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©  Electron  gun  assembly  for  color  cathode  ray  tube  apparatus. 

@  In  an  electron  gun  assembly,  three  eletron 
beams  emitted  from  cathodes  (KR,  KG,  KB)  are 
passed  through  an  electrode  arrangement  (10,  60, 
90)  in  which  two  intermediate  electrodes  (70,  80)  are 
arranged  between  focusing  are  accelerating  eiec- 

{Sjtrodes  (50,  60).  A  focusing  voltage  which  is  varied 
^depending  on  an  deflection  of  the  electron  beam  is 
^applied  to  the  focusing  electrode  (50)  and  an  accel- 
Qjerating  voltage  is  applied  to  the  accelerating  elec- 
r-trode  (60).  A  resistor  (100)  is  connected  between  the 
^accelerating  electrode  (60)  and  the  earth  through  a 
f*j  variable  resistor  (105)  and  intermediate  points  of  the 
fOreisistor  (100)  are  connected  to  the  intermediate 

q   electrodes  (50,  60).  Thus,  convergent  and  divergent 
lenses  (200,  210,  300,  310)  are  formed  between  the 

^focusing  electrode  (50)  and  the  intermediate  elec- 
trode  (70)  and  between  the  accelerating  electrode 
(60)  and  the  intermediate  electrode  (80).  The  lens 

powers  ot  tne  convergent  ana  aivergeni  lenses  ^uu, 
210,  300,  310)  are  varied  in  accordance  with  the 
adjustment  of  the  variable  resistor  (105). 
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Electron  gun  assembly  for  color  cathode  ray  tube  apparatus 

The  present  invention  relates  to  an  electron 
gun  assembly  improved  in  its  resolution  and  ca- 
pable  of  keeping  its  focus  grade  uniform,  and  more 
oarticularly  to  an  improvement  of  an  electron  gun 
assembly  disclosed  in  U.S.  Serial  No.  223,32. 

Electron  gun  assemblies  which  are  called  the 
three  electron  guns  type  are  usually  employed  in 
the  color  cathode  ray  tube  and  most  of  them  be- 
long  to  the  electron  gun  assembly  of  the  in-line 
type  in  which  three  electron  guns  are  aligned  on  a 
line,  in  the  case  of  the  color  cathode  ray  tube 
apparatus  provided  with  the  electron  gun  assembly 
of  the  in-line  type,  inhomogeneous  magnetic  fields 
are  used  to  deflect  electron  beams.  More  specifi- 
cally,  deflecting  magnetic  field  of  the  pincushion 
type  is  used  as  horizontally  deflecting  one  and 
deflecting  magnetic  field  of  the  barrel  type  as  verti- 
cally  deflecting  one  to  cause  the  three  electron 
beams  to  be  self-converged  on  a  point  above  the 
screen  and  focused  on  the  screen.  The  color  cath- 
ode  ray  tube  of  this  seif-convergence  type  can 
reduce  the  amount  of  current  used  to  contribute  to 
enhancing  its  quality  and  capacity,  and  it  has  be- 
come  the  most  popular  color  cathode  ray  tube 
these  days. 

In  the  case  of  the  color  cathode  ray  tube 
apparatus  of  the  self-convergence  type,  however,  it 
has  been  found  that  deflecting  magnetic  fields  of 
ncn-uniformity  causes  the  resolution  to  be  lowered 
at  the  pheripheral  region  of  the  screen  in  the  color 
cathode  ray  tube.  The  section  of  the  electron 
beams  is  distorted  as  -the  electron  beam  is  de- 
flected,  and  the  beam  spot  can  be  kept  as  a  true 
circle  at  the  center  portion  of  the  screen  but  it  is 
changed  at  the  pheripheral  region  of  the  screen, 
overlapping  a  low  bright  halo,  longer  in  the  vertical 
direction,  upon  a  high  bright  eilipse-like  core,  long- 
er  in  the  horizontal  direction.  This  causes  the  reso- 
lution  to  be  lowered  at  the  pheripheral  region  of  the 
screen.  This  distortion  of  the  electron  beam  spot  is 
resulted  from  the  fact  that  a  deflection  yoke  applies 
inhomogeneous  magnetic  fields  to  the  three  elec- 
tron  beams,  causing  the  electron  beams  in  deflect- 
ing  magnetic  fields  to  be  gently  focused  in  the 
horizontal  direction  but  sharply  in  the  vertical  direc- 
tion. 

