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Description 

This  invention  relates  to  the  addressing  of  ma- 
trix  array  type  ferroelectric  liquid  crystal  cells. 

Hitherto  dynamic  scattering  mode  liquid  crystal 
cells  have  been  operated  using  a  d.c.  drive  or  an 
a.c.  one,  whereas  field  effect  mode  liquid  crystal 
devices  have  generally  been  operated  using  an  a.c. 
drive  in  order  to  avoid  performance  impairment 
problems  associated  with  electrolytic  degradation 
of  the  liquid  crystal  layer.  Such  devices  have  em- 
ployed  liquid  crystals  that  do  not  exhibit  ferroelec- 
tricity,  and  the  material  interracts  with  an  applied 
electric  field  by  way  of  an  induced  dipole.  As  a 
result  they  are  not  sensitive  to  the  polarity  of  the 
applied  field,  but  respond  to  the  applied  RMS  volt- 
age  averaged  over  approximately  one  response 
time  at  that  voltage.  There  may  also  be  frequency 
dependence  as  in  the  case  of  so-called  two-fre- 
quency  materials,  but  this  only  affects  the  type  of 
response  produced  by  the  applied  field. 

In  contrast  to  this,  a  ferroelectric  liquid  crystal 
exhibits  a  permanent  electric  dipole,  and  it  is  this 
permanent  dipole  which  will  interact  with  an  app- 
plied  electric  field.  Ferroelectric  liquid  crystals  are 
of  interest  in  display,  switching  and  information 
processing  applications  because  they  are  expected 
to  show  a  greater  coupling  with  an  applied  field 
than  that  typical  of  a  liquid  crystal  that  relies  on 
coupling  with  an  induced  dipole,  and  hence  fer- 
roelectric  liquid  crystals  are  expected  to  show  a 
faster  response.  A  ferroelectric  liquid  crystal  dis- 
play  mode  is  described  for  instance  by  N.A.Clark 
et  al  in  a  paper  entitled  'Ferro-electric  Liquid  Cry- 
stal  Electro-Optics  Using  the  Surface  Stabilized 
Structure'  appearing  in  Mol.  Cryst.  Liq.  Cryst.  1983 
Volume  94  pages  213  to  234.  By  way  of  example 
reference  may  also  be  made  to  an  alternative 
mode  that  is  described  in  the  specification  of  Brit- 
ish  Patent  Application  GB-A-21  66256 

filed  on  25  October  1986  and  published  on  30 
April  1986  which  is  later  than  the  priority  date  of 
the  present  specification. 

A  particularly  significant  characteristic  peculiar 
to  ferroelectric  smectic  cells  is  the  fact  that  they, 
unlike  other  types  of  liquid  crystal  cell,  are  respon- 
sive  differently  according  to  the  polarity  of  the 
applied  field.  This  characteristic  sets  the  choice  of 
a  suitable  matrix-addressed  driving  system  for  a 
ferroelectric  smectic  into  a  class  of  its  own.  A 
further  factor  which  can  be  significant  is  that,  in  the 
region  of  switching  times  of  the  order  of  a  micro- 
second,  a  ferroelectric  smectic  typically  exhibits  a 
relatively  weak  dependence  of  its  switching  time 
upon  switching  voltage.  In  this  region  the  switching 
time  of  a  ferroelectric  may  typically  exhibit  a  re- 
sponse  time  proportional  to  the  inverse  square  of 
applied  voltage  or,  even  worse,  proportional  to  the 

inverse  single  power  of  voltage.  In  contrast  to  this, 
a  (non-ferroelectric)  smectic  A  device,  which  in 
certain  other  respects  is  a  comparable  device  ex- 
hibiting  a  long-term  storage  capability,  exhibits  in  a 

5  corresponding  region  of  switching  speeds  a  re- 
sponse  time  that  is  typically  proportional  to  the 
inverse  fifth  power  of  voltage.  The  significance  of 
this  difference  becomes  apparent  when  it  is  appre- 
ciated  first  that  there  is  a  voltage  threshold  beneath 

io  which  a  signal  will  never  produce  switching  how- 
ever  long  that  signal  is  maintained;  second  that  for 
any  chosen  voltage  level  above  this  voltage  thresh- 
old  there  is  a  minimum  time  ts  for  which  the  signal 
has  to  be  maintained  to  effect  switching;  and  third 

75  that  at  this  chosen  voltage  level  there  is  a  shorter 
minimum  time  tP  beneath  which  the  application  of 
the  signal  voltage  produces  no  persistent  effect, 
but  above  which,  upon  removal  of  the  signal  volt- 
age,  the  liquid  crystal  does  not  revert  fully  to  the 

20  state  subsisting  before  the  signal  was  applied. 
When  the  relationship  ts  =  f(V)  between  V  and  ts 
is  known,  a  working  guide  to  the  relationship  be- 
tween  V  and  tP  is  often  found  to  be  given  by  the 
curve  tP  =  g(V)  formed  by  plotting  (Vi  ,  t2)  where 

25  the  points  (Vi  ,  ti  and  V2,  t2)  lie  on  the  ts  =  f(V) 
curve,  and  where  ti  =  1  0t2  .  Now  the  ratio  of  V2/V1 
is  increased  as  the  inverse  dependence  of  switch- 
ing  time  upon  applied  voltage  weakens,  and  hence, 
when  the  working  guide  is  applicable,  a  conse- 

30  quence  of  weakened  dependence  is  an  increased 
intolerance  of  the  system  to  the  incidence  of  wrong 
polarity  signals  to  any  pixel,  that  is  signals  tending 
to  switch  to  the  '1'  state  a  pixel  intended  to  be  left 
in  the  '0'  state,  or  to  switch  to  the  '0'  state  a  pixel 

35  intended  to  be  left  in  the  '1'  state. 
Therefore,  a  good  drive  scheme  for  addressing 

a  ferroelectric  liquid  crystal  cell  must  take  account 
of  polarity,  and  may  also  need  to  take  particular 
care  to  minimise  the  incidence  of  wrong  polarity 

40  signals  to  any  given  pixel  whether  it  is  intended  as 
'1'  state  pixel  or  a  '0'  state  one. 

