
19 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets (fi)  Publication  number:  0  3 1 6   871  B 1  

12 EUROPEAN  PATENT  S P E C I F I C A T I O N  

@  Date  of  publication  of  patent  specification 
30.11.94  Bulletin  94/48 

©  int.  ci.5:  H01J  31/12,  H01J  2 9 / 7 4  

@  Application  number:  88119027.6 

(22)  Date  of  filing  :  15.11.88 

(54)  Image  display  apparatus. 

(30)  Priority:  16.11.87  JP  288762/87 
25.07.88  JP  184962/88 

(43)  Date  of  publication  of  application 
24.05.89  Bulletin  89/21 

(45)  Publication  of  the  grant  of  the  patent  : 
30.11.94  Bulletin  94/48 

@  Designated  Contracting  States  : 
DE  FR  GB 

(56)  References  cited  : 
DE-A-  2  742  555 
FR-A-  2  499  764 

@  Proprietor  :  MATSUSHITA  ELECTRIC 
INDUSTRIAL  CO.,  LTD. 
1006,  Oaza  Kadoma 
Kadoma-shi,  Osaka-fu,  571  (JP) 

CO 

h- 
oo 
CO 
CO 
o  
Q_ 
LU 

(72)  Inventor  :  Sekihara,  Toshinobu 
1-  2-1202,  Furuichi  3-chome 
Jyoto-ku 
Osaka  City,  536  (JP) 
Inventor  :  Yokomakura,  Mitsunori 
7-  4,  Hiyoshidai  6-bancho 
Takatsuki  City,  569  (JP) 
Inventor  :  Moriyama,  Yuichi 
2-  5,  Tennou 
Ibaraki  City,  567  (JP) 
Inventor  :  Watanabe,  Michiaki 
20-405,  Minamikasugaoka  1-chome 
Ibaraki  City,  567  (JP) 
Inventor  :  Sekiguchi,  Tomohiro 
8-  16-303,  Eidai-cho 
Ibaraki  City,  567  (JP) 
Inventor  :  Nagata,  Keiji 
29-3,  Taguchiyama  3-chome 
Hirakata  City,  573  (JP) 
Inventor  :  Kurata,  Takatsugu 
7-3,  Kamigouri  2-chome 
Ibaraki  City,  567  (JP) 

(74)  Representative  :  Dr.  Elisabeth  Jung  Dr.  Jiirgen 
Schirdewahn  Dipl.-lng.  Claus  Gernhardt 
Postfach  40  14  68 
D-80714  Miinchen  (DE) 

Note  :  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any 
person  may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted. 
Notice  of  opposition  shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been 
filed  until  the  opposition  fee  has  been  paid  (Art.  99(1)  European  patent  convention). 

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 



1 EP  0  316  871  B1 2 

Description 

The  present  invention  relates  to  an  image  display 
apparatus  according  to  the  first  part  of  Claim  1. 

Heretofore,  a  cathode  ray  tube  has  mainly  been 
used  as  an  image  display  apparatus  of  a  color  televi- 
sion  set.  Since  the  cathode  ray  tube  has  very  long 
depth  in  comparison  with  size  of  its  faceplate,  it  has 
been  impossible  to  make  a  flat  type  television  set.  An 
EL  (electro-luminescent)  display  device,  a  plasma 
display  device  or  a  liquid  crystal  display  device  etc. 
have  been  presented  to  offer  the  flat  type  TV  set,  but 
neither  of  them  has  been  able  to  offer  satisfactory 
performances  such  as  luminance,  contrast  and  color 
reproducibility.  In  order  to  obtain  the  flat  type  image 
display  apparatus  which  presents  high  quality  image 
similar  to  the  cathode  ray  tube  by  employing  electron 
beams,  such  an  image  display  apparatus  wherein  the 
image  on  a  fluorescent  screen  is  divided  into  plural 
sections  of  matrix  arrangement  with  no  gap  there- 
between  is  presented.  The  electron  beams  are  de- 
flected  and  scanned  within  each  divided  section,  and 
the  whole  image  of  color  TV  is  formed  by  arranging 
all  divided  sectional  images. 

FIG.6  is  an  internal  perspective  view  of  the  con- 
ventional  image  display  apparatus  disclosed  in  Jap- 
anese  examined  patent  publication  JP-B-58032897 
or  in  the  equivalent  US-A-4  227  117.  In  the  figure, 
electrons  are  generated  from  line  cathodes  2a,  2b,  2c 
and  2d  and  formed  into  a  predetermined  number  of 
separate  electron  beams  11  by  passing  through  a 
hole  10  formed  in  an  electron  beam  extraction  elec- 
trode  3.  The  electron  beams  11  are  further  controlled, 
focused  and  deflected  by  passing  through  a  control 
electrode  4,  a  focusing  electrode  5,  a  vertical  deflec- 
tion  electrode  6,  a  horizontal  deflection  electrode  7 
and  a  shield  electrode  8,  and  finally  scan  respective 
sectional  screens  12  which  are  formed  by  dividing  a 
flat  plate-shaped  screen  9  into  matrix  arrangement. 
The  whole  image  is  obtained  on  the  screen  9  as  a 
combination  of  images  on  all  sectional  screens  12 
with  no  gap  therebetween. 