An  electron  gun  assembly  capable  of  prevent- 
ing  the  resolution  from  being  lowered  because  of 
this  distortion  of  the  electron  beam  spot  is  dis- 
closed  in  US  Patent  Serial  No.  223,332,  filed  July 
25,  1988.  In  the  case  of  this  electron  gun  assem- 
bly,  a  main  lens  section  is  formed  between  focus- 
ing  and  final  accelerating  electrodes,  one  or  plural 
intermediate  electrodes  are  located  between  the 
focusing  and  the  final  accelerating  electrode,  and  a 

resistor  located  adjacent  to  the  electron  gun  serves 
to  divide  final  accelerating  voltage  applied  into 
those  of  a  certain  value  which  are  applied  to  the 
intermediate  electrodes.  Further,  those  sides  of  the 

5  focusing  and  final  accelerating  electrodes  which 
face  the  intermediate  electrodes  are  formed  as 
plates  each  having  openings  to  form  a  quadrupole 
lens,  and  voltage  which  rises  synchronous  with  the 
electron  beams  deflected  is  applied  to  the  focusing 

w  electrode.  The  electron  gun  assembly  arranged  in 
this  manner  allows  the  resolution  to  be  improved  at 
the  center  region  of  the  screen  and  it  can  be 
therefore  incorporated  into  the  color  cathode  ray 
tube  of  the  common  type  in  which  focusing  voltage 

15  is  fixed  certain. 
In  the  case  of  the  electron  gun  assembly  in 

which  the  main  lens  is  designed  as  the  quadrupole 
lens,  however,  the  vertical  diameter  of  the  electron 
beam  is  mainly  adjusted  while  leaving  its  horizontal 

20  diameter  almost  not  adjusted  when  adjustment  is 
made  relative  to  focusing  voltage. 

Upon  adjusting  focusing  voltage,  therefore,  a 
compromise  must  be  made  between  adjustments 
of  beam  diameter  in  the  vertical  and  horizontal 

25  directions.  This  makes  it  impossible  for  the  electron 
gun  assembly  to  give  full  scope  to  its  original 
capacity. 

The  conventional  technique  of  dividing  the  fo- 
cusing  electrode  into  at  least  two  pieces  and  using 

30  the  quadrupole  lens  between  the  focusing  elec- 
trodes  to  adjust  the  vertical  focusing  of  electron 
beams  independently  of  the  horizontal  focusing 
thereof  is  used  in  some  industrial  fields,  but  inter- 
ference  is  strong  in  the  vertical  and  horizontal 

35  directions  in  the  case  of  this  technique.  In  other 
words,  when  the  focusing  of  electron  beams  is 
adjusted  in  one  or  vertical  direction,  the  focusing  of 
electron  beams  which  has  been  adjusted  in  the 
other  or  horizontal  direction  must  come  to  be  ad- 

40  justed  again.  Further,  the  focusing  of  the  electron 
beams  is  adjusted  by  two  potentials  of  high  volt- 
age.  This  causes  conventional  parts  such  as  the 
stem  pins  and  focus  pack  to  be  exchanged. 

U.S  Patent  No.  4,672,269  proposes  providing  a 
45  variable  resistor  connected  to  the  earthed  terminal 

of  a  resistor  outside  the  tube  to  achieve  focus 
adjustment,  but  the  focus  adjustment  is  carried  out 
using  one  potential  in  this  case  and  this  patent 
says  nothing  about  adjusting  the  focusing  of  the 

so  electron  beams  in  the  vertical  direction  indepen- 
dently  of  adjusting  it  in  the  horizontal  direction. 

U.S.  Patent  3,995,194  discloses  an  electron 
gun  assembly  of  the  so-called  try  potential  type. 
The  focusing  of  electron  beams  is  adjusted  using 
two  potentials  in  the  case  of  this  electron  gun,  but 
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:s  main  lens  system  is  of  the  rotationally  symmet- 
ical  type  and  it  teaches  no  concept  of  adjusting 
ne  vertical  diameter  of  the  beam  spot  indepen- 
lently  of  the  adjustment  of  horizontal  diameter  of 
he  beam  spot. 

