  pixel  location  effects 
the  quantity  of  pigment  particles  at  that  location.  Hence, 
by  controlling  the  time  duration  of  the  write  pulse  one 
can  achieve  grey  scale  capability  -  the  shorter  the  pulse, 
the  lighter  the  line. 

The  display  panels  shown  in  the  abovementioned 
patents  operate  upon  the  same  basic  principle,  viz.,  if  a 
suspension  of  electrically  charged  pigment  particles  in 
a  dielectric  fluid  is  subjected  to  an  applied  electrostatic 
field,  the  pigment  particles  will  migrate  through  the  fluid 
in  response  to  the  electrostatic  field.  Given  a  substan- 
tially  homogeneous  suspension  of  particles  having  a 
pigment  color  different  from  that  of  the  dielectric  fluid,  if 
the  applied  electrostatic  field  is  localized,  it  will  cause  a 
visually  observable  localized  pigment  particle  migration. 
The  localized  pigment  particle  migration  results  either 
in  a  localized  area  of  concentration  or  rarefaction  of  par- 
ticles  depending  upon  the  sign  and  direction  of  the  elec- 
trostatic  field  and  the  charge  on  the  pigment  particles. 
The  electrophoretic  display  apparatus  taught  in  the  fore- 
going  U.S.  Patents  are  "triode-type"  displays  having  a 
plurality  of  independent,  parallel,  cathode  row  conductor 
elements  or  "lines"  deposited  in  the  horizontal  on  one 
surface  of  a  glass  viewing  screen.  A  layer  of  insulating 
photoresist  material  deposited  over  the  cathode  ele- 
ments  and  photoetched  down  to  the  cathode  elements 
to  yield  a  plurality  of  insulator  strips  positioned  at  right 
angles  to  the  cathode  elements,  forms  the  substrate  for 

a  plurality  of  independent,  parallel  column  or  grid  con- 
ductor  elements  or  "lines"  running  in  the  vertical  direc- 
tion.  A  glass  cap  member  forms  a  fluid-tight  seal  with 
the  viewing  window  along  the  cap's  peripheral  edge  for 

5  containing  the  fluid  suspension  and  also  acts  as  a  sub- 
strate  for  an  anode  plate  deposited  on  the  interior  flat 
surface  of  the  cap.  When  the  cap  is  in  place,  the  anode 
surface  is  in  spaced  parallel  relation  to  both  the  cathode 
elements  and  the  grid  elements.  Given  a  specific  partic- 

10  ulate  suspension,  the  sign  of  the  electrostatic  charge 
which  will  attract  and  repel  the  pigment  particles  will  be 
known.  The  cathode  element  voltage,  the  anode  volt- 
age,  and  the  grid  element  voltage  can  then  be  ascer- 
tained  such  that  when  a  particular  voltage  is  applied  to 

is  the  cathode  and  another  voltage  is  applied  to  the  grid, 
the  area  proximate  their  intersection  will  assume  a  net 
charge  sufficient  to  attract  or  repel  pigment  particles  in 
suspension  in  the  dielectric  fluid.  Since  numerous  cath- 
ode  and  grid  lines  are  employed,  there  are  numerous 

20  discrete  intersection  points  which  can  be  controlled  by 
varying  the  voltage  on  the  cathode  and  grid  elements  to 
cause  localized  visible  regions  of  pigment  concentration 
and  rarefaction.  Essentially  then,  the  operating  voltages 
on  both  cathode  and  grid  must  be  able  to  assume  at 

25  least  two  states  corresponding  to  a  logical  one  and  a 
logical  zero.  Logical  one  for  the  cathode  may  either  cor- 
respond  to  attraction  or  repulsion  of  pigment.  Typically, 
the  cathode  and  grid  voltages  are  selected  such  that  on- 
ly  when  both  are  a  logical  one  at  a  particular  intersection 

30  point,  will  a  sufficient  electrostatic  field  be  present  at  the 
intersection  relative  to  the  anode  to  cause  the  writing  of 
a  visual  bit  of  information  on  the  display  through  migra- 
tion  of  pigment  particles.  The  bit  may  be  erased,  e.g., 
upon  a  reversal  of  polarity  and  a  logical  zero-zero  state 

35  occurring  at  the  intersection  coordinated  with  an  erase 
voltage  gradient  between  anode  and  cathode.  In  this 
manner,  digitized  data  can  be  displayed  on  the  electro- 
phoretic  display. 

An  alternative  EPID  construction  is  described  in  Ap- 
40  plication  No.  07/345,825  entitled  DUAL  ANODE  FLAT 

PANEL  DISPLAY  APPARATUS  and  filed  on  May  1  ,  1  989 
for  the  assignee  herein,  which  relates  to  an  electro- 
phoretic  display  in  which  the  cathode/grid  matrix  as  is 
found  in  triode-type  displays  is  overlayed  by  a  plurality 

45  of  independent  separately  addressable  "local"  anode 
lines.  The  local  anode  lines  are  deposited  upon  and 
aligned  with  the  grid  lines  and  are  insulated  therefrom 
by  interstitial  lines  of  photoresist.  The  local  anode  lines 
are  in  addition  to  the  "remote"  anode,  which  is  the  layer 

so  deposited  upon  the  anode  faceplate  or  cap  as  in  triode 
displays.  The  dual  anode  structure  aforesaid  provides 
enhanced  operation  by  eliminating  unwanted  variations 
in  display  brightness  between  frames,  increasing  the 
speed  of  the  display  and  decreasing  the  anode  voltage 

55  required  during  Write  and  Hold  cycles,  all  as  explained 
in  Application  No.  07/345,825. 

