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Description 

The  present  invention  relates  to  a  planar  display  apparatus  utilising  an  electron  beam. 
Figure  1  5  of  the  accompanying  drawings  is  a  perspective  view  of  a  part  of  a  conventional  planar  display  apparatus 

5  described  in,  for  example,  Japanese  Patent  Laid-Open  No  1  84239/1  988.  Similar  devices  are  described  in  DE-A-2  742 
555  EP-A-0  1  07  21  7  and  JP-A-58-046562.  The  precharacterising  portion  of  claim  1  is  based  on  this  prior  art  which  will 
be  described  below. 

In  Figure  15,  the  reference  numeral  1  represents  a  linear  hot  cathode  as  an  electron  radiation  source  which  emits 
electrons  when  conduction  is  established,  the  linear  hot  cathode  1  being  connected  to  a  holder  (not  shown).  The 

10  reference  numeral  2  denotes  a  mesh  electrode  having  an  oval  cross-section  and  a  multiplicity  of  small  holes  3  for 
passing  electrons  therethrough.  By  applying  an  appropriate  potential  to  the  mesh  electrode  2,  electrons  are  taken  out 
of  the  linear  hot  cathode  1  .  The  reference  numeral  4  represents  a  front  glass  (display  screen)  with  the  inside  surface 
coated  with  dot-like  three  kinds  of  phosphor  materials  5  which  emit  red,  green  and  blue  light  when  excited  by  the 
electrons  drawn  out  by  the  mesh  electrode  2.  On  the  fluorescent  substances  5,  an  aluminium  film  (not  shown)  is 

is  provided  for  imparting  conductivity.  By  applying  a  voltage  of  about  1  0  to  30  KV  to  the  aluminium  film,  the  electrons  are 
accelerated  and  excite  the  fluorescent  substances  5  so  as  to  emit  light. 

The  referential  numeral  6  represents  a  control  electrode  portion  disposed  between  the  front  glass  4  and  the  linear 
hot  cathode  1  in  close  proximity  thereto  so  as  to  allow  or  obstruct  the  passage  of  the  electrons  which  are  taken  out  by 
the  mesh  electrode  3  and  directed  toward  the  front  glass  4.  As  shown  in  the  exploded  view  of  the  structure  of  the 

20  control  electrode  portion  6  in  Fig.  16,  the  control  electrode  portion  6  is  composed  of  an  insulating  substrate  8  having 
electron-passing  holes  7  which  correspond  to  the  picture  elements  on  the  front  glass  4,  a  first  control  electrode  group 
9  provided  on  the  undersurface  of  the  insulating  substrate  8  and  a  second  control  electrode  group  10  provided  on  the 
upper  surface  of  the  insulating  substrate  8.  The  first  control  electrode  group  9  is  composed  of  a  plurality  of  strip  metal 
electrodes  9a.  The  metal  electrode  9a  is  provided  with  electron  passing  portions  9b  which  correspond  to  the  respective 

25  picture  elements  in  one  row.  Similarly,  the  second  control  electrode  group  10  is  composed  of  a  plurality  of  strip  metal 
electrodes  10a.  The  metal  electrode  10a  is  provided  with  electron  passing  portions  10b  which  correspond  to  the  re- 
spective  picture  elements  in  one  vertical  line. 

Each  of  the  electron  passing  portions  9b  as  well  as  the  electron  passing  portions  10b  is  a  reticulate  portion  produced 
by  making  a  multiplicity  of  small  holes  11  in  the  metal  electrodes  9a  (10a)  at  the  portion  corresponding  to  each  of  the 

30  electron-passing  holes  7  in  the  insulating  plate  8,  as  shown  in  an  enlarged  view  of  Fig.  17. 
The  periphery  of  the  front  glass  4  extends  downward  in  a  curved  state  and  is  closed  (not  shown)  below  a  rear 

electrode  1  2.  The  interior  of  the  front  glass  4  is  maintained  at  a  vacuum.  Each  electrode  in  the  sealed  glass  container 
is  electrically  connected  to  the  external  elements  from  the  sealing  portion  provided  on  the  side  surface. 

The  operation  of  the  conventional  planar  display  apparatus  will  now  be  explained.  Electrons  are  drawn  out  of  the 
35  linear  hot  cathode  1  by  the  porous  cover  electrodes  2.  The  electrons  are  attracted  to  the  first  control  electrode  group 

9  and  reaches  the  control  electron  portion  6. 
The  voltage  applied  to  each  electrode  will  here  be  explained  on  the  assumption  that  the  average  voltage  applied 

to  the  linear  hot  cathode  1  is  0  V  as  a  reference  voltage.  To  the  mesh  electrode  2,  a  voltage  about  5  to  30  V  higher 
than  the  voltage  applied  to  the  linear  hot  cathode  1  is  applied.  To  the  metal  electrode  9a  of  the  first  control  electrode 

40  group  9,  a  positive  potential  about  20  to  40  V  higher  than  the  potential  applied  to  the  linear  hot  cathode  1  is  applied. 
This  voltage  is  only  applied  to  one  metal  electrode  9a  of  the  first  electrode  group  9  at  a  time  which  are  arranged 
orthogonally  to  the  linear  hot  cathode  1  . 

The  electron  current  density  on  the  front  surface  of  the  metal  electrode  9a  is  preferably  substantially  uniform.  It  is 
possible  to  make  the  electron  current  density  uniform  by  controlling  the  oval  cylinder  shape  of  the  mesh  electrode  2, 

45  the  position  of  the  first  control  electrode  group  9  and  the  voltage  applied  to  each  metal  electrode  9a. 
The  operation  of  the  control  electrode  portion  6  is  not  described  in  Japanese  Patent  Laid-Open  No.  1  84239/1  988 

but  described  in,  for  example,  Japanese  Patent  Laid-Open  Nos.  1  72642/1  987  and  1  26688/1  989.  In  the  general  matrix 
type  display  described  in  these  specifications,  the  operation  of  the  control  electrode  portion  6  is  as  follows.  As  described 
above,  only  one  metal  electrode  9a  in  the  first  control  electrode  group  9  becomes  a  positive  potential  and  the  other 

so  metal  electrodes  9a  have  0  V  or  a  negative  potential.  In  this  case,  the  electrons  emitted  from  the  linear  hot  cathode  1 
are  attracted  only  to  this  one  metal  electrode  9a  having  a  positive  potential.  The  electrons  pass  through  the  electron 
passing  portions  9b  of  the  metal  electrode  9a  and  enter  the  respective  electron-passing  holes  7  of  the  insulating  sub- 
strate  8.  All  the  electrons  which  have  entered  the  electron-passing  holes  7  do  not  reach  the  front  glass  4.  In  other 
words,  of  the  second  control  electrode  group  10  disposed  above  the  electron-passing  holes  7,  the  electrons  pass  only 

55  through  the  electron  passing  portions  1  0b  of  the  metal  electrode  1  0a  to  which  a  potential  of,  for  example,  40  to  1  00  V 
is  applied  and  do  not  pass  through  the  electron  passing  portions  10b  of  the  other  metal  electrodes  10a  which  have  0 
V  or  a  negative  potential.  The  electrons  at  these  portions  stay  in  the  electron-passing  holes  7.  Consequently,  the 
electrons  pass  only  through  the  electron-passing  hole  7  at  the  intersection  of  the  one  metal  electrode  9a  of  the  first 
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control  electrode  group  9  to  which  a  positive  potential  is  applied  so  as  to  turn  it  on  and  the  metal  electrode  10a  of  the 
second  control  electrode  group  10  to  which  a  positive  potential  is  applied.  The  electrons  which  have  thus  passed 
through  the  electron-passing  hole  7  cause  the  fluorescent  substance  5  at  the  position  of  the  picture  element  which 
corresponds  to  the  electron-passing  hole  7  to  emit  light  for  displaying  a  picture  on  the  screen.  Therefore,  by  so  con- 

5  trolling  the  application  of  the  potential  to  each  of  the  metal  electrodes  9a  and  10a  that  the  intersection  corresponds  to 
a  desired  light  emitting  position,  a  desired  picture  display  is  realized.  For  example,  a  picture  is  displayed  by  consecu- 
tively  scanning  and  turning  on  the  metal  electrodes  9a  of  the  first  control  electrode  group  9  one  by  one  and,  synchro- 
nously  therewith,  consecutively  turning  on  the  metal  electrodes  10a  of  the  second  control  electrode  group  10  which 
correspond  to  the  respective  light  emitting  positions.  This  scanning  operation  is  repeated  for  a  period  which  is  imper- 

10  ceptible  to  the  human  eyes,  for  example,  60  frames  per  second. 
The  electron  passing  portions  9b  and  1  0b,  which  are  reticulate  portions  produced  by  making  a  multiplicity  of  small 

holes  1  1  in  the  metal  electrodes  9a  and  1  0a,  respectively,  as  explained  above  with  reference  to  Fig.  20,  are  so  designed 
as  to  obstruct  the  passage  of  electrons  when  0  V  or  a  negative  potential  of  several  1  0  V  is  applied  to  each  of  the  control 
electrodes  9  and  10. 

is  The  luminance  of  each  picture  element  is  controlled  by  the  time  for  which  each  metal  electrode  1  0a  of  the  second 
control  electrode  group  10  is  on.  If  it  is  assumed  that  the  time  for  which  the  first  control  electrode  group  9  is  on  is  T-, 
and  if  the  luminance  of  the  picture  element  at  a  predetermined  position  is  intended  to  be  P%,  the  time  for  which  the 
metal  electrode  1  0a  of  the  second  control  electrode  group  1  0  which  corresponds  to  that  position  is  on  is  set  at  P-T2/1  00. 

In  such  a  conventional  planar  display  apparatus,  each  of  the  first  control  electrode  group  9  and  the  second  control 
20  electrode  group  10  must  be  composed  of  strip  electrodes  arranged  in  each  row  and  each  vertical  line,  respectively. 

Use  of  such  a  strip  electrode  is  disadvantageous  because  there  is  a  limitation  in  finer  and  more  accurate  displaying 
function  of  a  planar  display  apparatus  due  to  the  limitation  in  the  accuracy  in  processing  the  strip  electrodes. 

There  is  also  a  great  trouble  in  the  manufacture  of  the  strip  electrodes  such  as  difficulty  of  fixing  and  holding  them 
separately  from  each  other. 

25  In  addition,  since  the  electron  passing  portion  has  a  reticulate  structure  provided  with  a  multiplicity  of  small  holes, 
electrons  hit  against  the  reticulate  portion  when  they  pass  through  the  electron  passing  portion  and  the  lowering  of  the 
electron  passing  ratio,  which  may  lead  to  the  reduction  in  the  luminance  of  the  planar  display  apparatus,  is  inevitable. 

As  to  the  luminance,  electrons  are  gradually  attached  to  the  portions  of  the  surface  of  the  insulating  substrate  8 
which  are  not  covered  with  the  metal  electrodes  of  the  first  and  second  control  electrode  groups,  and  the  potentials  of 

30  these  portions  become  negative  (this  phenomenon  is  called  charge-up  effect).  When  the  time  has  come  that  a  positive 
potential  is  applied  to  the  metal  electrode  so  as  to  turn  it  on  and  pass  electrons  through  insulating  plate  8,  the  negative 
potential  due  to  the  electrons  wh  ich  have  been  attached  to  those  portions  greatly  obstructs  the  passage  of  the  electrons, 
thereby  lowering  the  display  luminance  than  the  desired  luminance. 