Some  drive  schemes  that  satisfy  these  criteria 
are  described  in  the  specification  of  Australian  Pat- 
ent  Application  No  AU-A-3285584.  All  the  address- 

45  ing  schemes  of  that  specification  employ  balances 
bipolar  data  pulses,  and  the  specification  explains 
that  the  advantage  of  using  this  type  of  data  pulse 
is  that  any  given  pixel  is  thereby  prevented  from 
being  subject  to  staircase  effects  whilst  others  lines 

50  of  pixels  are  being  strobed.  Staircase  effects  are 
avoided  because,  each  data  pulse  to  which  that 
given  pixel  is  exposed  while  other  lines  are  being 
strobed,  first  provides  an  impulse  tending  to  drive 
that  pixel  one  way,  and  then  immediately  succeeds 

55  that  impulse  with  an  equal  magnitude,  but  oppo- 
sitely  directed,  impulse  that  restores  the  balance. 

The  Australian  specification  is  not  however  ex- 
pressly  concerned  with  another  desirable  feature  of 
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a  good  drive  scheme  for  addressing  a  ferroelectric 
liquid  crystal  cell,  namely  that  the  waveforms  ap- 
plied  to  the  individual  electrodes  by  which  the 
pixels  are  addressed  need  to  be  charge-balanced 
at  least  in  the  long  term.  If  the  electrodes  are  not 
insulated  from  the  liquid  crystal  this  is  so  as  to 
avoid  electrolytic  degradation  of  the  liquid  crystal 
brought  about  by  a  net  flow  of  direct  current 
through  the  liquid  crystal.  On  the  other  hand  if  the 
electrodes  are  insulated,  it  is  to  prevent  a  cumula- 
tive  build  up  of  charge  at  the  interface  between  the 
liquid  crystal  and  the  insulation. 

The  two  drive  schemes  of  the  Australian  speci- 
fication  specifically  described  with  reference  to  its 
Figures  2  and  3  employ  balanced  bipolar  strobe 
pulses  to  co-operate  with  the  balanced  bipolar  data 
pulses.  It  is  explained  that  with  this  form  of  strobe 
pulse  it  is  possible  to  employ  a  single  strobe  pulse 
not  only  to  switch  some  pixels  in  one  direction,  but 
also  to  switch  others  in  the  opposite  direction. 
Accordingly  there  is  no  need  with  such  a  drive 
scheme  to  employ  page  or  line  blanking  to  set  all 
pixels  of  a  page  or  line  to  the  same  state  prior  to 
the  commencement  of  the  addressing  of  a  line  of 
pixels  with  the  requisite  data.  It  follows  that  such 
drive  schemes  that  employ  not  only  balanced  bi- 
polar  data  pulses,  but  also  balanced  bipolar  strobe 
pulses,  automatically  satisfy  the  desired  electrode 
charge  balancing,  not  only  in  the  long  term,  but 
also  in  the  short  term. 

The  drive  scheme  of  the  Australian  specifica- 
tion  specifically  described  with  reference  to  its  Fig- 
ure  1  employs  unipolar  (unidirectional)  strobe 
pulses  to  co-operate  with  the  balanced  bipolar  data 
pulses.  It  is  thus  clear  that,  though  the  desired 
electrode  charge  balancing  condition  is  met  in  re- 
spect  of  the  electrodes  on  which  the  data  is  ap- 
plied;  the  condition  is  not  met,  at  least  in  the  short 
term,  in  respect  of  the  electrodes  on  which  the 
strobe  pulses  are  applied.  However  the  Australian 
specification  does  explain  that,  when  using  unipolar 
strobe  pulses,  some  form  of  blanking  is  required, 
and  explains  that  such  blanking  can  conveniently 
be  effected  by  the  use  of  blanking  pulses  whose 
polarity  is  the  opposite  of  that  of  the  strobe  pulses. 
It  is  in  principle  therefore  possible  to  achieve  elec- 
trode  charge  balance  in  the  long  term  by  employ- 
ing  a  form  of  blanking  pulse  waveform  applied  to 
the  strobe  electrodes  that  will  produce  an  impulse 
that  exactly  compensates  that  provided  by  the  ap- 
plication  of  the  strobe  pulses.  The  present  inven- 
tion  is  directed  to  an  alternative  way  of  achieving 
the  desired  long  term  electrode  charge  balance. 

According  to  the  present  invention  a  method  of 
addressing  a  matrix-array  type  liquid  crystal  cell 
with  a  ferroelectric  liquid  crystal  layer  whose  pixels 
are  defined  by  the  areas  of  overlap  between  the 
members  of  a  first  set  of  electrodes  on  one  side  of 

the  liquid  crystal  layer  and  the  members  of  a 
second  set  on  the  other  side  of  the  layer,  wherein 
the  pixels  are  addressed  on  a  line-by-line  basis 
after  erasure,  wherein  unipolar  blanking  pulses  are 

5  applied  to  the  members  of  the  first  set  of  elec- 
trodes  to  effect  erasure,  and  wherein  for  selective 
addressing  of  the  pixels  unipolar  strobing  pulses 
are  applied  serially  to  the  members  of  the  first  set 
of  electrodes  while  charge  balanced  bipolar  data 

io  pulses  are  applied  in  parallel  to  the  members  of 
the  second  set,  the  positive  going  parts  being 
synchronised  with  the  strobe  pulse  for  one  data 
significance  and  the  negative  going  parts  being 
synchronised  with  the  strobe  pulse  for  the  other 

is  data  significance,  and  characterised  in  that  the 
polarities  of  the  strobe  and  blanking  pulses  are 
periodically  reversed  to  provide  a  charge  balance 
for  the  individual  members  of  the  first  set  of  elec- 
trodes. 

20  There  follows  a  description  of  a  ferroelectric 
liquid  crystal  cell  and  of  a  number  of  ways  by 
which  it  may  be  addressed.  With  the  exception  of 
the  first  method,  which  has  been  included  for  the 
purposes  of  comparison,  all  these  methods  em- 

25  body  the  present  invention  in  preferred  forms.  The 
first  method  is  one  of  the  methods  described  in 
Australian  Patent  Specification  No.  AU-A-3285584. 
The  description  refers  to  the  accompanying  draw- 
ings  in  which:- 

30  Figure  1  depicts  a  schematic  perspective  view 
of  a  ferroelectric  liquid  crystal  cell; 
Figure  2  depicts  the  waveforms  of  a  drive 
scheme  previously  described  in  Australian  Pat- 
ent  Specification  No.  AU-A-3285584,  and 

35  Figures  3  to  9  depict  the  waveforms  of  seven 
alternative  drive  schemes  embodying  the  inven- 
tion  in  preferred  forms. 

