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©  Flat  display  tube  comprising  an  emission  system  for  emitting  a  planar  electron  beam,  a  deflection 

system  and  a  modulation  system. 

©  A  flat  display  tube  comprising  an  emission  sys- 
tem  (3)  for  emitting  a  planar  electron  beam  (20),  a 
modulation  system  (22)  and  a  deflection  system  (5a, 
5b,  28)  for  deflecting  the  planar  electron  beam  to- 
wards  the  modulation  system  (22),  which  flat  display 
tube  also  comprises  a  selection  system  (23)  for 
selecting  the  planar  electron  beam  transversely  to 
this  beam.  The  thickness  of  the  electron  beam  (20) 
is  increased  by  mutual  repulsion  of  the  electrons  in 
the  planar  electron  beam.  The  selection  system  in 
the  flat  display  tube  precludes  that  this  adversely 
affects  the  resolution  of  the  picture  on  the  display 

.screen. 
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Flat  display  tube  comprising  an  emission  system  for  emitting  a  planar  electron  beam,  a  deflection 
system  and  a  modulation  system. 

picture  definition  in  the  direction  transverse  to  the 
planar  electron  beam. 

To  this  end,  the  invention  is  characterized  in 
that  the  flat  display  tube  comprises  a  selection 

5  system  for  selecting  the  electron  beam  in  a  direc- 
tion  transverse  to  the  planar  electron  beam.  Due  to 
this  selection  system,  the  picture  definition  is  deter- 
mined  in  a  direction  transverse  to  the  planar  elec- 
tron  beam. 

w  In  an  embodiment  the  selection  system  is  pro- 
vided  with  a  repetitive  pattern  of  groups  of  elec- 
trodes  which  extend  parallel  to  the  planar  electron 
beam  and  which  are  provided  with  an  aperture  or 
apertures  for  allowing  electrons  to  pass,  corre- 

75  sponding  elements  of  the  groups  being  connected 
to  one  another  and  to  means  for  applying  a  control 
voltage.  In  this  manner,  the  number  of  connections 
is  reduced 

In  a  preferred  embodiment  each  group  com- 
20  prises  two  electrodes.  The  number  of  connections 

is  then  reduced  to  the  extent  possible. 
The  invention  will  now  be  explained  in  greater 

detail  by  means  of  a  few  exemplary  embodiments 
and  with  reference  to  a  drawing,  in  which 

25  Fig.  1  is  a  partly  perspective  elevational  view 
of  a  known  display  tube; 

Fig.  2  is  a  cross-sectional  view  of  a  planar 
electron  beam; 

Fig.  3  is  a  partly  perspective  elevational  view 
30  of  a  detail  of  a  flat  display  tube  in  accordance  with 

the  invention; 
Figs.  4,  5a,  6a  and  7a  are  cross-sectional 

views  of  a  detail  of  a  flat  display  tube  in  accor- 
dance  with  the  invention; 

35  Figs.  5b,  6b  and  7b  are  graphic  representa- 
tions  of  the  voltage  applied  to  the  electrodes  of  the 
selection  system; 

Fig.  8a  is  a  partly  perspective  elevational 
view  of  details  of  another  embodiment  of  a  flat 

40  display  tube  in  accordance  with  the  invention; 
Fig.  8b  is  a  cross-sectionai  view  of  the  de- 

tails  shown  in  Fig.  8a. 

The  Figures  are  diagrammatic  and  not  drawn 
45  to  scale,  corresponding  parts  of  the  different  em- 

bodiments  generally  bearing  the  same  reference 
numerals. 

Fig.  1  is  a  partly  perspective  elevational  view  of 
a  known  display  tube.  Display  window  1  of  the  not 

so  completely  shown  evacuated  envelope  is  provided 
on  the  inside  with  a  phosphorescent  screen  2.  An 
emission  system,  in  the  present  example  an  elec- 
tron  gun  3,  emits  a  planar  electron  beam  4.  Deflec- 
tion  electrodes  5a  and  5b  and  a  planar  electrode  6 

The  invention  relates  to  a  flat  display  tube 
comprising  an  evacuated  envelope  which  is  pro- 
vided  with  a  display  window,  a  phosphorescent 
display  screen  being  present  on  the  display  win- 
dow  in  the  evacuated  envelope,  an  emission  sys- 
tem  for  emitting  a  planar  electron  beam  which 
initially  extends  substantially  parallel  to  the  display 
screen,  a  modulation  system  for  modulating  the 
planar  electron  beam,  which  modulation  system 
extends  substantially  parallel  to  the  display  screen, 
and  a  deflection  system  for  deflecting  the  planar 
electron  beam  towards  the  modulation  system. 