Accordingly,  it  is  an  object  of  the  present  invention  to  eliminate  the  abovedescribed  problems  in  the  related  art  and 
35  to  provide  a  planar  display  apparatus  which  has  a  simple  structure  and  excellent  processability  and  which  heightens 

the  reliability  of  operations  of  the  electrodes,  improves  the  luminance  and  enables  finer  and  more  accurate  display. 
According  to  the  present  invention,  there  is  provided  a  planar  display  apparatus  comprising: 

an  electron  emission  source  for  emitting  electrons  to  a  phosphor  screen  provided  on  the  inside  of  a  sealed  con- 
40  tainer; 

a  surface  insulated  substrate  which  is  provided  between  said  electron  emission  source  and  said  phosphor  screen 
and  provided  with  a  plurality  of  electron-passing  holes;  and 

45  control  electrodes  formed  by  two  sets  of  orthogonal  electrodes  on  opposite  sides  of  the  substrate,  and  to  which, 
in  use,  a  passing  electron  controlling  potential  is  applied;  wherein  the  control  electrodes  are  composed  of  a  plurality 
of  separate  conductive  films  which  are  formed  on  said  surface  insulated  substrate  and  extend  onto  the  respective 
inner  wall  surfaces  of  said  electron-passing  holes  and  adjacent  control  electrodes  within  the  sets  are  separated 
by  exposed  portions  of  the  surface  insulated  substrate  on  the  respective  one  of  the  opposite  sides  of  the  substrate, 

so  characterised  in  that  the  sets  are  separated  by  exposed  portions  of  the  surface  insulated  substrate  on  the  inner 
wall  surfaces  of  the  electron  passing  holes. 

This  means  that  the  electrons  emitted  from  the  electron  emission  source  pass  through  the  electron-passing  hole 
in  the  vicinity  of  a  conductive  film  of  the  plurality  of  conductive  films  of  the  control  electrode  portion  to  which  a  prede- 

55  termined  potential  is  applied  and  do  not  pass  through  the  other  electron-passing  holes.  The  electrons  which  have 
passed  through  the  electron-passing  hole  cause  the  phosphor  screen  to  emit  light,  thereby  enabling  free  control  of  the 
display  by  application  of  a  potential  to  the  conductive  film  on  the  control  electrode  portion.  The  control  electrode  portion 
is  composed  of  a  surface  insulated  substrate  having  a  plurality  of  electron-passing  holes  and  a  conductive  film  to  which 

3 



EP0  649  163  B1 

a  passing  electron  controlling  potential  is  applied  and  which  is  separated  into  a  plurality  of  films  so  as  to  coat  the  surface 
insulated  substrate.  Thus,  the  control  electrode  portion  has  a  fine  structure  provided  with  electron-passing  holes  having 
a  small  hole  diameter  and  a  small  hole  pitch  as  compared  with  the  control  electrode  portion  using  strip  electrodes. 
Since  it  is  possible  to  produce  the  electron-passing  hole  having  a  small  diameter,  the  passage  of  electrons  can  be 

5  easily  controlled  without  the  need  for  providing  a  conductor  in  the  electron-passing  hole.  This  gives  a  fine,  accurate 
display  without  lowering  the  luminance. 

In  order  to  ensure  the  passage  and  the  obstruction  of  the  passage  of  electrons,  when  the  film  is  provided  on  the 
inner  wall  to  a  depth  of  not  less  than  one  quarter  of  the  diameter  of  the  electron-passing  hole,  the  effect  is  prominent 
because  it  is  possible  to  produce  a  sufficient  electric  field  in  the  electron-passing  hole. 

10  In  order  to  enhance  the  electron  passing  ratio,  the  inner  wall  surface  of  the  electron-passing  hole  may  be  coated 
with  a  material  having  a  secondary-electron  emission  capacity  larger  than  the  insulated  surface  portion  of  the  surface 
insulated  substrate  to  enhance  the  electron  passing  ratio. 

In  order  to  focus  the  electrons  which  have  passed  through  the  control  electrons,  a  focusing  electrode  is  preferably 
provided  between  the  phosphor  screen  and  the  control  electrode  portion.  This  improves  picture  quality  such  as  contrast. 

is  The  surface  insulated  film  is  preferably  composed  of  a  metal  substrate  provided  with  an  insulation  layer  on  the 
surface  thereof  in  order  to  facilitate  processing  of  the  insulating  substrate  8.  If  the  material  of  the  metal  substrate  has 
a  linear  expansion  coefficient  of  not  more  than  3  x  10_5/deg  at  a  temperature  of  room  temperature  to  about  500°C,  it 
is  possible  to  prevent  the  deterioration  caused  by  a  temperature  change. 

The  control  electrode  portion  may  be  produced  by  forming  surface  hole  portions  in  the  insulating  substrate  except 
20  for  the  portions  at  which  inner  hole  portions  are  formed,  covering  the  insulating  substrate  with  a  conductive  film  to 

which  a  passing  electron  controlling  potential  is  applied,  and  piercing  the  remaining  portions  from  the  surface  hole 
portions  so  as  to  form  the  inner  hole  portions. 

A  planar  television  set  can  be  produced  by  using  the  planar  display  apparatus  and  providing  a  receiving  means 
for  receiving  television  waves  and  a  display  control  means  for  displaying  the  signal  received  by  the  receiving  means 

25  on  the  planar  display  apparatus.  Thus,  a  thin  television  can  be  produced. 
With  the  invention,  electrons  do  not  stay  at  the  conductor  exposing  portions  which  are  not  covered  with  the  control 

electrodes,  so  that  the  area  of  the  portion  at  which  electrons  are  stored  is  reduced,  thereby  reducing  the  possibility  of 
causing  a  charge-up  effect. 

When  formed  by  a  film,  each  of  the  control  electrodes  may  satisfy  the  following  conditions  on  the  assumption  that 
30  the  thickness  of  the  conductive  film  is  t  urn  and  the  space  between  the  adjacent  conductive  films  is  d  urn: 

d/t  <  5,  d  <  100. 

35  This  means  that  the  area  of  the  portion  which  is  not  covered  with  the  control  electrode  and  attracts  electrons  is 
reduced,  and  the  electrons  which  have  been  attached  to  the  portion  move  to  the  control  electrode  situated  in  close 
proximity  thereto  and,  in  addition,  the  unnecessary  electric  field  produced  by  the  electrons  which  have  been  attached 
to  the  portion  is  unlikely  to  reach  the  orbit  of  the  passing  electrons  due  to  the  thickness  of  the  control  electrode.  Thus, 
the  lowering  of  the  luminance  due  to  the  charge-up  effect  is  prevented. 

40  The  invention  will  be  further  described  by  way  of  non-limitative  example,  with  reference  to  the  accompanying 
drawings,  in  which:- 

Figure  1  is  a  perspective  view  of  a  part  of  a  first  embodiment  of  a  planar  display  apparatus  according  to  the  present 
invention; 

45 
Figures  2  and  3  are  enlarged  partial  sectional  perspective  views  of  the  control  electrode  portion  of  the  first  em- 
bodiment; 

Figure  4  is  a  perspective  view  of  a  part  of  a  second  embodiment  of  a  planar  display  apparatus  according  to  the 
50  present  invention; 

Figure  5  is  a  perspective  view  of  a  part  of  a  third  embodiment  of  a  planar  display  apparatus  according  to  the  present 
invention; 

55  Figure  6  is  a  perspective  view  of  a  part  of  a  fourth  embodiment  of  a  planar  display  apparatus  according  to  the 
present  invention; 

Figure  7  is  an  enlarged  partially  sectional  perspective  view  of  the  control  electrode  portion  of  the  embodiment 
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shown  in  Figure  6; 

Figure  8  is  an  enlarged  sectional  view  of  the  control  electrode  portion  shown  in  Figure  7; 

5  Figure  9  is  a  perspective  view  of  a  part  of  a  fifth  embodiment  of  a  planar  display  apparatus  according  to  the  present 
invention; 

Figure  10  is  an  enlarged  partially  sectional  perspective  view  of  the  control  electrode  portion  of  the  embodiment 
shown  in  Figure  9; 

10 
Figure  11  is  an  enlarged  partially  sectional  perspective  view  of  the  control  electrode  portion  of  the  embodiment 
shown  in  Figure  10; 

Figure  12  is  an  enlarged  sectional  view  of  a  modification  of  the  control  electrode  portion  shown  in  Figure  11  ; 
15 

Figure  1  3  is  an  explanatory  view  of  the  process  for  producing  the  control  electrode  portion  in  accordance  with  the 
present  invention; 

Figure  1  4  is  an  exploded  view  of  the  structure  of  a  planar  television  set  in  accordance  with  the  present  invention; 
20 

Figure  15  is  a  perspective  view  of  a  conventional  planar  display  apparatus; 

Figure  1  6  is  a  perspective  view  of  a  part  of  the  control  electrode  portion  of  the  conventional  planar  display  apparatus 
shown  in  Figure  15;  and 

25 
Figure  17  is  an  enlarged  view  of  a  part  of  a  metal  electrode  of  the  conventional  planar  display  apparatus  shown 
in  Figure  15. 

Embodiments  of  the  present  invention  will  be  explained  hereinunder  with  reference  to  the  accompanying  drawings. 
30  Fig.  1  is  a  perspective  view  of  a  first  embodiment  of  a  planar  display  apparatus  according  to  the  present  invention.  The 

reference  numerals  1  to  5  denote  the  same  elements  as  those  in  the  conventional  apparatus.  The  reference  numeral 
21  represents  a  control  electrode  portion  disposed  between  the  front  glass  4  and  the  linear  hot  cathodes  1  in  close 
proximity  thereto.  The  control  electrode  portion  21  has  a  multiplicity  of  electron-passing  holes  22  which  correspond  to 
the  picture  elements  of  a  screen  and  allow  or  obstruct  the  passage  of  the  electrons  which  are  drawn  out  of  the  porous 

35  cover  electrodes  3  and  directed  toward  the  front  glass  4.  Figs.  2  and  3  are  enlarged  partially  sectional  perspective 
views  of  the  control  electrode  portion  21  ,  viewed  from  above  and  below,  respectively.  The  reference  numeral  23  rep- 
resents  a  conductive  substrate  having  the  electron-passing  holes  22  for  passing  electrons  therethrough  and  made  of 
stainless  steel,  aluminum  or  the  like.  The  reference  numeral  24  denotes  an  insulating  film  of  alumina,  silica  or  the  like 
which  is  formed  on  the  entire  surface  of  the  conductive  substrate  23  including  the  inner  wall  surfaces  of  the  electron- 

ic1  passing  hole  22  to  a  thickness  of  30  urn  A  surface  insulated  substrate  25  is  produced  by  coating  the  conductive 
substrate  23  with  the  insulating  film  24. 

The  reference  numeral  26  represents  a  first  control  conductive  film  group  with  which  is  coated  the  insulating  film 
24  on  the  undersurface  side  of  the  surface  insulated  substrate  25.  The  first  control  conductive  film  group  26  is  composed 
of  a  conductive  film  of  a  conductive  material  such  as  nickel  which  is  divided  into  a  plurality  of  films  26a  (first  control 

45  electrodes)  along  each  row  of  electron-passing  holes  22  so  as  to  form  a  substrate  exposing  portion  26b  between  every 
adjacent  conductive  films  26a. 

The  reference  numeral  27  represents  a  second  control  conductive  film  group  with  which  is  coated  the  insulating 
film  24  on  the  upper  surface  side  of  the  surface  insulated  substrate  25.  The  second  control  conductive  film  group  27 
is  composed  of  a  conductive  film  which  is  divided  into  a  plurality  of  films  27a  (second  control  electrodes)  along  each 

so  vertical  line  of  electron-passing  holes  22  so  as  to  form  a  substrate  exposing  portion  27b  between  every  adjacent  con- 
ductive  films  27a. 