Referring  now  to  Figure  1  ,  a  hermetically  seal- 
ed  envelope  for  a  liquid  crystal  layer  is  formed  by 

40  securing  together  two  glass  sheets  11  and  12  with 
a  perimeter  seal  13.  The  inward  facing  surfaces  of 
the  two  sheets  carry  transparent  electrode  layers 
14  and  15  of  indium  tin  oxide,  and  each  of  these 
electrode  layers  is  covered  within  the  display  area 

45  defined  by  the  perimeter  seal  with  a  polymer  layer, 
such  as  polyimide  (not  shown),  provided  for  molec- 
ular  alignment  purposes.  Both  polyimide  layers  are 
rubbed  in  a  single  direction  so  that  when  a  liquid 
crystal  is  brought  into  contact  with  them  they  will 

50  tend  to  promote  planar  alignment  of  the  liquid 
crystal  molecules  in  the  direction  of  the  rubbing. 
The  cell  is  assembled  with  the  rubbing  directions 
aligned  parallel  with  each  other.  Before  the  elec- 
trode  layers  14  and  15  are  covered  with  the  poly- 

55  mer,  each  one  is  patterned  to  define  a  set  of  strip 
electrodes  (not  shown)  that  individually  extend 
across  the  display  area  and  on  out  to  beyond  the 
perimeter  seal  to  provide  contact  areas  to  which 
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terminal  connection  may  be  made.  In  the  assem- 
bled  cell  the  electrode  strips  of  layer  14  extend 
transversely  of  those  of  layer  15  so  as  to  define  a 
pixel  at  each  elemental  area  where  an  electrode 
strip  of  layer  15  is  overlapped  by  a  strip  of  layer 
14.  The  thickness  of  the  liquid  crystal  layer  con- 
tained  within  the  resulting  envelope  is  determined 
by  the  thickness  of  the  perimeter  seal,  and  control 
over  the  precision  of  this  may  be  provided  by  a 
light  scattering  of  short  lengths  of  glass  fibre  (not 
shown)  of  uniform  diameter  distributed  through  the 
material  of  the  perimeter  seal.  Conveniently  the  cell 
is  filled  by  applying  a  vacuum  to  an  aperture  (not 
shown)  through  one  of  the  glass  sheets  in  one 
corner  of  the  area  enclosed  by  the  perimeter  seal 
so  as  to  cause  the  liquid  crystal  medium  to  enter 
the  cell  by  way  of  another  aperture  (not  shown) 
located  in  the  diagonally  opposite  corner. 
(Subsequent  to  the  filling  operation  the  two  ap- 
ertures  are  sealed.)  The  filling  operation  is  carried 
out  with  the  filling  material  heated  into  its  isotropic 
phase  as  to  reduce  its  viscosity  to  a  suitably  low 
value.  It  will  be  noted  that  the  basic  construction  of 
the  cell  is  similar  to  that  of  for  instance  a  conven- 
tional  twisted  nematic,  except  of  course  for  the 
parallel  alignment  of  the  rubbing  directions. 

Typically  the  thickness  of  the  perimeter  seal 
13,  and  hence  of  the  liquid  crystal  layer,  is  about 
10  microns,  but  thinner  or  thicker  layer  thicknesses 
may  be  required  to  suit  particular  applications  de- 
pending  for  instance  upon  whether  or  not  bistability 
of  operation  is  required  and  upon  whether  the  layer 
is  to  be  operated  in  the  Sq  phase  or  in  one  of  the 
more  ordered  phases  such  as  S|  or  Sp  . 

Some  drive  schemes  for  ferroelectric  cells  are 
described  in  Patent  Specification  No.  2146473A. 
Among  these  is  a  scheme  that  is  described  with 
particular  reference  to  Figure  1  of  that  specification, 
a  part  of  which  has  been  reproduced  herein  in 
slightly  modified  form  as  Figure  2.  This  employs 
bipolar  data  pulses  21a,  21b  to  co-act  with  unipolar 
strobe  pulses  20.  The  strobe  pulses  20  are  applied 
serially  to  the  electrode  strips  of  one  electrode 
layer,  while  the  data  pulses  21a,  and  21b  are 
applied  in  parallel  to  those  of  the  other  layer.  In  this 
particular  scheme  the  unipolar  nature  of  the  strobe 
pulses  dictates  that  pixels  are  capable  of  being 
switched  by  these  pulses  in  one  direction  only. 
Accordingly,  some  form  of  blanking  is  required 
between  consecutive  addressings  of  any  pixel.  In 
the  description  it  is  suggested  that  this  may  take 
the  form  of  a  pulse  (not  shown)  applied  to  the 
strobe  line  which  is  of  opposite  polarity  to  that  of 
the  strobe  pulses. 

A  pixel  is  switched  on  by  the  coincidence  of  a 
voltage  excursion  of  Vs,  of  duration  ts,  on  its  strobe 
line  with  a  voltage  excursion  of  -VD,  for  an  equal 
duration,  on  its  data  line.  These  two  voltage  excur- 

sions  combine  to  produce  a  switching  voltage  of 
(Vs  +  VD)  for  a  duration  ts.  Since  the  switching 
voltage  threshold  for  duration  ts  is  close  to  (Vs  + 
VD),  a  blanking  pulse  applied  to  the  strobe  lines 

5  without  any  corresponding  voltage  excursion  on  the 
data  lines  will  not  be  sufficient  to  achieve  the 
requisite  blanking  if  it  is  of  amplitude  Vs  and  dura- 
tion  ts.  Therefore,  if  no  voltage  is  to  be  applied  to 
the  data  lines,  the  amplitude  of  the  blanking  pulse 

io  must  be  increased  to  (Vs  +  VD),  or  its  duration 
must  be  extended  beyond  ts.  Both  these  options 
have  the  effect  of  removing  charge  balance  from 
the  strobe  lines. 

Attention  will  now  be  turned  to  Figure  3  which 
is  depicts  waveforms  according  to  one  preferred  em- 

bodiment  of  the  present  invention.  Blanking,  strob- 
ing,  data  '0'  and  data  '1'  waveforms  are  depicted 
respectively  at  30,  31  ,  32  and  33. 

As  before,  the  data  pulse  waveforms  are  ap- 
20  plied  in  parallel  to  the  electrode  strips  of  one  of  the 

electrode  layers  14,  15,  while  strobe  pulses  are 
applied  serially  to  those  of  the  other  electrode 
layer.  The  blanking  pulses  are  applied  to  the  set  of 
electrode  strips  to  which  the  strobe  pulses  are 

25  applied.  These  blanking  pulses  may  be  applied  to 
each  electrode  strip  in  turn,  to  selected  groups  in 
turn,  or  to  all  strips  at  once  according  to  specific 
blanking  requirements. 

