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©  Selection  driver  comprising  integrated  driver  circuits  for  a  multi-beam  flat  display  device. 

CO 
CO 
CM 
CO 

©  Picture  display  device  comprising  a  plurality  of 
electron  transport  ducts  for  transporting  electrons  in 
the  form  of  electron  currents,  and  selection  elec- 
trodes  for  withdrawing  each  electron  current  at  pre- 
determined  locations  from  its  transport  duct  and  for 
directing  said  current  towards  a  luminescent  screen. 
The  selection  electrodes  are  driven  by  a  selection 
driver  comprising  integrated  driver  circuits  having 
outputs  which  are  DC-coupled  to  the  selection  elec- 
trodes  and  are  cascaded  as  regards  their  power 
supply  voltages  in  such  a  way  that  they  apply  both 
selection  pulses  and  transport  (bias)  voltage  to  the 
selection  electrodes. 
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The  invention  relates  to  a  picture  display  de- 
vice  having  a  selection  structure  for  the  passage  of 
electrons  via  extraction  locations  which  commu- 
nicate  row  by  row  with  electron  transport  ducts  and 
with  selection  electrodes  associated  with  the  ex- 
traction  locations  and  being  coupled  to  a  selection 
driver. 

A  picture  display  device  of  this  type  is  de- 
scribed  in  European  Patent  Application  no. 
92204007.6  (PHN  13.963)  and  may  comprise  a 
display  unit  of  the  flat-panel  type  as  disclosed  in 
European  Patent  Applications  EP-A  0  400  750  and 
EP-A  0  436  997.  Display  units  of  the  flat-panel  type 
are  constructions  having  a  transparent  face  plate 
and,  arranged  at  a  small  distance  therefrom,  a  rear 
plate,  which  plates  are  interconnected  by  means  of 
partitions  and  in  which  the  inner  side  of  the  face 
plate  is  provided  with  pixels  in  the  form  of  a 
phosphor  pattern,  one  side  of  which  is  provided 
with  an  electrically  conducting  coating  (the  com- 
bination  also  being  referred  to  as  luminescent 
screen).  If  (video  information-controlled)  electrons 
impinge  upon  the  luminescent  screen,  a  visual  im- 
age  is  formed  which  is  visible  via  the  front  side  of 
the  face  plate.  The  face  plate  may  be  flat,  or  if 
desired,  curved  (for  example,  spherical  or  cylin- 
drical). 

The  display  unit  described  in  European  Patent 
Applications  EP-A  0  400  750  and  EP-A  0  436  997 
comprises  a  plurality  of  juxtaposed  sources  for 
emitting  electrons,  local  electron  transport  ducts 
cooperating  with  the  sources  and  each  having  walls 
of  high-ohmic,  electrically  substantially  insulating 
material  having  a  secondary  emission  coefficient 
suitable  for  transporting  emitted  electrons  in  the 
form  of  electron  currents  and  a  selection  structure 
comprising  selectively  energizable  electrodes  (se- 
lection  electrodes)  for  withdrawing  each  electron 
current  from  its  transport  duct  at  predetermined 
extraction  locations  facing  the  luminescent  screen, 
while  further  means  are  provided  for  directing  ex- 
tracted  electrons  towards  pixels  of  the  luminescent 
screen  for  producing  a  picture  composed  of  pixels. 

The  operation  of  this  known  display  unit  is 
based  on  the  recognition  that  electron  transport  is 
possible  when  electrons  impinge  on  an  inner  wall 
of  an  elongate  evacuated  cavity  (referred  to  as 
"compartment")  defined  by  walls  of  a  high-ohmic, 
electrically  substantially  insulating  material  (for  ex- 
ample,  glass  or  synthetic  material),  if  an  electric 
field  of  sufficient  power  is  generated  in  the  longitu- 
dinal  direction  of  the  "compartment"  (by  applying 
an  electric  potential  difference  across  the  ends  of 
the  "compartment").  The  impinging  electrons  then 
generate  secondary  electrons  by  wall  interaction, 
which  electrons  are  attracted  to  a  further  wall  sec- 
tion  and  in  their  turn  generate  secondary  electrons 
again  by  wall  interaction.  The  circumstances  (field 

strength  E,  electrical  resistance  of  the  walls,  secon- 
dary  emission  coefficient  S  of  the  walls)  may  be 
chosen  to  be  such  that  a  substantially  constant 
vacuum  current  will  flow  in  the  "compartment". 

5  Starting  from  the  above-mentioned  principle,  a 
flat-panel  picture  display  unit  can  be  realised  by 
providing  each  one  of  a  plurality  of  juxtaposed 
"compartments",  which  constitute  transport  ducts, 
with  a  column  of  extraction  apertures  at  a  side 

io  which  is  to  face  a  display  screen.  It  will  then  be 
practical  to  arrange  the  extraction  apertures  of  ad- 
jacent  transport  ducts  along  parallel  lines  extending 
transversely  to  the  transport  ducts.  By  associating 
selection  electrodes  arranged  in  rows  with  the  ar- 

75  rangement  of  apertures,  which  selection  electrodes 
are  energizable  by  means  of  a  first  (positive)  elec- 
tric  voltage  (pulse)  for  withdrawing  electron  cur- 
rents  from  the  "compartments"  via  the  apertures  of 
a  row,  or  which  convey  a  second  (lower)  electric 

20  voltage  if  no  electrons  are  to  be  locally  withdrawn 
from  the  "compartments",  an  addressing  means  is 
provided  with  which  electrons  withdrawn  from  the 
"compartments"  can  be  directed  towards  the 
screen  for  producing  an  image  composed  of  pixels 

25  by  activating  the  pixels. 
Together  with  said  pulses,  a  bias  voltage  or 

transport  voltage  (=  the  above-mentioned  second 
electric  voltage)  increasing  with  the  position  in  the 
transport  ducts  is  to  be  applied  to  the  selection 

30  electrodes  so  as  to  realise  the  transport  of  elec- 
trons  in  the  transport  ducts.  In  practice,  this  trans- 
port  voltage  may  be  approximately  100  V/cm  so 
that  a  total  transport  voltage  of  3  kV  is  required  for 
a  flat-panel  display  unit  having  a  height  of,  for 

35  example  30  cm  (with  one  cathode  at  one  side  of 
the  panel). 

It  is  known  from  the  above-mentioned  Euro- 
pean  Patent  Application  92204007.6  (PHN  13.963) 
to  generate  the  selection  pulses  by  means  of  a 

40  selection  driver  having  an  output  for  each  selection 
electrode  which  is  coupled  to  the  relevant  selection 
electrode  via  a  coupling  capacitor,  and  a  resis- 
tance  ladder  for  supplying  a  bias  voltage  increasing 
with  the  position  across  the  length  of  the  transport 

45  ducts.  However,  a  considerable  drawback  of  this 
known  picture  display  device  is  the  large  number 
of  required  coupling  capacitors,  all  of  which  must 
have  a  comparatively  large  capacitance  (several 
nF)  and  withstand  a  high  insulation  voltage  of  sev- 

50  eral  kV,  while  the  values  of  the  ladder  resistors 
should  also  be  within  narrow  tolerances. 

The  Applicant's  prior  European  Patent  Applica- 
tion  94200516.6  (PHN  14.758)  proposes  a  number 
of  measures  for  alleviating  the  insulation  require- 

55  ments  to  be  imposed  on  the  coupling  capacitors 
and  the  tolerance  requirements  to  be  imposed  on 
the  ladder  resistors  to  a  considerable  extent,  al- 
though  the  large  number  of  components  required 
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nevertheless  involves  considerable  costs. 
The  present  invention  has  for  its  object  to 

obviate  said  drawbacks  of  the  known  picture  dis- 
play  devices  which  have  already  been  proposed 
and  to  this  end  the  picture  display  device  accord- 
ing  to  the  invention  is  characterized  in  that  the 
selection  driver  comprises  a  multiple  of  integrated 
driver  circuits  each  having  outputs  for  supplying 
selection  pulses,  each  output  being  DC-connected 
to  a  selection  electrode,  and  in  that  the  integrated 
driver  circuits  are  cascaded  as  regards  their  power 
supply  voltages  in  such  a  way  that  the  bias  voltage 
required  for  the  electron  transport  in  the  transport 
ducts  is  also  applied  to  the  connected  selection 
electrodes.  It  is  to  be  noted  that  an  integrated 
driver  circuit  is  cascaded  as  regards  its  power 
supply  voltages  when  power  supply  terminals  of 
the  integrated  driver  circuit  are  at  a  higher  voltage 
level  than  corresponding  power  supply  terminals  of 
an  integrated  driver  circuit  which  is  lower  in  the 
cascade. 

A  first  type  of  picture  display  device  according 
to  the  invention,  in  which  a  minimum  quantity  of 
power  supply  terminals  is  used,  is  characterized  in 
that  each  integrated  driver  circuit  comprises  at 
least  one  integrated  voltage  divider  and  in  that  bias 
voltages  applied  to  the  selection  electrodes  are 
generated  partly  by  power  supply  voltages  applied 
to  the  integrated  driver  circuit  via  power  supply 
terminals  and  partly  by  the  integrated  voltage  di- 
vider. 