When  focus  adjustment  is  to  be  carried  out,  a 
:ompromise  is  only  made  between  adjustments  in 
he  vertical  and  horizontal  directions  in  the  case  of 
he  conventional  electron  gun  assemblies,  as  de- 
:cribed  above.  In  the  case  of  the  electron  gun 
issembiy  in  which  the  focusing  of  the  electron 
>eams  is  adjusted  using  two  potentials,  interfer- 
snce  is  strong  in  the  both  vertical  and  horizontal 
iirections  and  this  makes  it  difficult  to  adjust  the 
ocusing  of  the  electron  beams.  Further,  the  focus- 
ng  of  the  electron  beams  is  adjusted  by  two  poten- 
ials  of  high  voltage,  thereby  causing  conventional 
jarts  such  as  the  stem  pin  and  focus  pack  to  be 
exchanged. 

The  object  of  the  present  invention  is  therefore 
o  provide  a  color  cathode  ray  tube  apparatus 
jniform  in  focus  quality  and  capable  of  reliably 
adjusting  the  electron  beam  spot  in  the  vertical  and 
lorizontal  directions  without  exchanging  conven- 
ional  parts  such  as  the  stem  pins  and  focus  pack. 

According  to  the  present  invention,  there  can 
3e  provided  an  electron  gun  assembly  for  a  cath- 
ode  ray  tube  apparatus  comprising  means  for  emit- 
:ing  an  electron  beam,  an  electrode  arrangement 
:or  allowing  the  electron  beam  to  pass  thereth- 
•ough,  which  includes  focusing  and  accelerating 
slectrodes  and  an  intermediate  electrode  located 
between  the  focusing  and  asselerating  electrodes, 
neans  for  applying  a  variable  focusing  voltage  to 
:he  focusing  electrode  to  maintain  the  focusing 
3lectrode  at  an  focusing  potential,  means  for  apply- 
ng  a  high  voltage  to  the  accelerating  electrode  to 
naintain  the  accelerating  electrode  at  a  high  poten- 
tial,  resistor  means  having  one  and  other  ends  and 
an  intermediate  point,  the  one  end  being  connected 
to  the  high  voltage  generating  means  and  the  ac- 
celerating  electrode  and  the  intermediate  point  be- 
ing  connected  to  the  intermediate  electrode,  there- 
by  the  high  voltage  being  divided  by  the  resistor 
means  and  an  intermediate  potential  being  applied 
to  the  intermediate  electrode  through  the  intermedi- 
ate  point,  an  electrical  convergent  lens  for  converg- 
ing  the  electron  beam  in  a  first  plane  and  a  second 
plane  perpendicular  to  the  first  plane,  which  is 
formed  between  the  intermediate  electrode  and  the 
focusing  electrode  by  a  potential  difference  be- 
tween  the  varied  focusing  potential  and  the  inter- 
mediate  potential,  the  convergent  lens  having  dif- 
ferent  first  and  second  converging  lens  powers  in 
the  first  and  second  planes,  the  first  lens  power 
being  larger  than  the  second  lens  power  and  being 
varied  in  accordance  with  the  varied  focusing  po- 
tential,  an  electrical  divergent  lens  for  diverging  the 

electron  oeam  in  a  nrsi  piane  anu  a  secunu  piane, 
which  is  formed  between  the  intermediate  elec- 
trode  and  the  accelerating  electrode  by  a  potential 
difference  between  the  high  potential  and  the  inter- 

5  mediate  potential,  the  divergent  lens  having  dif- 
ferent  third  and  forth  divergent  lens  powers  in  the 
first  and  second  planes,  the  third  lens  power  being 
larger  than  the  forth  lens  power,  and  means,  con- 
nected  to  the  other  end  of  the  resistor  means,  for 

o  varying  a  intermediate  potential  to  change  the  fo- 
cusing  and  diverging  lens  powers. 