The  data  pulses  32  and  33  are  balanced  bi- 
30  polar  pulses,  each  having  positive  and  negative 

going  excursions  of  magnitude  |VD|  and  duration  ts 
to  give  a  total  duration  2ts.  If  the  operating  con- 
straints  allow  consecutive  lines  to  be  addressed 
without  interruption,  then  unaddressed  pixels  re- 

35  ceiving  consecutive  data  pulses  may  see  a  data  1 
followed  immediately  by  a  data  '0',  or  alternatively 
a  data  '0'  followed  immediately  by  a  data  '1'.  In 
either  instance  the  liquid  crystal  layer  at  such  a 
pixel  will  be  exposed  to  a  potential  difference  of  VD 

40  for  a  period  of  2ts.  Therefore,  the  magnitude  of  VD 
must  be  set  so  that  this  is  insufficient  to  effect 
switching  from  either  data  state  to  the  other. 

The  first  illustrated  strobe  pulse  31a  is  a  posi- 
tive  going  unipolar  pulse  of  amplitude  Vs  and  dura- 

45  tion  ts.  All  strobe  pulses  are  synchronised  with  the 
first  half  of  their  corresponding  data  pulses.  (They 
could  alternatively  have  been  synchronised  with  the 
second  halves,  in  which  case  the  data  significance 
of  the  data  pulse  waveforms  is  reversed.)  The 

50  liquid  crystal  layer  at  each  pixel  addressed  by  that 
data  pulse  will,  for  the  duration  of  that  strobe  pulse, 
be  exposed  to  a  potential  difference  of  (Vs  -  VD)  if 
that  pixel  is  simultaneously  addressed  with  a  data 
'0'  waveform,  or  a  potential  difference  of  (Vs  +  VD) 

55  if  it  is  simultaneously  addressed  with  a  data  '1' 
waveform.  The  magnitudes  of  Vs  and  VD  are  cho- 
sen  so  that  (Vs  +  VD)  applied  for  a  duration  ts  is 
sufficient  to  effect  switching,  but  (Vs  -  VD),  and  VD, 

4 
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both  for  a  similar  duration  ts,  are  not. 
The  data  pulses  are  thus  seen  to  be  able  to 

switch  the  pixels  in  one  direction  only,  and  hence, 
before  they  are  adressed,  they  need  to  be  set  to 
the  other  state  by  means  of  blanking  pulses  30. 
The  blanking  pulse  preceding  any  strobing  pulse 
needs  to  be  of  the  opposite  polarity  to  that  of  the 
strobing  pulse.  Thus  positive  going  strobe  pulses 
31a  are  preceded  by  negative  going  blanking 
pulses  30a,  while  negative  going  strobe  pulses  31b 
are  preceded  by  positive  going  blanking  pulses 
30b.  Each  blanking  pulse  is  of  sufficient  amplitude 
and  duration  to  set  the  electrode  strip  or  strips  to 
which  it  is  applied  into  data  '0'  or  '1'  state  as 
dictated  by  polarity.  It  may  for  instance  be  of 
magnitude  |VS  +  VD|  and  duration  ts,  but  a  shorter 
or  longer  duration  pulse,  with  correspondingly  in- 
creased  or  reduced  amplitude,  may  be  preferred  to 
suit  specific  requirements. 

The  first  blanking  pulse  of  Figure  3  is  a  nega- 
tive  going  pulse  which  sets  the  pixels  to  which  it  is 
applied  into  the  data  '0'  state.  If  it  is  applied  to  only 
one  electrode  strip,  then  a  fresh  blanking  pulse  will 
be  required  before  the  next  strip  is  addressed  with 
a  strobing  pulse,  whereas  if  the  blanking  pulse  is 
applied  in  parallel  to  group  of  electrode  strips,  or  to 
the  whole  set  of  electrode  strips  of  that  electrode 
layer  14  or  15,  then  each  one  of  the  strips  which 
have  been  blanked  can  be  serially  addressed  once 
with  an  individual  strobe  pulse  before  the  next 
blanking  pulse  is  required.  Periodically  the  polarity 
of  the  blanking  pulse  is  reversed,  directly  after 
which  the  polarity  of  the  succeeding  strobe  pulse 
or  pulses  is  also  reversed.  Such  polarity  reversals 
may  occur  with  each  consecutive  blanking  of  any 
given  electrode  strip,  or  such  a  strip  may  receive  a 
small  number  of  blanking  pulses  and  addressings 
with  strobe  pulses  before  it  is  subject  to  a  plarity 
reversal.  The  periodic  polarity  reversals  may  be 
effected  on  a  regular  basis  with  a  set  number  of 
addressings  between  each  reversal,  or  it  may  be 
on  a  random  basis.  A  random  basis  is  indicated  for 
instance  when  the  blanking  pulses  are  applied  to 
selected  groups  of  strips,  and  a  facility  is  provided 
that  enables  the  sizes  of  those  groups  to  be 
changed  in  the  course  of  data  refreshing.  These 
polarity  reversals  ensure  that  in  the  course  of  time 
each  strip  is  individually  addressed  with  equal 
numbers  of  positive  going  and  negative  going  blan- 
king  pulses.  A  consequence  of  this  is  that  each 
strip  is  also  addressed  with  equal  number  of  posi- 
tive  going  and  negative  going  strobe  pulses.  Hence 
over  a  period  of  several  addressings  charge  bal- 
ance  is  maintained. 

Previously  it  was  suggested  that  if  the  blanking 
pulse  were  to  have  a  duration  ts,  it  should  have  a 
magnitude  |VS  +  VD|  in  order  to  be  sufficient  to 
effect  blanking.  This  is  true  if  the  set  of  electrode 

strips  to  which  the  blanking  pulses  are  not  applied 
are  kept  at  zero  volts  when  the  blanking  pulses  are 
applied  to  the  other  set  of  electrodes.  The  blanking 
pulse  voltage  can  however  in  certain  circumstances 

5  be  reduced  to  Vs  without  expanding  the  duration 
provided  that,  while  this  is  applied  to  (selected) 
members  of  one  set  of  strips,  it  is  synchronised 
with  an  oppositely  directed  voltage  excursion  of  -VD 
applied  to  all  the  members  of  the  other  set  of 

io  strips.  This  introduces  a  momentary  charge  imbal- 
ance  on  the  individual  members  of  this  other  set  of 
strips,  but  in  the  longer  term  this  is  removed  by  the 
periodic  inversion  of  the  polarity  of  the  blanking 
pulses. 

is  When  an  electrode  strip  is  addressed  with  a 
negative  going  blanking  pulse  30a  the  pixels  asso- 
ciated  with  that  strip  are  all  set  into  the  data  '0' 
state.  The  succeeding  strobe  pulse  is  a  positive 
going  pulse  31a.  The  only  data  pulse  to  co-operate 

20  with  a  positive  going  strobe  pulse  to  develop  a 
potential  difference  of  (Vs  +  VD)  across  the  liquid 
crystal  layer  is  a  data  '1'  waveform  33.  When 
however,  the  strip  is  addressed  with  a  positive 
going  blanking  pulse  30b,  the  pixels  associated 

25  with  that  strip  are  set  into  the  data  '1'  state.  The 
succeeding  strobe  pulse  31b  is  negative  going. 
This  cooperates  with  the  data  '1'  waveform  33  to 
develop  a  potential  difference  of  on  (Vs  -VD)  across 
the  liquid  crystal  layer,  and  hence  the  effect  upon 

30  pixels  addressed  with  this  data  waveform  is  to 
leave  those  pixels  in  the  data  '1'  state.  Thus  it  is 
seen  that  the  data  significance  of  the  two  data 
waveforms  is  invariant  under  change  of  polarity  of 
the  strobe  and  blanking  pulse  waveforms. 