The  coating  of  the  insulating  film  24  with  these  first  and  second  control  conductive  film  groups  26  and  27  extends 
to  the  inside  wall  surfaces  of  the  electron-passing  holes  22. 
Between  the  first  and  second  control  conductive  film  groups  26  and  27,  the  insulating  film  24  is  exposed,  thereby 

55  forming  a  substrate  exposing  portion  28  which  electrically  isolates  the  conductive  film  groups  26  and  27  from  each 
other.  As  described  above,  in  each  of  the  first  and  second  control  conductive  film  groups  26  and  27,  the  conductive 
films  26a  on  the  adjacent  rows  or  the  conductive  films  27a  on  the  adjacent  vertical  lines  are  also  electrically  separated 
from  each  other  by  the  substrate  exposing  portions  26b  or  27b.  Owing  to  this  structure,  it  is  possible  to  apply  different 
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potentials  to  the  conductive  films  26a  or  27b  depending  on  the  row  or  vertical  line. 
In  order  to  produce  the  control  electrode  portion  21  ,  an  aluminum  plate  of  0.5  mm  thick  is  used  as  the  conductive 

substrate  23  and  the  electron-passing  holes  of  22  of  0.4  mm  square  each  are  formed  by,  for  example,  etching.  An 
Alumite  layer  of  about  30  urn  thick  is  then  formed  as  the  insulating  film  24  by,  for  example,  anodic  oxidation.  A  conductive 

5  film  of  a  nickel  film  of  about  10  urn  is  formed  while  keeping  the  substrate  exposing  portions  26b,  27b  and  28  by  using 
a  technique  of  electroless  plating  and  masking,  for  example,  thereby  forming  the  first  and  second  control  conductive 
film  groups  26  and  27.  The  depth  of  the  conductive  film  on  the  inner  wall  surface  of  the  electron-passing  hole  22  is  0.2 
mm  both  in  the  first  and  second  control  conductive  film  groups  26  and  27.  The  width  of  the  substrate  exposing  portion 
28  is  0.1  mm. 

10  The  dots  and  the  pitches  of  the  phosphorescent  substances  5  on  the  front  glass  4  are  formed  in  correspondence 
with  the  electron-passing  holes  22  of  the  control  electrode  portion  21  . 

A  converging  electrode  plate  29  for  converging  the  electrons  which  have  passed  through  the  control  electrode 
portion  21  is  disposed  between  the  front  glass  4  and  the  control  electrode  portion  21,  as  shown  in  Fig.  14.  The  con- 
verging  electrode  plate  29  is  provided  on  top  of  the  second  control  conductive  film  group  27  of  the  control  electrode 

is  portion  21  by,  for  example,  etching  a  stainless  steel  plate  of  0.45  mm  thick  having  holes  of  0.  45  mm  square  each  which 
are  arranged  at  the  same  pitch  as  the  electron-passing  holes  22  of  the  control  electrode  portion  21  .  The  undersurface 
of  the  converging  electrode  plate  29,  namely,  the  surface  which  comes  into  contact  with  the  second  control  conductive 
film  group  27  in  Fig.  2  is  coated  with  an  insulating  layer  of  a  polyimide  resin  or  the  like  so  as  to  allow  the  application 
of  a  different  potential  from  that  applied  to  the  second  control  conductive  film  group  27  to  the  converging  electrode 

20  plate  29. 
In  the  planar  display  apparatus  having  the  above-described  structure,  it  is  possible  to  control  the  light  emission  of 

the  phosphorescent  substances  5  in  each  picture  element  and  display  a  desired  picture  by  applying  potentials  for 
controlling  the  passage  of  electrons  to  the  first  and  second  control  conductive  film  groups  26  and  27  as  in  the  conven- 
tional  apparatus.  When  the  on/off  operations  of  the  electrodes  were  confirmed  by  applying  voltages  of  the  same  level 

25  as  in  the  conventional  apparatus  to  the  first  and  second  control  conductive  film  groups  26  and  27  and  the  light  emitting 
state  of  the  phosphorescent  substances  5  was  observed,  a  sufficient  display  function  was  confirmed. 

In  order  to  ensure  the  off-operation,  it  is  necessary  to  produce  a  sufficient  electric  field  for  preventing  the  passage 
of  electrons  through  the  electron-passing  hole  22.  Such  an  electric  field  is  effectively  produced  by  the  conductive  film 
with  which  the  inner  wall  surface  of  the  electron-passing  hole  22  is  coated.  The  conductive  film  coats  the  inner  wall 

30  surface  of  the  electron-passing  hole  22  to  a  depth  of  not  less  than  1/4,  more  preferably  not  less  than  1/2  of  the  diameter 
of  the  electron-passing  hole  22. 

In  this  embodiment,  the  electron-passing  hole  22  has  a  square  shape,  but  a  similar  effect  is  produced  by  the 
electron-passing  hole  22  of  a  round  or  another  shape. 

Although  the  coating  of  the  insulating  film  24  with  these  first  and  second  control  conductive  film  groups  26  and  27 
35  extends  to  the  inside  wall  surfaces  of  the  electron-passing  holes  22  in  this  embodiment,  it  may  be  restricted  to  the 

insulating  film  on  the  upper  surface  side  and  the  undersurface  of  side  of  the  surface  insulated  substrate  25.  In  this 
case,  in  order  to  facilitate  the  on/off  control  of  the  electrodes  by  the  passing  electrodes,  the  conductive  films  of  the  first 
and  second  control  conductive  film  groups  26  and  27  are  preferably  formed  as  thick  films  having  a  thickness  of  not 
less  than  1/4  of  the  diameter  of  the  electron-passing  hole  22  by  printing  or  the  like.  For  example,  if  the  electron-passing 

40  hole  22  has  a  rectangular  shape,  the  thickness  of  the  conductive  film  is  not  less  than  1/4  of  the  short  side  of  the  rectangle 
and  if  the  electron-passing  hole  22  has  a  round  shape,  the  thickness  of  the  conductive  film  is  not  less  than  1/4  of  the 
diameter. 

In  this  embodiment,  the  surface  insulated  substrate  25  is  produced  by  forming  the  insulating  film  24  of  an  Alumite 
layer  on  the  surface  of  the  conductive  substrate  23  of  aluminum,  but  the  surface  insulated  substrate  25  may  be  produced 

45  by  forming  an  insulation  layer  of  an  oxide,  a  nitride  or  a  polyimide  resin  on  the  surface  of  a  metal  plate  other  than  an 
aluminum  plate  by,  for  example,  deposition.  It  is  also  possible  to  use  an  insulating  glass  or  ceramic  material  for  the 
surface  insulated  substrate  25.  However,  from  the  point  of  view  of  the  processability  and  the  efficiency,  a  metal  substrate 
provided  with  an  insulation  layer  is  the  most  suitable  as  the  surface  insulated  substrate  25.  This  is  because  a  metal 
substrate  is  easy  to  process  when  forming  the  electron-passing  holes  22  and  the  use  of  a  combination  of  a  metal 

so  substrate  and  an  insulation  layer  can  prevent  the  insulation  layer  from  separating  from  the  metal  substrate  during  the 
heating  process  in  the  manufacture  of  a  planar  display  apparatus  or  when  the  temperature  is  raised  by  an  electron 
beam  during  the  operation  of  the  apparatus.  In  addition,  such  surface  insulated  substrate  25  is  effective  for  preventing 
the  electrons  from  being  attached  to  the  electron-passing  holes  22  (charge-up  effect). 

In  order  to  prevent  the  insulating  film  from  separating  from  the  metal  substrate,  the  metal  substrate  preferably  has 
55  a  linear  expansion  coefficient  of  not  more  than  3  X  10"5/deg,  more  preferably  not  more  than  1  X  10"5/deg  at  a  temper- 

ature  of  room  temperature  to  about  500°C.  Examples  of  a  preferable  material  of  a  metal  substrate  are  niobium,  chro- 
mium,  iridium,  tantalum,  platinum  and  tungsten.  Use  of  these  metal  substrates  can  prevent  the  insulating  film  having 
an  excellent  insulation  property  such  as  aluminum  oxide,  silicon  oxide  and  magnesium  oxide  films  from  separating 
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from  the  substrates. 
In  this  embodiment,  since  the  insulating  film  24  on  the  upper  surface  side  is  coated  with  the  second  control  con- 

ductive  film  group  27  down  to  the  inner  wall  surface  of  the  electron-passing  holes  22,  an  electromagnetic  lens  is  formed 
in  the  interior  (the  direction  of  depth)  of  the  electron-passing  hole  22  so  as  to  receive  the  operation  of  the  electrons 

5  which  have  passed  the  electron-passing  holes  22.  The  converging  electrode  plate  29  for  converging  the  electrons 
which  have  passed  through  the  control  electrode  portion  21  so  as  to  prevent  the  electrons  from  flying  out  of  a  prede- 
termined  range  is  disposed  between  the  front  glass  4  and  the  control  electrode  portion  21  ,  as  shown  in  Fig.  17.  As  a 
result,  the  picture  quality  such  as  the  contrast  is  improved. 

It  is  also  possible  to  prevent  the  charge-up  effect  or  increase  the  amount  of  electron  beam  radiated  onto  the 
10  phosphorescent  substances  5  and  enhance  the  luminance  by  coating  at  least  a  part  of  the  substrate  exposing  portions 

28  in  the  electron-passing  holes  22  with  a  material  having  a  high  secondary-electron  emission  ratio  such  as  magnesium 
oxide,  beryllium  and  copper. 

Fig.  4  is  a  perspective  view  of  a  part  of  a  second  embodiment  of  a  planar  display  apparatus  according  to  the  present 
invention. 

is  A  first  characteristic  feature  of  this  embodiment  is  that  a  conductive  substrate  exposing  portion  30  which  is  not 
coated  with  the  insulating  film  24  is  provided  at  one  corner  portion  of  the  control  electrode  portion  21  .  A  second  char- 
acteristic  feature  of  this  embodiment  is  that  a  voltage  applying  circuit  31  for  applying  a  predetermined  voltage  is  con- 
nected  to  the  conductive  substrate  exposing  portion  30. 

In  the  planar  display  apparatus  having  the  above-described  structure,  it  is  possible  to  control  the  light  emission  of 
20  the  phosphorescent  substances  5  for  each  picture  element  and  display  a  desired  picture  by  applying  potentials  for 

controlling  the  passage  of  electrons  to  the  first  and  second  control  conductive  film  groups  26  and  27  under  the  same 
voltage  applying  conditions  as  those  in  the  conventional  apparatus. 