Such  a  flat  display  tube  is  known  from  United 
States  Patent  Specification  4,626,899.  In  the  said 
Patent  Specification,  a  description  is  given  of  a  flat 
display  tube  which  comprises  an  electron  gun  at 
the  side  of  the  display  screen,  which  electron  gun 
emits  in  operation  the  planar  electron  beam  in  a 
plane  which  is  substantially  parallel  to  the  display 
screen.  This  electron  gun  is  provided  with  a  pair  of 
deflection  electrodes  which  extend  on  either  side  of 
the  electron  beam,  and  which  in  cooperation  with  a 
planar  electrode  extending  parallel  to  the  modula- 
tion  system  deflect  the  planar  electron  beam  such 
that  the  beam  is  substantially  transversely  incident 
on  the  modulation  system.  The  location  where  the 
planar  electron  beam  is  incident  on  the  modulation 
system  is  varied  by  changing  the  voltages  applied 
to  the  deflection  and  planar  electrode(s),  and  the 
display  screen  is  scanned  in  a  direction  transverse 
to  the  planar  electron  beam.  The  modulation  sys- 
tem  is  controlled  by  a  video  signal.  By  means  of 
this  modulation  system,  the  display  screen  is 
scanned  in  a  direction  transverse  to  the  above-said 
direction,  i.e.,  in  the  plane  of  the  planar  electron 
beam. 

An  important  aspect  of  the  picture  display  qual- 
ity  is  the  definition.  In  the  known  display  tube  the 
picture  definition  in  a  direction  transverse  to  the 
planar  electron  beam  is  determined  by  the  thick- 
ness  of  the  planar  electron  beam.  In  order  to  de- 
flect  the  planar  electron  beam  in  the  relatively 
small  space  in  a  flat  display  tube,  preferably,  a 
relatively  low-energy  electron  beam  is  emitted.  By 
mutual  repulsion  of  the  electrons  in  the  planar 
electron  beam,  the  thickness  of  the  planar  electron 
beam  is  increased,  thereby  reducing  the  picture 
difinition,  which  is  important  to,  in  particular,  low- 
energy  electron  beams.  Low-energy  electron 
beams  are  to  be  understood  to  mean  herein,  in 
particular,  electron  beams  comprising  electrons 
having  a  kinetic  energy  of  less  than  approximately 
3  KeV. 

It  is  an  object  of  the  invention  to  improve  the 
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generally  highly  transparent  to  the  electron  beam 
4.  The  electron  beam  4  can  only  pass  through  the 
apertures  in  electrode  I5d,  so  that  the  thickness  of 
the  electron  beam  4  is  determined.  It  is  possible  to 

5  energize  each  electrode  of  selection  system  14 
separately  by  means  of  a  control  voltage,  however, 
this  is  not  necessary. 

Fig.  5a  is  a  sectional  view  of  a  further  embodi- 
ment  of  a  selection  system  14,  which  extends 

w  transversely  to  the  planar  electron  beam  4.  The 
electrodes  of  the  selection  system  are  arranged  in 
accordance  with  a  repetitive  pattern  of  groups,  in 
the  present  example  trios,  of  electrodes  (17,  18, 
19)  which  extend  parallel  to  the  planar  electron 

75  beam  4  and  which  are  provided,  in  the  present 
example,  with  elongated  apertures  20,  correspond- 
ing  elements  of  the  groups  being  connected  to  one 
another.  In  the  present  example,  each  trio  of  elec- 
trodes  comprises  the  electrodes  17,  18  and  19, 

20  which  are  energized  by  control  voltages  V17,  Vis 
and  V19,  respectively.  Fig.  5a  also  is  a  sectional 
view  of  the  planar  electron  beam  4.  Fig.  5b  is  a 
diagrammatic  representation  of  the  voltages  ap- 
plied  to  the  electrodes  17,  18  and  19  relative  to  the 

25  voltage  applied  to  the  grid  9  at  a  randomly  se- 
lected  time  ti  .  The  electron  beam  4  passes  through 
only  one  of  the  electrodes  of  the  selection  system 
14,  in  the  present  Figure  one  of  the  electrodes  17. 
Figs.  6a  and  6b  represent  the  situation  at  a  time  ti 

30  +  At.  The  electron  beam  4  is  displaced  over  a 
distance  Ax,  Ax  being  equal  to  the  distance  be- 
tween  two  electrodes  of  the  selection  system  14; 
as  is  shown  in  Fig.  6b,  the  voltages  applied  to  the 
electrodes  have  been  changed  relative  to  the  situ- 

35  ation  shown  in  Fig.  5b.  Also  in  this  case,  the 
electron  beam  4  passes  through  only  one  of  the 
electrodes  of  the  selection  system  14,  in  this  case 
through  one  of  the  electrodes  1  8.  In  the  Figs.  4,  5 
and  6,  the  potentials  applied  to  the  electrodes  1  5a 

40  up  to  and  including  g,  17,  18  and  19  also  have  a 
focussing  effect,  i.e.  the  electrons  are  drawn  into 
the  aperture  in  electrode  15d  (Fig.  4a),  17  (Fig.  5a) 
and  18  (Fig.  6a),  respectively. 