35  When  using  the  pulse  waveforms  of  Figure  3 
for  addressing  a  ferroelectric  cell  in  a  frame  blan- 
king  mode  in  which  the  blanking  pulse  is  applied  in 
parallel  to  all  the  electrode  strips  of  one  of  the 
electrode  layers  14,  15,  the  minimum  line  address 

40  time  is  seen  to  be  2ts.  There  is  then  an  interval 
between  frames  to  allow  for  frame  blanking.  The 
minimum  value  of  the  line  address  time  2ts  is 
related  to  the  choice  of  the  full  switching  voltage 
(Vs  +  VD).  It  has  been  found  however,  that  in  some 

45  circumstances  the  minimum  conditions  for  achiev- 
ing  switching  are  adversely  affected  if  the  switching 
stimulus  is  immediately  followed  by  a  stimulus  of 
the  opposite  polarity.  This  is  the  situation  prevailing 
when  using  the  data  entry  waveforms  of  Figure  3. 

50  Each  time  a  pixel  is  switched  by  strobe  and  data 
pulse  waveforms  co-operating  to  produce  a  poten- 
tial  difference  across  the  liquid  crystal  layer  of  (Vs 
+  VD),  this  is  immediately  followed  by  an  oppo- 
sitely  directed  potential  difference  of  VD.  At  least 

55  under  some  conditions  the  switching  criteria  can  be 
somewhat  relaxed,  for  instance  to  allow  a  shor- 
tening  of  the  duration  ts,  or  a  reduction  of  the 
switching  voltage  Vs  +  VD.  This  may  be  achieved 

5 
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by  introducing  a  gap  of  duration  to  1  between  the 
two  halves  of  the  data  pulse  waveforms  42  and  43 
as  depicted  in  Figure  4.  In  all  other  respects  the 
waveforms  are  the  same  as  those  depicted  in  Fig- 
ure  3.  The  corresponding  strobe  pulse  waveform 
41  still  has  its  leading  and  trailing  edged  synch- 
ronised  with  the  leading  and  trailing  edges  of  the 
parts  of  the  data  pulses  preceding  the  zero  voltage 
gaps  toi  ■  Typically  the  duration  to  1  is  approxi- 
mately  60%  of  the  duration  ts.  It  should  be  noted 
however,  that  any  relaxation  of  the  switching  cri- 
teria  afforded  by  this  introduction  of  the  zero  volt- 
age  gap  between  the  positive  and  negative  going 
parts  of  the  data  pulse  waveforms  is  achieved  at 
the  expense  of  increasing  the  line  address  time 
from  2ts  to  (2ts  +  toi). 

A  similar  effect  has  also  been  found  upon 
occasion  where  switching  response  has  been  ad- 
versely  affected  by  a  reverse  polarity  stimulus  that 
immediately  precedes  the  switching  stimulus.  This 
is  alleviated  by  including  a  further  gap  of  to2  (not 
shown)  to  precede  the  first  halves  of  the  data 
pulses,  thereby  increasing  the  line  address  time  to 
(2ts  +  to  1  +  to2).  The  durations  of  to  1  and  to2  may 
be  the  same,  but  are  not  necessarily  so. 

Examination  of  the  switching  characteristics  of 
certain  ferroelectric  cells  has  revealed  that  it  is 
possible  in  some  circumstances  to  modify  the  data 
pulse  waveforms  of  Figure  3  to  achieve  a  line 
address  time  of  less  than  2ts.  The  modified  data  '0' 
and  data  '1'  waveforms  are  depicted  respectively  at 
52  and  53  in  Figure  5.  The  parts  before  the  zero- 
crossing  are  unchanged:  they  are  synchronised 
with  the  strobe  pulse  of  magnitude  |VS|  and  dura- 
tion  ts,  and  are  themselves  of  magnitude  |VD|  and 
duration  ts.  For  each  type  of  data  pulse  the  voltage 
excursion  of  the  second  part,  the  part  after  the 
zero-crossing,  is  m  times  that  of  the  first  part,  but 
charge  balance  is  restored  by  reducing  the  dura- 
tion  of  the  second  part  by  a  factor  m  in  relation  to 
the  duration  of  the  first.  The  factor  m  is  typically 
not  more  than  3.  The  line  address  time  is  reduced 
by  the  use  of  these  asymmetric  waveforms  from 
2ts  to  (1  +1/m)ts. 

The  Figure  5  data  entry  waveforms  involve 
following  a  switching  stimulus  immediately  with  a 
stimulus  of  opposite  polarity.  This  can  be  avoided 
by  incorporating  a  short  duration  gap  between  the 
two  parts  of  the  data  waveforms  after  the  manner 
previously  described  with  reference  to  Figure  4. 
This  produces  the  '0'  and  '1'  data  waveforms  62 
and  63  of  Figure  6.  The  line  address  time  in  this 
instance  is  (1  +  1/m)ts  +  toi  ■ 

When  operating  a  ferroelectric  cell  of  n  lines 
with  waveforms  as  depicted  in  Figures  3,  4,  5  or  6, 
if  the  line  address  time  is  tL  and  the  blanking  time 
is  tB,  then  the  time  taken  to  refresh  a  whole  frame 
is  ntL  +  tB  when  the  cell  is  operated  in  frame 

blanking  mode.  However,  if  it  were  operated  in  line 
blanking  mode  in  which  each  line  is  individually 
blanked,  the  refresh  time  is  expanded  to  n(tL  +  tB). 
This  problem  is  avoided  with  the  waveforms  of 

5  Figure  7.  This  uses  a  modified  form  of  strobe 
pulses  71  the  first  part  of  which  functions  to  blank 
one  line  during  the  data  entry  for  the  preceding 
line. 