In  the  above-mentioned  conventional  image  dis- 
play  apparatus,  there  exist  the  following  problems. 
For  instance,  since  focusing  of  each  electron  beam  by 
the  focusing  electrode  is  not  sufficient  in  comparison 
with  the  ordinary  type  cathode  ray  tube,  a  diameter 
of  beam  spot  on  the  screen  is  not  sufficiently  small. 
As  a  result,  resolution  is  not  excellent.  Besides,  since 
adjacent  two  fluorescent  elements  may  simultane- 
ously  emit  light  by  receiving  one  electron  beam,  color 
purity  becomes  worse.  Especially,  since  electron 
beam  emitting  source  comprises  long  and  thin  line 
cathodes  parallelly  extended  in  the  horizontal  direc- 
tion,  it  is  difficult  to  desirably  focus  the  electron 
beams  in  the  horizontal  direction.  Such  a  rough  elec- 
trostatic  lens  formed  by  a  circular  hole  1  3  in  the  focus- 
ing  electrode  5  cannot  realize  excellent  horizontal  fo- 

cusing. 
In  FR-A-2499764  a  colour  display  device  is  dis- 

closed  in  which  electron  beams  from  horizontally  ex- 
tending  line  cathods  are  first  vertically  focussed  by  a 

5  vertically  focussing  electrode  consisting  of  a  plate 
electrode  with  horizontally  extending  oblong  gaps 
and  thereafter  vertically  deflected.  The  beams  after- 
wards  pass  through  a  control  electrode,  and  are  hor- 
izontally  focussed  by  a  horizontally  focussing  elec- 

10  trade  consisting  of  vertically  extending  stripes  with 
uniformous  gaps  therebetween,  and  horizontally  de- 
flected  by  horizontally  deflecting  electrodes.  The 
electron  beams  finally  impinge  on  a  phosphor  colour 
screen  with  a  predetermined  number  of  horizontally 

15  divided  sections. 
The  object  of  the  present  invention  is  to  offer  an 

image  display  apparatus  which  can  display  high  qual- 
ity  image. 

In  order  to  achieve  the  above-mentioned  object, 
20  an  image  display  apparatus  in  accordance  with  the 

present  invention  is  defined  by  claim  1. 
In  the  above-mentioned  image  display  appara- 

tus,  diameter  of  beam  spot  is  minimized  even  in  the 
extended  direction  of  the  line  cathodes. 

25  While  the  novel  features  of  the  invention  are  set 
forth  particularly  in  the  appended  claims,  the  inven- 
tion,  both  as  to  organization  and  content,  will  be  bet- 
ter  understood  and  appreciated,  along  with  other  ob- 
jects  and  features  thereof,  from  the  following  detailed 

30  description  taken  in  conjunction  with  the  drawings. 
FIG.1  is  an  internal  perspective  view  showing  an 

image  display  apparatus  of  a  first  embodiment  of  the 
present  invention. 

FIG.2  is  an  internal  perspective  view  showing  an 
35  image  display  apparatus  of  a  second  embodiment  of 

the  present  invention. 
FIG.  3(a)  is  a  cross-sectional  illustration  taken  on 

Y-Z  plane  in  FIG.1. 
FIG.  3(b)  is  a  cross-sectional  illustration  taken  on 

40  X-Z  plane  in  FIG.1. 
FIG.4  is  the  cross-sectional  illustration  taken  on 

X-Z  plane  in  FIG.6. 
FIG.  5  is  a  plane  view  showing  a  conductive  sheet 

50  before  making  a  pair  of  vertical  deflection  electro- 
ns  des  28a  and  28b. 

FIG.6  is  the  internal  perspective  view  showing 
the  conventional  image  display  apparatus. 

Hereafter,  preferred  embodiments  of  the  present 
invention  is  described  with  reference  to  the  accompa- 

50  nying  drawings. 
FIG.1  is  an  internal  perspective  view  showing  an 

image  display  apparatus  of  a  first  embodiment.  A 
back  electrode  21,  line  cathodes  22a,  22b,  22c  and 
22d,  an  electron  beam  extraction  electrode  23,  a  con- 

55  trol  electrode  24,  a  first  focusing  electrode  25,  a  sec- 
ond  focusing  electrode  26,  a  pair  of  horizontal  deflec- 
tion  electrodes  27a  and  27b,  a  pair  of  vertical  deflec- 
tion  electrodes  28a  and  28b  and  a  screen  29  are  held 

2 
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between  a  rear  plate  31  and  a  front  plate  30  in  this  or- 
der  in  Z-axis  of  X-Y-Z  coordinates  shown  in  the  figure 
and  enclosed  by  both  plates  30  and  31  together  with 
upper  and  bottom  plates  (not  shown)  and  side  plates 
(not  shown).  An  inside  space  of  the  enclosure  is  evac- 
uated. 

The  line  cathodes  22a~22d  are  parallelly  dis- 
posed  to  each  other  in  the  vertical  direction  (Y-axis) 
and  fixed  by  holding  means  (not  shown),  and  each  of 
the  line  cathodes  22a~22d  is  extended  in  the  horizon- 
tal  direction  (X-axis)  so  that  electron-flow  of  nearly 
uniform  current-density-distribution  is  produced  in 
the  horizontal  direction.  Although  only  four  pieces  of 
line  cathodes  22a~22d  are  shown  in  the  figure,  there 
are  actually  many  line  cathodes  (e.g.  24  pieces).  The 
line  cathodes  22a-22d  are  made  of  a  tungsten  wire 
and  coated  with  an  oxide.  The  back  electrode  21  is 
made  of  flat  plate-shaped  conductor  and  disposed  in 
parallel  with  the  line  cathodes  22a~22d. 

The  electron  beam  extraction  electrode  23  made 
of  conductive  sheet  is  disposed  to  oppose  against  the 
back  electrode  21  across  the  line  cathodes  22a~22d. 
Plural  holes  33  are  formed  in  the  electron  beam  ex- 
traction  electrode  23  and  aligned  in  the  horizontal  di- 
rection  at  regular  intervals  to  correspond  to  each  line 
cathode  22a,  22b,  22c  or  22d,  thereby  making  matrix 
arrangement  as  a  whole.  Although  these  holes  33  are 
circular-shaped  in  the  present  embodiment,  other 
shapes  of  aperture  such  as  ellipse-shaped  or  rectan- 
gular-shaped  aperture  can  be  also  used. 