In  Figs.  4,  5  and  6  the  thickness  d  of  the 
45  electron  beam  4  is  not  much  larger  than  the  dis- 

tance  between  the  electrodes.  The  advantage  of 
the  invention  becomes  particularly  manifest  if  the 
thickness  of  the  planar  electron  beam  exceeds  the 
distance  between  the  electrodes.  This  may  occur, 

50  for  example,  when  the  electron  density  in  the  elec- 
tron  beam  is  very  high  or  when  the  electron  beam 
has  covered  a  long  path.  Fig.  7  shows  a  planar 
electron  beam  4,  the  thickness  d  of  which  exceeds 
than  the  distance  between  the  electrodes.  The 

55  positive  voltages  which  are  applied  to  the  elec- 
trodes  18  and  19  preclude  electrons  from  passing 
through  the  apertures  in  these  electrodes.  Only  for 
electrodes  17  the  potential  is  selected  such  that 

deflect  the  planar  electron  beam  4  towards  a  mod- 
ulation  system  7,  such  that  the  planar  electron 
beam  4  is  transversely  incident  on  the  modulation 
system  7.  The  known  display  tube  comprises  two 
grids  8  and  9  which  are  located  on  the  entrance 
and  exit  side  of  the  modulation  system  7  which 
comprises  a  system  of  modulation  electrodes  10. 
These  modulation  electrodes  10  are  provided  with 
apertures  11.  By  selecting  the  voltages  which  are 
applied  to  the  modulation  electrodes  10,  the  planar 
electron  beam  4  is  modulated  so  as  to  form  a 
number  of  linear  electron  beams  4a,  4b  etc.,  the 
power  of  which  is  also  determined  by  the  voltages 
applied  to  the  modulation  electrodes  10.  In  this 
manner,  a  line  of  the  picture  is  formed  on  the 
display  screen. 

The  picture  definition  in  a  direction  transverse 
to  the  plane  through  the  electron  beams  4a,  4b  etc. 
is  also  governed  by  the  thickness  of  the  electron 
beams. 

Fig.  2  is  a  cross-sectional  view  of  a  planar 
electron  beam  4  and  schematically  shows  how 
mutual  repulsion  of  the  electrons  influences  the 
width  of  the  planar  electron  beam  4.  The  electrons 
12  in  the  planar  electron  beam  4  mutually  repel 
one  another.  This  leads  to  an  increase  of  the  thick- 
ness  d  of  the  planar  electron  beam.  This  increase 
is  more  important  according  as  the  electron  density 
and  the  time  during  which  the  repulsion  takes  place 
increase.  This  effect  is  more  important  in  low- 
energy  electron  beams  than  in  high-energy  elec- 
tron  beams  because  the  time  between  the  emis- 
sion  of  the  electrons  and  the  amount  that  the 
electrons  are  incident  on  the  display  screen  in- 
creases  as  the  kinetic  energy  of  the  electrons  de- 
creases.  The  distance  between  the  emission  sys- 
tem  and  the  display  screen  to  be  covered  by  the 
electrons  in  the  electron  beam  depends  on  the  line 
on  the  display  screen  which  is  scanned.  Conse- 
quently,  the  broadening  of  the  planar  electron 
beam  is  not  the  same  everywhere  on  the  display 
screen. 

Details  of  a  flat  display  tube  in  accordance  with 
the  invention  are  shown  in  Fig.  3.  A  selection 
system  14  is  arranged  between  the  grid  9  and  the 
system  of  modulation  electrodes  10.  This  selection 
system  14  comprises  a  number  of  electrodes  15 
which  are  parallel  to  the  planar  electron  beam  4 
and  which  are  provided  with  apertures  16.  The 
apertures  16  may  circular  round  but  they  may 
alternatively  have  a  different  shape,  for  example 
oval  or  rectangular. 