The  strobe  pulses  71  are  bipolar  pulses,  but 
io  are  individually  unbalanced  and  therefore  exist  in 

two  forms  71a  and  71b  which  are  the  inverse  of 
each  other  and  are  periodically  alternated  to  pro- 
vide  charge  balance  in  the  long  term.  Strobe  pulse 
71a  is  negative  going  to  a  voltage  -Vs  for  a  dura- 

15  tion  2ts,  is  then  immediately  positive  going  to  a 
voltage  +VS  for  a  duration  ts  and  then  remains  at 
zero  volts  for  a  further  duration  ts.  The  co-operating 
'0'  and  '1'  data  pulses  72  and  73  are  identical  with 
those  of  Figure  3,  being  balanced  bipolar  pulses 

20  ranging  from  +VD  to  -VD,  and  of  total  duration  2ts. 
The  leading  edges  of  the  strobe  pulses  are  synch- 
ronised  with  those  of  the  data  pulses  so  that  a  data 
pulse  that  is  synchronised  with  the  first  half  of  a 
strobe  pulse  applied  to  electrode  strip  'p'  is  also 

25  synchronised  with  the  second  half  of  the  strobe 
pulse  applied  to  electrode  strip  (p-1).  From  a  study 
of  these  waveforms  of  Figure  7  it  is  seen  that  a 
data  '0'  synchronised  with  the  first  half  of  the  first 
type  of  strobe  pulse  71a  will  set  a  pixel  to  the  '0' 

30  state  in  the  first  half  of  that  data  '0',  and  leave  it  in 
the  '0'  state  for  the  second  half.  If  on  the  other 
hand  the  data  waveform  was  that  of  a  data  '1' 
pulse,  then  the  pixel  would  not  be  switched  in  the 
first  half  of  that  data  pulse  waveform,  but  would  be 

35  set  into  the  '0'  state  by  the  second  half  of  the  data 
pulse.  Then  the  next  data  pulse  will  co-operate  with 
the  second  half  of  the  strobe  pulse  waveform  to  set 
the  pixel  into  the  data  '1'  state  if  that  next  data 
pulse  is  a  data  '1'  pulse,  but  will  leave  it  in  the  data 

40  '0'  state  if  it  is  a  data  '0'  pulse.  Similarly,  it  will  be 
seen  that  with  the  second  type  of  strobe  pulse  71  b 
a  pixel  is  set  into  the  data  '1'  state  by  a  data  pulse 
synchronised  with  the  first  half  of  the  strobe  pulse, 
and  is  left  in  that  '1'  state  if  the  next  data  pulse  is  a 

45  data  '1'  pulse,  but  will  be  restored  to  the  '0'  state  if 
that  next  data  pulse  is  a  data  '0'  pulse  waveform. 
Typically,  the  strobe  pulse  waveforms  71a  and  71b 
are  alternated  with  each  frame. 

The  waveforms  of  Figure  7  illustrate  another 
50  example  of  drive  system  in  which  a  switching 

stimulus  is  immediately  followed  by  a  stimulus  of 
opposite  plarity.  Hence  it  is  another  example  of  a 
system  that  can  be  modified  to  introduce  gaps  in 
the  waveforms  which  separate  the  reverse  polarity 

55  stimulus  from  the  switching  stimulus  by  a  short 
duration  period  during  which  no  field  is  maintained 
across  the  liquid  crystal  layer.  The  resulting 
waveforms  are  depicted  in  Figure  8  The  data  '0' 

6 
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and  data  '1'  pulse  waveforms  82  and  83  each  have 
a  zero  voltage  gap  of  duration  to  1  inserted  between 
their  first  and  second  halves  which  remain  of  am- 
plitude  VD  and  duration  ts.  Additionally,  a  zero 
voltage  of  duration  to2  is  introduced  between  con- 
secutive  data  waveforms.  The  durations  of  to  1  and 
to2  may  be  the  same,  but  are  not  necessarily  so. 
Corresponding  gaps  are  also  inserted  into  the 
strobe  pulse  waveforms  81a  and  81b.  Since  how- 
ever,  the  potential  across  the  liquid  crystal  is  not 
reversed  at  a  pixel  between  the  first  and  second 
parts  of  the  strobe  pulse,  there  is  no  need  for  the 
strobe  potential  to  return  to  zero  for  the  period  to  1 
between  these  two  parts,  and  it  may  be  found 
more  convenient  to  maintain  the  potential  for  the 
full  period  of  (2ts  +  to  1  )  as  indicated  by  broken 
lines  81c. 

Alternatively  the  line  blanking  may  be  per- 
formed  more  than  one  line  in  advance  of  the  data 
entry  as  for  instance  depicted  in  Figure  9.  As 
before,  strobe  pulses  91a  and  91b,  which  are  the 
inverse  of  each  other,  are  periodically  alternated  to 
provide  charge  balance  in  the  long  term.  Strobe 
pulse  91a  has  a  total  duration  of  6ts.  In  the  first 
third  it  is  negative  going  to  a  voltage  -Vs  for  a 
duration  2ts.  In  the  second  third  it  remains  at  zero 
volts  for  the  whole  duration  2ts,  and  in  the  final 
third  it  is  first  positive  going  to  a  voltage  +VS  for  a 
duration  ts  and  then  reverts  to  zero  volts  for  the 
final  duration  ts.  The  co-operating  '0'  and  '1'  data 
pulses  92  and  93  are  identical  with  those  of  Figure 
3,  being  balanced  bipolar  pulses  ranging  from  +VD 
to  VD,  and  of  total  duration  2ts.  The  leading  edges 
of  the  strobe  pulses  are  synchronised  with  those  of 
the  data  pulses  so  that  a  data  pulse  that  is  synch- 
ronised  with  the  first  third  of  a  strobe  pulse  applied 
to  electrode  strip  'p'  is  also  synchronised  with  the 
middle  third  of  the  strobe  pulse  applied  to  elec- 
trode  strip  (p-1),  and  with  the  final  third  of  the 
strobe  pulse  applied  to  electrode  strip  (p-2).  From 
a  study  of  these  waveforms  it  is  seen  that  the  first 
third  of  a  strobe  pulse  91a  will  set  a  pixel  into  '0' 
state  whether  it  is  synchronised  with  a  '0'  data 
pulse  or  a  '1'  data  pulse;  that  in  the  second  third 
the  voltages  are  insufficient  for  switching;  and  that 
in  the  final  third  the  pixel  will  be  left  in  the  '0'  state 
if  that  final  third  is  synchronised  with  a  data  '0' 
pulse  wavefrom,  but  will  be  restored  to  the  '1'  state 
if  it  is  synchronised  with  a  data  '1'  waveform. 