A  commonly  sought  objective  for  EPIDS  of  both  tri- 
ode  and  tetrode  types,  and  for  digital  display  equipment 
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and  computer  and  digital  apparatus  in  general,  is  in- 
creased  speed  of  operation.  With  respect  to  displays,  it 
is  desirable  for  the  display  to  be  able  to  write,  erase  and 
edit  the  displayed  image  as  quickly  as  possible  in  re- 
sponse  to  operator  input  and  computer  processing.  For 
example,  when  a  computer  with  a  visual  output  device 
for  displaying  character  information,  such  as  a  CRT,  is 
used  as  a  word  processor,  if  the  writing  and  erasure  of 
displayed  information  is  not  fast  enough,  it  will  slow  the 
operator  of  the  word  processor  in  the  completion  of  his 
task.  Even  though  the  computer  memory  and  process- 
ing  unit  can  operate  at  speeds  far  exceeding  the  capac- 
ity  of  a  human  user,  if  the  input  and  output  devices 
through  which  the  computer  communicates  with  the  us- 
er  are  slow,  the  computer  and  the  user  must  wait  for  the 
output  devices.  Thus,  if  a  word  processor  user  is  paging 
through  a  document  at  high  speed,  a  slow  visual  output 
device  may  well  slow  the  speed  of  paging  below  that  at 
which  the  user  and/or  the  computer  could  potentially 
perform. 

In  EPIDS  and  in  other  display  apparatus,  because 
there  are  a  plurality  of  pixels  arranged  on  a  coordinate 
grid  or  matrix,  and  because  the  pixels  must  be  inde- 
pendently  addressable,  display  operations  are  frequent- 
ly  conducted  at  the  pixel  level,  e.g.,  each  pixel  is  se- 
quentially  written  to.  Sequential  operations  are  intrinsi- 
cally  time  consuming,  in  that  the  prior  operation  must  be 
completed  before  the  subsequent  can  be  started.  Fur- 
ther,  even  though  the  writing  of  a  single  pixel  can  be 
done  very  quickly,  there  are  such  a  large  number  that 
even  a  small  write  time  is  significant.  A  process  for  in- 
dependently  controlling  individual  pixel  display  whereby 
a  degree  of  parallel  display  processing  is  accomplished 
is  described,  e.g.,  in  U.S.  Patent  No.  4,742,345,  wherein 
display  information  pertaining  to  an  entire  line  of  pixels, 
i.e.,  On  or  Off,  is  accumulated  in  an  accumulator  or  reg- 
ister  during  a  first  phase,  placed  in  parallel  into  a  latch 
array  in  a  second  phase  and  placed  in  parallel  on  one 
of  the  coordinate  grids  in  a  third  phase.  Placing  the  dis- 
play  information  onto  one  of  the  coordinate  line  sets,  e. 
g.,  the  grid  lines  which  may  be  oriented  in  the  vertical 
direction,  has  been  termed  "loading"  the  data  on  the 
grid.  When  the  bits  of  information  (voltages  correspond- 
ing  to  logical  "1"  and  "0")  are  placed  or  "loaded"  on,  e. 
g.,  all  the  vertical  coordinate  lines,  a  single  horizontal 
line  can  be  written  by  enabling  that  line,  i.e.,  by  placing 
a  voltage  corresponding  to  a  logical  "1  "  on  that  horizon- 
tal  line.  The  operation  of  placing  an  enabling  voltage  up- 
on  the  line  to  be  written,  in  this  case  a  horizontal  cathode 
line,  has  been  referred  to  as  "writing  the  line".  Of  course, 
this  line-by-line  writing  method  also  has  a  upper  limit  of 
speed. 

With  respect  to  EPIDS,  one  factor  which  contributes 
to  the  speed  with  which  the  display  can  operate  is  the 
speed  with  which  the  pigment  particles  can  travel 
through  the  electrophoretic  fluid  under  the  influence  of 
a  particular  voltage  gradient.  Pigment  particle  migration 
speed  depends,  inter  alia,  upon  particle  size  and  elec- 

trophoretic  fluid  viscosity.  In  addition  to  the  particle 
speed,  there  is  also  the  factor  of  spatial  distribution  with- 
in  the  EPID  envelope,  i.e.,  because  the  particles  are  in 
suspension  they  are  distributed,  prior  to  being  exposed 

5  to  voltage  gradients,  relatively  evenly  within  the  fluid  en- 
velope.  Accordingly,  there  is  a  range  of  particle  proximity 
to  the  "target"  element,  the  target  element  being  that  el- 
ement  to  which  the  particles  are  sought  to  be  directed 
to  perform  an  operation,  such  as  write  or  erase. 

10  These  speed  and  proximity  factors  in  EPIDS  are  uti- 
lized  in  U.S.  Patent  No.  4,833,464  to  control  pixel  dis- 
play  intensity  or  grey  scale.  Namely,  if  a  voltage  gradient 
of  shorter  or  longer  duration  is  applied,  fewer  or  greater 
particles  will  accumulate  at  the  "target"  electrode  there- 

's  by  affecting  pixel  intensity,  i.e.,  the  greater  the  number 
of  particles,  the  greater  the  intensity.  Note  that  pixel  in- 
tensity  is  discernable  at  both  sides  of  the  typical  EPID 
so  that  an  intense  accumulation  of  e.g.  ,  light  colored  par- 
ticles,  on  one  face  of  the  EPID  is  accompanied  byacor- 

20  respondingly  intense  lack  of  light  particles  on  the  other 
face,  which,  in  all  probability,  will  appear  dark  due  to  the 
selection  of  a  dark  solution  or  background  for  the  light 
colored  particles.  Thus  writing  a  character  on  one  face- 
plate  of  an  EPID  results  in  its  reverse  image  being  writ- 

es  ten  on  the  other  plate.  The  writing  of  a  blank  character 
may  be  termed  selective  character  erasure. 