The  control  electrode  24  comprises  plural  oblong 
strips  24a,  24b,  24c  ...  which  are  elongated  in  the 
vertical  (Y-axis)  direction  and  aligned  in  the  horizontal 
(X-axis)  direction  at  predetermined  intervals,  thereby 
forming  stripe-shaped  configuration  on  a  X-Y  plane. 
Plural  holes  34  are  formed  in  each  of  the  strips  24a, 
24b,  24c  ...  at  the  positions  which  correspond  to  the 
holes  33  of  the  electron  beam  extraction  electrode  23 
in  the  Z-axis  direction,  thereby  forming  the  same  ma- 
trix  arrangement  on  X-Y  coordinates  as  that  of  the 
electron  beam  extraction  electrode  23.  As  for  the 
shape  of  the  holes  34,  ellipse  or  rectangular  etc.  may 
be  also  adopted. 

The  first  focusing  electrode  25  is  made  of  con- 
ductive  sheet  and  has  plural  apertures  35  therein. 
Each  of  the  apertures  35  is  elongated  in  the  horizontal 
(X-axis)  direction  to  correspond  to  the  line  cathodes 
22a~22d  in  the  Z-axis  direction  through  the  holes  33 
and  34. 

The  second  focusing  electrode  26  is  also  made  of 
conductive  sheet  and  has  plural  apertures  36  therein. 
Each  of  the  apertures  36  is  elongated  in  the  vertical 
(Y-axis)  direction  to  correspond  to  the  strips  24a,  24b, 
24c  ...  in  the  Z-axis  direction. 

The  horizontal  deflection  electrode  27a  is  made 
of  conductive  sheet  which  is  formed  into  comb-shape 
comprising  comb-teeth  parts  37c  and  a  stem  part  37a 
connecting  all  the  comb-teeth  parts  37c.  Also,  the 

horizontal  deflection  electrode  27b  is  made  of  con- 
ductive  sheet  which  is  formed  into  comb-shape  com- 
prising  comb-teeth  parts  37d  and  a  stem  part  37b 
connecting  all  the  comb-teeth  parts  37d.  Both  hori- 

5  zontal  deflection  electrodes  27a  and  27b  are  insulat- 
edly  disposed  to  each  other  on  a  common  X-Y  plane 
in  a  manner  that  each  of  the  comb-teeth  parts  37c 
and  each  of  the  comb-teeth  parts  37d  are  alternately 
aligned  in  parallel  with  each  other  (hereinafter  is  re- 

10  ferred  as  "interdigitated")  in  the  vertical  direction. 
Since  potentials  applied  to  both  horizontal  deflection 
electrodes  27a  and  27b  are  different  from  each  other, 
potential  difference  is  given  between  adjacent  two 
comb-teeth  parts  37c  and  37d,  thereby  horizontally 

15  deflecting  the  electron  beams  40. 
The  vertical  deflection  electrode  28a  is  made  of 

conductive  sheet  which  is  formed  into  comb-shape 
wherein  comb-teeth  parts  38c  and  a  stem  part  38a 
connecting  all  the  comb-teeth  parts  38c  are  provided. 

20  Also,  the  vertical  deflection  electrode  28b  is  made  of 
conductive  sheet  which  is  formed  into  comb-shape 
wherein  comb-teeth  parts  38d  and  a  stem  part  38b 
connecting  all  the  comb-teeth  parts  38d  are  provided. 
Both  vertical  deflection  electrodes  28a  and  28b  are 

25  insulatedly  disposed  to  each  other  on  a  common  X-Y 
plane  in  a  manner  that  each  of  the  comb-teeth  parts 
38c  and  each  of  the  comb-teeth  parts  38d  are  inter- 
digitated  with  each  other  in  the  horizontal  direction. 
Since  potentials  applied  to  both  vertical  deflection 

30  electrodes  28a  and  28b  are  different  from  each  other, 
potential  difference  is  given  between  adjacent  two 
comb-teeth  parts  38c  and  38d,  thereby  vertically  de- 
flecting  the  electron  beams  40. 

A  fluorescent  material  layer  39  which  emits  light 
35  by  irradiation  of  the  electron  beams  40  is  coated  over 

an  inner  surface  of  the  faceplate  30,  and  thereon  a 
metal-back  layer  (not  shown)  is  attached,  thereby 
constituting  the  screen  29. 

In  the  above-mentioned  image  display  appara- 
40  tus,  its  operation  is  described  hereafter.  Voltage  Vi  is 

applied  to  the  back  electrode  21  and  voltage  V2  higher 
than  Vi  is  applied  to  the  electron  beam  extraction 
electrode  23.  The  line  cathodes  22a-22d  are  heated 
by  heater-current  in  order  to  easily  emit  electrons  and 

45  impressed  with  voltage  V0  (Vi  <  V0  <  V2).  At  that  time, 
electric  field  on  the  line  cathodes  22a-22d  becomes 
positive  to  the  environment,  and  thereby  the  electron 
beams  are  emitted  and  accelerated  toward  the  elec- 
tron  beam  extraction  electrode  23.  When  the  voltage 

so  V0  larger  than  the  voltage  V2  (V0  >  V2)  is  applied  to  the 
line  cathodes  22a~22d,  electric  field  on  the  line  cath- 
odes  22a~22d  becomes  negative  to  the  environment, 
thereby  preventing  emission  of  the  electron  beams. 
Then,  by  controlling  voltages  applied  to  the  respec- 

55  tive  line  cathodes  22a-22d,  it  becomes  possible  to 
control  emission  of  the  electron  beams  in  an  order  of 
the  line  cathodes  22a,  22b,  22c  and  22d.  Each  of  the 
line  cathodes  22a-22d  emits  the  electron  beams  dur- 

3 
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ing  a  predetermined  time  period  from  the  upper  one 
(22a)  to  the  bottom  one  (22d)  repeatedly.  And  there- 
by,  each  of  the  line  cathodes  22a-22d  forms  a  sheet- 
shaped  electron  beam  plane  (X-Z  plane)  having  a  uni- 
form  current-density-distribution  in  the  horizontal  di- 
rection. 