It  is  now  assumed  that  a  voltage  of  20  to  40  V  is  applied  to  the  n-th  conductive  film  26a  of  the  first  control  conductive 
film  group  26  so  as  to  turn  on  the  conductive  film  26a  and  a  voltage  of  0  to  -10  V,  e.g.,  -3  V  is  applied  to  the  other 

25  conductive  films  26a  to  turn  them  off.  In  this  case,  the  electrons  which  have  passed  through  the  porous  cover  electrodes 
2  only  reach  the  conductive  film  26a  in  the  on  state  without  reaching  the  conductive  films  26a  in  the  off  state  depending 
upon  the  potentials.  Therefore,  the  electrons  are  not  attached  to  the  substrate  exposing  portions  28  of  the  electron- 
passing  holes  22  which  are  coated  with  the  conductive  films  26a  other  than  the  n-th  conductive  film  26a.  As  to  the 
surface  exposing  portions  26b  between  the  conductive  films  26a  of  the  first  control  conductive  film  group  26,  no  elec- 

30  trons  reach  the  surface  exposing  portions  26b  except  the  surface  exposing  portion  26b  between  the  (n  -  1  )th  conductive 
film  and  the  n-th  conductive  film  and  the  surface  exposing  portion  26b  between  the  n-th  conductive  film  and  the  (n  + 
1)th  conductive  film.  In  the  surface  exposing  portions  27b  of  the  second  control  conductive  film  group  27,  even  if  the 
electrons  are  attached  thereto,  since  the  electrons  flow  from  the  side  of  the  first  control  conductive  film  group  26  and 
the  voltage  applied  to  the  front  glass  4  is  so  large  that  the  influence  of  the  electrons  attached  thereto  on  the  electric 

35  field  is  small,  the  display  luminance  is  not  influenced  and  the  lowering  of  the  luminance  is  not  observed. 
The  above-described  operation  is  the  same  as  in  the  conventional  apparatus  or  in  the  case  of  using  a  mere  insu- 

lating  plate  as  the  surface  insulated  substrate.  In  these  prior  arts,  when  the  n-th  conductive  film  26a  is  turned  on,  the 
electrons  enter  the  electron-passing  hole  22  coated  with  the  n-th  conductive  film  26a  and  a  part  of  the  electrons  collide 
with  and  are  attached  to  the  surface  exposing  portion  28  which  is  in  close  proximity  to  the  n-th  conductive  film  26a. 

40  The  electrons  which  have  once  been  attached  to  the  exposed  surface  portion  28  are  difficult  to  separate  and  the  number 
of  the  electrons  attached  thereto  gradually  increases.  These  electrons  strengthen  the  electric  field  and,  at  last,  exert 
influence  on  the  electrons  which  are  going  to  pass  through  the  electron-passing  hole  22  and  darken  the  display  of  the 
corresponding  picture  element. 

In  this  embodiment,  however,  the  surface  insulated  substrate  25  is  produced  by  coating  the  conductive  substrate 
45  23  with  the  insulating  film  24,  and  a  voltage  lower  than  the  voltage  applied  to  the  first  control  conductive  film  group  26 

in  the  on  state  is  applied  to  the  conductive  substrate  exposing  portion  30  by  the  voltage  applying  circuit  31  .  A  constant 
voltage  of  the  same  degree  as  the  potential  of  the  second  control  conductive  film  group  27  in  the  off  state,  e.g.,  -3  V 
is  applied  to  the  conductive  substrate  exposing  portion  30,  namely,  the  conductive  substrate  23.  When  a  voltage  of  -3 
V  is  applied  to  the  conductive  substrate  23  in  this  way,  the  potential  of  the  surface  of  the  conductive  substrate  23 

so  becomes  low  through  the  insulating  film  24,  so  that  no  electrons  are  attached  thereto.  Therefore,  by  turning  on  the  n- 
th  conductive  film  26a,  as  described  above,  even  when  the  electrons  enter  the  electron-passing  hole  22  coated  with 
the  n-th  conductive  film  26a,  they  are  attached  to  the  surface  exposing  portion  28.  Consequently,  in  this  embodiment, 
the  luminance  is  not  lowered  by  the  charge-up  effect  unlike  in  the  above-described  prior  arts,  and  it  is  possible  to  obtain 
a  displayed  screen  with  a  desired  luminance  and  a  stable  and  uniform  lightness. 

55  In  this  structure,  the  insulating  film  24  is  ineffective  if  the  thickness  thereof  exceeds  100  urn,  because  the  electric 
field  from  the  conductive  substrate  23  does  not  reach  the  surface  of  the  insulating  film  24.  If  the  thickness  is  not  more 
than  100  urn,  the  insulating  film  24  is  effective  and  especially  effective  if  the  thickness  is  not  more  than  30  urn  So  long 
as  the  withstand  voltage  is  enough,  the  thinner  the  insulating  film,  the  more  effective. 
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The  voltage  applied  to  the  conductive  substrate  23  is  effective  if  it  is  lower  than  the  voltage  applied  to  the  first 
control  conductive  film  group  26  in  the  on  state,  but  if  the  voltage  applied  exceeds  that  voltage,  it  has  an  adverse  effect. 
Furthermore,  if  the  voltage  applied  is  not  more  than  0  V,  an  unfailing  effect  is  obtained.  Especially,  if  the  voltage  is 
lower  than  the  voltage  applied  to  the  second  control  conductive  film  group  27  in  the  off  state,  a  more  decisive  effect  is 

5  obtained.  The  lower  the  voltage,  the  larger  the  effect. 
The  results  of  experiments  carried  out  by  varying  the  thickness  of  the  insulating  film  24  and  the  voltage  applied  to 

the  conductive  substrate  23  are  shown  in  Table  1  . 

Table  1 
Thickness  of  insulating  film  (urn)  Voltage  applied  to  conductive  substrate  (V)  Evaluation 

150  0  X 

-30  X 

-100  O 

100  50  X 

40  O 

0  O 

-3  O 

-20  O 

-100  ©  

50  40  O 

0  @ 

-3  ®  

-20  @ 

-100  ©  

30  40  O 

0  ©  

-3  ©  

-20  ©  

-50  ©  

40  In  these  experiments,  the  control  voltages  applied  to  the  first  and  second  control  conductive  film  groups  26  and 
27  so  as  to  turn  them  on  were  40  V  and  60  V,  respectively,  and  the  control  voltage  applied  to  them  so  as  to  turn  them 
off  was  -3  V.  The  voltage  applied  to  the  porous  cover  electrodes  3  was  7  V.  Evaluation  in  Table  1  shows  the  results  of 
the  comparison  between  the  surface  insulated  substrate  25  and  a  mere  insulating  substrate,  and  the  mark  X  indicates 
that  no  effect  was  observed,  O  that  an  effect  was  observed,  and@that  no  charge-up  effect  was  observed  in  ordinary 

45  operation,  in  other  words,  the  effect  of  the  planar  display  apparatus  was  decisive. 
Although  alumina  is  used  for  the  insulating  film  24  in  this  embodiment,  the  use  of  a  silica  insulating  film  or  an 

insulating  film  of  an  organic  material  such  as  a  polyimide  resin  also  brings  about  the  same  effect. 
The  control  voltages  applied  to  the  first  and  second  control  conductive  film  groups  26  and  27  so  as  to  turn  them 

on,  the  control  voltage  applied  to  them  so  as  to  turn  them  off,  and  the  voltage  applied  to  the  porous  cover  electrodes 
so  shown  in  this  embodiment  are  not  restricted  to  40  V,  60  V  -3  V  and  7  V,  respectively.  For  example,  when  a  voltage  of 

1  0  to  80  V  and  a  voltage  of  20  to  1  20  V  were  applied  to  the  first  control  conductive  film  group  26  and  the  second  control 
conductive  film  group  27,  respectively,  so  as  to  turn  them  on,  voltages  of  0  to  -1  0  V  were  applied  to  them  independently 
of  each  other  so  as  to  turn  them  off  and  a  voltage  of  5  to  40  V  was  applied  to  the  porous  cover  electrodes  3,  similar 
effects  were  obtained. 

55  Figure  5  shows  a  third  embodiment  of  a  planar  display  apparatus  according  to  the  present  invention.  In  this  em- 
bodiment,  a  voltage  applying  means  constituted  by  a  pulse  voltage  applying  device  41  for  applying  a  pulse  voltage 
having  a  predetermined  value  to  the  conductive  substrate  23  is  adopted  as  a  means  for  effectively  preventing  the 
charge-up  effect.  The  third  embodiment  is  the  same  as  the  second  embodiment  shown  in  Fig.  4  except  for  the  pulse 
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voltage  applying  device  41.  The  pulse  voltage  applying  device  41  ordinarily  applies  40  V,  which  is  the  same  voltage 
as  that  applied  to  the  first  control  conductive  film  group  26  in  the  on  state,  or  50  V  to  the  conductive  substrate  23.  As 
described  above,  in  order  to  display  a  picture,  the  conductive  films  26a  of  the  first  control  conductive  film  group  26  are 
consecutively  turned  on  one  by  one.  At  this  time,  a  voltage  not  less  than  10  V  lower  than  the  voltage  applied  to  the 

5  first  control  conductive  film  group  26  in  the  off  state  is  applied  to  the  conductive  substrate  23  by  the  pulse  voltage 
applying  device  41  for  a  predetermined  period  immediately  before  the  corresponding  conductive  film  26  is  turned  on. 
For  example,  if  it  is  assumed  that  the  voltage  applied  to  the  first  control  conductive  film  group  26  in  the  off  state  is  -3 
V,  a  voltage  of  -20  V  is  applied  to  the  conductive  substrate  23.  The  predetermined  times  for  which  the  voltage  of  -20 
V  is  applied  to  the  conductive  substrate  23  is  6  u.sec  between  6  u.  sec  to  0  u.  sec  before  one  conductive  film  26a  is 

10  turned  on.  In  this  way,  the  voltage  of  -20V  is  applied  to  the  conductive  substrate  23  before  each  conductive  film  26a 
is  turned  on. 

When  a  voltage  of  -  20  V  is  applied  to  the  conductive  substrate  23  in  the  form  of  a  pulse  in  the  above-described 
way,  the  electrons  which  have  been  attached  to  the  substrate  exposing  portion  28  and  the  like  are  removed  therefrom 
due  to  the  electric  field,  and  each  conductive  film  26a  is  turned  on  in  the  state  free  from  those  electrons.  Consequently, 

is  the  luminance  is  not  lowered  by  the  charge-up  effect,  and  it  is  possible  to  obtain  a  displayed  screen  with  a  desired 
luminance  and  a  stable  and  uniform  lightness. 

Table  2  shows  the  results  of  experiments  carried  out  by  varying  the  thickness  of  the  insulating  film  24  and  the 
voltage  applied  to  the  conductive  substrate  23. 

20  Table  2 
Thickness  of  insulating  film  (urn)  Pulse  Voltage  (V)  Evaluation 

150  -20  X 

-100  X 
100  3  X 

-8  X 

-13  O 

-30  O 

-70  O 

-100  ©  

50  0  O 

-8  O 

-13  ©  

-30  ©  

30  0  O 

-8  ©  

-13  ©  

-20  ©  

-30  ©  

It  is  obvious  from  Table  2  that  the  insulating  film  24  is  ineffective  if  the  thickness  thereof  exceeds  100  urn,  because 
the  electric  field  from  the  conductive  substrate  23  does  not  reach  the  surface  of  the  insulating  film  24.  If  the  thickness 

so  is  not  more  than  100  urn,  especially,  not  more  than  50  urn,  the  insulating  film  24  is  effective. 
The  pulse  voltage  applied  to  the  conductive  substrate  23  is  effective  if  it  is  not  less  than  1  0  V  lower  than  the  voltage 

-3  V,  which  is  applied  to  the  first  control  conductive  film  group  26  in  the  off  state,  in  other  words  if  it  is  not  more  than 
-13  V.  In  these  experiments,  the  control  voltages  applied  to  the  first  and  second  control  conductive  film  groups  26  and 
27  so  as  to  turn  them  on  were  40  V  and  60  V,  respectively,  and  the  control  voltage  applied  to  them  so  as  to  turn  them 

55  off  was  -3  V.  The  voltage  applied  to  the  porous  cover  electrodes  3  was  7  V. 
The  marks  X,  O  and©in  the  evaluation  in  Table  2  indicate  the  same  as  in  Table  1  . 
If  the  voltage  applied  to  the  conductive  substrate  23  at  a  time  other  than  the  time  when  a  pulse  voltage  is  applied 

is  increased,  the  display  luminance  tends  to  be  enhanced,  and  this  effect  is  more  prominent  when  the  voltage  applied 
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exceeds  the  voltage  applied  to  the  first  control  conductive  film  group  26  in  the  on  state.  If  the  voltage  applied  exceeds 
the  voltage  applied  to  the  second  control  conductive  film  group  27  in  the  on  state,  the  charge-up  effect  preventing  effect 
is  slightly  reduced.  On  the  other  hand,  if  the  voltage  applied  to  the  conductive  substrate  23  at  a  time  other  than  the 
time  when  a  pulse  voltage  is  applied  is  reduced,  the  unevenness  of  the  luminance,  which  is  constantly  caused  probably 

5  be  a  slight  number  of  electrons  which  are  attached  to  the  conductive  substrate  23  after  the  application  of  the  pulse 
voltage,  becomes  very  small,  but  if  the  voltage  becomes  not  more  than  0  V,  the  lowering  of  the  luminance  is  remarkable. 