A  further  type  of  picture  display  device  accord- 
ing  to  the  invention,  in  which  a  decrease  of  the 
dissipated  power  is  achieved,  is  characterized  in 
that  the  outputs  of  the  integrated  driver  circuits  are 
subdivided  into  a  plurality  of  groups  of  output 
stages,  the  output  stages  associated  with  one 
group  applying  mutually  equal  bias  voltages  to  a 
group  of  consecutive  selection  electrodes,  and  con- 
secutive  groups  of  output  stages  deriving  consecu- 
tive  values  of  bias  voltages  from  power  supply 
terminals  and  applying  these  values  to  consecutive 
groups  of  selection  electrodes. 

Such  a  picture  display  device  is  preferably 
further  characterized  in  that  each  integrated  driver 
circuit  comprises  a  plurality  of  groups  of  output 
stages  which  are  cascaded  as  regards  bias  applied 
to  said  circuits. 

In  order  to  realise  a  (further)  considerable  re- 
duction  of  the  power  dissipation,  a  picture  display 
device  according  to  the  invention  may  be  further 
characterized  in  that  said  power  supply  terminals  of 
the  integrated  driver  circuits  are  decoupled  for  al- 
ternating  current  by  means  of  decoupling  capaci- 
tors. 

Another  aspect  of  a  picture  display  device  ac- 
cording  to  the  invention  is  characterized  in  that  the 
integrated  driver  circuits  have  a  control  signal  input 

for  supplying  control  signals  which  control  the  in- 
stant  of  occurrence  of  the  selection  pulses  at  the 
outputs  of  the  integrated  driver  circuits,  while  the 
integrated  driver  circuits  are  preferably  cascaded 

5  as  regards  the  control  signals  and  have  control 
signal  outputs  for  supplying  delayed  and  DC-offset 
control  signals  to  the  control  signal  input  of  an 
integrated  driver  circuit  which  is  next  in  the  cas- 
cade. 

io  The  invention  also  relates  to  a  selection  driver 
for  use  in  a  picture  display  device  according  to  the 
invention  and  to  an  integrated  driver  circuit  for  use 
in  such  a  picture  display  device. 

These  and  other  aspects  will  be  apparent  from 
is  and  elucidated  with  reference  to  the  embodiments 

to  be  described  hereinafter. 
In  the  drawings 

Fig.  1A  is  a  diagrammatic  perspective 
elevational  view,  partly  broken  away,  of  a  dis- 

20  play  unit  as  can  be  used  in  a  display  device 
according  to  the  invention, 
Fig.  1B  is  a  cross-section  through  a  display  unit 
of  Fig.  1A, 
Fig.  2A  is  a  diagrammatic  perspective 

25  elevational  view,  partly  broken  away,  of  a  dis- 
play  unit  as  can  also  be  used  in  a  picture 
display  device,  which  display  unit  has  a 
preselection  and  a  fine  selection, 
Fig.  2B  is  a  cross-section  through  the  display 

30  unit  of  Fig.  2A, 
Fig.  3  shows  block-diagrammatically  an  embodi- 
ment  of  a  picture  display  device  according  to 
the  invention, 
Figs.  4a  and  5  show  a  first  and  a  second  em- 

35  bodiment,  respectively,  of  a  selection  driver  for 
use  in  a  picture  display  device  according  to  the 
invention, 
Fig.  4b  shows  an  embodiment  of  an  integrated 
driver  circuit  for  use  in  the  selection  drivers  of 

40  Figs.  4a  and  5, 
Figs.  6a  and  7  show  a  third  and  a  fourth  em- 
bodiment,  respectively,  of  a  selection  driver  for 
use  in  a  picture  display  device  according  to  the 
invention, 

45  Fig.  6b  shows  an  embodiment  of  an  integrated 
driver  circuit  for  use  in  the  selection  drivers  of 
Figs.  6a  and  7, 
Fig.  8  shows  some  curves  to  explain  the  opera- 
tion  of  the  embodiment  of  Fig.  9,  and 

50  Fig.  9  shows  a  fifth  embodiment  of  a  selection 
driver  for  use  in  a  picture  display  device  accord- 
ing  to  the  invention. 

Figs.  1A  and  1B  shows  a  flat-panel  display  unit 
1  of  a  picture  display  device  according  to  the 

55  invention,  having  a  display  panel  (window)  3  com- 
prising  a  transparent  face  plate  and  a  luminescent 
screen  and  a  rear  wall  4  located  opposite  said 
panel.  A  luminescent  screen  7  having  a  repetitive 
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pattern  (rows  or  dots)  of,  for  example  triplets  of  red 
(R),  green  (G)  and  blue  (B)  luminescing  phosphor 
elements  (or  monochrome  elements)  is  arranged 
on  the  inner  surface  of  window  3.  To  be  able  to 
supply  the  required  high  voltage,  the  luminescent 
screen  7  is  either  arranged  on  a  transparent,  elec- 
trically  conducting  layer  (for  example,  indium-tin 
oxide)  or  is  provided  with  an  electrically  conducting 
layer  (for  example,  A1  backing).  In  a  preferred 
embodiment  the  (dot-shaped)  phosphor  elements 
of  a  triplet  are  located  at  the  vertices  of  a  substan- 
tial  isosceles/equilateral  triangle. 

An  electron  source  arrangement  5,  for  example 
a  line  cathode  which  by  means  of  drive  electrodes 
provides  a  large  number  (for  example,  several  hun- 
dred)  of  electron  emitters  or  a  similar  number  of 
separate  emitters,  is  arranged  proximate  to  a  bot- 
tom  plate  2  which  interconnects  display  panel  3 
and  rear  wall  4.  Each  of  these  emitters  is  to  pro- 
vide  a  relatively  small  current  so  that  many  types 
of  cathodes  (cold  or  hot  cathodes)  are  suitable  as 
emitters.  They  may  have  a  constant  emission  (at 
pulse  width  modulation)  or  a  controllable  emission 
(at  amplitude  modulation).  The  electron  source  ar- 
rangement  5  is  arranged  opposite  entrance  ap- 
ertures  of  a  row  of  electron  transport  ducts  extend- 
ing  substantially  parallel  to  the  screen,  which  ducts 
are  constituted  by  compartments  6,  6',  6",  ...  etc., 
in  this  case  one  compartment  for  each  electron 
source.  These  compartments  have  cavities  11,  11', 
11",  ...  defined  by  the  rear  wall  4  and  partitions  12, 
12',  12",  ...  At  least  one  wall  (preferably  the  rear 
wall)  of  each  compartment  is  made  of  a  material 
which  has  a  suitable  high  electrical  resistance  in 
the  longitudinal  direction  of  the  compartments  for 
the  purpose  of  the  invention  (for  example,  ceramic 
material,  glass,  synthetic  material  -  coated  or  un- 
coated  -)  and  which  have  a  secondary  emission 
coefficient  S  >  1  over  a  given  range  of  primary 
electron  energies.  It  is  alternatively  possible  to  con- 
struct  (for  example,  the  rear  wall)  from  "isles" 
insulated  from  each  other  (in  the  longitudinal  direc- 
tion  of  the  compartments)  so  as  to  obtain  the 
desired  high  electrical  resistance  in  the  transport 
direction. 

The  electrical  resistance  of  the  wall  material 
has  such  a  value  in  the  transport  direction  that  a 
minimum  possible  total  amount  of  current  (prefer- 
ably  less  than,  10  mA)  will  flow  in  the  walls  in  the 
case  of  a  field  strength  in  the  axial  direction  in  the 
compartments  of  the  order  of  one  hundred  to  sev- 
eral  hundred  volts  per  cm  required  for  the  electron 
transport.  A  voltage  Vt  which  generates  the  field 
strength  required  for  the  transport  is  present  in 
operation  between  an  upper  rim  200  and  a  lower 
rim  201  of  the  rear  wall  4.  By  applying  a  voltage  of 
the  order  of  several  dozen  to  several  hundred  volts 
(value  of  the  voltage  is  dependent  on  circum- 

stances)  between  the  row  5  of  the  electron  sources 
and  grids  G1,  G2  arranged  at  inputs  of  the  com- 
partments  6,  6',  6"  electrons  are  introduced 
from  the  electron  sources  into  the  compartments. 

5  These  electrons  are  accelerated  by  said  field 
strength,  whereafter  they  impinge  upon  the  walls  in 
the  compartments  and  generate  secondary  elec- 
trons.  The  electrons  can  be  withdrawn,  for  example 
row  by  row  from  the  compartments  via  apertures  8, 

io  8',  ...  in  a  selection  plate  10  energized  by  means  of 
electrodes  9,  9',  ...  (see  Fig.  1A),  and  accelerated 
towards  the  luminescent  screen  7  by  means  of  an 
acceleration  voltage  applied  in  operation  between 
the  selection  plate  and  the  luminescent  screen. 

15  Horizontal  partitions  112,  112',  112",  ...  are  ar- 
ranged  between  the  display  panel  3  and  the  selec- 
tion  plate  10.  Instead  of  the  partitions  shown,  it  is 
alternatively  possible  to  use  apertured  plates. 