In  US  4804951  there  is  disclosed  a  display  in  which 
alternate  lines  of  a  frame  of  display  data  are  written  by 
a  first  electrode  scan,  and  the  remaining  lines  are  written 

30  by  a  second  electrode  scan,  such  that  a  second  of  a  pair 
of  adjacent  lines  can  be  written  immediately  sequential- 
ly,  without  having  to  wait  for  the  first  electrode  scan  to 
"flyback"  before  writing  the  second  of  the  lines.  Howev- 
er,  it  is  still  necessary  to  perform  the  same  number  of 

35  scans  to  write  the  entire  display  frame  and  hence  there 
is  no  substantial  saving  in  the  overall  time  for  writing  the 
display  frame. 

It  is  an  objective  of  the  present  invention  to  provide 
a  method  for  operating  an  EPID  having  any  particular 

40  pigment  particle  size,  electrophoretic  fluid  viscosity, 
electrode  arrangement  and  operating  voltage  levels, 
such  that  the  speed  of  operation  is  increased. 

Disclosure  of  the  Invention 
45 

The  problems  and  disadvantages  associated  with 
conventional  methods  of  operating  electrophoretic  dis- 
plays  are  overcome  by  the  present  inventive  method 
which  enables  a  decrease  in  the  time  to  write  a  frame 

so  of  display  data  composed  of  a  plurality  of  lines  of  dis- 
playable  pixels  on  an  electrophoretic  display  requiring 
a  minimum  time  period  for  a  line  to  be  fully  written. 

According  to  the  invention  we  provide  a  method  for 
decreasing  the  time  period  to  write  a  frame  of  display 

55  data  composed  of  a  plurality  of  lines  of  displayable  pix- 
els,  on  a  high  line  density  electrophoretic  display  requir- 
ing  a  predetermined  time  period  for  a  line  to  be  fully  writ- 
ten,  said  method  comprising  the  steps  of: 

3 
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(a)  simultaneously  writing  a  set  of  at  least  two  ad- 
jacent  lines  with  said  display  data  in  a  first  time  pe- 
riod  which  is  less  than  said  predetermined  time  pe- 
riod  for  a  line  to  be  fully  written; 
(b)  shifting  the  elements  of  said  line  set  such  that  s 
said  set  includes  at  least  one  new  line  and  at  least 
one  original  line; 
(c)  writing  said  shifted  line  set  in  a  second  time  pe- 
riod  which  is  less  than  said  predetermined  time  pe- 
riod,  following  said  step  of  shifting;  and  10 
(d)  repeating  steps  (b)  and  (c)  until  said  frame  is 
completely  written. 

Brief  Description  of  the  Drawings 
15 

For  a  better  understanding  of  the  present  invention, 
reference  is  made  to  the  following  detailed  description 
of  an  exemplary  embodiment  considered  in  conjunction 
with  the  accompanying  drawings,  in  which: 

FIG.  1  is  a  cross-sectional  view  of  a  typical  triode-  20 
type  EPID  showing  the  essential  electrical  components 
thereof. 

FIG.  2  is  a  simplified  schematic  diagram  illustrating 
an  addressable  display  matrix  comprised  of  horizontal 
and  vertical  elements,  such  as,  a  plurality  of  cathode  25 
lines  and  a  plurality  of  grid  lines,  driven  by  display  driv- 
ers,  as  would  be  used  in  known  EPID  devices  like  that 
shown  in  FIG.  1  . 

FIG.  3  is  a  simplified  schematic  diagram  illustrating 
circuitry  for  controlling  the  x  and  y  display  drivers  illus-  30 
trated  in  FIG.  2. 

FIG.  4  shows  a  character  which  could  be  displayed 
upon  an  x-y  matrix  using  the  circuitry  and  apparatus  as 
illustrated  in  FIGS.  1-3,  as  controlled  and  operated  in 
accordance  with  the  method  of  the  present  invention.  35 

FIG.  5  is  a  flowchart  showing  a  method  for  EPID 
writing  in  accordance  with  the  present  invention. 

Carrying  Out  The  Invention 
40 

FIG.  1,  which  is  taken  from  U.S.  Patent  No. 
4,732,830,  shows  an  electrophoretic  display  10  as  is 
now  known  in  the  art.  The  display  1  0  has  an  anode  face- 
plate  1  2  and  a  cathode  faceplate  1  4  which  are  sealably 
affixed  on  either  side  of  an  interstitial  spacer  (not  shown)  45 
to  form  a  fluid-tight  envelope  for  containing  a  dielectric/ 
pigment  particle  suspension  or  electrophoretic  fluid.  The 
faceplates  1  2  and  1  4  are  typically  flat  glass  plates  upon 
which  are  deposited  conductor  elements  to  comprise 
the  situs  of  electrostatic  charge  for  inducing  motion  of  so 
the  pigment  particles  1  6  in  the  electrophoretic  fluid.  The 
techniques,  materials  and  dimensions  used  to  form  the 
conductor  elements  upon  the  faceplates  and  the  meth- 
ods  for  making  and  using  EPIDS,  in  general,  are  shown 
in  U.S.  Patent  Nos.  4,655,897,  4,732,830  and  55 
4,742,345. 