That  is,  while  it  is  necessary  to  reduce  the  voltage  applied  to  the  conductive  substrate  23  in  order  to  reduce  the 
charge-up  effect,  when  the  voltage  applied  is  lowered,  the  luminance  is  also  lowered.  In  this  embodiment,  since  not  a 
DC  voltage  but  a  pulse  voltage  is  applied  to  the  conductive  substrate  23,  as  described  above,  it  is  possible  to  reduce 

10  the  charge-up  effect  by  applying  a  sufficiently  low  voltage  which  immediately  removes  the  electrons  adhered  thereto 
while  shortening  the  time  for  applying  a  low  voltage  which  lowers  the  luminance.  When  a  DC  voltage  which  is  low  but 
does  not  influence  the  luminance  is  applied  to  the  conductive  substrate  23,  the  charge-up  effect  is  reduced  but  the 
electrons  once  attached  thereto  are  unlikely  to  be  removed.  For  example,  immediately  after  the  making  of  the  power 
source  or  during  a  long-time  operation  exceeding  24  hours,  the  charge-up  effect  is  sometimes  observed.  In  contrast, 

is  this  embodiment  in  which  a  sufficiently  low  pulse  voltage  for  providing  a  sufficient  energy  for  removing  the  attached 
electrons  is  applied  is  effective. 

Although  a  sufficiently  low  voltage  is  applied  for  a  predetermined  period  immediately  before  the  conductive  film 
26a  is  turned  on  in  this  embodiment,  a  similar  effect  is  obtained  even  if  the  voltage  is  applied  after  the  conductive  film 
26a  is  turned  on.  A  special  mode  for  removing  the  attached  electrons  may  be  provided  such  as  a  mode  in  which  all 

20  the  conductive  films  26a  of  the  first  control  conductive  film  group  26  are  turned  off  while  a  sufficiently  low  voltage  is 
applied.  Although  one  period  of  pulse  voltage  is  applied  every  time  each  conductive  film  26a  is  turned  on  in  this  em- 
bodiment,  the  period  may  be  increased  to  two  or  more,  or  may  be  reduced.  In  our  experiments,  a  similar  effect  was 
observed  when  one  period  of  pulse  voltage  was  applied  every  time  all  the  conductive  films  26a  of  the  first  control 
conductive  film  group  26  are  consecutively  turned  on  (per  frame).  Although  a  period  for  applying  a  sufficiently  low 

25  voltage  is  6  u.sec  in  this  embodiment,  the  effect  tends  to  become  more  prominent  as  the  period  becomes  longer.  On 
the  other  hand,  a  similar  effect  was  observed  when  the  period  was  set  at  0.5  usee. 

The  control  voltages  applied  to  the  first  and  second  control  conductive  film  groups  26  and  27  so  as  to  turn  them 
on,  the  control  voltage  applied  to  them  so  as  to  turn  them  off,  and  the  voltage  applied  to  the  porous  cover  electrodes 
shown  in  this  embodiment  are  not  restricted  to  40  V,  40  V  -3  V  and  7  V,  respectively.  For  example,  when  a  voltage  of 

30  1  0  to  80  V  and  a  voltage  of  20  to  1  20  V  were  applied  to  the  first  control  conductive  film  group  26  and  the  second  control 
conductive  film  group  27,  respectively,  so  as  to  turn  them  on,  voltages  of  0  to  1  20  V  were  applied  to  them  independently 
of  each  other  so  as  to  turn  them  off  and  a  voltage  of  5  to  40  V  was  applied  to  the  mesh  electrode  3,  similar  effects  were 
obtained  in  these  experiments. 

The  effect  of  applying  the  pulse  voltage  to  the  conductive  substrate  23  is  not  restricted  to  the  third  embodiment 
35  shown  in  Figure  5. 

Another  embodiment  of  the  present  invention  for  preventing  the  charge-up  effect  will  now  be  explained. 
Figures  6  and  7  show  a  fourth  embodiment  of  the  present  invention.  Figure  7  is  an  enlarged  partially  sectional 

perspective  view  of  the  control  electrode  portion  21  in  the  embodiment  shown  in  Figure  6.  In  Figure  6,  the  same  nu- 
merals  are  provided  for  the  elements  which  are  the  same  as  those  shown  in  Fig.  4.  In  this  embodiment,  the  insulating 

40  film  24  is  formed  only  at  the  portions  of  the  conductive  substrate  23  on  which  the  conductive  films  26a  and  27a  are 
formed. 

The  first  control  conductive  film  group  26  is  composed  of  a  conductive  film  covering  the  undersurface  of  the  con- 
ductive  substrate  23  through  the  insulating  film  24  and  divided  into  a  plurality  of  conductive  films  26a  in  correspondence 
with  the  respective  rows  of  the  electron-passing  holes  22.  The  conductive  film  is  composed  of  a  conductive  material 

45  such  as  nickel.  The  second  control  conductive  film  group  27  is  composed  of  a  conductive  film  covering  the  upper 
surface  of  the  conductive  substrate  23  through  the  insulating  film  24  and  divided  into  a  plurality  of  conductive  films  27a 
in  correspondence  with  the  respective  vertical  lines  of  the  electron-passing  holes  22.  The  coating  of  the  insulating  film 
24  with  these  first  and  second  control  conductive  film  groups  26  and  27  extends  to  the  inside  wall  surfaces  of  the 
electron-passing  holes  22. 

so  The  first  and  second  control  conductive  film  groups  26  and  27  are  electrically  isolated  from  each  other.  As  described 
above,  in  each  of  the  first  and  second  control  conductive  film  groups  26  and  27,  the  conductive  films  26a  on  the  adjacent 
rows  or  the  conductive  films  27a  on  the  adjacent  vertical  lines  are  also  electrically  separated  from  each  other.  Owing 
to  this  structure,  it  is  possible  to  apply  different  potentials  to  the  conductive  films  26a  or  27b  depending  on  the  row  or 
vertical  line. 

55  A  conductor  exposing  portion  51  is  formed  between  the  conductor  films  26  and  27  in  each  electron  hole  22  and 
between  the  conductive  film  on  every  adjacent  rows  or  vertical  lines.  Fig.  8  is  an  enlarged  view  of  a  part  of  the  control 
electrode  portion  21  .  As  shown  in  Fig.  8,  since  the  conductor  exposing  portions  51  are  formed,  the  insulating  films  24 
are  exposed  only  at  their  end  portions  52.  The  thickness  of  the  insulating  film  24  is  30  urn. 
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In  the  planar  display  apparatus  having  the  above-described  structure,  a  voltage  of  20  V  is  applied  to  the  conductive 
substrate  23.  The  other  voltage  applying  conditions  are  the  same  as  in  the  embodiment  shown  in  Fig.  4.  In  other  words, 
the  control  voltages  applied  to  the  first  and  second  control  conductive  film  groups  26  and  27  so  as  to  turn  them  on  are 
40  V  and  60  V,  respectively,  and  the  control  voltage  applied  to  them  so  as  to  turn  them  off  is  -3  V. 

5  If  it  is  assumed  that  a  voltage  of  40  V  is  applied  to  the  n-th  conductive  film  26a  of  the  first  control  conductive  film 
group  26  so  as  to  turn  on  the  conductive  film  26a,  the  electrons  only  reach  the  vicinity  of  the  conductive  film  26a  in  the 
on  state  without  reaching  the  conductive  films  26a  in  the  off  state.  A  part  of  the  electrons  reach  the  end  portions  52  of 
the  insulating  film  24  sandwiched  between  the  conductive  film  26a  in  the  on  state  and  the  conductive  substrate  23  on 
the  undersurface  of  the  control  electrode  portion  21  or  in  the  electron  hole  22,  and  a  part  of  them  adhere  to  the  end 

10  portions  52  of  this  insulating  film  24.  However,  since  the  end  portion  52  of  the  insulating  film  24  has  a  small  width 
sandwiched  between  the  conductors,  the  electrons  adhered  thereto  are  apt  to  move  to  the  conductors  in  close  proximity 
thereto.  Therefore,  the  electron  adhesion  density  is  not  large.  In  addition,  since  the  exposed  surface  of  the  end  portion 
52  of  the  insulating  film  24  is  small,  few  electrons  adhere  thereto,  and  the  influence  on  the  electrons  which  pass  through 
the  electron  hole  22  is  small.  For  these  reasons,  in  this  embodiment,  the  lowering  of  the  luminance  due  to  the  charge- 

's  up  effect  is  not  caused,  and  it  is  possible  to  obtain  a  displayed  screen  with  a  desired  luminance  and  a  stable  and 
uniform  lightness. 

Table  3  shows  the  results  of  experiments  carried  out  by  varying  the  thickness  of  the  insulating  film  24  in  this 
structure. 

20  Table  3 
Thickness  of  insulating  film  (urn)  Evaluation 

150  X 
120  ©  
100  ©  
50  ©  
30  ©  

The  marks  X,  O  and  in@the  evaluation  in  Table  3  indicate  the  same  as  in  Table  1  . 
It  is  obvious  from  Table  3  that  the  insulating  film  24  is  effective  if  the  thickness  thereof  is  not  more  than  120  urn. 
The  voltage  applied  to  the  conductive  substrate  23  was  20  V,  but  the  advantages  of  the  present  invention  are 

brought  about  when  the  voltage  of  having  a  different  value  was  applied.  Especially,  when  the  voltage  is  not  more  than 
0  V,  the  a  large  effect  is  obtained. 

The  voltage  applied  to  the  conductive  substrate  23  is  not  restricted  to  a  constant  voltage.  For  example,  a  voltage 
which  periodically  varies  such  as  an  AC  voltage  or  a  pulse  voltage  synchronous  with  the  scanning  of  the  first  control 
conductive  film  group  26  may  be  adopted.  However,  it  is  necessary  to  maintain  the  conductive  substrate  23  at  a  pre- 
determined  potential,  and  it  is  inconvenient  to  keep  it  in  what  is  called  an  electrically  floating  state.  This  is  because  in 
this  state,  electrons  are  attached  to  the  conductive  substrate  23  itself  and  the  conductive  substrate  gradually  has  a 
strongly  negative  potential,  which  makes  it  difficult  for  the  electrons  to  pass  through  the  electron-passing  hole  22, 
thereby  lowering  the  display  luminance. 

In  this  embodiment,  the  insulating  film  24  is  formed  only  at  the  portions  at  which  the  control  electrodes  are  provided 
and  the  other  portions  are  kept  as  the  conductor  exposing  portions  51  but  it  is  also  possible  to  form  the  conductor 
exposing  portions  51  only  at  the  portions  which  easily  attract  electrons,  and  the  insulating  films  24  are  formed  at  the 
other  portions.  For  example,  there  is  substantially  no  problem  in  exposing  the  insulating  film  24  between  the  conductive 
films  27a  of  the  second  control  conductive  film  group  27  or  the  strip  metal  electrodes  1  0a  .  Furthermore,  the  insulating 
film  24  may  be  left  exposed  between  the  conductive  films  26a  of  the  first  control  conductive  film  group  26  or  the  strip 
metal  electrodes  9a. 