The  display  unit  utilizes  the  aspect  disclosed  in 
20  European  Patent  Applications  EP-A  0  400  750  and 

EP-A  0  436  997  that  vacuum  electron  transport  by 
means  of  secondary  emission  (hopping)  within 
compartments  having  walls  of  electrically  insulating 
material  is  possible  if  an  electric  field  (Ey)  of  suffi- 

25  cient  power  is  applied  in  the  longitudinal  direction 
of  the  compartment.  The  contents  of  European 
Patent  Applications  EP-A  0  400  750  and  EP-A  0 
436  997  are  herein  incorporated  by  reference. 

Figs.  1A  and  1B  show  the  principle  of  a  display 
30  unit  operating  with  single  selection  (as  described 

hereinbefore). 
Figs.  2A  and  2B  show  the  principle  of  stepped 

selection.  Stepped  selection  is  herein  understood 
to  mean  that  the  selection  from  the  compartments 

35  6,  6',  6",  ...  to  the  luminescent  screen  7  is  realised 
in  at  least  two  steps.  A  first  (coarse)  step  for 
selecting,  for  example  the  pixels  and  a  second 
(fine)  step  for  selecting,  for  example  the  colour 
pixels.  The  space  between  the  compartments  and 

40  the  luminescent  screen  7,  which  is  arranged  on  the 
inner  wall  of  the  display  panel  3,  accommodates  an 
active  colour  selection  system  100  which  com- 
prises  an  (active)  preselection  plate  10a,  a  spacer 
plate  10b  and  an  (active)  (fine-)selection  plate  10c. 

45  Structure  100  is  separated  from  the  luminescent 
screen  7  by  a  flu-spacer  structure  101,  for  example 
an  apertured  electrically  insulating  plate. 

Fig.  2B  shows  in  a  diagrammatical  cross-sec- 
tion  a  part  of  the  picture  display  device  of  Fig.  2A 

50  in  greater  detail,  particularly  the  active  colour  se- 
lection  plate  structure  100  which  comprises  a 
preselection  plate  10a  with  extraction  apertures  8, 
8',  8",  ...  and  a  fine-selection  plate  10c  with  groups 
of  apertures  R,  G,  B.  The  apertures  R,  G,  B  are 

55  generally  positioned  in  a  triangle,  but  for  the  sake 
of  clarity  all  three  of  them  have  been  shown  in  the 
cross-section  in  Fig.  2B.  Each  extraction  aperture 
8,  8',  etc.  is  associated  with  three  fine-selection 

4 
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apertures  R,  G,  B  in  this  case.  Other  numbers  are 
alternatively  possible,  for  example  6  fine-selection 
apertures  for  each  preselection  aperture,  etc.  An 
intermediate  spacer  structure  10b  is  arranged  be- 
tween  the  preselection  plate  10a  and  the  fine- 
selection  plate  10c.  This  structure  accommodates 
communication  ducts  30,  30',  30",  ...  having  a 
cross-section  which  is  chosen  to  suit  the  shape  of 
the  phosphor  colour  pixels  (for  example,  circular  or 
triangular  triplets). 

The  electron  transport  ducts  6,  6',  6",  ...  are 
formed  between  the  structure  100  and  the  rear  wall 
4.  To  be  able  to  extract  the  electrons  from  the 
transport  ducts  6,  6',  6",  ...  via  the  apertures  8,  8', 
8"  pierced  metal  preselection  electrodes  9,  9" 
9",  ...  are  arranged  on  the  screen-sided  surface  of 
the  plate  10a. 

The  walls  of  the  apertures  8,  8',  ...  are  prefer- 
ably  metallized  completely  or  partly,  but  there  is 
preferably  no  or  little  electrode  metal  on  the  sur- 
face  of  plate  10a  on  the  side  where  the  electrons 
land.  This  is  done  to  ensure  that  no  electrons 
remain  on  a  selection  electrode  during  addressing 
(i.e.  the  electrode  must  draw  a  minimal  current). 

Another  solution  to  the  problem  of  drawing 
current  is  to  ensure  that  there  is  electrode  metal  on 
the  selection  surface  where  the  electrons  land,  but 
this  metal  should  be  given  such  a  large  secondary 
emission  coefficient  that  the  preselection  elec- 
trodes  do  not  draw  any  net  current. 

Similarly  as  the  plate  10a,  the  screen-sided 
surface  of  the  apertured  fine-selection  plate  10c  is 
provided  with  (fine-)selection  electrodes  13,  13',  ... 
for  realising,  for  example  colour  selection.  Here 
again  the  apertures  are  preferably  metallized  com- 
pletely  or  partly.  The  possibility  of  electrically  inter- 
connecting  fine-selection  electrodes  is  important  in 
this  respect.  In  fact,  a  preselection  for  each  pixel 
has  already  taken  place  and,  in  principle,  electrons 
cannot  land  at  the  wrong  location  (on  the  wrong 
pixel  in  this  example).  This  means  that,  in  principle, 
only  one  group  or  a  small  number  of  groups  of 
three  separate  fine-selection  electrodes  is  required 
for  this  form  of  fine  selection.  For  example,  the 
drive  is  effected  as  follows,  but  there  are  also  other 
possibilities.  The  preselection  electrodes  are 
brought  to  a  potential  substantially  linearly  increas- 
ing  with  the  distance  to  the  electron  source  ar- 
rangement  5,  for  example,  by  means  of  a  suitable 
resistance  ladder. 

One  or  more  picture  lines  are  selected  by 
applying  a  positive  voltage  pulse  of,  for  example 
250  V  to  the  desired  preselection  electrodes  used 
for  selecting  these  picture  lines.  Colour  pixels  are 
addressed  by  applying  shorter  pulses  having  an 
amplitude  of,  for  example  350  V  to  the  fine-selec- 
tion  electrodes.  The  fine-selection  electrodes  pref- 
erably  have  such  an  electrical  resistance,  or  are 

connected  to  external  resistors  in  such  a  way  that 
they  safeguard  the  electronic  circuits  (controlling 
the  drive)  against  breakdown  from  the  luminescent 
screen. 

5  Fig.  3  shows  a  picture  display  device  W  ac- 
cording  to  the  invention.  The  display  device  re- 
ceives  an  input  video  signal  Vin  at  an  input  61  .  The 
input  video  signal  Vin  is  applied  to  a  video  signal 
processing  circuit  65.  The  display  device  receives 

io  a  synchronizing  signal  sync  at  an  input  62.  The 
input  62  is  connected  to  a  synchronization  process- 
ing  circuit  63.  This  synchronization  processing  cir- 
cuit  supplies  synchronizing  signals  to  a  clock  gen- 
erator  613  and  defines  the  television  standard  of 

is  the  incoming  video  signal.  The  incoming  video 
signal  may  comprise,  for  example,  Y,  U,  V  signals 
(or  R,G,B  signals).  If  the  incoming  video  signal 
comprises  Y,  U,  V  signals,  a  conversion  to  R,  G,  B 
signals  will  have  to  take  place  in  the  video  signal 

20  processing  circuit  65  so  that  ultimately  the  different 
phosphors  (red,  green  and  blue)  can  be  driven  on 
the  display  panel  3.  This  conversion  of  Y,  U,  V 
signals  to  R,  G,  B  signals  may  be  effected  by 
means  of  a  matrix  circuit.  It  is  possible  to  carry  out 

25  this  conversion  before  the  video  signal  is  written 
into  the  memory  MEM,  or  when  the  video  signal  is 
read  from  the  memory  MEM.  The  video  signal  is 
stored,  for  example,  line-sequentially  in  the  video 
signal  processing  circuit  65  under  the  control  of  a 

30  write  clock  which  is  generated,  for  example,  by  the 
clock  generator  613.  The  video  signal  is  supplied 
line  by  line  (for  example,  for  each  colour  line  (R,  G, 
B)  in  the  case  of  a  colour  display  screen)  at  an 
output  of  the  video  signal  processing  circuit  under 

35  the  control  of  a  read  clock  which  is  generated  by  a 
clock  generator  614  and  is  applied  to  the  video 
drive  circuit  34.  In  this  video  drive  circuit  the  video 
information  of,  for  example  a  (colour)  line  is  written 
under  the  control  of  the  clock  generator  614  and 

40  subsequently  applied  in  parallel  to  the  G1  (or  G2) 
electrodes  which  are  arranged  at  the  inputs  of  the 
compartments  6,  6',  6",  ...  (see  Fig.  1)  of  the 
display  unit  1  ,  after  which  the  video  information  is 
displayed  on  the  display  panel  3.  The  lines  are 

45  selected  by  means  of  a  selection  controller  611. 
This  controller  is  controlled  by  a  clock  signal  from 
the  clock  generator  614.  After  each  clock  pulse  the 
selection  driver  D1  applies  new  drive  voltages  to 
the  selection  electrodes  9,  9',  9",  ...  (see  also  Fig. 