Known  EPIDS,  as  depicted  in  FIG.  1,  for  example, 
have  a  plurality  of  independent,  electrically  conductive 

cathode  lines  18,  shown  here  as  horizontal  rows,  de- 
posited  upon  the  cathode  faceplate  14  using  conven- 
tional  deposition  and  etching  techniques.  Of  course,  the 
orientation  of  the  cathode  lines  18  depends  upon  the 
orientation  of  the  screen,  which,  if  rotated  90  degrees, 
would  position  the  cathode  lines  vertically.  Thus,  the 
cathode  lines  are  arbitrarily  defined  as  horizontal  or  in 
the  x-axis.  It  is  preferred  that  the  cathode  elements  18 
be  composed  of  Indium  Tin  Oxide  (ITO)  as  set  forth  in 
U.S.  Patent  No.  4,742,345.  A  plurality  of  independent 
grid  conductor  lines  20  are  superposed  in  the  vertical 
(parallel  with  the  y-axis)  over  the  cathode  elements  18. 
i.e.  at  right  angles  thereto,  and  are  insulated  therefrom 
by  an  interstitial  photoresist  layer  22.  The  grid  elements 
20  may  be  formed  by  coating  the  photoresist  layer  22 
with  a  metal,  such  as  nickel  or  chrome,  using  sputtering 
techniques  or  the  like,  and  then  selectively  masking  and 
etching  to  yield  the  intersecting  but  insulated  configura- 
tion  shown  in  FIG.  1  .  Each  cathode  and  grid  element  18, 
20  terminates  at  one  end  in  a  contact  pad,  or  is  other- 
wise  adapted  to  permit  connection  to  display  driver  cir- 
cuitry.  An  anode  26  is  formed  on  an  interior  surface  of 
the  anode  faceplate  12  by  plating  with  a  thin  layer  of 
conductor  material,  such  as,  chrome. 

The  foregoing  components  have  been  previously 
described  in  prior  patent  and  applications  of  the  present 
Applicants.  In  addition  to  these  teachings,  the  benefits 
and  operation  of  an  EPID  having  a  local  anode  have 
been  recognised  and  described  in  Application  No. 
07/345,825  by  the  present  Applicants.  The  present  in- 
ventive  method  could  find  application  in  any  of  these  dis- 
closed  devices. 

FIG.  2,  also  taken  from  U.S.  Patent  No.  4,732,830, 
shows,  in  the  simplest  schematic  form,  how  the  cathode 
1  8  and  grid  lines  20  comprise  an  addressable  x-y  matrix 
allowing  pixels  at  the  intersection  points  to  be  selectively 
displayed.  Each  horizontal  18  and  vertical  20  line  has 
an  associated  amp  lifer/driver  24R  and  24C,  respective- 
ly,  for  impressing  either  a  logical  "1  "  or  "0"  thereon,  such 
that  when  both  are  "1  "  at  an  intersection,  that  intersec- 
tion  is  written.  The  horiziontal  lines  have  been  labelled 
R1  ...R2200  to  signify  that  2200  display  lines  18  or  rows 
would  typically  be  present.  1  700  vertical  lines  20  or  col- 
umns  are  common,  as  depicted  by  the  labels  C1... 
C1700. 

FIG.  3,  taken  from  Patent  No.  4,742,345,  shows  ex- 
emplary  circuitry  for  suplying  input  data  to  the  x  and  y 
drivers,  24R  and  24C.  As  explained  fully  in  patent  No. 
4,742,345,  a  large  capacity,  composite,  serial-to-paral- 
lel  register  26  may  be  used  as  a  buffer  for  collecting  a 
large  number  of  bits  of  display  data,  e.g.  850  bits.  After 
sequentially  clocking  data  into  the  register  26  and  filling 
it  to  capacity,  the  data  is  latched  in  parallel  into  a  latch 
array  28  having  an  equal  capacity.  The  data  is  then 
strobed  into  the  display  driver  amplifiers  24  through  a 
plurality  of  AND  gates  30.  Data  may  be  accumulated  in 
the  serial  register  while  the  transfer  from  latch  array  28 
to  drivers  24  occurs.  In  FIG.  3  the  output  of  the  AND 

4 
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gates  are  labelled  with  odd  number  columns  1  through 
1  699.  The  data  for  even  number  columns  would  be  sup- 
plied,  in  this  case,  by  a  twin  circuit  disposed  on  the  cath- 
ode  faceplate  opposite  to  that  for  the  odd  columns.  This 
configuration  prevents  overcrowding  of  electrical  con- 
nections  to  the  grid  lines  as  explained  in  Patent  No. 
4,742,345.  Once  the  column  data  is  supplied  to  all  col- 
umns,  a  row  can  then  be  written  by  sending  a  "1  "  along 
the  row  or  cathode  18  to  be  written.  The  row  "1  "  in  com- 
bination  with  any  column  "1  "  will  cause  the  writing  of  a 
pixel  at  the  intersection  thereof,  i.e.,  a  voltage  gradient 
at  that  point  sufficient  to  cause  a  visually  observable  mi- 
gration  and  agglomeration  of  pigment  particles  16. 

The  proportions  of  the  grid  20  and  cathode  18  lines 
as  shown  in  FIGS.  1  and  2  have  been  greatly  enlarged 
for  the  purposes  of  illustration.  In  operational  displays, 
the  grid  20  and  cathode  1  8  lines  are  very  thin  and  elon- 
gated.  A  workable  panel  would  have  a  large  number  of 
intersections,  e.g.,  2,200  X  1  ,700  or  a  total  of  3,740,000 
separately  addressable  intersection  points  in  a  panel 
approximately  8"  X  11".  For  ease  of  illustration,  only  a 
few  cathode  lines  1  8,  and  grid  lines  20  are  depicted.  Ad- 
ditional  illustrations  of  electrophoretic  displays,  their 
components  and  electrical  circuitry  can  be  seen  by  re- 
ferring  to  U.S.  Patents  Nos.  4,742,345  and  4,772,820, 
each  being  awarded  to  the  inventors  herein. 