Next,  the  above-mentioned  sheet-shaped  elec- 
tron  beams  are  divided  into  plural  separate  electron 
beams  40  in  the  horizontal  direction  by  passing 
through  the  holes  33  of  the  electron  beam  extraction 
electrode  23.  Thereafter,  plural  electron  beams  40  ar- 
rive  at  the  holes  34  of  the  control  electrode  24.  Upon 
this  arrival,  by  setting  voltage  V3  on  the  control  elec- 
trode  24  to  have  a  relation  of  V3  >  V0,  the  electron 
beams  40  are  allowed  to  pass  through  the  holes  34, 
whereas  by  setting  the  voltage  V3  to  be  a  relation  of 
V3  <  V0,  the  electron  beams  40  lose  kinetic  energy 
thereof  and  cannot  pass  therethrough.  By  continu- 
ously  controlling  the  voltage  V3  in  response  to  video 
signals,  amount  of  each  electron  beam  40  which 
passes  through  the  holes  34  is  controlled. 

After  passing  through  the  control  electrode  24, 
the  electron  beams  40  arrive  at  the  first  focusing  elec- 
trode  25.  At  that  time,  the  electron  beams  40  are  fo- 
cused  in  the  direction  of  Y-axis  by  electrostatic-lens- 
effect  presented  by  the  apertures  35.  Next,  the  elec- 
tron  beams  40  arrive  at  the  second  focusing  electrode 
26  and  are  accelerated  toward  the  direction  of  Z-axis 
by  potential  applied  to  the  second  focusing  electrode 
26.  Further,  the  electron  beams  40  are  shaped  by 
passing  through  the  second  focusing  electrode  26. 
After  that,  the  electron  beams  40  arrive  at  the  hori- 
zontal  deflection  electrodes  27a  and  27b  and  are  fo- 
cused  in  the  direction  of  X-axis  by  electrostatic-lens- 
effect  of  the  horizontal  deflection  electrodes  27a  and 
27b.  By  making  potential  difference  (namely  deflec- 
tion  voltage)  between  adjacent  two  comb-teeth  parts 
37c  and  37d,  the  electron  beams  40  are  electrostati- 
cally  deflected  in  the  direction  of  X-axis  in  response 
to  the  potential  difference.  Next,  the  electron  beams 
40  arrive  at  the  vertical  deflection  electrodes  28a  and 
28b  and  are  focused  in  the  direction  of  Y-axis  by  elec- 
trostatic-lens-effect  of  the  vertical  deflection  electro- 
des  28a  and  28b.  By  making  potential  difference  (de- 
flection  voltage)  between  adjacent  two  comb-teeth 
parts  38c  and  38d,  the  electron  beams  40  are  elec- 
trostatically  deflected  in  the  direction  of  Y-axis  in  re- 
sponse  to  the  potential  difference. 

Finally,  the  electron  beams  40  are  accelerated  to 
have  high  energy  by  high  voltage  (e.g.  10kV)  applied 
to  the  metal-back  layer  of  the  screen  29.  These  elec- 
tron  beams  40  having  high  energy  collide  with  the 
metal-back  layer,  thereby  emitting  light  from  the  flu- 
orescent  material  layer  39. 

The  screen  29  are  horizontally  and  vertically  div- 
ided  into  the  matrix  arrangement  of  plural  sectional 
screen  41.  Each  of  the  sectional  screens  41  is  scan- 
ned  by  deflecting  one  electron  beam  which  is  sepa- 

rated  from  other  electron  beams.  Thereby,  the  whole 
image  is  displayed  on  the  screen  29.  R,  G  and  B  video 
signals  corresponding  to  respective  picture  elements 
are  continuously  controlled  by  the  voltage  applied  to 

5  the  control  electrode  24,  and  thereby  television  im- 
age  is  reproduced. 

FIG.2  is  an  internal  perspective  view  showing  the 
image  display  apparatus  of  a  second  embodiment. 
Corresponding  parts  to  the  first  embodiment  are 

10  shown  by  the  same  numerals  and  marks,  and  the  de- 
scription  thereon  made  in  the  first  embodiment  simi- 
larly  applies.  Differences  between  the  first  embodi- 
ment  and  the  second  embodiment  are  as  follows.  In 
the  first  focusing  electrode  25  and  the  second  focus- 

15  ing  electrode  26,  rectangular  holes  45  and  46  are 
formed  into  matrix  arrangements,  respectively.  Posi- 
tions  of  the  holes  45  and  46  in  a  X-Y  plane  correspond 
to  the  holes  33  of  the  electron  beam  extraction  elec- 
trode  23  and  the  holes  34  of  the  control  electrode  24. 

20  Hereupon,  the  hole  45  is  elongated  in  the  horizontal 
(X-axis)  direction  and  the  hole  46  is  elongated  in  the 
vertical  (Y-axis)  direction.  Electrostatic-lens-effects 
on  respective  center  positions  of  the  holes  45  and  46 
are  substantially  equal  to  those  of  the  apertures  35 

25  and  36  in  FIG.1,  respectively. 
In  the  above-mentioned  both  embodiments,  ev- 

ery  parts  which  constitute  the  image  display  appara- 
tus  are  thin  plate-shaped  or  sheet-shaped.  Depth  (in 
Z-axis)  of  the  image  display  apparatus  is  thereby 

30  shortened  as  a  whole,  and  a  flat  screen  is  offered. 
FIG.3(a)  is  a  cross-sectional  illustration  taken  on 

a  plane  Y-Z  in  FIG.1,  and  FIG.3(b)  is  a  cross-sectional 
illustration  taken  on  a  plane  X-Z  in  FIG.1.  Corre- 
sponding  parts  to  FIG.1  are  shown  by  the  same  nu- 

35  merals  and  marks,  and  the  description  thereon  made 
in  FIG.1  similarly  applies. 