50  1A)  under  the  control  of  the  selection  controller 
611.  If  the  picture  display  device  comprises  a 
stepped  selection,  the  selection  controller  611  also 
drives  a  driver  for  the  fine  selection  D2.  This  fine- 
selection  driver  D2  is  then  coupled  to  the  fine- 

55  selection  electrodes  13,  13',  13",  ...  If  the  picture 
display  device  comprises  dummy  electrodes  14, 
14',  14",  ...  (to  enhance  the  contrast),  the  selection 
controller  611  will  also  drive  a  dummy  electrode 

5 
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driver  D3.  This  dummy  electrode  driver  drives  the 
dummy  electrodes  14,  14',  14",  ...  The  selection 
controller  receives  the  information  about  the  drive 
voltages,  for  example  from  a  look-up  table  or  from 
an  EPROM.  The  display  unit  1  has  a  structure  as 
described  hereinbefore  (see  Fig.  1,  1A). 

The  synchronization  processing  circuit  63  de- 
fines  the  line  frequency,  the  field  frequency  and,  if 
the  display  device  is  suitable  for  displaying  video 
signals  of  different  TV  standards  and/or  different 
aspect  ratios,  for  example  also  the  TV  standard 
and  the  aspect  ratio  with  reference  to  the  incoming 
video  signal. 

The  selection  electrodes  9,  9',  9",  ...  must  be 
driven  by  means  of  suitable  voltages.  These  vol- 
tages  may  be  subdivided  into  a  bias  voltage  and  a 
selection  pulse.  The  bias  voltage  is  used  for  trans- 
porting  the  electrons  in  the  transport  ducts  along 
the  non-selected  selection  electrodes. 
Successive  selection  electrodes  may  have  a  bias 
voltage  which  increases  with  their  position  across 
the  length  of  the  transport  ducts.  The  selection 
pulse  is  a  pulse  having  a  height  of,  for  example 
300  V  which  is  superimposed  on  the  bias  voltage 
for  the  selection  electrode  whose  turn  it  is  to  ex- 
tract  electrons  from  the  transport  ducts. 

The  selection  driver  of  Fig.  4a  comprises  a 
plurality  of  ICs  300  which  are  cascaded  as  regards 
their  power  supply  voltage,  each  having  a  plurality 
of  outputs  301  for  connection  to  the  selection  elec- 
trodes  9.  For  the  sake  of  simplicity,  Fig.  4a  shows 
four  ICs  (300a,  300b,  300c  and  300d)  each  having 
seven  outputs.  However,  a  practical  picture  display 
device  has  a  very  large  number  of  selection  elec- 
trodes,  for  example  512  and  then,  for  example  16 
ICs  each  having  32  outputs  can  be  used.  As  re- 
gards  their  power  supply  voltages,  the  ICs  are 
cascaded,  i.e.  each  power  supply  terminal  of  an  IC 
is  at  a  higher  voltage  level  than  the  corresponding 
power  supply  terminal  of  the  adjacent,  lower  IC  in 
the  cascade.  The  ICs  of  Fig.  4a  have  three  power 
supply  terminals  302,  303  and  304  each.  The  pow- 
er  supply  terminal  302  receives  a  low  bias  voltage, 
the  terminal  303  receives  a  high  bias  voltage  and 
the  terminal  304  receives  the  high  bias  voltage  plus 
a  pulse  height  voltage  Vp.  The  lowest  IC  300a 
receives  a  low  bias  voltage  Va  at  the  terminal  302, 
a  high  bias  voltage  Vb  at  the  terminal  303  and  the 
voltage  Vb  +  Vp  at  the  terminal  304.  In  the  embodi- 
ment  of  Fig.  4a  the  low  bias  voltage  of  an  IC  is 
equal  to  the  high  bias  voltage  of  the  adjacent,  lower 
IC.  The  terminal  302  of  the  IC  300b  thus  receives 
the  high  bias  voltage  Vb  from  IC  300a.  Moreover, 
the  terminal  303  of  IC  300b  receives  a  high  bias 
voltage  Vc  and  the  terminal  304  receives  the  volt- 
age  Vp  +  Vc.  This  applies  to  all  other  ICs.  All  power 
supply  voltages  originate  from  a  power  supply  volt- 
age  divider  SD.  In  the  above-mentioned  numerical 

example,  with  16  ICs  having  32  outputs  each,  the 
high  bias  voltage  of  an  IC  may  be  6*32  =  192  V 
higher  than  the  low  bias  voltage  so  that  the  bias 
voltage  increases  Ov  =  6  V  per  selection  elec- 

5  trade.  The  pulse  height  voltage  is  300  V.  Thus,  at 
Va  =  0  V  the  terminals  302  receive  the  voltages  0, 
192,  384,  ...  2880  V,  respectively,  the  terminals  303 
receive  the  voltages  192,  384,  ...  3072  V  and  the 
terminals  304  receive  the  voltages  492,  682  ... 

70  3372  V. 
It  is  to  be  noted  that  the  maximum  power 

supply  voltage  across  each  IC  is  equal  to  the 
voltage  at  terminal  304  minus  the  voltage  at  termi- 
nal  302  (Vp  +  Vb-Va  =  Vp  +  Vc-Vb  =  etc.)  i.e. 

75  equal  to  the  pulse  height  voltage  Vp  plus  the  bias 
voltage  gradient  per  IC.  In  the  above-mentioned 
numerical  example  this  is  492  V  which  is  the  volt- 
age  that  the  IC  should  be  able  to  withstand.  If  ICs 
having  a  higher  maximum  voltage  are  used,  the 

20  number  of  ICs  may  be  reduced  (by  more  outputs 
per  IC)  and  if  ICs  having  a  lower  maximum  voltage 
are  used,  a  larger  number  of  ICs  should  be  incor- 
porated  in  the  cascade  (with  a  smaller  number  of 
outputs  per  IC). 

25  In  a  manner  to  be  described  hereinafter,  the 
ICs  300  generate  selection  pulses  at  their  outputs 
301  at  a  pulse  height  Vp  and  a  bias  level  which,  for 
each  IC  output  301  is  higher  by  the  value  of  Ov  of, 
for  example  6  V  than  that  of  the  adjacent,  lower  IC 

30  output.  Consequently,  the  bias  level  of  the  IC  out- 
puts  then  increases  by  6  V  per  output. 

All  selection  pulses  which  are  supplied  by  the 
outputs  of  the  ICs  should  be  generated  consecu- 
tively,  for  example,  first  at  the  lower  output  of  the 

35  lower  IC  300a,  then  at  the  second  lower  output  of 
the  lower  IC,  and  so  forth.  After  the  upper  output  of 
the  lower  IC  300a,  the  lower  output  of  IC  300b  is  to 
supply  a  selection  pulse.  This  continues  until  it  is 
ultimately  the  turn  of  the  upper  output  of  the  upper 

40  IC.  Scanning  of  the  selection  electrodes  then  pro- 
ceeds  from  bottom  to  top.  It  is  of  course  alter- 
natively  possible  and  more  conventional  for  scan- 
ning  to  be  effected  from  top  to  bottom.  The  instant 
of  generating  the  selection  pulses  is  defined  by  a 

45  control  signal  which  is  supplied  by  a  control  circuit 
SS  present  in  the  selection  controller  61  1  to  control 
inputs  Ctrl  of  the  respective  ICs.  This  control  signal 
may  comprise  an  address  for  each  IC  output 
whose  turn  it  is  to  supply  a  selection  pulse.  It 

50  should  be  noted  that  the  control  signal  has  a  low 
information  density  because  only  the  address  of 
the  selection  electrode  which  is  active  is  to  be 
transmitted.  The  addresses  of  the  selection  elec- 
trodes  to  be  activated  are  previously  programmed 

55  in  software  or  hardware  in  the  IC.  As  is  shown 
diagrammatically,  this  relatively  small  number  of 
control  signals  is  passed  on  from  ground  level  to 
the  various  ICs  with  their  distinct  DC  levels.  To  this 

6 
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end  a  DC  isolation  305a  ...  305d  is  incorporated 
before  each  Ctrl  input,  for  example  a  separating 
transformer  or  a  series  capacitor  or  an  optocoupler 
(either  or  not  via  a  glass  fibre)  or  a  piezotransfor- 
mer. 

Fig.  4b  shows  an  embodiment  of  the  internal 
circuit  of  the  ICs  300.  Selection  driver  output 
stages,  diagrammatically  shown  by  electronic 
change-over  switches  306,  alternately  connect  the 
outputs  301  to  taps  of  a  first  voltage  divider  VD1 
composed  of  mutually  equal  resistors  307  and  to 
taps  of  a  second  voltage  divider  VD2  composed  of 
mutually  equal  resistors  308  and  a  resistor  309. 
The  first  voltage  divider  is  arranged  between  the 
terminals  303  and  302  and  the  second  is  arranged 
between  the  terminals  304  and  302.  The  resistors 
are  dimensioned  in  such  a  way  that  the  pulse 
height  voltage  Vp  is  present  across  the  resistor 
309.  Thus  the  voltage  Vb-Va  occurs  across  the 
joint  resistors  308  as  well  as  across  the  joint  resis- 
tors  307.  The  change-over  switches  306  most  often 
connect  the  outputs  301  to  the  taps  of  the  first 
voltage  divider  VD1  and  thus  apply  a  bias  voltage 
to  these  outputs  which  increases  with  voltage  incre- 
ments  Ov  from  Va  to  Vb  -  Ov.  For  supplying  a 
selection  pulse  at  an  output,  the  relevant  change- 
over  switch  is  switched  and  sets  the  output  at  a 
voltage  which  is  equal  to  the  bias  voltage  asso- 
ciated  with  this  output,  supplemented  with  the 
pulse  voltage  Vp.  The  change-over  switches  306 
are  controlled  by  address  units  310  to  which  the 
control  signal  Ctrl  is  applied.  Each  address  unit 
responds  to  a  unique  address  and  when  the  control 
signal  supplies  the  relevant  address,  the  address 
unit  switches  the  associated  change-over  switch  so 
that  the  associated  output  is  connected  to  the 
second  voltage  divider.  As  soon  as  the  control 
signal  supplies  a  new  address,  said  change-over 
switch  switches  back  to  the  first  voltage  divider 
again. 