FIG.  4  illustrates  a  character,  i.e.  the  letter  "T"  writ- 
ten  on  a  EPID  as  described  above  in  reference  to  FIGS. 
1  -3  by  utilizing  the  algorithm  flow  chartered  in  FIG.  5.  In 
accordance  with  the  present  inventive  method,  it  has 
been  observed  that  the  writing  time  of  the  EPID  can  be 
reduced  by  simultaneously  writing  more  than  one  line  at 
a  time.  That  is,  in  the  above-described  previously  known 
EPIDS,  an  entire  set  of  column  data  for  a  particular  row 
is  impressed  upon  the  columns,  e.g.  the  grid  lines.  A 
single  row  is  then  enabled  with  a  logica  "1  "  and  thereby 
written.  The  next  set  of  column  data  is  loaded  onto  the 
grid  lines  and  the  next  row  is  enabled  or  written.  This 
goes  on  sequentially  until  the  entire  screen  is  written. 
There  is  a  certain  period  required  for  the  pigment  parti- 
cles  to  migrate  through  the  electrophoretic  fluid  to  their 
"write"  position,  i.e.,  to  make  an  agglomeration  sufficient 
in  size  to  be  clearly  visible.  Therefore  each  row  in  pas 
operation  had  to  be  held  in  the  logical  "1  "  state  for  the 
required  writing  period  or  writing  cycle  time.  In  accord- 
ance  with  the  present  invention,  if  a  set  of  rows  greater 
than  one  row,  e.g.,  two  rows,  is  enabled  simultaneously 
for  a  period  approximately  one-half  as  long  in  duration 
as  was  previously  done,  then  the  two  rows  will  both  be 
dimly  written  with  the  same  display  information  in  one 
half  the  cycle  time.  For  instance,  if  column  data  for  row 
1  is  loaded  and  rows  1  and  2  are  written,  both  row  1  and 
row  2  will  be  dimly  written  with  row  1  display  information. 
If  new  column  data,  i.e.,  for  row  2,  is  loaded  and  the  row 
set  is  shifted  down  one  and  written,  i.e.,  row  set  2  and 
3  are  written  using  row  2  data,  the  first  row  which  was 
half-written  will  be  left  untouched.  The  second  row,  how- 
ever,  will  be  fully  written  assuming  the  new  column  data 

associated  with  row  2  is  the  same  as  that  associated 
with  row  1  .  Row  3  is  also  dimly  written  with  row  2  data. 
Thus,  by  partially  writing  subsequent  overlapping  row 
sets  with  shortened  writing  cycles,  the  entire  display  can 

5  be  written  much  faster  than  if  single  rows  are  sequen- 
tially  fully  written.  This  row  set  writing  strategy  depends 
upon  the  fact  that  there  is  repetition  in  the  pixel  pattern 
from  one  row  to  the  next.  In  fact,  there  is  a  high  proba- 
bility  of  that  condition  occurring.  Because  of  high  line 

10  density  in  the  EPIDS  in  question,  the  number  of  lines 
comprising  a  single  character  is  great.  For  example,  a 
70  line  X  25  line  matrix  with  1750  pixels  may  be  used 
as  the  area  for  expressing  a  single  character.  As  such, 
the  pattern  of  pixels  comprising  the  common  characters 

is  is  very  repetitive.  Fig.  4  illustrates  this  principle  using  a 
matrix  of  only  22  X  22  lines,  i.e.,  those  lines  centrally 
located  within  the  entire  29  X  31  line  matrix  depicted. 
The  top  of  the  "T"  begins  at  (r5,c5)  and  ends  at  (r9,c26). 
The  significance  of  the  X's  on  row  5  will  be  explained 

20  below.  The  stem  of  the  "T"  starts  at  (r1  0,c1  3)  and  ends 
at  (r26,c17).  As  can  readily  be  seen,  the  top  of  the  "T" 
is  composed  of  5  identical  rows  of  pixels  and  the  stem 
of  the  "T"  is  composed  of  1  7  identical  rows  of  pixels.  The 
"T"  depicted  in  FIG.  4  is  an  example  of  applying  the 

25  present  inventive  method  in  writing  in  two  row  sets  at 
one  half  the  normal  write  cycle  time  (twice  the  writing 
speed).  Specifically,  one  would  execute  the  following 
steps  in  order  to  display  the  "T"  shown  in  FIG.  4.: 

Load  c1  -c29  with  data  for  r1 
30  (0,0,0,0,0,0,0,0  0) 

Write  r1  and  r2  simultaneously  (put  "1"  on  r1  and  r2) 
Load  c1-c29  (the  grid  lines)  with  data  for  r2 
(0,0,0,0,...0) 
Write  r2,r3 

35  Load  grid  with  r3  data 
Write  r3,  r4 
Load  grid  with  r4  data 
Write  r4,r5 

Note:  for  the  purposes  of  this  example,  r5  has  been 
40  selected  as  the  first  line  that  has  "Is"  or  written  pixels  in 

it  and  it  should  be  the  first  line  of  the  "top"  of  the  "T".  Due 
to  the  fact,  however,  that  r5  is  a  transition  line,  i.e.,  a 
transition  from  non-written  to  written  pixels,  it  will  not  be 
completely  written  and  instead  will  only  be  dimly  written 