Thermions  having  initial  velocity  responding  to 
heat  energies  thereof  are  nondirectionally  emitted 
from  around  the  line  cathode  22a.  Therefore,  there 

40  exist  not  only  a  flow  of  electron  beam  40a  but  also  an- 
other  flow  of  electron  beam  40b.  That  is,  some  ther- 
mions  emitted  from  the  line  cathode  22a  obliquely  en- 
ters  the  hole  33  of  the  electron  beam  extraction  elec- 
trode  23  as  shown  by  the  electron  beam  40b.  When 

45  the  voltage  V2  of  the  electron  beam  extraction  elec- 
trode  23,  the  voltage  V3  of  the  control  electrode  24 
and  the  voltage  V4  of  the  first  focusing  electrode  25 
are  set  to  be  nearly  equal  to  each  other  and  the  vol- 
tage  V5  of  the  second  focusing  electrode  26  is  set  to 

so  be  considerably  higher  than  the  voltages  V2,  V3  and 
V4,  electric-field-gap  is  formed  in  the  aperture  35 
(FIG.1)  of  the  first  focusing  electrode  25.  However, 
since  the  aperture  35  is  narrow  and  long  in  the  direc- 
tion  of  X-axis,  electrostatic-focusing-effect  is  effec- 

55  tive  only  in  the  direction  of  Y-axis  and  electric  field  is 
little  changed  in  the  direction  of  X-axis.  As  a  result,  in 
X-Z  plane,  the  electron  beams  40a  and  40b  are  ac- 
celerated  toward  the  direction  of  Z-axis  by  the  voltage 

4 
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of  the  second  focusing  electrode  26  without  focusing, 
thereby  desirably  fixing  electron  flow.  On  the  other 
hand,  the  horizontal  deflection  electrodes  27a  and 
27b  provide  electrostatic-focusing-effect  only  in  the 
direction  of  X-axis  by  setting  the  voltage  V6  of  the  hor- 
izontal  deflection  electrodes  27a  and  27b  to  be  lower 
than  the  voltage  V5,  thereby  obtaining  a  beam  spot  of 
horizontally  (i.e.  on  X-Z  plane)  minimum  diameter  d 
on  the  screen  29.  A  desirable  small  beam  spot  is  thus 
realized.  When  the  voltage  difference  AV  is  given 
onto  the  horizontal  deflection  electrodes  27a  and 
27b;  namely  the  voltage  of  V6  +  AV/2  is  supplied  to 
one  of  the  horizontal  deflection  electrodes  27a  and 
27b  and  the  voltage  of  V6  -  AV/2  is  applied  to  the  other 
one,  the  electron  beam  40a  or  40b  is  horizontally  de- 
flected.  At  that  time,  electrostatic-focusing-effect  is 
nearly  equal  to  that  of  the  case  having  no  voltage  dif- 
ference,  irrespective  of  the  voltage  difference  AV.  As 
for  vertical  deflection,  description  made  above  is  sim- 
ilarly  applied. 

FIG.4  is  a  cross-sectional  illustration  taken  on  an 
X-Z  plane  of  the  conventional  image  display  appara- 
tus  shown  in  FIG.6.  Across-sectional  illustration  tak- 
en  on  a  Y-Z  plane  is  similarto  FIG.  3(a).  In  FIG.4,  since 
an  electrostatic  lens  is  formed  in  the  hole  13  of  the  fo- 
cusing  electrode  5  on  the  X-Z  plane  owing  to  the  fact 
that  apertures  of  the  first  focusing  electrode  5  are  cir- 
cular  holes  13,  oblique  electron  beam  40b  is  focused 
before  fixing  of  travelling  direction  toward  the  direc- 
tion  of  Z-axis.  Consequently,  position  of  a  focus  41a 
of  the  electron  beam  40a  is  away  from  that  of  a  focus 
41b  of  the  electron  beam  40b  on  the  screen  9.  There- 
by,  a  diameter  D  of  beam  spot  on  the  horizontal  (X-Z) 
plane  is  enlarged,  and  quality  of  image  is  deteriorat- 
ed. 

Hereupon,  in  comparison  with  the  conventional 
image  display  apparatus,  disposition  of  the  horizontal 
deflection  electrodes  27a  and  27b  and  the  vertical 
deflection  electrodes  28a  and  28b  of  the  present  in- 
vention  are  reversed.  That  is,  the  vertical  deflection 
electrodes  28a  and  28b  in  the  present  invention  are 
disposed  in  the  final  step  to  pass  the  electron  beam. 
In  the  conventional  disposition  wherein  the  vertical 
deflection  electrode  6  is  disposed  before  the  horizon- 
tal  deflection  electrode  7  as  shown  in  FIG.4,  vertical 
focusing  of  the  electron  beams  becomes  dull  because 
the  subsequent  horizontal  deflection  electrode  7  un- 
desirably  has  a  slight  influence  on  the  electron  beams 
in  the  vertical  direction,  thereby  resulting  in  decline  of 
sensitivity  of  deflection.  It  is  possible  to  decrease 
such  an  influence  by  limiting  deflection  angle.  How- 
ever,  since  a  number  of  line  cathodes  is  restricted  due 
to  an  economical  reason  etc.,  the  above-mentioned 
problem  has  been  unavoidable.  On  the  other  hand, 
the  above-mentioned  disposition  of  the  present  in- 
vention  is  advantageous  to  precisely  deflect  the  elec- 
tron  beam  in  the  vertical  direction,  and  thereby  excel- 
lent  sensitivity  of  deflection  is  obtained. 

Next,  working  and  assembling  methods  of  elec- 
trodes  are  described.  In  order  to  obtain  an  image 
which  has  excellent  uniformity  without  noticeable 
border  lines  between  sectional  screens  41  and  41, 

5  high-precision  working  and  assembling  are  required 
for  respective  electrodes.  Since  the  electrodes  23, 
24,  25,  26,  27a,  27b,  28a  and  28b  are  all  made  of  thin 
conductive  sheet,  etching  can  be  applied  to  make 
holes  33,  34,  apertures  35  (45)  ,  36  (46)  and  comb- 

10  shaped  configuration  of  the  deflection  electrodes 
27a,  27b,  28a,  28b.  Thereby,  high-precision  working 
such  as  of  the  order  of  micrometer  can  be  realized. 