When  a  voltage  of  10  to  80  V  and  a  voltage  of  20  to  120  V  were  applied  to  the  first  control  conductive  film  group 
26  and  the  second  control  conductive  film  group  27,  respectively,  so  as  to  turn  them  on,  voltages  of  0  to  -10  V  were 
applied  to  them  independently  of  each  other  so  as  to  turn  them  off,  and  a  voltage  of  5  to  40  V  was  applied  to  the  porous 
cover  electrodes  3,  similar  effects  were  obtained. 

A  further  embodiment  of  the  present  invention  for  preventing  the  charge-up  effect  will  now  be  explained.  Figs.  9 
and  10  show  a  fourth  embodiment  of  the  present  invention.  Fig.  9  is  a  perspective  view  of  a  part  of  a  planar  display 
apparatus  and  Fig.  10  is  an  enlarged  partially  sectional  perspective  view  of  a  part  of  the  control  electrode  portion  21 
in  the  fourth  embodiment. 

In  Figs.  9  and  10,  the  same  numerals  are  provided  for  the  elements  which  are  the  same  as  those  shown  in  Fig.  4. 
The  reference  numeral  61  represents  an  insulating  substrate  having  the  electron-passing  holes  22  for  passing  electrons 
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therethrough  and  composed  of  a  ceramic  material  containing  alumina  as  the  main  constituent.  The  first  and  second 
control  conductive  film  groups  26  and  27  are  formed  on  the  insulating  substrate  61  in  the  same  way  as  in  Fig.  2.  The 
first  control  conductive  film  group  26  is  composed  of  a  conductive  film  covering  the  undersurface  of  the  conductive 
substrate  23  and  divided  into  a  plurality  of  conductive  films  26a  in  correspondence  with  the  respective  rows  of  the 

5  electron-passing  holes  22  so  as  to  form  the  substrate  exposing  portions  26b.  The  second  control  conductive  film  group 
27  is  composed  of  a  conductive  film  covering  the  upper  surface  of  the  conductive  substrate  23  and  divided  into  a 
plurality  of  conductive  films  27a  in  correspondence  with  the  respective  vertical  lines  of  the  electron-passing  holes  22 
so  as  to  form  the  substrate  exposing  portions  26b. 

The  thickness  t  of  the  conductive  films  26a  and  27a  of  the  first  and  second  control  conductive  film  groups  26  and 
10  27  is  10  urn.  The  space  d  between  the  conductive  films  26a  and  27b  which  are  adjacent  to  each  other  in  the  electron- 

passing  hole  22,  the  space  d  between  the  adjacent  conductive  films  27a  on  the  upper  surface  of  the  control  electrode 
portion  21  and  the  space  d  of  the  adjacent  conductive  films  27a  on  the  undersurface  of  the  control  electrode  portion 
21  are  equally  40  urn.  Fig.  11  is  an  enlarged  view  of  a  part  of  the  conductive  films  26a  and  27a  which  are  adjacent  to 
each  other  in  the  electron-passing  hole  22. 

is  In  the  planar  display  apparatus  having  the  above-described  structure,  the  voltage  applying  conditions  are  the  same 
as  in  the  embodiment  shown  in  Fig.  4.  In  other  words,  the  control  voltages  applied  to  the  first  and  second  control 
conductive  film  groups  26  and  27  so  as  to  turn  them  on  are  40  V  and  60  V,  respectively,  the  control  voltage  applied  to 
them  so  as  to  turn  them  off  is  -3  V,  and  the  voltage  applied  to  the  porous  cover  electrodes  3  is  7  V. 

If  it  is  assumed  that  a  voltage  of  40  V  is  applied  to  the  n-th  conductive  film  26a  of  the  first  control  conductive  film 
20  group  26  so  as  to  turn  on  the  conductive  film  26a,  the  electrons  only  reach  the  vicinity  of  the  conductive  film  26a  in  the 

on  state  without  reaching  the  conductive  films  26a  in  the  off  state.  The  electrons  enter  the  electron-passing  hole  22 
and  a  part  of  them  reach  the  substrate  exposing  portion  28  in  the  electron-passing  hole  22  and  a  part  of  the  electrons 
are  attached  to  the  substrate  exposing  portion  28. 

However,  since  the  substrate  exposing  portion  28  is  separated  from  the  orbit  of  electrons  due  to  the  thickness  of 
25  the  conductive  films  26a  and  27a  and  has  a  small  width,  the  electrons  do  not  easily  reach  the  substrate  exposing 

portion  28  and  the  electrons  attached  thereto  are  apt  to  move  to  the  conductor  films  26a  and  27a  in  close  proximity 
thereto.  Therefore,  the  electron  adhesion  density  is  not  large.  In  addition,  since  the  substrate  exposing  portion  28  is 
separate  from  the  orbit  of  electrons  due  to  the  thickness  of  the  conductive  film  26a,  the  electric  field  by  the  electrons 
adhered  thereto  has  only  a  small  influence  on  the  electrons  which  pass  the  electron-passing  hole  22. 

30  For  these  reasons,  in  this  embodiment,  the  lowering  of  the  luminance  due  to  the  charge-up  effect  is  not  caused, 
and  it  is  possible  to  obtain  a  displayed  screen  with  a  desired  luminance  and  a  stable  and  uniform  lightness.  The  electric 
field  of  the  electrons  which  are  attached  to  the  substrate  exposing  portion  28  is  separate  from  the  orbit  of  the  electrons 
which  pass  the  electron-passing  hole  22,  and  it  has  only  a  small  influence. 

Table  4  shows  the  results  of  experiments  carried  out  by  varying  the  space  d  between  the  adjacent  conductive  films 
35  and  the  thickness  t  of  the  conductive  film  in  this  structure. 

In  the  evaluation,  the  mark  X  indicates  that  a  change  in  the  display  luminance  due  to  the  charge-up  effect  was 
observed  and©that  no  change  in  the  display  luminance  was  observed. 

Table  4 
40 

45 

50 

d  (urn)  t  (urn)  d/t  Evaluation  d  t  (urn)  d/t  (urn)  Evaluation 

150  150  1  X  50  20  2.5  ©  

100  1.5  X  10  5  ©  

100  100  1  ©  5  10  X 
30  3.3  ©  40  20  2  ©  

20  5  ©  10  4  ©  

10  10  X  7  5.7  ©  

25  5  5  ©  

It  is  obvious  from  Table  4  that  if  the  conditions  that  d/t  g  5,  and  d  g  1  00  urn  are  satisfied,  advantages  are  produced. 
As  described  above,  the  control  voltages  applied  to  the  first  and  second  control  conductive  film  groups  26  and  27  so 
as  to  turn  them  on  were  40  V  and  60  V,  respectively,  and  the  control  voltage  applied  to  them  so  as  to  turn  them  off  was 
-3  V.  However,  the  advantages  of  the  present  invention  tend  to  increase  and  become  better  than  those  in  Table  4  when 
the  difference  in  the  control  voltages  applied  to  the  first  control  conductive  film  group  26  and  second  control  conductive 
film  group  27  is  large.  Especially,  if  the  difference  in  the  control  voltage  is  more  than  20  V,  the  effect  is  unfailing.  When 
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a  voltage  of  10  to  80  V  and  a  voltage  of  20  to  120  V  were  applied  to  the  first  control  conductive  film  group  26  and  the 
second  control  conductive  film  group  27,  respectively,  so  as  to  turn  them  on,  voltages  of  0  to  -10  V  were  applied  to 
them  independently  of  each  other  so  as  to  turn  them  off  and  a  voltage  of  5  to  40  V  was  applied  to  the  porous  cover 
electrodes  3,  similar  effects  were  obtained. 

5  Although  a  ceramic  plate  containing  alumina  as  the  main  constituent  is  used  for  the  insulating  substrate  61  in  this 
embodiment,  an  insulating  material  such  as  glass  or  a  conductive  substrate  provided  with  an  insulating  film  thereon 
as  in  the  embodiment  shown  in  Fig.  2  may  be  used  instead. 

The  control  electrode  is  composed  of  the  conductive  film  26a  having  a  uniform  thickness  t  in  this  embodiment,  but 
the  same  effect  is  produced  by  the  control  electrode  having  a  height  of  t  at  the  end  portions.  For  example,  when  the 

10  control  electrode  is  produced  from  a  conductive  film,  the  conductive  film  having  a  thickness  thinner  than  t  urn  may  be 
used  such  that  the  exposed  substrate  portion  28  of  the  insulating  substrate  61  is  recessed  by  about  t  urn  and  the  side 
surfaces  of  the  recess  is  also  covered  with  the  conductive  film,  thereby  constituting  the  electrode  having  a  height  of 
substantially  t  urn  at  the  end  portions,  as  shown  in  Fig.  12. 

As  described  above,  according  to  the  present  invention,  it  is  possible  to  prevent  a  change  in  the  display  luminance 
is  caused  by  the  charge-up  effect. 

Although  the  electron-passing  hole  22  has  a  square  shape  in  these  embodiments,  a  similar  effect  is  produced  by 
the  electron-passing  hole  22  of  a  round  or  another  shape.  The  electron  emission  source  is  not  restricted  to  the  one 
composed  by  the  linear  hot  cathodes  1  and  porous  cover  electrodes  2  shown  in  the  embodiments,  but  any  electron 
emission  source  that  uniformly  emits  electrons  to  the  control  electrode  portion  21  may  be  used.  For  example,  small 

20  indirectly-heated  cathodes  arranged  in  a  matrix  or  an  array  of  cathodes  utilizing  electric  field  emission  may  be  used 
instead. 

A  different  structure  of  the  control  electrode  portion  21  and  an  example  of  method  of  producing  the  same  will  be 
explained  in  the  following.  Fig.  1  3  is  an  explanatory  view  of  the  method  of  producing  the  control  electrode  portion  21  . 
In  this  case,  a  free  cutting  ceramic  substrate  71  is  used  as  the  surface  insulated  substrate.  The  free  cutting  ceramic 

25  substrate  71  is  first  drilled  from  both  sides  to  make  surface  hole  portions  71a  of  the  electron-passing  holes  22  while 
leaving  the  intermediate  portions  therebetween  (step  B).  Resist  layers  72  for  dividing  the  first  control  conductive  film 
group  26  and  the  second  control  conductive  film  group  27  into  a  plurality  of  conductive  films  26a  and  27a,  respectively, 
each  of  which  is  electrically  isolated  from  the  conductive  films  26a  and  27a  on  the  adjacent  row  and  vertical  line, 
respectively,  are  formed  (step  C).  The  entire  surface  of  the  ceramic  substrate  71  provided  with  the  resist  layers  72  is 

30  covered  with  a  metal  such  as  copper  so  as  to  form  a  metal  film  (conductive  film)  73  of  about  several  u.  thick  (step  D). 
The  resist  layers  are  then  removed  to  obtain  the  conductive  films  26a,  27a  and  substrate  exposing  portions  27b  (step 
E).  The  intermediate  portions  left  at  the  step  B  are  then  bored  by,  for  example,  electron  beam  boring,  laser  machining 
and  machining  so  as  to  make  through  holes  each  having  a  smaller  diameter  than  the  surface  hole  portion  71  a  formed 
at  the  step  B.  In  this  way,  the  electron-passing  holes  22  each  being  composed  of  the  surface  hole  portions  71a  and 

35  an  inner  hole  portion  74  are  completed  (step  F). 
The  thus-produced  electron-passing  hole  22  scarcely  obstructs  the  passage  of  electrons  and  electrically  isolates 

the  conductive  film  27a  on  the  upper  surface  from  the  conductive  film  26a  on  the  undersurface  with  safety.  The  con- 
ductive  films  26a  and  27a  are  capable  of  coating  the  ceramic  substrate  71  including  the  inner  wall  surface  of  the 
electron-passing  hole  22.  This  boring  process  in  which  the  surface  hole  portions  71a  having  a  larger  diameter  are  first 

40  formed,  the  conductive  film  73  is  next  formed  and  the  inner  hole  portions  74  are  finally  formed  enables  the  formation 
of  the  conductive  film  73  and  the  electron-passing  holes  22  with  very  good  processability  and  the  provision  of  the 
control  electrode  portion  21  having  excellent  insulating  properties  and  high  reliability. 