45  or  half  written.  This  is  so  because  each  write  cycle,  since 
it  is  at  twice  the  speed  as  a  normal  cycle,  only  "half 
writes"  the  information.  The  next  cycle  is  necessary  to 
fully  write  the  information,  but  only  if  the  next  cycle  uses 
the  same  data.  In  the  case  of  a  transition  line,  succeed- 

so  ing  rows  have  different  data.  Since  there  are  so  many 
lines  of  pixels  in  operable  displays,  the  loss  of  small 
numbers  of  transition  lines  and/or  pixels  does  not  cause 
asignificant  loss  in  readability.  Returning  nowto  the  writ- 
ing  process: 

55  Load  grid  with  r5  data 
(0,0,0,0,1,1,  1,1,  1,1,  1,1...1,0,0,0) 
Write  r5,r6 
Load  grid  with  r6  data  (same  as  r5  data) 

5 
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Write  r6,  r7  (since  r6  was  previously  "half"  written  with 
r5  data  in  the  prior  cycle  and  since  the  r5  data  was  the 
same  as  the  r6  data,  r6  is  written  completely  on  the  sub- 
sequent  cycle.) 
Load  r7  data 
Write  r7,r8 
Load  r8 
Write  r8,r9 
Load  r9 
Write  r9,r10  (r10  is  another  partial  transition  line,  i.e.,  it 
is  the  transition  from  the  top  of  the  "T"  to  the  stem  of  the 
"T".  Since  the  r9  data  is  written  on  line  10,  a  portion 
thereof,  i.e.,  that  which  should  contain  non-written  pixels 
-  the  X's  -  will  be  dimly  or  half  written.) 
Load  r10 
Write  r10,r11 

repeats  until  row  26  where: 
Load  r26 
Write  r26,r27  (constitutes  another  transition  line) 
Write  r27,  r28,  etc. 
Load  r27 

The  foregoing  should  illustrate  one  embodiment  of 
the  present  inventive  method.  Further,  it  can  be  under- 
stood  that  in  lieu  of  two  line  set  writing,  three,  four,  or 
more  lines  can  be  written  simultaneously  with  corre- 
sponding  increases  in  speed  and  in  transition  lines 
which  will  be  of  varying  intensity  depending  upon  the 
number  of  repetitions  of  writes  to  those  transition  lines. 
For  example,  in  four  line  set  writing,  when  a  transition 
from  blank  to  written  pixels  occurs,  there  are  three  tran- 
sition  lines,  the  first  being  the  dimmest  and  the  last,  the 
darkest.  The  fourth  line  written  will  be  fully  written.  Sim- 
ilarly,  in  a  transition  from  written  to  non-written  pixels, 
there  will  be  three  transition  lines,  the  first  being  the 
darkest  and  the  last  the  dimmest.  The  fourth  line  will  be 
non-written.  Of  course,  in  four  line  set  writing,  the  benefit 
of  increasing  writing  speed  over  the  normal  speed  would 
be  utilized  to  produce  a  fourfold  increase  in  speed. 

FIG.  5  is  a  generalized  flowchart  of  the  steps  of  the 
present  inventive  method  for  operating  an  EPID  in  a 
multi-line  write  mode.  It  would  be  expected  that  operator 
selection  of  display  writing  speed  would  be  offered  so 
that  the  operator  can  choose  the  speed  and  clarity.  This 
sort  of  selection  is  presently  offered  to  operators  upon 
printing  on  dot-matrix  printers,  i.e.  enhanced  printing 
has  greater  pixel  density  but  takes  longer  to  print.  Ac- 
cordingly,  the  operator  first  enters  the  number  of  lines 
to  be  written  in  each  write  cycle  32.  From,  this  input  the 
write  cycle  time  (writing  speed)  is  adjusted  34.  The 
greater  the  number  of  lines  simultaneously  written  in 
each  write  cycle,  the  faster  the  writing  speed.  Of  course, 
the  operator  input  could  be  expressed  as  a  selection  of 
writing  speed,  wherein  the  operator  would  select  from  a 
range  of  speeds  corresponding  to  the  number  of  lines 
simultaneously  written.  The  flowchart  shown  in  FIG.  5 
pertains  to  the  display  of  a  single  complete  image 
(frame)  on  the  EPID.  This  algorithm  would  be  utilized 
over  and  over  under  the  control  of  programming  at  the 

next  higher  level.  The  operator  would  not  be  queried  as 
to  the  operating  speed  on  each  frame  displayed.  Infor- 
mation  of  that  type  would  be  initially  set  by  query  or  de- 
fault  then  changed  by  interrupt  if  desired.  Having  deter- 

5  mined  the  line  set  size  for  writing,  the  writing  is  begun 
at  the  first  row  36.  (Of  course,  it  would  be  equally  feasi- 
ble  to  load  rows  with  data  and  write  columns.)  The  proc- 
essor  then  enters  a  loop  wherein  data  for  the  current 
row  is  loaded  onto  the  column  lines  (here  grid  lines)  38. 