For  example,  working  method  of  the  control  elec- 
trode  24  comprising  plural  conductive  sheets  is  de- 

ls  scribed.  Firstly,  the  control  electrode  24  is  made  of 
one  sheet  wherein  plural  strips  and  crosspieces  con- 
necting  the  strips  are  provided  by  etching.  Secondly, 
respective  electrodes  23~28a,  28b  are  fixedly  lamin- 
ated  with  insulation  spacers  put  therebetween.  Final- 

20  ly,  the  crosspieces  are  removed  by  irradiating  laser 
beam,  thereby  making  a  stripe-shaped  control  elec- 
trode  24.  Thus,  respective  electrodes  are  precisely 
worked  and  assembled  with  low  manufacturing  cost. 

FIG.5  is  a  plane  view  showing  a  conductive  sheet 
25  50  before  making  a  pair  of  vertical  deflection  electro- 

des  28a  and  28b.  Hereafter,  an  example  of  actual 
making  method  of  the  vertical  deflection  electrodes 
28a  and  28b  is  described.  Firstly,  a  piece  of  conduc- 
tive  sheet  50  is  formed  by  etching  pattern  into  the 

30  configuration  shown  in  the  figure,  wherein  the  vertical 
deflection  electrode  28a  and  the  vertical  deflection 
electrode  28b  are  connected  with  each  other  via  thin 
crosspieces  51  .  Secondly,  respective  electrodes  23- 
-28a,  28b  (FIG.1)  are  laminated  and  fixed.  Finally,  the 

35  crosspieces  51  are  removed  by  irradiating  laser 
beam,  thereby  making  a  pair  of  comb-shaped  vertical 
deflection  electrodes  28a  and  28b  which  are  isolated 
from  each  other.  According  to  the  above-mentioned 
working  and  assemblying  method,  errors  in  parallel- 

40  ism,  spacing  and  flatness  in  the  direction  of  Z-axis  of 
the  comb-teeth  parts  38c  and  38d  (FIG.1)  are  mini- 
mized,  thereby  enabling  high-precision  working  and 
assemblying.  As  for  the  horizontal  deflection  electro- 
des  27a  and  27b,  the  above-mentioned  description  is 

45  similarly  applied. 
Although  the  invention  has  been  described  in  its 

preferred  form  with  a  certain  degree  of  particularity, 
it  is  understood  that  the  present  disclosure  of  the  pre- 
ferred  form  has  been  changed  in  the  details  of  con- 

so  struction  and  the  combination  and  arrangement  of 
parts  may  be  resorted  to  without  departing  from  the 
scope  of  the  claims. 

55  Claims 

1.  An  image  display  apparatus  comprising: 
a  plurality  of  line  cathodes  (22a-22d) 

5 
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which  are  extended  in  parallel  with  each  other  to 
emit  electrons; 

an  electron  beam  extraction  electrode 
(23)  for  extracting  electron  beams  from  said  line 
cathodes;  5 

a  control  electrode  (24)  for  selectively  con- 
trolling  passing  amount  of  electron  beams  having 
passed  through  said  electron  beam  extraction 
electrode; 

a  focusing  electrode  means  (25,  26)  for  10 
electrostatically  focusing  electron  beams  having 
passed  through  said  control  electrode; 

a  deflection  electrode  means  (27a,  27b, 
28a,  28b)  for  deflecting  electron  beams  having 
passed  through  said  focusing  electrode  means  15 
(25,  26)  including  a  horizontal  deflection  elec- 
trode  (27a,  27b)  for  electrostatically  deflecting 
electron  beams  in  an  extended  direction  of  said 
line  cathodes;  and 

a  vertical  deflection  electrode  (28a,  28b)  20 
for  electrostatically  deflecting  electron  beams  in 
a  perpendicular  direction  to  the  extended  direc- 
tion  of  said  line  cathodes;  and 

display  means  (29)  for  emitting  light  by  re- 
ceiving  electron  beams  having  passed  through  25 
said  vertical  deflection  electrode  thereon; 

the  above-mentioned  components  being 
disposed  in  this  sequential  order, 
characterized  in  that  in  said  deflection  electrode 
means  (27a,  27b,  28a,  28b),  30 

said  horizontal  deflection  electrode  (27a, 
27b)  is  arranged  for  deflecting  electron  beams 
having  passed  through  said  focusing  electrode 
means  (25,  26)  and 

said  vertical  deflection  electrode  (28a,  35 
28b)  is  arranged  for  deflecting  electron  beams 
having  passed  through  said  horizontal  deflection 
electrode  (27a,  27b). 

2.  An  image  display  apparatus  in  accordance  with  40 
claim  1,  characterized  in  that  said  focusing  elec- 
trode  means  comprises  a  conductive  sheet 
wherein  a  plurality  of  oblong  apertures  (35,  45) 
elongated  in  an  extended  direction  of  said  line 
cathodes  are  formed.  45 

3.  An  image  display  apparatus  according  to  claim  2, 
characterized  in  that 

said  focusing  electrode  means  comprises 
a  first  focusing  electrode  (25)  being  of  said  con-  50 
ductive  sheet  wherein  said  plurality  of  apertures 
(35,  45)  is  formed, 

said  apertures  (35,  45)  being  oblong  aper- 
tures  (35,  45)  elongated  in  an  extended  direction 
of  said  line  cathodes  (22a-22d),  and  55 

a  second  focusing  electrode  (26)  for  elec- 
trostatically  focusing  electron  beams  which  have 
passed  through  said  first  focusing  electrode,  in 

said  extended  direction  of  said  line  cathodes 
(22a-22d). 

4.  An  image  display  apparatus  in  accordance  with 
claim  3,  characterized  in  that  said  second  focus- 
ing  electrode  (26)  is  made  of  a  conductive  sheet 
wherein  a  plurality  of  oblong  apertures  (36,  46)  is 
elongated  in  a  perpendicular  direction  to  the  ex- 
tended  direction  of  said  line  cathodes. 