In  the  selection  driver  of  Fig.  5,  elements  cor- 
responding  to  those  in  Fig.  4a  are  denoted  by  the 
same  references.  The  advantage  of  this  selection 
driver  is  that  the  power  supply  voltage  divider  SD 
of  Fig.  4a  is  now  superfluous.  Similarly  as  with  the 
selection  driver  of  Fig.  4a,  the  power  supply  termi- 
nal  302  for  the  low  bias  voltage  of  an  IC  is  con- 
nected  to  the  power  supply  terminal  303  for  the 
high  bias  voltage  of  the  adjacent,  lower  IC.  How- 
ever,  now  the  power  supply  terminal  304  of  an  IC 
is  also  connected  to  the  terminal  303  of  the  adja- 
cent,  higher  IC.  The  terminal  303  of  an  IC  having 
ordinal  number  n  and  the  terminal  304  of  the  IC 
having  ordinal  number  n-1  are  now  fed  from  the 
terminal  302  of  the  IC  having  ordinal  number  n  + 
1.  If  all  ICs  300  are  to  be  maintained  identical  as 
regards  their  internal  circuitry,  an  extra  resistor  31  1 
is  to  be  arranged  between  the  terminals  303  and 

304  of  the  highest  IC  so  as  to  compensate  for  the 
lack  of  current  supply  from  a  higher  IC,  and  a 
further  resistor  312  should  be  arranged  between 
the  terminals  303  and  302  of  the  lowest  IC  so  as  to 

5  compensate  for  the  lack  of  current  depletion  to  a 
lower  IC. 

A  limitation  of  the  selection  driver  of  Fig.  5  is 
that  the  pulse  height  voltage  Vp  is  equal  to  the 
difference  in  the  high  and  low  bias  voltage  of  an  IC. 

io  In  other  words,  a  voltage  halfway  the  total  bias  and 
pulse  height  power  supply  of  the  IC  is  present 
across  the  terminal  303  of  an  IC.  As  it  were,  the  IC 
"hangs"  halfway  between  the  upper  and  the  lower 
IC.  The  external  power  supply  now  only  needs  to 

is  supply  the  total  voltage  of  the  whole  circuit,  while 
the  intermediate  levels  are  derived  therefrom  by 
the  ICs  themselves. 

The  internal  circuit  of  the  ICs  of  Fig.  5  may  be 
equal  to  that  shown  in  Fig.  4b,  on  the  understand- 

20  ing  that  the  resistor  309  should  have  a  value  which 
is  equal  to  the  total  series  arrangement  of  the 
resistors  308.  Moreover,  if  the  value  of  the  total 
series  arrangement  of  the  resistors  307  is  equal  to 
that  of  the  resistor  309,  the  value  of  the  resistor 

25  312  will  be  equal  to  that  of  the  resistor  309  and  the 
value  of  the  resistor  311  will  be  equal  to  half  the 
value  of  the  resistor  309. 

It  is  to  be  noted  that  both  in  the  selection  driver 
of  Fig.  4a  and  in  that  of  Fig.  5  the  two  voltage 

30  dividers  VD1  and  VD2  of  the  IC  300  can  be  com- 
bined  to  a  single  voltage  divider  then  having  of 
course  the  correct  taps  for  connection  of  the  two 
switching  contacts  of  all  change-over  switches  303. 
However,  a  drawback  then  is  that  the  IC  300  will 

35  have  more  crossing  connections  than  in  the  case  in 
which  two  separate  voltage  dividers  are  used. 

Similarly  as  the  selection  driver  of  Fig.  5,  the 
selection  driver  of  Fig.  6a  does  not  need  a  power 
supply  voltage  divider  SD  and,  moreover,  it  is  not 

40  bound  to  the  limitation  of  Fig.  5  where  the  bias 
voltage  gradient  per  IC  (Vb-Va)  should  be  equal  to 
the  pulse  height  voltage  Vp.  The  selection  driver  of 
Fig.  6a  again  comprises  a  plurality  of  cascaded 
integrated  driver  circuits  313a,  313b  ...  each  having 

45  a  plurality  of  outputs  301.  Each  of  these  ICs  313 
has  a  power  supply  terminal  314  for  the  low  bias 
voltage,  a  power  supply  terminal  315  for  the  low 
bias  voltage  plus  the  pulse  height  voltage,  a  power 
supply  terminal  316  for  the  high  bias  voltage  and  a 

50  power  supply  terminal  317  for  the  high  bias  voltage 
plus  the  pulse  height  voltage. 

Fig.  6b  shows  a  possible  internal  circuit  of  the 
IC  313.  Again,  the  IC  comprises  two  voltage 
dividers  VD3  and  VD4.  The  voltage  divider  VD3 

55  comprises  a  number  of  series-arranged  resistors 
318  between  the  power  supply  terminals  316  and 
314  and  the  voltage  divider  VD4  comprises  an 
equally  large  number  of  series-arranged  resistors 

7 
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319  between  the  power  supply  terminals  317  and 
315.  Electronic  change-over  switches  320  alter- 
nately  switch  the  outputs  301  to  taps  on  the  voltage 
divider  VD3  and  to  corresponding  taps  on  the  volt- 
age  divider  VD4.  It  follows  from  Figs.  6a  and  6b 
combined  that  the  voltage  dividers  VD3  of  all  ICs 
are  arranged  in  series  between  the  power  supply 
terminal  316  (Ve)  of  the  highest  IC  and  the  power 
supply  terminal  314  (Va)  of  the  lowest  IC.  Likewise, 
the  voltage  dividers  VD4  of  all  ICs  are  arranged  in 
series  between  the  power  supply  terminal  317 
(Vp  +  Ve)  of  the  highest  IC  and  the  power  supply 
terminal  315  (Vp  +  Va)  of  the  lowest  IC.  The  elec- 
tronic  change-over  switches  320  switch  between  a 
bias  voltage  (no  selection  pulse)  defined  by  the 
relevant  tap  on  the  voltage  divider  VD3  and  the 
same  bias  voltage  plus  the  pulse  height  voltage  Vp 
(selection  pulse)  defined  by  the  corresponding  tap 
on  the  voltage  divider  VD4.  The  bias  voltage  of 
each  output  301  has  a  given  amount  Ov  which  is 
equal  to  the  voltage  drop  across  each  resistor  318 
and  319,  higher  than  the  bias  voltage  of  the  adja- 
cent,  lower  output  301  .  This  applies  to  the  outputs 
of  an  IC  itself  as  well  as  to  two  adjacent  outputs  of 
two  adjacent  ICs.  For  the  purpose  of  illustration,  the 
same  numerical  example  as  in  Fig.  4  may  be  used, 
in  which  the  number  of  outputs  per  IC  is  32  and 
the  number  of  ICs  is  16  so  that  32*16  =  512 
selection  electrodes  can  be  driven.  For  a  bias 
voltage  gradient  of  6  V  per  selection  electrode,  a 
bias  voltage  per  IC  (Vb-Va)  of  32*6  =  192  V  is 
necessary  and  a  total  bias  voltage  (Ve-Va)  of 
16*192  =  3072  V  is  necessary.  At  a  customary 
selection  pulse  height  of  300  V,  the  voltage  Vp  +  Ve 
will  then  be  3372  V.  It  is  to  be  noted  that  the 
terminals  316  of  the  highest  IC  313d  can  be  fed 
from  the  Vp  +  Ve  supply  at  the  terminal  317  by 
means  of  an  external  resistor  having  such  a  value 
that  there  is  a  voltage  drop  Vp  across  it.  Alter- 
natively,  the  Vp  +  Va  supply  of  the  terminal  315  of 
the  lowest  IC  313a  may  be  replaced  by  a  resistor 
of  the  correct  value,  arranged  between  the  termi- 
nals  315  and  314  of  this  IC. 