10  The  data  is  simultaneously  written  on  the  current  row 
and  the  next  x-1  rows  by  enabling  those  rows  with  a  log- 
ical  "1  "  40,  x  being  the  number  of  rows  in  the  write  set 
selected.  Thus,  on  the  first  write  cycle  in  a  4  line  set  write 
mode,  row  1  and  the  next  (4-1)  or  3  rows,  i.e.,  rows  2, 

is  3  and  4  are  written.  Note  that  the  "1  "  state  may  corre- 
spond  to  a  variety  of  voltages  depending  upon  the  EPID 
in  question,  e.g.,  whether  the  EPID  isatriode  or  tetrode. 
A  voltage  of  0  volts  has  been  used  to  enable  writing  in 
triodes  and,  in  those  instances,  represent  a  logical  "1" 

20  or  enable  state.  The  row  set  is  written  for  a  write  cycle 
time  that  has  been  adjusted  by  the  size  of  the  row  set 
(divided  by).  This  is  continued  until  all  rows  are  written 
42,44,  whereupon  control  is  returned  to  the  next  higher 
level  in  the  program.  Of  course,  other  line  writing  se- 

25  quences  could  be  employed  using  a  multi-line  write 
strategy,  for  example,  vertical  lines  can  be  written  from 
left  to  right  or  right  to  left,  horizontal  lines  could  be  written 
from  bottom  to  top  or  from  the  middle  to  the  outer  pe- 
riphery,  etc. 

Claims 

1.  A  method  for  decreasing  the  time  period  to  write  a 
frame  of  display  data  (36,38)  composed  of  a  plural- 
ity  of  lines  (20)  of  displayable  pixels,  on  a  high  line 
density  electrophoretic  display  (10)  requiring  a  pre- 
determined  time  period  for  a  line  to  be  fully  written, 
said  method  comprising  the  steps  of: 

(a)  simultaneously  writing  (40)  a  set  of  at  least 
two  adjacent  lines  (20)  with  said  display  data 
(36,38)  in  a  first  time  period  which  is  less  than 
said  predetermined  time  period  for  a  line  to  be 
fully  written; 
(b)  shifting  the  elements  (44)  of  said  line  set 
such  that  said  set  includes  at  least  one  new  line 
and  at  least  one  original  line; 
(c)  writing  said  shifted  line  set  (40)  in  a  second 
time  period  which  is  less  than  said  predeter- 
mined  time  period,  following  said  step  of  shift- 
ing  (44);  and 
(d)  repeating  steps  (b)  and  (c)  until  said  frame 
is  completely  written. 

2.  The  method  of  Claim  1,  wherein  each  of  said  first 
and  second  time  periods  decreases  in  duration  with 
increasing  numbers  of  said  elements  in  said  line 
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set. 

3.  The  method  of  Claim  2,  wherein  each  of  said  first 
and  second  time  periods  approximates  said  prede- 
termined  time  period  divided  by  the  number  of  ele- 
ments  in  said  line  set. 

4.  The  method  of  Claim  1  ,  wherein  said  pixels  of  said 
original  line  are  written  at  a  pixel  intensity,  which  ap- 
proximates  to  a  predetermined  pixel  intensity  for  a 
pixel  written  for  said  predetermined  time  period  for 
a  line  to  be  fully  written,  when  said  new  line  contains 
pixels  of  a  predetermined  displacement. 

5.  The  method  of  Claim  4,  wherein  the  method  further 
includes  the  step  of  selecting  the  number  of  lines  in 
said  set  (32). 

6.  The  method  of  Claim  5,  wherein  the  method  further 
includes  the  step  of  adjusting  the  duration  of  said 
time  period  (34),  which  is  less  than  said  predeter- 
mined  time  period  for  a  line  to  be  fully  written,  when 
a  change  in  the  number  of  lines  in  said  set  occurs. 

7.  The  method  of  Claim  6,  wherein  said  predetermined 
displacement  is  equal  to  the  displacement  of  a  ref- 
erence  line  that  is  located  on  an  edge  of  said  display 
(10). 

Patentanspriiche 

2.  Verfahren  nach  Anspruch  1  ,  wobei  die  Lange  jeder 
der  besagten  ersten  und  zweiten  Zeitdauern  mit 
steigenden  Anzahlen  der  besagten  Elemente  in  der 
besagten  Zeilenmenge  abnimmt. 

5 
3.  Verfahren  nach  Anspruch  2,  wobei  jede  der  besag- 

ten  ersten  und  zweiten  Zeitdauern  annahernd  die 
besagte  vorbestimmte  Zeitdauer  geteilt  durch  die 
Anzahl  von  Elementen  in  der  besagten  Zeilenmen- 

10  ge  ist. 

4.  Verfahren  nach  Anspruch  1,  wobei  die  besagten 
Bildpunkte  der  besagten  Ursprungszeile  mit  einer 
Bildpunktintensitat  geschrieben  werden,  die  sich  ei- 

15  ner  vorbestimmten  Bildpunktintensitat  fur  einen 
Bildpunkt  nahert,  der  die  besagte  vorbestimmte 
Zeitdauer  zum  vollstandigen  Schreiben  einer  Zeile 
lang  geschrieben  worden  ist,  wenn  die  besagte 
neue  Zeile  Bildpunkte  mit  einem  vorbestimmten 

20  Versatz  enthalt. 

5.  Verfahren  nach  Anspruch  4,  wobei  das  Verfahren 
weiterhin  den  Schritt  des  Auswahlens  der  Zeilen- 
zahl  in  der  besagten  Menge  enthalt  (32). 