This  invention  can  be  more  fully  understood 
from  the  following  detailed  description  when  taken 
in  conjunction  with  the  accompanying  drawings,  in 

5  which: 
Figs.  1A  and  1B  are  sectional  views  taken 

along  vertical  and  horizontal  planes  to  show  an 
example  of  the  electron  gun  assembly  for  color 
cathode  ray  tube  apparatus  according  to  the 

io  present  invention; 
Fig.  2  is  a  perspective  view  showing  a  color 

cathode  ray  tube  apparatus  into  which  the  electron 
gun  assembly  shown  in  Figs.  1A  and  1B  are  incor- 
porated; 

»5  Figs.  3A  and  3B  show  the  equipotential  dis- 
tribution  of  a  main  lens  system  in  the  electron  gun 
assembly  shown  in  Figs.  1A  and  1B; 

Figs.  4A  and  4B  are  optical  models  showing 
the  main  lens  system  of  the  electron  gun  assembly 

jo  in  vertical  and  horizontal  planes; 
Figs.  5A,  5B  and  6A,  6B  are  optical  models 

intended  to  explain  the  operation  of  the  electron 
gun  assembly  shown  in  Figs.  1A  and  1B; 

Fig.  7  shows  how  the  diameter  of  the  elec- 
35  tron  beam  spot  is  changed  as  focusing  voltage  of 

the  electron  gun  assembly  shown  in  Figs.  1A  and 
1  B  changes; 

Figs.  8A  and  8B  are  optical  models  showing 
the  main  lens  system  in  the  vertical  and  horizontal 

40  planes  to  explain  the  operation  of  the  electron  gun 
assembly  shown  in  Figs.  1A  and  1B; 

Figs.  9A  and  9B  show  how  the  diameter  of 
the  electron  beam  spot  is  changed  as  voltage  at 
the  earthed  terminal  of  a  resistor  of  the  electron 

45  gun  assembly  shown  in  Figs.  1A  and  1B  changes; 
Figs.  10A  and  10B  are  intended  to  explain 

the  operation  of  adjusting  the  focusing  of  the  elec- 
tron  beams;  and 

Figs.  1  1  A  and  11  B  are  sectional  views  show- 
so  ing  another  example  of  the  electron  gun  assembly 

for  color  cathode  ray  tube  apparatus  according  to 
the  present  invention. 

Figs.  1A  and  1B  are  sectional  views  showing 
55  an  example  of  the  electron  gun  assembly  em- 

bodied  according  to  the  present  invention  and  used 
in  the  color  cathode  ray  tube  apparatus.  As  shown 
in  Fig.  1  A  the  electron  gun  assembly  includes  three 

o 
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cathodes  (KR),  (KG)  and  (KB)  provided  with  heaters 
(not  shown)  therein  and  aligned  on  a  straight  line, 
and  convergence  cup  90  is  located  on  the  side  of 
the  screen  (not  shown).  Located  between  conver- 
gence  cup  90  and  cathodes  (KR),  (KG),  (KB)  are 
first,  second,  third,  fourth,  fifth  eiectrodes  10,  20, 
30,  40,  50,  plural  intermediate  electrodes  70,  80 
and  sixth  electrode  60  in  this  order,  which  are 
supported  and  fixed  by  insulation  support  rods  (not 
shown),  as  disclosed  by  US  Patent  No.  4,712,043. 
Resistor  1  00  is  located  adjacent  to  the  electron  gun 
assembly  and  it  is  connected  to  sixth  electrode  60 
at  its  one  end  110,  earthed  at  its  other  end  120 
through  a  variable  resistor  105  or  a  variable  power 
source  163,  and  connected  to  intermediate  elec- 
trodes  70  and  80  at  its  intermediate  points  130  and 
140,  as  shown  in  Fig.  1B.  Operation  power  source 
131  is  also  connected  to  one  end  110  of  resistor 
100. 