In  the  embodiments  of  Figs.  6a  and  6b  the 
cascaded  ICs  are  cascaded  not  only  as  regards 
their  power  supply  voltage,  but  also  as  regards  the 
control  signals.  To  this  end,  the  ICs  313a,  313b  ... 
each  have  an  input  terminal  Ctrli  for  the  control 
signals  and  an  output  terminal  Ctrlo.  The  control 
signals  are  applied  in  the  form  of  a  single  pulse 
from  a  control  circuit  SS'  present  in  the  selection 
controller  61  1  to  the  Ctrli  terminal  of  the  upper  IC 
313d.  This  pulse  is  applied  in  the  IC  to  a  cascade 
of  delay  and  level  shifting  devices  321.  In  this 
device  321  the  pulse  is  delayed  by  for  example  30 
lis  and  shifted  by  the  level  Ov  and  subsequently 
the  delayed  and  shifted  pulse  is  applied  to  the 
upper  change-over  switch  320.  As  a  result,  this 

change-over  switch  generates  a  selection  pulse  of, 
for  example  30  us  at  its  output.  The  delayed  and 
shifted  pulse  is  also  applied  to  a  further  device  321 
from  which  the  subsequent  change-over  switch  320 

5  is  controlled  so  that  a  selection  pulse  is  generated 
at  its  output,  and  so  forth.  When  the  last  (lower) 
output  of  IC  313d  generates  a  selection  pulse  of  30 
lis,  a  pulse  is  also  applied  to  the  Ctrli  input  of  the 
IC  313c  via  the  output  Ctrlo.  The  above-described 

io  process  is  repeated  there  until  all  outputs  of  all  ICs 
have  supplied  a  selection  pulse.  The  transmission 
of  the  control  signals  via  the  delay  and  level  shift- 
ing  devices  321  is  preferably  effected  under  the 
control  of  clock  pulses.  These  clock  pulses  may  be 

is  transmitted  in  a  manner  not  shown  in  cascade  from 
one  IC  to  the  other,  while  the  necessary  level  shifts 
take  place  in  the  ICs  again.  In  that  case  no  delay 
elements  are  provided  for  the  clock  pulse  transmis- 
sion  so  that  all  ICs  receive  the  clock  pulses  (sub- 

20  stantially)  simultaneously. 
Since  in  the  embodiment  of  Fig.  6  the  row 

scanning  proceeds  from  top  to  bottom,  the  control 
signals  originating  from  the  control  circuit  SS'  must 
be  applied  to  the  Ctrli  input  of  the  upper  IC  313d 

25  which  is  at  a  high  bias  voltage.  This  implies  that  an 
expensive  DC  separation  is  necessary  between  the 
circuit  SS'  and  the  Ctrli  input  of  the  IC  313d.  An 
alternative  possibility  is  to  provide  each  IC  with  two 
extra  connections  via  which  the  control  signals  are 

30  passed  from  the  lower  to  the  upper  IC,  while  a 
level  shift  which  is  equal  to  the  bias  voltage  gra- 
dient  per  IC  is  effected  in  each  IC.  This  upward 
transport  of  the  control  signals  may  theoretically 
take  place  without  any  delay,  but  since  some  delay 

35  is  substantially  inevitable  and  the  total  delay  of  the 
signals  is  to  be  defined,  this  upward  transport  is 
preferably  also  controlled  by  clock  pulses  in  which 
the  control  signals  are  transported,  for  example  one 
IC  further  per  clock  pulse. 

40  The  cascading  of  the  control  signals  as  shown 
with  reference  to  Figs.  6a  and  6b  may  of  course 
also  be  realised  in  the  embodiments  of  Figs.  4,  4a 
and/or  5,  while  the  address  control  shown  in  these 
Figures  may  be  used  in  the  embodiment  shown  in 

45  Figs.  6,  6a. 
The  selection  driver  of  Figs.  6a  and  6b  has  the 

advantage  that  it  is  very  flexible.  The  height  of  the 
selection  pulses  is  no  longer  bound  to  the  structure 
of  the  ICs  and  to  the  value  of  the  bias  voltages  but 

50  may  be  adjusted  independently  thereof  by  means 
of  the  voltages  Vp  +  Va  and  Vp  +  Ve  to  be 
externally  applied  and  said  external  resistors,  re- 
spectively.  Since  the  bias  voltage  gradient  per  se- 
lection  electrode  is  generally  independent  of  the 

55  size  of  the  display  (a  larger  display  requires  more 
transport  voltage  but  has  also  a  larger  number  of 
selection  electrodes),  the  selection  driver  can  be 
simply  adapted  to  the  size  of  the  display  by  modi- 

8 
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tying  the  number  of  cascaded  ICs. 
In  the  description  of  Figs.  4,  5  and  6  it  has 

been  tacitly  assumed  that  the  selection  electrodes 
do  not  noticeably  load  the  selection  drivers.  How- 
ever,  in  practice  the  selection  electrode  is  a  consid- 
erable  capacitive  load  for  the  selection  driver.  Dur- 
ing  the  leading  edge  of  a  selection  pulse,  a  current 
of,  for  example  100  mA  flows  in  the  selection 
electrode  and  during  the  trailing  edge  of  the  pulse 
this  current  flows  back  again.  It  is  therefore  desir- 
able  to  implement  the  selection  driver  at  a  suffi- 
ciently  low  impedance  so  that  it  is  capable  of 
coping  with  the  comparatively  large  selection  cur- 
rents. 

A  measure  of  achieving  this  is  to  replace  the 
resistors  constituting  the  integrated  voltage  dividers 
by  elements  having  a  lower  impedance  such  as 
diodes  and  preferably  zener  diodes.  If  the  resistors 
307  and  308  of  Fig.  4b  and  the  resistors  318  and 
319  of  Fig.  6b  are  replaced  by  zener  diodes  having 
a  zener  voltage  of,  for  example  6  V,  the  desired 
low  impedance  is  obtained  by  passing  a  sufficiently 
high  quiescent  current  through  the  voltage  dividers. 
Moreover,  the  desired  bias  voltage  gradient  of  6  V 
per  selection  electrode  is  then  naturally  present. 
The  use  of  zener  diodes  is  accompanied  by  sev- 
eral  adaptations  which  will  be  elucidated  with  refer- 
ence  to  Fig.  7.  The  ICs  313  of  this  Figure  are  equal 
to  those  of  Figs.  6a  and  6b,  on  the  understanding 
that  the  elements  318  and  319  of  Fig.  6b  are  zener 
diodes  having  a  zener  voltage  of,  for  example  6  V. 
A  zener  diode  (or  a  series  arrangement  of  zener 
diodes)  322  having  a  zener  voltage  which  is  equal 
to  the  desired  pulse  height  voltage  Vp  (for  example 
300  V)  is  arranged  between  the  terminals  315  and 
314  of  the  lower  IC  313a.  The  selection  driver  of 
Fig.  7  is  fed  from  a  current  source  I  which  is 
connected  to  terminal  317  of  the  upper  IC  313d 
and  to  the  terminal  316  of  this  IC  via  a  resistor 
323.  Similarly  as  in  Fig.  6a,  the  other  ICs  are  each 
fed  from  the  next  higher  IC.  The  circuit  is  now  fed 
with  current  because  the  integrated  zener  diodes 
318  and  319  and  the  external  zener  diode  322 
provide  the  correct  voltages. 

A  measure  by  which  the  power  dissipation  of 
the  circuit  can  be  reduced  considerably  is  to  ar- 
range  external  decoupling  capacitors  parallel 
across  the  integrated  voltage  dividers  and/or  be- 
tween  the  voltage  dividers  of  an  IC.  As  is  shown  in 
Fig.  7,  decoupling  capacitors  C  are  arranged  be- 
tween  the  terminals  314  and  316  and  between  the 
terminals  316  and  317  of  each  IC  313.  Moreover,  a 
decoupling  capacitor  C  is  arranged  between  the 
terminals  314  and  315  of  the  lower  IC  313a.  Due  to 
this  measure  the  ICs  313  which  have  been  cas- 
caded  for  power  supply  voltage  are  decoupled 
from  each  other  for  alternating  voltage.  The  rela- 
tively  large  load  currents  which  flow  to  and  from  a 

selected  selection  electrode  are  then  supplied  and 
taken  up,  respectively,  by  the  decoupling  capaci- 
tors  connected  to  the  relevant  IC  and  need  not  flow 
through  the  voltage  dividers  of  the  other  ICs  which 

5  do  not  participate  in  the  selection  process  at  that 
moment.  Consequently,  the  quiescent  current 
through  these  voltage  dividers  and  hence  the  pow- 
er  dissipation  may  remain  much  smaller.  It  is  to  be 
noted  that  both  the  use  of  zener  diodes  instead  of 

io  resistors  in  the  integrated  driver  circuits,  and  the 
decoupling  of  these  driver  circuits  for  alternating 
current  by  way  of  decoupling  capacitors  may  alter- 
natively  be  used  in  other  selection  drivers  such  as 
are  shown  in  Figs.  4  and  5. 

is  In  spite  of  the  fact  that  the  decoupling  of  the 
ICs  for  alternating  current  leads  to  a  considerable 
reduction  of  the  power  dissipation,  a  too  large 
dissipation  still  remains  because  the  voltage 
dividers  in  the  IC  supplying  selection  pulses  must 

20  convey  the  charge  and  discharge  currents  to  and 
from  the  selection  electrodes.  In  fact,  as  soon  as, 
for  example  the  upper  change-over  switch  320 
switches  over  in  the  integrated  driver  circuit  of  Fig. 
6b,  the  charge  current  for  the  relevant  selection 

25  electrode  capacitance  flows  from  the  decoupling 
capacitors  connected  to  terminal  317  through  the 
upper  zener  diode  319  to  said  change-over  switch 
and  as  soon  as  this  change-over  switch  switches 
back  again,  the  discharge  current  of  the  selection 

30  electrode  capacitance  flows  to  the  coupling  capaci- 
tors  connected  to  the  terminal  314  via  the  change- 
over  switch  and  all  but  the  upper  one  of  the  zener 
diodes  318.  As  soon  as  subsequently  the  second 
highest  change-over  switch  320  switches  over,  a 

35  charge  current  again  flows  through  the  upper  two 
zener  diodes  319  and  when  the  change-over  switch 
switches  back,  a  discharge  current  flows  now 
through  all  zener  diodes  318  but  the  upper  two, 
and  so  forth.  This  produces  much  power  dissipa- 

40  tion;  Figs.  8  and  9  propose  a  method  of  reducing 
this  dissipation. 