25 
6.  Verfahren  nach  Anspruch  5,  wobei  das  Verfahren 

weiterhin  den  Schritt  des  Einstellens  der  Lange  der 
besagten  Zeitdauer  (34)  enthalt,  die  kurzer  als  die 
besagte  vorbestimmte  Zeitdauer  zum  vollstandigen 

30  Schreiben  einer  Zeile  ist,  wenn  eine  Anderung  der 
Zeilenzahl  in  der  besagten  Menge  eintritt. 

1.  Verfahren  zur  Verkurzung  der  Zeitdauer  zum 
Schreiben  eines  Rahmens  von  Anzeigedaten  (36, 
38),  der  aus  einer  Mehrzahl  von  Zeilen  (20)  von  an-  35 
zeigbaren  Bildpunkten  besteht,  auf  einer  elektro- 
phoretischen  Anzeige  (10)  mit  hoher  Zeilendichte, 
die  eine  vorbestimmte  Zeitdauer  zum  vollstandigen 
Schreiben  einer  Zeile  erfordert,  wobei  das  besagte 
Verfahren  folgende  Schritte  umfaBt:  40 

(a)  gleichzeitiges  Schreiben  (40)  einer  Menge 
von  mindestens  zwei  benachbarten  Zeilen  (20) 
mit  besagten  Anzeigedaten  (36,  38)  in  einer  er- 
sten  Zeitdauer,  die  kurzer  als  die  besagte  vor-  45 
bestimmte  Zeitdauer  zum  vollstandigen  Schrei- 
ben  einer  Zeile  ist; 
(b)  Verschieben  der  Elemente  (44)  der  besag- 
ten  Zeilenmenge,  so  dal3  die  besagte  Menge 
mindestens  eine  neue  Zeile  und  mindestens  ei-  so 
ne  Ursprungszeile  enthalt; 
(c)  Beschreiben  der  besagten  verschobenen 
Zeilenmenge  (40)  in  einer  zweiten  Zeitdauer, 
die  kurzer  als  die  besagte  vorbestimmte  Zeit- 
dauer  ist,  nach  dem  besagten  Schritt  des  Ver-  55 
schiebens  (44);  und 
(d)  Wiederholen  der  Schritte  (b)  und  (c),  bis  der 
besagte  Rahmen  vollstandig  geschrieben  ist. 

7.  Verfahren  nach  Anspruch  6,  wobei  der  besagte  vor- 
bestimmte  Versatz  gleich  dem  Versatz  einer  Be- 
zugszeile  ist,  die  sich  an  einem  Rand  der  besagten 
Anzeige  (10)  befindet. 

Revendications 

1.  Procede  de  diminution  de  la  periode  de  temps 
d'ecriture  d'une  trame  de  donnees  d'affichage 
(36,38)  composee  d'une  pluralite  de  lignes  (20)  de 
pixels  affichables,  sur  un  affichage  electrophoreti- 
que  a  grande  densite  de  lignes  (10)  exigeant  une 
periode  de  temps  predeterminee  pour  I'ecriture 
complete  d'une  ligne,  ledit  procede  comprenant  les 
etapes  de: 

(a)  ecriture  simultanee  (40)  d'un  ensemble  d'au 
moins  deux  lignes  adjacentes  (20)  avec  lesdi- 
tes  donnees  d'affichage  (36,38)  dans  une  pre- 
miere  periode  de  temps  qui  est  inferieure  a  la- 
dite  periode  de  temps  predeterminee  pour 
I'ecriture  complete  d'une  ligne; 
(b)  decalage  des  elements  (44)  dudit  ensemble 
de  lignes  de  telle  sorte  que  ledit  ensemble  com- 
porte  au  moins  une  nouvelle  ligne  et  au  moins 
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une  ligne  originale; 
(c)  ecriture  dudit  ensemble  de  lignes  decale 
(40)  dans  une  deuxieme  periode  de  temps  qui 
est  inferieure  a  ladite  periode  de  temps  prede- 
terminee,  a  la  suite  de  ladite  etape  de  decalage  s 
(44);  et 
(d)  repetition  des  etapes  (b)  et  (c)  jusqu'a  ce 
que  ladite  trame  soit  completement  ecrite. 

Procede  de  la  revendication  1  ,  dans  lequel  la  duree  10 
de  chacune  desdites  premiere  et  deuxieme  perio- 
des  de  temps  diminue  avec  I'augmentation  des 
nombres  desdits  elements  dans  ledit  ensemble  de 
lignes. 

15 
Procede  de  la  revendication  2,  dans  lequel  chacune 
desdites  premiere  et  deuxieme  periodes  de  temps 
approxime  ladite  periode  de  temps  predeterminee 
divisee  par  le  nombre  d'elements  dans  ledit  ensem- 
ble  de  lignes.  20 

Procede  de  la  revendication  1  ,  dans  lequel  lesdits 
pixels  de  ladite  ligne  d'origine  sont  ecrits  a  une  in- 
tensity  de  pixel,  qui  approxime  une  intensite  de 
pixel  predeterminee  d'un  pixel  ecrit  pendant  ladite  25 
periode  de  temps  predeterminee  pour  I'ecriture 
complete  d'une  ligne,  quand  ladite  nouvelle  ligne 
contient  des  pixels  d'un  deplacement  predetermine. 

Procede  de  la  revendication  4,  dans  lequel  le  pro-  30 
cede  comporte  en  outre  I'etape  de  selection  du 
nombre  de  lignes  dans  ledit  ensemble  (32). 

Procede  de  la  revendication  5,  dans  lequel  le  pro- 
cede  comporte  en  outre  I'etape  de  reglage  de  la  du-  35 
ree  de  ladite  periode  de  temps  (34),  qui  est  inferieu- 
re  a  ladite  periode  de  temps  predeterminee  pour 
I'ecriture  complete  d'une  ligne,  quand  un  change- 
ment  du  nombre  de  lignes  dans  ledit  ensemble  se 
produit.  40 

Procede  de  la  revendication  6,  dans  lequel  ledit  de- 
placement  predetermine  est  egal  au  deplacement 
d'une  ligne  de  reference  qui  est  situee  sur  un  bord 
dudit  affichage  (10).  45 
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