First  electrode  10  is  formed  as  a  thin  plate 
electrode  provided  with  three  through-holes  each 
having  a  relatively  small  diameter  and  allowing  its 
corresponding  electron  beam  to  pass  therethrough. 
Second  electrode  20  is  similarly  made  as  a  thin 
plate  electrode  provided  with  three  through-holes 
each  having  a  relatively  small  diameter  and  allow- 
ing  its  corresponding  electron  beam  to  pass  there- 
through.  Third  electrode  30  is  formed  by  connect- 
ing  two  cup-like  electrodes  31  and  32  at  their  open 
sides  and  electrode  31  located  on  the  side  of  the 
second  electrode  has  three  through-holes  each 
having  a  diameter  a  little  larger  than  that  of  the 
through-hole  of  second  electrode  20  and  allowing 
its  corresponding  electron  beam  to  pass  thereth- 
rough.  Electrode  32  located  on  the  side  of  the 
fourth  electrode  also  has  three  through-holes  each 
having  a  relatively  large  diameter.  Fourth  electrode 
40  is  made  by  connecting  two  cup-like  electrodes 
41  and  42  at  their  open  sides  and  each  of  elec- 
trodes  41  and  42  has  three  through-holes  each 
having  a  relatively  large  diameter.  Fifth  electrode 
50  comprises  plural  cup-like  electrodes  51,  52,  53 
and  54  and  each  of  them  has  three  through-holes 
each  having  a  relatively  large  diameter.  Intermedi- 
ate  electrodes  70  and  80  are  like  thick  plates  and 
each  of  them  has  three  through-holes  each  having 
a  relatively  large  diameter.  Sixth  electrode  60  com- 
prises  two  cup-like  electrodes  61  and  62  each 
having  three  through-holes.  Convergence  cup  90  is 
fixed  to  the  cup-like  electrode  62.  All  of  the 
through-holes  of  these  first  through  sixth  electrodes 
are  made  circular. 

DC  voltage  of  about  150V,  for  example,  and 
video  signals  which  represent  images  are  applied 
to  cathodes  (KR),  (KG)  and  (KB).  First  electrode  10 
is  earthed  and  voltage  of  about  600V  is  applied  to 
second  electrode  20.  Cathodes  (KR),  (KG),  (KB), 
first  and  second  electrodes  10  and  20  form  a  triode 

where  electron  beams  emitted  from  cathodes  (KR), 
(KG)  and  (KB)  are  crossed  over  with  one  another. 
Third  and  fifth  electrodes  30  and  50  are  connected 
with  each  other  in  the  neck  of  the  tube  and  focus- 

5  ing  voltage  of  about  7KV  is  applied  to  them.  Fourth 
electrode  40  is  connected  to  second  electrode  20 
in  the  neck  of  the  tube.  Final  accelerating  voltage 
of  about  25  -  30KV  is  applied  to  sixth  electrode  60. 

Second  and  third  electrodes  20  and  30  form  a 
w  prefocusing  lens  by  which  the  electrode  beams 

emitted  from  the  triode  are  pre-focused.  Third, 
fourth  and  fifth  electrodes  30,  40  and  50  form  an 
auxiliary  lens  by  which  the  electron  beams  are 
further  pre-focused. 

75  Resistor  100  divides  high  voltage,  causing 
about  40%  of  the  high  voltage  to  be  applied  to 
intermediate  electrode  70  while  about  65%  of  it  to 
be  applied  to  intermediate  electrode  80.  Variable 
resistor  105  located  outside  the  tube  is  connected 

20  to  other  end  120  of  resistor  100  and  voltages  of 
intermediate  electrodes  70  and  80  are  made  vari- 
able  by  variable  resistor  105.  Fifth  electrode  50, 
intermediate  electrodes  70,  80  and  sixth  electrode 
60  form  a  main  lens  by  which  the  electron  beams 

25  are  finally  focused  on  the  screen.  This  main  lens 
system  is  called  extended-field  lens  system  be- 
cause  the  area  of  the  main  lens  system  is  ex- 
tended  by  intermediate  electrodes  70  and  80.  The 
main  lens  system  can  be  used  as  having  a  long 

30  focal  length.  If  the  details  of  the  electron  gun  as- 
sembly  shown  in  Figs.  1A  and  1B  are  needed, 
please  refer  to  US  Patent  Serial  No.  223,  332  filed 
July  25,  1988. 