A  line  is  then  blanked  for  two  line  address 
times  before  being  written  instead  of  for  only  one 
line  address  time  provided  by  the  waveforms  of 
Figure  7.  However,  whereas  with  the  waveforms  of 
Figure  7  data  entry  that  induces  switching  of  a 
pixel  in  a  period  ts  can  be  preceded  by  exposure 
of  that  pixel  in  the  immediately  preceding  period  of 
duration  ts  by  an  opposite  polarity  stimulus  of 
magnitude  |VS  +  VD|  ,  with  the  waveforms  of  Figure 

9  the  maximum  reverse  polarity  stimulus  that  can 
occur  in  this  period  ts  immediately  preceding  the 
data  entry  switching  is  a  reverse  polarity  stimulus 
of  magnitude  |VD|. 

5 
Claims 

1.  A  method  of  addressing  a  matrix-array  type 
liquid  crystal  cell  with  a  ferroelectric  liquid  cry- 

io  stal  layer  whose  pixels  are  defined  by  the 
areas  of  overlap  between  the  members  of  a 
first  set  of  electrodes  on  one  side  of  the  liquid 
crystal  layer  and  the  members  of  a  second  set 
on  the  other  side  of  the  layer,  wherein  the 

is  pixels  are  addressed  on  a  line-by-line  basis 
after  erasure,  wherein  unipolar  blanking  pulses 
are  applied  to  the  members  of  the  first  set  of 
electrodes  to  effect  erasure,  and  wherein  for 
selective  addressing  of  the  pixels  unipolar 

20  strobing  pulses  are  applied  serially  to  the 
members  of  the  first  set  of  electrodes  while 
charge  balanced  bipolar  data  pulses  are  ap- 
plied  in  parallel  to  the  members  of  the  second 
set,  the  positive  going  parts  being  synchronis- 

25  ed  with  the  strobe  pulse  for  one  data  signifi- 
cance  and  the  negative  going  parts  being  syn- 
chronised  with  the  strobe  pulse  for  the  other 
data  significance,  and  characterised  in  that  the 
polarities  of  the  strobe  and  blanking  pulses  are 

30  periodically  reversed  to  provide  a  charge  bal- 
ance  for  the  individual  members  of  the  first  set 
of  electrodes. 

2.  A  method  as  claimed  in  claim  1  ,  characterised 
35  in  that  the  polarities  of  the  strobe  and  blanking 

pulses  are  periodically  reversed  on  a  regular 
basis. 

3.  A  method  as  claimed  in  claim  1  ,  characterised 
40  in  that  the  polarities  of  the  strobe  and  blanking 

pulses  are  periodically  reversed  on  a  random 
basis. 

4.  A  method  as  claimed  in  claim  1,  2  or  3, 
45  characterised  in  that  a  gap  separates  the  posi- 

tive  and  negative  going  portions  of  each  bal- 
anced  bipolar  data  pulse. 

5.  A  method  as  claimed  in  any  preceding  claim, 
50  characterised  in  that  a  gap  always  precedes  or 

follows  each  data  pulse. 

6.  A  method  as  claimed  in  any  preceding  claim, 
characterised  in  that  the  positive  and  negative 

55  going  portions  of  each  balanced  bipolar  data 
pulse  are  asymmetric,  one  part  having  m  times 
the  amplitude  of  the  other  and  1/mth  the  dura- 
tion. 
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7.  A  method  as  claimed  in  any  one  of  claims  1  to 
5,  characterised  in  that  the  blanking  pulses  and 
strobing  pulses  are  combined  so  that,  while  the 
strobing  part  of  one  of  these  combined  blan- 
king  and  strobing  pulses  is  being  used  for  data 
entry  on  one  line,  the  same  data  co-operates 
with  the  blanking  part  of  the  succeeding,  and 
partially  overlapping  in  time,  combined  blan- 
king  and  strobing  pulse  to  effect  blanking  of  a 
succeeding  line. 

8.  A  method  as  claimed  in  claim  7,  characterised 
in  that  the  succeeding  line  is  the  next  succeed- 
ing  line. 

9.  A  method  as  claimed  in  claim  7,  characterised 
in  that  the  succeeding  line  is  the  next  but  one 
succeeding  line. 

Revendicatlons 

1.  Procede  d'adressage  d'une  cellule  a  cristaux 
liquides  du  type  a  disposition  matricielle,  ayant 
une  couche  de  cristaux  liquides  ferroelectri- 
ques  dont  les  elements  d'image  sont  delimites 
par  les  zones  de  recouvrement  d'elements 
d'un  premier  ensemble  d'electrodes  place  d'un 
cote  de  la  couche  cristalline  liquide  et  les 
elements  d'un  second  ensemble  place  de  I'au- 
tre  cote  de  la  couche,  dans  lequel  les  ele- 
ments  d'image  sont  adresses  ligne  par  ligne 
apres  effacement,  et  dans  lequel  des  impul- 
sions  unipolaires  de  suppression  sont  appli- 
quees  aux  elements  du  premier  ensemble 
d'electrodes  afin  que  I'effacement  soit  assure, 
et  dans  lequel,  pour  I'adressage  selectif  des 
elements  d'image,  des  impulsions  unipolaires 
d'echantillonnage  sont  appliquees  en  serie  aux 
elements  du  premier  ensemble  d'electrodes 
alors  que  des  impulsions  bipolaires  de  don- 
nees,  equilibrees  en  charge,  sont  appliquees 
en  parallele  aux  elements  du  second  ensem- 
ble,  les  parties  allant  vers  les  valeurs  positives 
etant  synchronisees  sur  I'impulsion  d'echantil- 
lonnage  pour  une  signification  des  donnees  et 
les  parties  allant  vers  les  valeurs  negatives 
etant  synchronisees  sur  I'impulsion  d'echantil- 
lonnage  pour  I'autre  signification  des  donnees, 
caracterise  en  ce  que  les  polarites  des  impul- 
sions  d'echantillonnage  et  de  suppression  sont 
inversees  periodiquement  afin  qu'elles  assu- 
rent  un  equilibre  des  charges  des  elements 
individuels  du  premier  ensemble  d'electrodes. 

2.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  les  polarites  des  impulsions 
d'echantillonnage  et  de  suppression  sont  inver- 
sees  periodiquement  de  maniere  reguliere. 

3.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  les  polarites  des  impulsions 
d'echantillonnage  et  de  suppression  sont  inver- 
sees  periodiquement  de  maniere  aleatoire. 