5.  An  image  display  apparatus  in  accordance  with 
one  of  the  claims  1  to  4,  characterized  in  that  said 
horizontal  deflection  electrode  comprises  a  pair 
of  comb-shaped  conductive  sheets  (27a,  27b) 
which  are  insulatedly  interdigitated  with  each 
other  in  a  vertical  direction  on  the  same  plane. 

6.  An  image  display  apparatus  in  accordance  with 
one  of  the  claims  1  to  5,  characterized  in  that  said 
vertical  deflection  electrode  comprises  a  pair  of 
comb-shaped  conductive  sheets  (28a,  28b) 
which  are  insulatedly  interdigitated  with  each 
other  in  a  horizontal  direction  on  the  same  plane. 

Patentanspruche 

1.  Eine  Bildanzeigevorrichtung,  die  aufweist: 
eine  Vielzahl  von  Linienkathoden  (22a- 

22d),  die  parallel  miteinanderverlaufen,  urn  Elek- 
tronen  auszusenden; 

eine  Elektronenstrahlextraktionselektro- 
de  (23)  zum  Extrahieren  bzw.  Ausziehen  von 
Elektronenstrahlen  aus  den  Linienkathoden; 

eine  Steuerelektrode  (24)  zum  wahlwei- 
sen  Steuern  der  Durchtrittsmenge  von  Elektro- 
nenstrahlen,  die  durch  die  Elektronenstrahlex- 
traktionselektrode  hindurchgetreten  sind; 

eine  Fokussierelektrodeneinrichtung  (25,26) 
zum  elektrostatischen  Fokussiereen  von  Elektro- 
nenstrahlen,  die  durch  die  Steuerelektrode  hin- 
durchgetreten  sind; 

eine  Ablenkelektrodeneinrichtung  (27a, 
27b,28a,28b)  zum  Ablenken  von  Elektronen- 
strahlen,  die  durch  die  Fokussierelektrodenein- 
richtung  (25,26)  hindurchgelangt  sind,  wobei  die 
Ablenkelektrodeneinrichtung  eine  Horizontalab- 
lenkelektrode  (27a,27b)  zum  elektrostatischen 
Ablenken  von  Elektronenstrahlen  in  einer  verlan- 
gerten  Richtung  der  Linienkathoden  aufweist; 
und 

eine  Vertikalablenkelektrode  (28a,  28b) 
zum  elektrostatischen  Ablenken  von  Elektronen- 
strahlen  in  einer  zu  der  verlangerten  Richtung 
der  Linienkathoden  senkrechten  Richtung;  und 

eineAnzeigeeinrichtung  (29)  zum  Aussen- 
den  von  Licht  durch  Empfangen  von  Elektronen- 
strahlen,  die  durch  die  Vertikalablenkelektrode 
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hindurchgelangt  sind; 
wobei  die  oben  genannten  Komponenten 

in  dieser  Reihenfolge  angeordnet  sind, 
dadurch  gekennzeichnet,  daft  in  der  Ab- 

lenkelektrodeneinrichtung  (27a,27b,28a,28b)  5 
die  Horizontalablenkelektrode  (27a,27b) 

angeordnet  ist,  um  Elektronenstrahlen  abzulen- 
ken,  die  durch  die  Fokussierelektrodeneinrich- 
tung  (25,26)  gelangt  sind,  und 

die  Vertikalablenkelektrode  (28a,28b)  an-  10 
geordnet  ist,  um  Elektronenstrahlen  abzulenken, 
die  durch  die  Horizontalablenkelektrode  (27a,27b) 
gelangt  sind. 

2.  Eine  Bildanzeigevorrichtung  nach  Anspruch  1,  15 
dadurch  gekennzeichnet,  dali  die  Fokussierelek- 
trodeneinrichtung  eine  leitfahige  Platte  oder 
Scheibe  aufweist,  wobei  eine  Vielzahl  von  langli- 
chen  Offnungen  (35,45),  die  sich  in  einer  verlan- 
gerten  Richtung  der  Linienkathoden  erstrecken,  20 
ausgebildet  ist. 

3.  Eine  Bildanzeigevorrichtung  nach  Anspruch  2, 
dadurch  gekennzeichnet,  dali 

die  Fokussierelektrodeneinrichtung  eine  25 
erste  Fokussierelektrode  (25)  aufweist,  die  aus 
der  leitenden  Scheibe  gebildet  ist,  in  der  die  Viel- 
zahl  von  Offnungen  (35,45)  ausgebildet  ist, 

wobei  die  Offnungen  (35,45)  langliche 
Offnungen  (35,45)  sind,  die  sich  in  einer  verlan-  30 
gerten  Richtung  der  Linienkathoden  (22a-22d) 
erstrecken,  und 

dali  die  Fokussierelektrodeneinrichtung 
eine  zweite  Fokussierelektrode  (26)  zum  elektro- 
statischen  Fokussieren  von  Elektronenstrahlen,  35 
die  durch  die  erste  Fokussierelektrode  gelangt 
sind,  in  der  verlangerten  Richtung  der  Linienka- 
thoden  (22a-22d)  aufweist. 

4.  Eine  Bildanzeigevorrichtung  nach  Anspruch  3,  40 
dadurch  gekennzeichnet,  dali  die  zweite  Fokus- 
sierelektrode  (26)  aus  einer  leitenden  Scheibe 
oder  Platte  hergestellt  ist,  wobei  eine  Vielzahl  von 
langlichen  Offnungen  (36,46)  sich  in  einer  zu  der 
verlangerten  Richtung  der  Linienkathoden  senk-  45 
rechten  Richtung  erstreckt. 

5.  Eine  Bildanzeigevorrichtung  nach  einem  der  An- 
spruche  1  bis  4,  dadurch  gekennzeichnet,  dali 
die  Horizontalablenkelektrode  ein  Paar  von  50 
kammformigen  leitenden  Scheiben  (27a,27b) 
oder  Platten  aufweist,  die  in  einer  vertikalen 
Richtung  auf  dergleichen  Ebenemiteinander  iso- 
liert  kammartig  verschachtelt  sind. 