The  electron  gun  assembly  shown  in  Figs.  1A 
35  and  1B  is  located  in  neck  17  of  the  color  cathode 

ray  tube  as  shown  in  Fig.  2.  The  envelope  of  this 
cathode  ray  tube  is  well  known.  Funnel  1  1  is  con- 
tinous  from  neck  17  and  connected  to  the  skirt  of 
panel  12.  Phosphor  screen  15  is  formed  on  the 

40  inner  face  of  a  face  plate  at  panel  12.  Shadow 
mask  13  having  a  plurality  of  slit  apertures  is  so 
fixed  in  panel  12  as  to  face  screen  15.  Deflection 
yoke  1  8  is  arranged  a  round  funnel  1  1  of  the  tube 
and  the  electron  beams  emitted  from  the  electron 

45  gun  assembly  are  deflected  by  deflecting  magnetic 
field  caused  by  deflection  yoke  18,  so  that  screen 
15  can  be  scanned  by  the  electron  beams  to 
display  images  thereon.  As  already  described  at 
the  background  of  the  present  invention,  pin  cush- 

50  ion  deflecting  magnetic  field  is  used  as  horizontally 
deflecting  magnetic  field,  while  barrel  deflecting 
magnetic  field  as  vertically  deflecting  magnetic 
field. 

Equipotential  distribution  formed  at  the  area  of 
55  the  main  lens  of  the  electron  gun  assembly  shown 

in  Figs.  1A  and  1B  will  be  described  with  reference 
to  Figs.  3A  and  3B.  Fig.  3A  is  a  sectional  view 
taken  along  the  horizontal  direction  in  the  horizontal 

4 
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ilane  of  the  main  lens  area  and  Fig.  3B  is  a 
ectional  view  taken  along  the  vertical  direction  in 
ne  vertical  plane  of  the  main  lens  area.  Focusing 
ilectric  field  enters  gently  into  fifth  electrode  50 
ind  it  forms  common  equipotential  lines  even  in 
:enter  and  side  holes  542  and  541,  543  in  the 
lorizontai  plane  shown  in  Fig.  3A.  Because  fifth 
ilectrode  50  has  an  inner  diameter  longer  in  the 
lorizontai  direction  than  in  the  vertical  direction 
hereof,  focusing  electric  field  is  influenced  by  side 
vails  55  of  electrode  50  to  quickly  enter  into  fifth 
electrode  50  in  the  vertical  plane  shown  in  Fig.  3B 
ind  the  curvature  of  equipotential  lines  is  thus 
nade  larger  in  the  vertical  plane  than  in  the  hori- 
:ontal  plane.  In  short,  focusing  function  is  made 
elatively  higher  in  the  vertical  plane  than  in  the 
lorizontai  plane.  As  apparent  from  the  comparison 
)f  Fig.  2A  with  Fig.  2B,  diverging  electric  field 
;ntering  into  sixth  electrode  60  is  made  relatively 
stronger  in  the  vertical  plane  than  in  the  horizontal 
Diane.  Parallel  equipotential  lines  are  formed  be- 
ween  intermediate  electrodes  70  and  80  and  fo- 
cusing  electric  field  is  thus  separated  from  diverg- 
ng  electric  field. 

In  the  case  of  the  electron  gun  assembly 
shown  in  Figs.  1A  and  1B,  the  main  lens  system  is 
a  combination  of  focusing  and  diverging  lenses 
brmed  by  focusing  and  diverging  electric  fields 
which  are  separated  from  each  other  and  made 
ndependent  of  the  other,  and  the  focusing  lens  has 
a  focusing  force  relatively  stronger  in  the  vertical 
olane  while  the  diverging  lens  has  a  diverging  force 
@elatively  stronger  also  in  the  vertical  plane,  as 
already  described  above.  The  arrangement  of  this 
nain  lens  system  is  represented  by  an  optical 
nodel  shown  in  Figs.  4A  and  4B.  As  shown  in  Fig. 
4A,  the  electron  beams  are  relatively  gently  or 
weakly  focused  in  the  horizontal  plane  by  convex 
lens  section  200  which  is  regarded  as  the  focusing 
slectric  field  or  lens  of  the  main  lens  system,  while 
they  are  relatively  gently  or  weakly  diverged  in  the 
vertical  plane  by  concave  lens  section  300  which  is 
regarded  as  the  diverging  electric  field  or  lens  of 
the  main  lens  system.  As  shown  in  Fig.  4B,  on  the 
other  hand,  the  electron  beams  are  relatively 
sharply  or  strongiy  focused  in  the  vertical  plane  by 
convex  lens  section  210  while  they  are  relatively 
sharply  or  strongly  diverged  in  the  vertical  plane  by 
concave  lense  sections  310.  Although  the  electron 
beams  are  subjected  to  focusing  and  diverging 
forces  different  in  the  horizontal  and  vertical  planes, 
the  beam  spot  of  each  of  them  formed  on  the 
screen  has  a  diameter  equal  in  the  horizontal  and 
vertical  planes. 