Fig.  4  shows  the  planar  electron  beam  4  and  a 
part  of  the  selection  system  14.  Electrode  15a  up 
to  and  including  c  and  e  up  to  and  including  g  are 
at  a  potential  which  is  below  the  potential  of  grid  9, 
electrode  15d  is  at  a  potential  which  is  higher  than 
that  of  grid  9.  Grid  9  may  be  a  wire  grid  and  is 
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lating  the  planar  electron  beam,  which  modulation 
system  extends  substantially  parallel  to  the  display 
screen,  and  a  deflection  system  for  deflecting  the 
planar  electron  beam  towards  the  modulation  sys- 
tem,  characterized  in  that  the  flat  display  tube 
comprises  a  selection  system  for  selecting  the 
electron  beam  in  a  direction  transverse  to  the 
planar  electron  beam. 

2.  A  flat  display  tube  as  claimed  in  Claim  1, 
characterized  in  that  the  selection  system  is  pro- 
vided  with  a  repetitive  pattern  of  groups  of  elec- 
trodes  which  extend  parallel  to  the  planar  electron 
beam  and  which  are  provided  with  an  aperture  or 
apertures  for  allowing  electrons  to  pass,  corre- 
sponding  elements  of  the  groups  being  connected 
to  one  another  and  to  means  for  applying  a  control 
voltage. 

3.  A  flat  display  tube  as  claimed  in  Claim  2, 
characterized  in  that  each  group  comprises  two 
electrodes. 

4.  A  flat  display  tube  as  claimed  in  Claim  2  or 
3,  characterized  in  that  the  distance  between  cor- 
responding  electrodes  of  neighbouring  groups  of 
electrodes  is  larger  than  the  maximum  width  of  the 
electron  beam. 

electrons  can  pass  through  the  apertures  in  these 
electrodes.  This  Figure  clearly  shows  that  a  further 
broadening  of  the  electron  beam  4  may  lead  to  a 
situation  in  which  several  apertures  in  the  electrons 
17  or  18  or  19  allow  parts  of  the  electron  beam  4  5 
to  pass.  If  this  is  possible,  the  number  of  elec- 
trodes  in  one  group  can  be  increased.  In  general  it 
is  to  be  preferred  that  the  distance  between  cor- 
responding  electrodes  of  neighbouring  groups  of 
electrodes  is  larger  than  the  maximum  width  of  the  w 
electron  beam,  so  that  there  is  always  only  one 
aperture  which  allows  electrons  to  pass.  If  possible 
each  group  preferably  comprises  two  electrodes.  In 
this  case,  the  total  number  of  connections  is  re- 
duced  to  the  extent  possible.  is 

In  the  examples  of  the  invention  described 
herein  before,  the  flat  display  tube  has  the  grid  9. 
In  these  examples,  the  selection  system  is  dis- 
posed  in  front  of  the  modulation  system.  This  is  not 
to  be  regarded  as  a  feature  which  limits  the  scope  20 
of  the  invention.  Figs.  8a  and  8b  are  a  partly 
perspective  elevational  view  and  a  cross-sectional 
view,  respectively,  of  details  of  another  example  of 
a  flat  display  tube  in  accordance  with  the  invention. 
A  planar  electron  beam  emitted  by  the  emission  25 
system  3  is  deflected  towards  a  carrier  21  by 
means  of  the  deflection  electrodes  5a,  5b  and  a 
planar  electrode  28,  which  carrier  supports  a  mod- 
ulation  system  22  on  the  side  facing  deflection 
system  28.  This  modulation  system  22  comprises  a  30 
number  of  parallel  disposed  electrodes  in  which 
apertures  are  formed.  A  selection  system  23  com- 
prising  a  number  of  parallel  disposed  electrodes  in 
which  apertures  are  formed,  is  arranged  on  the 
side  of  the  carrier  21  remote  from  the  deflection  35 

'  system  28.  A  colour  selection  system  24  compris- 
ing  a  carrier  which  is  provided  with  colour  selection 
electrodes  27  on  the  side  facing  the  display  screen 
is  arranged  between  the  carrier  21  and  a  display 
window  26  which  is  provided  with  a  display  screen  40 
25.  Fig.  8b  is  a  cross-sectional  view  of  various 
electrode  systems.  Fig.  8b  clearly  shows  that  de- 
spite  the  width  of  the  planar  electron  beam  only 
one  picture  element  is  excited. 

It  will  be  understood  that  within  the  scope  of  45 
the  invention  many  variations  are  possible  to  those 
skilled  in  the  art. 

Claims 

1  .  A  flat  display  tube  comprising  an  evacuated 
envelope  which  is  provided  with  a  display  window, 
a  phosphorescent  display  screen  being  present  on 
the  display  window  in  the  evacuated  envelope,  an 
emission  system  for  emitting  a  planar  electron 
beam  which  initially  extends  substantially  parallel  to 
the  display  screen,  a  modulation  system  for  modu- 

50 

55 
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