55 
6.  Eine  Bildanzeigevorrichtung  nach  einem  der  An- 

spruche  1  bis  5,  dadurch  gekennzeichnet,  dali 
die  Vertikalablenkelektrode  ein  Paar  von  kamm- 

formigen  leitenden  Scheiben  (28a,28b)  aufweist, 
die  miteinander  in  einer  Horizontalrichtung  auf 
der  gleichen  Ebene  isoliert  kammartig  ver- 
schachtelt  sind. 

Revendications 

1.  Dispositif  d'affichage  d'image  comprenant  : 
une  multitude  de  cathodes  en  ligne  (22a  a 

22d)  qui  se  prolongent  paralleles  les  unes  aux  au- 
tres  af  in  d'emettre  des  electrons, 

une  electrode  d'extraction  des  faisceaux 
d'electrons  (23)  pour  extraire  les  faisceaux 
d'electrons  a  partir  desdites  cathodes  en  ligne, 

une  electrode  de  commande  (24)  pour 
commander  selectivement  le  passage  de  la 
quantite  de  faisceaux  d'electrons  etant  passee 
par  ladite  electrode  d'extraction  des  faisceaux 
d'electrons, 

un  moyen  d'electrodes  de  focal  isation  (25, 
26)  pour  focaliser  electrostatiquement  le  fais- 
ceau  d'electrons  etant  passe  par  ladite  electrode 
de  commande, 

un  moyen  d'electrodes  de  deviation  (27a, 
27b,  28a,  28b)  pour  devier  les  faisceaux  d'elec- 
trons  etant  passes  par  ledit  moyen  d'electrodes 
de  focal  isation  (25,  26)  comportant  une  electrode 
de  deviation  horizontale  (27a,  27b)  pour  devier 
electrostatiquement  les  faisceaux  d'electrons 
dans  une  direction  prolongee  desdites  cathodes 
en  ligne,  et 

une  electrode  de  deviation  verticale  (28a, 
28b)  pour  devier  electrostatiquement  les  fais- 
ceaux  d'electrons  dans  une  direction  perpendicu- 
laire  a  la  direction  prolongee  desdites  cathodes 
en  ligne,  et 

un  moyen  d'affichage  (29)  pour  emettre 
de  la  lumiere  en  recevant  les  faisceaux  d'elec- 
trons  surcelle-ci,  lesquels  sont  passes  parl'elec- 
trode  de  deviation  verticale, 

les  composants  mentionnes  ci-dessus 
etant  disposes  dans  cet  ordre  sequentiel, 

caracterise  en  ce  que  dans  ledit  moyen 
d'electrodes  de  deviation  (27a,  27b,  28a,28b), 

ladite  electrode  de  deviation  horizontale 
(27a,  27b)  est  disposee  pour  devier  les  faisceaux 
d'electrons  etant  passes  par  ledit  moyen  d'elec- 
trodes  de  focalisation  (25,  26),  et 

ladite  electrode  de  deviation  verticale 
(28a,  28b)  est  disposee  pour  devier  les  faisceaux 
d'electrons  etant  passes  par  ladite  electrode  de 
deviation  horizontale  (27a,  27b). 

2.  Dispositif  d'affichage  d'image  selon  la  revendi- 
cation  1,  caracterise  en  ce  que  ledit  moyen 
d'electrodes  de  focalisation  comprend  unefeuille 
conductrice  dans  laquelle  une  multitude  d'ouver- 
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tures  oblongues  (35,  45)  allongees  dans  une  di- 
rection  prolongee  desdites  cathodes  en  ligne  est 
formee. 

3.  Dispositif  d'affichage  d'image  selon  la  revendi-  5 
cation  2,  caracterise  en  ce  que  ledit  moyen 
d'electrodes  de  focalisation  comprend  une  pre- 
miere  electrode  de  focalisation  (25)  qui  est  cons- 
titute  de  ladite  feuille  conductrice  dans  laquelle 
ladite  multitude  d'ouvertures  (35,  45)  est  formee,  10 

lesdites  ouvertures  (35,  45)  etant  des  ou- 
vertures  oblongues  (35,  45)  disposees  dans  une 
direction  prolongee  desdites  cathodes  en  ligne 
(22a  a  22d),  et 

une  seconde  electrode  de  focalisation  15 
(26)  pour  focaliser  electrostatiquement  les  fais- 
ceaux  d'electrons  qui  sont  passes  par  ladite  pre- 
miere  electrode  de  focalisation  dans  ladite  direc- 
tion  prolongee  desdites  cathodes  en  ligne  (22a  a 
22d).  20 

4.  Dispositif  d'affichage  d'image  selon  la  revendi- 
cation  3,  caracterise  en  ce  que  ladite  seconde 
electrode  de  focalisation  (26)  est  constitute 
d'une  feuille  conductrice  dans  laquelle  une  mul-  25 
titude  d'ouvertures  oblongues  (36,  46)  est  dispo- 
see  en  une  direction  perpendiculaire  par  rapport 
a  la  direction  prolongee  desdites  cathodes  en  li- 
gne. 

30 
5.  Dispositif  d'affichage  d'image  selon  I'une  quel- 

conque  des  revendications  1  a  4,  caracterise  en 
ce  que  ladite  electrode  de  deviation  horizontale 
comprend  une  paire  de  feuilles  conductrices  en 
forme  de  peigne  (27a,  27b)  qui  sont  imbriquees  35 
de  maniere  isolee  I'une  par  rapport  a  I'autre  dans 
une  direction  verticale  sur  le  meme  plan. 

6.  Dispositif  d'affichage  d'image  selon  I'une  quel- 
conque  des  revendications  1  a  5,  caracterise  en  40 
ce  que  ladite  electrode  de  deviation  verticale 
comprend  une  paire  de  feuilles  conductrices  en 
forme  de  peigne  (28a,  28b)  qui  sont  imbriquees 
de  maniere  isolee  I'une  par  rapport  a  I'autre  dans 
une  direction  horizontale  sur  le  meme  plan.  45 
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