Fig.  8a  shows  a  square-wave  curve  SC  which 
represents  the  bias  (transport)  voltage  at  a  plurality 
of  consecutive  selection  electrodes  9  as  a  function 

45  of  the  ordinal  number  n  of  the  selection  electrodes. 
Vertical  line  sections  SP  represent  the  selection 
pulses  which  are  superimposed  on  the  bias  volt- 
age,  the  height  of  the  line  sections  SP  representing 
the  height  of  the  selection  pulses.  While  the  bias 

50  voltage  is  a  DC  voltage  which  is  continuously 
present  across  each  selection  electrode,  the  selec- 
tion  pulses  are  not  simultaneously  but  consecu- 
tively  present.  The  selection  pulses  would  have  to 
be  represented  by  one  line  section  which  goes 

55  down  (or  climbs)  the  square-wave  curve  SC  step 
by  step. 

A  dotted  line  LL  represents  the  voltage  level  of 
the  selection  electrodes  at  which  no  (or  substan- 

9 
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tially  no)  electrons  are  extracted  from  the  electron 
transport  ducts  and  a  second  dotted  line  LH  repre- 
sents  the  voltage  level  at  which  all  (or  substantially 
all)  electrons  are  extracted  from  the  electron  trans- 
port  ducts.  The  two  dotted  lines  LL  and  LH  rise 
with  an  increasing  selection  electrode  ordinal  num- 
ber  n.  The  square-wave  curve  SC  should  of  course 
be  situated  completely  below  the  dotted  line  LL  so 
as  to  ensure  that  all  the  selection  electrodes  to 
which  no  selection  pulse  is  applied  do  not  extract 
(substantially)  any  electrons  from  the  electron 
transport  ducts,  while  the  line  sections  SP  should 
project  above  the  dotted  line  HL  so  that  the  one 
selection  electrode  to  which  a  selection  pulse  is 
applied  extracts  (substantially)  all  electrons  from 
the  electron  transport  ducts. 

The  circuit  of  Fig.  9  is  based  on  the  recognition 
that  it  is  not  necessary  for  a  satisfactory  transport 
of  the  electrons  in  the  electron  transport  ducts  that 
each  selection  electrode  has  a  higher  bias  voltage 
than  the  next  lower  selection  electrode.  In  other 
words:  each  "step"  of  the  square-wave  curve  SC 
may  comprise  a  group  of  a  plurality  of  juxtaposed 
selection  electrodes.  A  square-wave  curve  with 
larger  steps  is  then  obtained,  which  should  of 
course  still  be  situated  completely  below  the  dotted 
line  LL  (see  Fig.  8b).  The  selection  pulses  (the  line 
sections  SP)  should  of  course  be  higher  than  in  the 
case  of  Fig.  8a  because  they  must  continue  to 
project  above  the  dotted  line  LH.  It  is  to  be  noted 
that  the  size  of  such  a  group  of  selection  elec- 
trodes  having  an  equal  bias  voltage  is  limited.  If 
such  a  group  is  chosen  to  be  too  large,  the  elec- 
tron  transport  in  the  electron  transport  ducts  is 
influenced  and  the  variation  of  the  portions  of  the 
selection  pulses  projecting  above  the  dotted  line 
LH  is  too  large  so  that  a  visible  horizontal  pattern 
may  be  produced  on  the  display  screen.  Moreover, 
the  required  selection  pulse  height  Vp  increases. 
Provisional  experiments  give  rise  to  the  assumption 
that  the  optimum  size  of  a  group  of  selection 
electrodes  is  the  size  at  which  the  step  height  of 
the  square-wave  curve  SC  is  approximately  50  V. 
At  a  bias  voltage  gradient  of  6  V  per  selection 
electrode,  8  selection  electrodes  per  group  are 
then  used.  The  groups  of  selection  electrodes  are 
diagrammatically  denoted  by  E1,  E2  ...  in  Fig.  9. 
Since  a  selection  electrode  output  stage  is  con- 
nected  to  each  selection  electrode,  the  output 
stages  may  also  be  subdivided  into  groups  (01  ,  02 
...),  each  group  of  output  stages  0  corresponding 
to  a  group  of  selection  electrodes  E. 

It  is  of  course  possible  to  incorporate  each  of 
the  groups  of  output  stages  in  one  IC,  but  then  the 
number  of  ICs  will  be  very  large  (64).  Conse- 
quently,  a  number  of  groups  of  output  stages  which 
is  cascaded  as  regards  the  power  supply  voltage  is 
preferably  incorporated  in  one  IC.  Since  all  groups 

of  output  stages  are  cascaded  as  regards  the  pow- 
er  supply  voltage,  the  ICs  themselves  are  also 
cascaded. 

The  embodiment  of  Fig.  9  shows  the  output 
5  stage  as  electronic  change-over  switches.  For  the 

sake  of  simplicity,  two  change-over  switches  are 
shown  in  each  output  stage  group,  but  in  practice  a 
larger  number  of  change-over  switches  may  be 
incorporated  in  a  group,  for  example,  as  already 

io  stated  above,  8.  The  first  group  of  change-over 
switches  01  then  energizes  the  first  group  of  selec- 
tion  electrodes  E1  with  the  electrodes  1  to  8,  the 
second  group  of  change-over  switches  energizes 
the  second  group  of  selection  electrodes  E2  with 

is  the  electrodes  9  to  16,  and  so  forth.  The  change- 
over  switches  of  each  group  0  connect  their  re- 
spective  outputs  to  a  low  power  supply  terminal  (-) 
which  is  common  for  all  change-over  switches  of 
the  group  and  to  a  high  power  supply  terminal  (  +  ) 

20  which  is  also  common  for  all  change-over  switches 
of  the  group. 

A  power  supply  voltage  divider  SD  comprises  a 
plurality  of  series-arranged  zener  diodes  D1,  D2  ... 
The  low  power  supply  terminal  (-)  of  the  first  group 

25  01  is  connected  to  ground,  that  of  the  second 
group  02  is  connected  to  the  tap  between  the 
zener  diodes  D1  and  D2,  that  of  the  third  group  is 
connected  to  the  tap  between  the  zener  diodes  D2 
and  D3,  and  so  forth.  Each  zener  diode  D1,  D2  ... 

30  has  a  zener  voltage  which  is  equal  to  the  desired 
supply  voltage  difference  between  two  juxtaposed 
groups  of  change-over  switches.  At  a  desired  bias 
voltage  gradient  of  6  V  per  electrode  and  when 
each  group  E  comprises  8  selection  electrodes,  the 

35  zener  voltage  of  each  diode  D1,  D2  ...  will  be  8*6  V 
=  48V. 

The  high  power  supply  terminal  (  +  )  of  the 
group  01  is  connected  to  the  tap  between  the 
zener  diodes  D7  and  D8.  Similarly,  the  high  power 

40  supply  terminal  of  the  group  02  is  connected  to 
the  tap  on  the  zener  diodes  D8  and  D9,  that  of 
group  03  is  connected  to  the  tap  between  the 
zener  diodes  D9  and  D10,  and  so  forth;  these 
connections  are  not  completely  shown  in  Fig.  9. 

45  The  +  terminal  of  each  group  0  is  thus  connected 
7  diodes  higher  than  the  -  terminal.  Hence,  the  high 
power  supply  voltage  of  each  group  0  is  seven 
times  the  zener  voltage,  i.e.  7*48  =  336  V  higher 
than  the  low  power  supply  voltage  of  this  group 

50  and  consequently  a  pulse  voltage  of  336  V  is 
superimposed  on  the  bias  voltage  (the  -  power 
supply  voltage)  of  the  relevant  group  when  one  of 
the  change-over  switches  of  a  group  0  is  switched 
over. 