A  television  set  using  such  a  planar  display  apparatus  will  now  be  explained.  Fig.  14  is  an  exploded  view  of  the 
structure  of  the  television  set.  A  planar  display  apparatus  81  is  similar  to  the  above-described  embodiments.  In  Fig. 

45  14  the  reference  numeral  82  is  a  sealed  container  having  the  front  glass  4  and  maintaining  the  interior  thereof  in  a 
vacuum  and  sealed  state.  In  the  interior  of  the  sealed  container  82,  the  rear  electrode  12,  the  linear  hot  cathodes  1, 
the  porous  cover  electrodes  2,  the  control  electrode  portion  21,  the  converging  electrode  plate  29  are  arranged.  To 
these  elements,  appropriate  voltages  are  applied  by  voltage  applying  circuits  83  to  86,  respectively.  When  voltages 
are  applied  to  the  rear  electrode  1  2,  linear  hot  cathodes  1  ,  porous  cover  electrodes  2  and  the  aluminum  foil  formed  on 

so  the  inner  wall  of  the  front  glass  4,  respectively,  electrons  are  drawn  out  of  the  linear  hot  cathodes  1  .  By  the  voltage 
applied  to  the  porous  cover  electrodes  2,  the  density  of  the  electrons  emitted  from  the  linear  hot  cathode  is  made 
uniform,  and  by  the  voltage  applied  to  the  converging  electrode  plate  29,  the  electrons  which  have  passed  the  control 
electrode  portion  21  are  converged.  A  control  voltage  for  so  controlling  the  amount  of  electron  beam  radiated  on  the 
phosphorescent  substances  5  as  to  correspond  to  the  picture  to  be  displayed  is  applied  to  the  control  electrode  portion 

55  21  by  a  display  control  means  91.  At  the  stage  precedent  to  the  display  control  means  91,  a  video.  sound  receiving 
circuit  92  is  provided  as  a  receiving  means  for  receiving  television  waves.  The  display  control  means  91  is  composed 
of  a  color  signal  reproducing  circuit  93  and  a  driving  circuit  94.  The  color  signal  reproducing  circuit  93  reproduces  a 
color  signal  containing  a  luminance  signal  on  the  basis  of  the  receiving  signal  which  is  input  from  the  video.  sound 

13 



EP0  649  163  B1 

receiving  signal  92.  The  driving  circuit  94  applies  pulse  control  voltages  to  the  conductive  films  26a  and  27a  of  the 
control  electrode  portion  21  on  the  basis  of  the  color  signal  input  from  the  color  signal  reproducing  circuit  93.  A  sound 
circuit  95  reproduces  a  sound  on  the  basis  of  the  signal  supplied  from  the  video.  sound  signal  receiving  circuit  92. 

In  applying  a  control  voltage  to  the  control  electrode  portion  21  in  the  television  set  having  the  abovedescribed 
5  structure,  for  example,  a  pulse  voltage  having  a  predetermined  value  is  consecutively  applied  to  the  conductive  films 

26a  (see  Figure  2)  on  each  row  and  a  pulse  voltage  having  a  predetermined  value  is  applied  to  the  conductive  film 
27a  (see  Figure  2)  on  the  vertical  line  on  each  row  which  corresponds  to  the  picture  element  at  which  the  phospho- 
rescent  substance  5  is  caused  to  glow.  A  television  picture  is  reproduced  in  this  way.  Thus,  a  thin  television  set  is 
obtained. 

10  This  application  was  divided  from  copending  application  number  91  300747.2  which  describes  and  claims  some 
of  the  subject  matter  described  above. 

Claims 
15 

1  .  A  planar  display  apparatus  comprising: 

an  electron  emission  source  (1)  for  emitting  electrons  to  a  phosphor  screen  (4,5)  provided  on  the  inside  of  a 
sealed  container; 

20 
a  surface  insulated  substrate  (25)  which  is  provided  between  said  electron  emission  source  (1  )  and  said  phos- 
phor  screen  (4,5)  and  provided  with  a  plurality  of  electron-passing  holes  (22);  and 

control  electrodes  (26,27)  formed  by  two  sets  of  orthogonal  electrodes  on  opposite  sides  of  the  substrate  (25), 
25  and  to  which,  in  use,  a  passing  electron  controlling  potential  is  applied;  wherein  the  control  electrodes  are 

composed  of  a  plurality  of  separate  conductive  films  which  are  formed  on  said  surface  insulated  substrate  and 
extend  onto  the  respective  inner  wall  surfaces  of  said  electron-passing  holes  (22)  and  adjacent  control  elec- 
trodes  (26,27)  within  the  sets  are  separated  by  exposed  portions  (26b,  27b)  of  the  surface  insulated  substrate 
(25)  on  the  respective  one  of  the  opposite  sides  of  the  substrate  (25),  characterised  in  that  the  sets  (26,27) 

30  are  separated  by  exposed  portions  (28)  of  the  surface  insulated  substrate  on  the  inner  wall  surfaces  of  the 
electron  passing  holes  (22). 

2.  A  planar  display  apparatus  according  to  claim  1,  wherein  each  of  said  control  electrodes  (26,27)  satisfies  the 
following  conditions  where  the  thickness  of  said  conductive  film  is  t  urn  and  the  space  between  the  adjacent  con- 

35  ductive  films  is  d  urn: 

d/t  <  5,  d  <  100. 

40  3.  A  planar  display  apparatus  according  to  claim  1  or  2,  wherein  said  conductive  films  are  formed  on  the  respective 
inner  wall  surfaces  of  said  electron-passing  holes  (22)  to  a  predetermined  depth  which  is  not  less  than  1/4  of  the 
diameter  of  each  of  said  electron-passing  holes  (22). 

4.  A  planar  display  apparatus  according  to  claim  1  ,  2  or  3,  wherein  said  surface  insulated  substrate  is  composed  of 
45  a  conductive  substrate  and  an  insulation  layer  provided  on  the  surface  of  said  conductive  substrate. 

5.  A  planar  display  apparatus  according  to  claim  4,  wherein  said  conductive  substrate  (23)  is  metal. 

6.  A  planar  display  apparatus  according  to  claim  5,  wherein  said  metal  substrate  has  a  linear  expansion  coefficient 
so  of  not  more  than  3  x  1  0"5/deg  at  a  temperature  of  room  temperature  to  about  500°C. 

7.  A  planar  display  apparatus  according  to  any  one  of  the  preceding  claims,  wherein  each  of  said  electron-passing 
holes  is  composed  of  surface  hole  portions  and  inner  hole  portions  provided  from  the  upper  surface  and  the  un- 
dersurface  of  said  surface  insulated  substrate  to  a  predetermined  depth,  and  the  diameter  of  said  inner  hole  portions 

55  is  smaller  than  the  diameter  of  said  surface  hole  portions. 

8.  A  method  of  producing  the  electron-passing  holes  of  control  electrodes  in  a  planar  display  apparatus  according 
to  claim  7,  comprising  the  steps  of: 
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forming  said  surface  hole  portions  (71a)  on  said  surface  insulated  substrate  (71)  while  leaving  portions  at 
which  said  inner  hole  portions  are  formed; 

forming  conductive  films  (73)  on  the  surfaces  of  said  surface  insulated  substrate  including  said  surface  hole 
portions  as  said  control  electrodes;  and 

forming  said  inner  hole  portions  (74)  from  the  upper  surface  and  the  undersurface  of  said  surface  hole  portions 
through  said  portions  left  when  forming  said  surface  hole  portions. 

9.  A  planar  display  apparatus  according  to  any  one  of  the  preceding  claims  1-7,  wherein  the  inner  walls  (28)  of  the 
electron-passing  holes  (22)  carried  a  material  having  a  high  secondary  electron  emission. 

10.  A  planar  display  apparatus  according  to  any  one  of  the  preceding  claims  1-7  and  9,  further  comprising  a  focusing 
electrode  (29)  provided  between  said  phosphor  screen  (5)  and  said  control  electrodes  (26,27)  so  as  to  focus  the 
electrons  which  have  passed  through  said  control  electrodes  (26,27). 

11.  A  planar  display  apparatus  according  to  any  one  of  the  preceding  claims  1-7,  9  and  10,  wherein  said  surface 
insulated  substrate  (25)  is  provided  with  a  conductor  exposing  portion  (51  )  at  which  said  conductive  substrate  (23) 
is  exposed  between  adjacent  control  electrodes  (26,27). 

12.  A  television  receiver  comprising: 

a  radio  receiver  for  converting  incoming  television  electric  signals  into  television  picture  signals; 

a  planar  display  apparatus  according  to  any  one  of  the  preceding  claims  1-7  and  9-11  for  displaying  television 
picture;  and 

a  display  control  means  for  controlling  said  planar  display  apparatus  on  the  basis  of  said  television  picture 
signals  applied  from  said  radio  receiver. 

Patentanspriiche 

1.  Planaranzeigeeinrichtung,  mit: 

einer  Elektronenemissionsquelle  (1)  zum  Emittieren  von  Elektronen  auf  einen  Phosphorbildschirm  (4,  5),  der 
auf  der  Innenseite  eines  abgedichteten  Behalters  gebildet  ist; 
einem  oberflachen-isolierten  Substrat  (25),  das  zwischen  der  Elektronenemissionsquelle  (1)  und  dem  Phos- 
phorbildschirm  (4,  5)  gebildet  ist  und  mit  einer  Vielzahl  von  Elektronen-Durchgangslochern  (22)  ausgestattet 
ist;  und 
Steuerelektroden  (26,  27),  die  durch  zwei  Satze  von  rechtwinkligen  Elektroden  auf  entgegengesetzten  Seiten 
des  Substrats  (25)  gebildet  sind,  und  an  die  bei  Verwendung  ein  Durchgangs-Elektronen-Steuerpotential  an- 
gelegt  wird;  wobei  die  Steuerelektroden  aus  einer  Vielzahl  von  getrennten  leitfahigen  Filmen  bestehen,  die 
auf  dem  oberflachen-isolierten  Substrat  gebildet  sind  und  sich  auf  die  jeweiligen  inneren  Wandflachen  der 
Elektronen-Durchgangslocher  (22)  erstrecken  und  benachbarte  Steuerelektroden  (26,  27)  innerhalb  der  Satze 
durch  unverdeckte  Abschnitte  (26b,  27b)  des  oberflachen-isolierten  Substrats  (25)  auf  der  jeweiligen  einen 
der  entgegengesetzten  Seiten  des  Substrats  (25)  getrennt  sind, 

dadurch  gekennzeichnet,  daft 
die  Satze  (26,  27)  durch  unverdeckte  Abschnitte  (28)  des  oberflachen-isolierten  Substrats  auf  den  inneren  Wand- 
flachen  der  Elektronen-Durchgangslocher  (22)  getrennt  sind. 