5 
4.  Procede  selon  la  revendication  1,  2  ou  3,  ca- 

racterise  en  ce  qu'un  espace  separe  les  par- 
ties  allant  vers  les  valeurs  positives  et  les 
parties  allant  vers  les  valeurs  negatives  de 

io  chaque  impulsion  bipolaire  equilibree  de  don- 
nees. 

5.  Procede  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  caracterise  en  ce  qu'un 

is  espace  precede  ou  suit  toujours  chaque  impul- 
sion  de  donnees. 

6.  Procede  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  caracterise  en  ce  que  les 

20  parties  de  chaque  impulsion  bipolaire  equili- 
bree  de  donnees  allant  vers  les  valeurs  positi- 
ves  et  allant  vers  les  valeurs  negatives  sont 
asymetriques,  une  partie  ayant  m  fois  I'ampli- 
tude  de  I'autre  et  1/m  fois  sa  duree. 

25 
7.  Procede  selon  I'une  quelconque  des  revendi- 

cations  1  a  5,  caracterise  en  ce  que  les  impul- 
sions  de  suppression  et  les  impulsions 
d'echantillonnage  sont  combinees  afin  que, 

30  lorsque  la  partie  d'echantillonnage  de  I'une  des 
impulsions  combinees  de  suppression  et 
d'echantillonnage  est  utilisee  pour  I'entree  de 
donnees  d'une  ligne,  les  memes  donnees  coo- 
perent  avec  la  partie  de  suppression  de  I'im- 

35  pulsion  combinee  suivante  de  suppression  et 
d'echantillonnage,  avec  recouvrement  partiel 
au  cours  du  temps,  afin  que  la  suppression 
d'une  ligne  suivante  soit  realisee. 

40  8.  Procede  selon  la  revendication  7,  caracterise 
en  ce  que  la  ligne  suivante  est  la  ligne  dispo- 
see  a  cote. 

9.  Procede  selon  la  revendication  7,  caracterise 
45  en  ce  que  la  ligne  suivante  est  la  ligne  suivant 

celle  qui  est  disposee  a  cote. 

Patentanspruche 

50  1.  Verfahren  zur  Adressierung  einer  Flussigkri- 
stallzelle  vom  Matrix-Anordnungstyp  mit  einer 
ferroelektrischen  Flussigkristallschicht,  deren 
Pixel  durch  die  Uberlappungsbereiche  zwi- 
schen  den  Elementen  eines  ersten  Satzes  von 

55  Elektroden  auf  einer  Seite  der  Flussigkristall- 
schicht  und  den  Elementen  eines  zweiten  Sat- 
zes  auf  der  anderen  Seite  der  Schicht  definiert 
sind,  wobei  die  Pixel  nach  dem  Loschen  zei- 

8 
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lenweise  adressiert  werden,  wobei  weiterhin 
unipolare  Loschimpulse  an  die  Elemente  des 
ersten  Satzes  von  Elektroden  angelegt  werden, 
urn  ds  Loschen  zu  bewirken,  und  wobei  fur 
eine  selektive  Adressierung  der  Pixel  unipolare 
Auftastimpulse  seriell  den  Elementen  des  er- 
sten  Satzes  von  Elektroden  zugefuhrt  werden, 
wahrend  den  Elementen  des  zweiten  Satzes 
parallel  ladungssymmetrische  bipolare  Daten- 
impulse  zugefuhrt  werden,  von  denen  fur  eine 
Datenwertigkeit  die  positiv  verlaufenden  Teile 
mit  dem  Auftastimpuls  synchronisiert  sind, 
wahrend  fur  die  andere  Datenwertigkeit  die 
negativ  verlaufenden  Teile  mit  dem  Auftastim- 
puls  synchronisiert  werden, 75 

70 

5 

8.  Verfahren  nach  Anspruch  7, 
dadurch  gekennzeichnet,  da/S  die  folgende 
Zeile  die  nachstfolgende  Zeile  ist. 

9.  Verfahren  nach  Anspruch  7, 
dadurch  gekennzeichnet,  da/S  die  nachfolgen- 
de  Zeile  die  ubernachste  Zeile  ist. 

die  Dateneingabe  an  einer  Zeile  verwendet 
wird,  die  gleichen  Daten  mit  dem  Loschteil  des 
nachfolgenden  und  zeitlich  teilweise  uberlap- 
penden  kombinierten  Losch-  und  Auftastimpul- 
ses  zusammenwirken,  urn  ein  Loschen  der 
nachfolgenden  Zeile  zu  bewirken. 

dadurch  gekennzeichnet,  da/S  die  Polaritaten 
der  Auftast-  und  Loschimpulse  periodisch  urn- 
gekehrt  werden,  urn  eine  Ladungssymmetrie 
fur  die  einzelnen  Elemente  des  ersten  Satzes 
von  Elektroden  zu  erzielen. 20 

2.  Verfahren  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  da/S  die  Polaritaten 
der  Auftast-  und  Loschimpulse  periodisch  auf 
einer  regelma/Sigen  Grundlage  umgekehrt  wer-  25 
den. 

3.  Verfahren  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  da/S  die  Polaritaten 
der  Auftast-  und  Loschimpulse  periodisch  auf  30 
einer  zufalligen  Grundlage  umgekehrt  werden. 

4.  Verfahren  nach  Anspruch  1  ,  2  oder  3, 
dadurch  gekennzeichnet,  da/S  eine  Lucke  die 
positiv  und  negativ  verlaufenden  Teile  jedes  35 
symmetrischen  bipolaren  Datenimpulses 
trennt. 

5.  Verfahren  nach  einem  der  vorhergehenden  An- 
spruche,  40 
dadurch  gekennzeichnet,  da/S  jedem  Daten- 
impuls  eine  Lucke  immer  vorangeht  oder  nach- 
folgt. 

6.  Verfahren  nach  einem  der  vorhergehenden  An-  45 
spruche, 
dadurch  gekennzeichnet,  da/S  die  positiv  und 
negativ  verlaufenden  Teile  jedes  symmetri- 
schen  bipolaren  Datenimpulses  unsymmetrisch 
sind,  wobei  ein  Teil  die  m-fache  Amplitude  des  50 
anderen  und  die  1/m-te  Dauer  hiervon  auf- 
weist. 

7.  Verfahren  nach  einem  der  Anspruche  1  bis  5, 
dadurch  gekennzeichnet,  da/S  die  Loschim-  55 
pulse  und  die  Auftastimpulse  derart  kombiniert 
sind,  da/S  wahrend  der  Auftastteil  eines  dieser 
kombinierten  Losch-  und  Auftastimpulse  fur 

9 
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