55  The  groups  01  to  04  are  accommodated  in  an 
integrated  driver  circuit  IC1,  the  groups  05  to  08 
are  accommodated  in  a  second  integrated  driver 
circuit  IC2,  and  so  forth.  Each  IC  thus  serves  4*8  = 

10 
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32  selection  electrodes.  If  16  ICs  are  cascaded, 
16*32  =  512  selection  electrodes  are  driven.  The 
power  supply  voltage  divider  SD  then  comprises 
4*16  zener  diodes  plus  7  zener  diodes  for  sup- 
plying  the  high  power  supply  voltage  to  the  7 
highest  groups,  i.e.  a  total  of  71  zener  diodes.  The 
total  required  power  supply  voltage  then  is  71*48  V 
=  3408  V.  This  voltage  is  supplied  by  a  current 
source  not  shown  (or  a  voltage  source  with  a  series 
resistor)  which  is  connected  to  the  upper  zener 
diode  and  must  be  able  to  produce  the  required 
quiescent  current  for  the  zener  diodes  and  the  DC 
power  supply  current  for  the  cascaded  ICs. 

The  power  supply  voltage  of  an  IC  is  equal  to 
the  pulse  height  voltage  plus  the  bias  voltage  gra- 
dient  per  group,  multiplied  by  the  number  of 
groups  per  IC  minus  one.  In  the  numerical  example 
given  above,  this  is: 

336  V  +  48  V*  (4-1)  =  480  V 

If  the  IC  cannot  withstand  this  voltage  and  if  the 
pulse  height  voltage  cannot  be  decreased,  a  small- 
er  number  of  groups  per  IC  and/or  a  smaller  bias 
voltage  gradient  per  group,  hence  fewer  selection 
electrodes  per  group  should  be  chosen.  In  both 
cases  this  involves  a  larger  number  of  ICs  in  the 
cascade. 

The  mode  of  driving  the  electronic  change-over 
switches  in  such  a  way  that  each  selection  elec- 
trode  receives  a  selection  pulse  in  time  is  not 
further  shown  in  Fig.  9  but  may  be  effected  in  the 
same  manner  as  has  been  shown  in  any  one  of 
Figs.  4a  to  6b. 

Similarly  as  in  the  cascaded  ICs  of  Fig.  7,  it  is 
also  important  for  the  cascaded  groups  0  of  Fig.  9 
to  realise  a  decoupling  for  alternating  current  of  the 
groups  by  means  of  decoupling  capacitors.  This 
may  be  effected,  for  example  by  arranging  a  de- 
coupling  capacitor  parallel  across  each  zener  diode 
D.  A  drawback  of  this  topology  is  that  the  charge 
currents  for  a  given  group  of  selection  electrodes 
should  be  supplied  by  a  plurality  of  series-arranged 
decoupling  capacitors  (7  in  the  example  shown) 
which  should  also  supply  charge  currents  for  other 
groups  of  selection  electrodes.  The  groups  among 
themselves  are  then  certainly  not  decoupled  in  an 
optimal  way.  As  is  shown  in  Fig.  9,  this  drawback  is 
obviated  by  arranging  a  decoupling  capacitor  (C1, 
C2,  ...)  between  the  +  and  the  -  power  supply 
terminals  of  each  group  (01,  02  ...).  This  is  accom- 
panied  by  more  stringent  requirements  to  be  im- 
posed  on  the  capability  of  the  decoupling  capaci- 
tors  to  withstand  the  voltage,  because  the  capaci- 
tors  C1,  C2  ...  must  each  be  able  to  withstand  a 
voltage  of,  for  example  seven  times  the  zener 
voltage,  while  the  decoupling  capacitors  parallel  to 
the  zener  diodes  should  be  able  to  withstand  only 

once  the  zener  voltage. 
Another  aspect  of  the  way  of  decoupling  shown 

in  Fig.  9  is  that  a  plurality  of  different  series  ar- 
rangements  (7)  is  obtained  instead  of  one  large 

5  series  arrangement  of  decoupling  capacitors.  In 
fact,  the  capacitors  C1,  C8,  C15,  C22  etc.  are 
arranged  in  series,  likewise  as  the  capacitors  C2, 
C9,  C16,  C23,  etc.  up  to  and  including  the  series 
arrangement  C7,  C14,  C21,  C28  etc.  To  guide  the 

io  charge  and  discharge  current  via  ground,  each  of 
these  series  arrangements  (with  the  exception  of 
the  first  which  is  already  connected  to  ground)  is 
separately  connected  to  ground  via  a  capacitor 
Ca2,  Ca3  to  Ca7. 

is  The  zener  diodes  of  the  voltage  divider  SD 
may  be  replaced  by  resistors,  which  may  necessi- 
tate  some  form  of  internal  overvoltage  protection 
within  the  ICs  because  the  protection  supplied  by 
the  zener  diodes  is  then  eliminated.  The  voltage 

20  divider  SD  may  alternatively  be  split  up  into  two 
voltage  dividers,  one  for  the  low  bias  voltages  of 
the  groups  0  and  one  for  the  high  bias  voltages, 
i.e.  in  a  corresponding  way  as  is  shown  in  Figs.  6b 
and  7  for  the  integrated  voltage  dividers  VD3  and 

25  VD4. 

Claims 

1.  A  picture  display  device  having  a  selection 
30  structure  for  controlling  the  passage  of  elec- 

trons  via  extraction  locations  which  commu- 
nicate  row  by  row  with  electron  transport  ducts 
and  with  selection  electrodes  associated  with 
the  extraction  locations  and  being  coupled  to  a 

35  selection  driver,  characterized  in  that  the  selec- 
tion  driver  comprises  a  multiple  of  integrated 
driver  circuits  (300,  313,  IC)  each  having  out- 
puts  (301)  for  supplying  selection  pulses,  each 
output  being  DC-connected  to  a  selection  elec- 

40  trade  (9),  and  in  that  the  integrated  driver  cir- 
cuits  are  cascaded  as  regards  their  power  sup- 
ply  voltages  (Va,  Vb  V1,  V2  ...)  in  such  a 
way  that  the  bias  voltage  required  for  the  elec- 
tron  transport  in  the  transport  ducts  is  also 

45  applied  to  the  connected  selection  electrodes. 

2.  A  picture  display  device  as  claimed  in  Claim  1  , 
characterized  in  that  each  integrated  driver  cir- 
cuit  comprises  at  least  one  integrated  voltage 

50  divider  (VD1  ,  VD2,  VD3,  VD4)  and  in  that  bias 
voltages  applied  to  the  selection  electrodes  are 
generated  partly  by  power  supply  voltages  (Va, 
Vb  ...)  applied  to  the  integrated  driver  circuit 
via  power  supply  terminals  (302  ...  304,  314  ... 

55  317)  and  partly  by  the  integrated  voltage  di- 
vider. 

11 
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3.  A  picture  display  device  as  claimed  in  Claim  1  , 
characterized  in  that  the  outputs  of  the  in- 
tegrated  driver  circuits  (IC1,  IC2  ...)  are  sub- 
divided  into  a  plurality  of  groups  (01,  02  ...)  of 
output  stages,  the  output  stages  associated  5 
with  one  group  applying  mutually  equal  bias 
voltages  to  a  group  (E1,  E2  ...)  of  consecutive 
selection  electrodes,  and  consecutive  groups 
of  output  stages  deriving  consecutive  values  of 
bias  voltages  (V1,  V2  ...)  from  power  supply  10 
terminals  (-,  +)  and  applying  said  values  to 
consecutive  groups  of  selection  electrodes. 

4.  A  picture  display  device  as  claimed  in  Claim  3, 
characterized  in  that  each  integrated  driver  cir-  is 
cuit  (IC1,  IC2  ...)  comprises  a  plurality  of 
groups  of  output  stages  (01,  02  ...)  which  are 
cascaded  as  regards  bias  voltages  (V1,  V2  ...) 
applied  to  said  circuits. 

20 
5.  A  picture  display  device  as  claimed  in  Claim  2 

or  3,  characterized  in  that  said  power  supply 
terminals  of  the  integrated  driver  circuits  are 
decoupled  for  alternating  current  by  means  of 
decoupling  capacitors  (C,C1  ,C2...).  25 

6.  A  picture  display  device  as  claimed  in  Claim  1  , 
characterized  in  that  the  integrated  driver  cir- 
cuits  have  a  control  signal  input  (Ctrl,  Ctrli)  for 
supplying  control  signals  which  control  the  in-  30 
stant  of  occurrence  of  the  selection  pulses  at 
the  outputs  of  the  integrated  driver  circuits. 

7.  A  picture  display  device  as  claimed  in  Claim  6, 
characterized  in  that  the  integrated  driver  cir-  35 
cuits  are  also  cascaded  as  regards  the  control 
signals  and  have  control  signal  outputs  (Ctrlo) 
for  supplying  delayed  and  DC-offset  control 
signals  to  the  control  signal  input  (Ctrli)  of  an 
integrated  driver  circuit  which  is  next  in  the  40 
cascade. 

8.  A  selection  driver  for  use  in  a  picture  display 
device  as  claimed  in  Claim  1,  comprising  in- 
tegrated  driver  circuits  which  are  cascaded  as  45 
regards  their  power  supply  voltage. 

9.  An  integrated  driver  circuit  for  use  in  a  picture 
display  device  as  claimed  in  Claim  1,  compris- 
ing  switching  means  for  generating  selection  50 
pulses  and  an  input  terminal  (Ctrli)  for  sup- 
plying  control  signals  controlling  the  switching 
means. 

12 
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