2.  Planaranzeigeeinrichtung  nach  Anspruch  1, 
dadurch  gekennzeichnet,  daft 
jede  der  Steuerelektroden  (26,  27)  die  folgenden  Bedingungen  erfullt,  wobei  die  Dicke  des  leitfahigen  Films  t  urn 
und  der  Zwischenraum  zwischen  den  benachbarten  leitfahigen  Filmen  d  urn  betragt: 
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d/t  <  5,  d  <  100. 

3.  Planaranzeigeeinrichtung  nach  Anspruch  1  oder  2, 
dadurch  gekennzeichnet,  daft 
die  leitfahigen  Filme  auf  den  jeweiligen  inneren  Wandflachen  der  Elektronen-Durchgangslocher  (22)  bis  zu  einer 
vorbestimmten  Tiefe,  die  nicht  weniger  als  Va  des  Durchmessers  jedes  der  Elektronen-Durchgangslocher  (22)  be- 
tragt,  gebildet  sind. 

4.  Planaranzeigeeinrichtung  nach  Anspruch  1  ,  2  oder  3, 
dadurch  gekennzeichnet,  daft 
das  oberflachen-isolierte  Substrat  aus  einem  leitfahigen  Substrat  und  einer  auf  der  Oberflache  des  leitfahigen 
Substrats  gebildeten  Isolierschicht  besteht. 

5.  Planaranzeigeeinrichtung  nach  Anspruch  4, 
dadurch  gekennzeichnet,  daft 
das  leitfahige  Substrat  (23)  aus  Metall  ist. 

6.  Planaranzeigeeinrichtung  nach  Anspruch  5, 
dadurch  gekennzeichnet,  daft 
das  Metallsubstrat  einen  linearen  Ausdehnungskoeffizienten  von  nicht  mehr  als  3  *  10_5/Grad  bei  einem  Tempe- 
raturbereich  von  Raumtemperatur  bis  etwa  500°C  besitzt. 

7.  Planaranzeigeeinrichtung  nach  einem  der  vorangehenden  Anspruche, 
dadurch  gekennzeichnet,  daft 
jedes  der  Elektronen-Durchgangslocher  aus  Oberflachen-Lochabschnitten  und  inneren  Lochabschnitten,  die  von 
der  Oberseite  und  der  Unterseite  des  oberflachen-isolierten  Substrats  bis  zu  einer  vorbestimmten  Tiefe  gebildet 
sind,  besteht,  und  der  Durchmesser  der  inneren  Lochabschnitte  kleiner  ist  als  der  Durchmesser  der  Oberflachen- 
Lochabschnitte. 

8.  Verfahren  zum  Erzeugen  der  Elektronen-Durchgangslocher  von  Steuerelektroden  bei  einer  Planaranzeigeeinrich- 
tung  nach  Anspruch  7,  mit  den  Schritten: 

Bilden  der  Oberflachen-Lochabschnitte  (71a)  auf  dem  oberflachenisolierten  Substrat  (71  )  unter  Belassen  von 
Abschnitten,  bei  denen  die  inneren  Lochabschnitte  gebildet  werden; 
Bilden  von  leitfahigen  Filmen  (73)  auf  den  Oberflachen  des  oberflachen-isolierten  Substrats  einschlieBlich  der 
Oberflachen-Lochabschnitte  als  den  Steuerelektroden;  und 
Bilden  der  inneren  Lochabschnitte  (74)  von  der  Oberseite  und  der  Unterseite  der  Oberflachen-Lochabschnitte 
durch  die  Abschnitte,  die  beim  Bilden  der  Oberflachen-Lochabschnitte  belassen  wurden. 

9.  Planaranzeigeeinrichtung  nach  einem  der  vorangehenden  Anspruche  1  bis  7, 
dadurch  gekennzeichnet,  daft 
die  inneren  Wande  (28)  der  Elektronen-Durchgangslocher  (22)  ein  Material  mit  einer  hohen  Sekundarelektronen- 
emission  tragen. 

10.  Planaranzeigeeinrichtung  nach  einem  der  vorangehenden  Anspruche  1  bis  7  und  9, 
gekennzeichnet  durch 
eine  Fokussierelektrode  (29),  die  zwischen  dem  Phosphorbildschirm  (5)  und  den  Steuerelektroden  (26,  27)  gebil- 
det  ist,  urn  die  Elektronen,  die  die  Steuerelektroden  (26,  27)  durchquert  haben,  zu  fokussieren. 

11.  Planaranzeigeeinrichtung  nach  einem  der  vorangehenden  Anspruche  1  bis  7,  9  und  10, 
dadurch  gekennzeichnet,  daft 
das  oberflachen-isolierte  Substrat  (25)  mit  einem  unverdeckten  Leiterabschnitt  (51  ),  bei  dem  das  leitfahige  Substrat 
(23)  zwischen  benachbarten  Steuerelektroden  (26,  27)  unverdeckt  ist,  gebildet  ist. 

12.  Fernsehempfanger,  mit: 

einem  Hochfrequenzempfanger  zum  Umwandeln  ankommender  elektrischer  Fernsehsignale  in  Fernsehbild- 
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signale; 
einer  Planaranzeigeeinrichtung  nach  einem  der  vorangehenden  Anspruche  1  bis  7  und  9  bis  11  zum  Anzeigen 
eines  Fernsehbildes;  und 
einer  Anzeigesteuereinrichtung  zum  Steuern  der  Planaranzeigeeinrichtung  auf  der  Grundlage  der  Fernseh- 
bildsignale,  die  von  dem  Hochfrequenzempfanger  bereitgestellt  werden. 

Revendications 

1.  Appareil  d'affichage  plan  comprenant  : 

une  source  d'emission  d'electrons  (1)  pour  emettre  des  electrons  vers  un  ecran  fluorescent  (4,5)  prevu  a 
I'interieur  d'un  conteneur  etanche; 
un  substrat  isole  de  surface  (25)  qui  est  prevu  entre  ladite  source  d'emission  d'electrons  (1)  et  ledit  ecran 
fluorescent  (4,5)  et  muni  d'une  pluralite  de  trous  de  passage  d'electrons  (22);  et 
des  electrodes  de  commande  (26,27)  formees  par  deux  jeux  d'electrodes  orthogonales  sur  des  cotes  opposes 
du  substrat  (25)  et  auxquelles,  en  utilisation,  un  potentiel  de  commande  d'electrons  passant  est  applique, 
dans  lequel  les  electrodes  de  commande  sont  formees  d'une  pluralite  de  films  conducteurs  separes  qui  sont 
formes  sur  ledit  substrat  isole  de  surface  et  s'etendent  sur  les  surfaces  de  parois  internes  respectives  desdits 
trous  de  passage  d'electrons  (22)  et  des  electrodes  de  commande  adjacentes  (26,27)  dans  les  jeux  sont 
separees  par  des  portions  exposees  (26b,  27b)  du  substrat  isole  de  surface  (25)  sur  I'un  respectif  des  cotes 
opposes  du  substrat  (25),  caracterise  en  ce  que  les  jeux  (26,27)  sont  separes  par  des  portions  exposees  (28) 
du  substrat  isole  de  surface  sur  les  surfaces  de  parois  internes  des  trous  de  passage  d'electrons  (22). 

2.  Appareil  selon  la  revendication  1,  dans  lequel  chacune  desdites  electrodes  de  commande  (26,27)  remplie  les 
conditions  suivantes,  ou  I'epaisseur  dudit  film  conducteur  est  t  urn  et  I'espace  entre  les  films  conducteurs  adjacents 
est  d  u.m  : 

d/t  <  5,  d  <  100. 

3.  Appareil  selon  la  revendication  1  ou  2,  dans  lequel  lesdits  films  conducteurs  sont  formes  sur  les  surfaces  de  parois 
internes  respectives  desdits  trous  de  passage  d'electrons  (22)  a  une  profondeur  predeterminee  qui  n'est  pas  in- 
ferieure  au  quart  du  diametre  de  chacun  desdits  trous  de  passage  d'electrons  (22). 

4.  Appareil  selon  la  revendication  1,2  ou  3,  dans  lequel  ledit  substrat  isole  de  surface  est  compose  d'un  substrat 
conducteur  et  d'une  couche  d'isolation  prevue  sur  la  surface  dudit  substrat  conducteur. 

5.  Appareil  selon  la  revendication  4,  dans  lequel  ledit  substrat  conducteur  (23)  est  metallique. 

6.  Appareil  selon  la  revendication  5,  dans  lequel  ledit  substrat  metallique  a  un  coefficient  d'expansion  lineaire  de  pas 
plus  de  3  x  10_5/deg  a  une  temperature  allant  de  la  temperature  ambiante  jusqu'a  environ  500°C. 

7.  Appareil  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  chacun  desdits  trous  de  passage 
d'electrons  est  compose  de  portions  de  trous  de  surface  et  de  portions  de  trous  internes  prevues  a  partir  de  la 
surface  superieure  et  de  la  surface  inferieure  dudit  substrat  isole  de  surface  a  une  profondeur  predeterminee,  et 
le  diametre  desdites  portions  de  trous  internes  est  plus  petit  que  le  diametre  desdites  portions  de  trous  de  surface. 

8.  Procede  de  production  de  trous  de  passage  d'electrons  d'electrodes  de  commande  dans  un  appareil  d'affichage 
plan  selon  la  revendication  7,  comprenant  les  etapes  de  : 

former  lesdites  portions  de  trous  de  surface  (71a)  sur  ledit  substrat  isole  de  surface  (71)  tout  en  laissant  des 
portions  auxquelles  lesdites  portions  de  trous  internes  sont  formees; 
former  des  films  conducteurs  (73)  sur  les  surfaces  dudit  substrat  isole  de  surface  comprenant  lesdites  portions 
de  trous  de  surface  comme  lesdites  electrodes  de  commande;  et 
former  lesdites  portions  de  trous  internes  (74)  a  partir  de  la  surface  superieure  et  de  la  surface  inferieure 
desdites  portions  de  trous  de  surface  a  travers  lesdites  portions  laissees  lors  de  la  formation  desdites  portions 
de  trous  de  surface. 
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Appareil  selon  I'une  quelconque  des  revendications  1  a  7,  dans  lequel  les  parois  internes  (28)  des  trous  de  passage 
d'electrons  (22)  portent  un  materiau  ayant  une  emission  electronique  secondaire  elevee. 

Appareil  selon  I'une  quelconque  des  revendications  1  a  7  et  9,  comprenant  en  outre  une  electrode  (29)  de  locali- 
sation  prevue  entre  ledit  ecran  fluorescent  (5)  et  lesdites  electrodes  de  commande  (26,27)  de  maniere  a  focaliser 
les  electrons  qui  sont  passes  au  travers  desdites  electrodes  de  commande  (26,27). 

Appareil  selon  I'une  quelconque  des  revendications  1  a  7,  9  et  10,  dans  lequel  ledit  substrat  isole  de  surface  (25) 
est  prevu  avec  une  portion  d'exposition  de  conducteur  (51)  a  laquelle  ledit  substrat  conducteur  (23)  est  expose 
entre  des  electrodes  de  commande  adjacentes  (26,27). 

Recepteur  de  television  comprenant  : 

un  recepteur  radio  pour  convertir  des  signaux  electriques  de  television  entrant  en  signaux  d'images  de  tele- 
vision; 
un  appareil  d'affichage  plan  selon  I'une  quelconque  des  revendications  1  a  7  et  9  a  11  ,  pour  afficher  des  images 
de  television,  et 
des  moyens  de  commande  d'affichage  pour  commander  ledit  appareil  d'affichage  plan  sur  la  base  desdits 
signaux  d'images  de  television  appliques  a  partir  dudit  recepteur  radio. 
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