In  the  case  of  the  electron  gun  assembly  dis- 
closed  by  US  Patent  Serial  No.  223,332  and  in- 
tended  to  adjust  focusing  voltage  in  accordance 
with  the  amount  of  the  electron  beam  deflected,  the 

vertical  aiameter  or  tne  eieciruu  ueam  is  unanyeu 
while  keeping  the  horizontal  diameter  thereof  al- 
most  unchanged,  as  apparent  from  the  above.  The 
beam  diameter  in  the  horizontal  plane  does  not 

5  become  equal  to  that  in  the  vertical  plane,  accord- 
ingly,  and  each  of  the  beam  spots  in  the  center  of 
the  screen  is  shaped  like  a  non-circle,  longer  in  the 
vertical  or  horizontal  direction.  In  the  case  of  focus- 
adjusting  these  beams,  therefore,  a  compromise  is 

o  usually  made  between  the  adjustment  in  the  verti- 
cal  plane  and  that  in  the  horizontal  plane. 

Focusing  and  diverging  electric  fields  are  sepa- 
rated  from  each  other  and  made  independent  of 
the  other  by  intermediate  electrodes  70  and  80  in 

5  the  case  of  the  electron  gun  assembly  shown  in 
Figs.  1A  and  1B.  When  focusing  voltage  is 
changed,  therefore,  only  the  focusing  action  can  be 
changed  without  changing  the  diverging  action.  The 
electron  beams  are  subjected  to  the  action  of  lens 

>o  more  strongly  in  the  vertical  plane  than  in  the 
horizontal  plane.  When  focusing  voltage  is 
changed,  therefore,  the  beams  can  be  focus-ad- 
justed  only  in  the  vertical  plane.  The  focusing  volt- 
age  of  the  main  lens  system  shown  in  Fig.  5A,  for 

is  example,  is  raised,  the  lens  power  of  convex  lens 
section  210  becomes  small  in  the  vertical  plane,  as 
shown  in  Fig.  5B,  because  potential  difference  be- 
tween  the  focusing  electrode  and  the  intermediate 
electrode  located  adjacent  to  this  focusing  elec- 

30  trode  becomes  low.  The  lens  power  of  concave 
lens  section  310  which  is  represented  by  diverging 
electric  field  is  left  unchanged  in  the  vertical  plane 
because  potential  difference  between  intermediate 
electrode  80  and  final  accelerating  electrode  60  is 

35  not  changed'.  When  focusing  voltage  is  changed, 
therefore,  the  lens  power  of  convex  lens  section 
210  is  changed  only  in  the  vertical  plane.  When  the 
focusing  voltage  of  the  main  lens  system  shown  in 
Fig.  6A  is  raised,  the  lens  power  of  convex  lens 

40  section  200  which  corresponds  to  the  focusing 
electric  field  in  the  horizontal  plane  changes  to 
become  small  same  as  in  the  vertical  plane,  as 
shown  in  Fig.  6B,  but  the  changing  rates  of  lens 
power  of  convex  lens  sections  210  and  200  are 

45  extremely  smaller  in  the  horizontal  direction  when 
focusing  voltage  is  changed,  because  the  lens  has 
a  lens  power  extremely  smaller  in  the  horizontal 
direction  than  in  the  vertical  direction.  The  main 
lens  section  has  therefore  a  lens  power  almost 

so  unchanged  in  the  horizontal  direction  as  it  has 
under  its  original  state. 

As  apparent  from  the  above,  the  beam  spot 
changes  in  shape  as  shown  in  Fig.  7  and  focus 
adjustment  can  be  attained  only  in  the  vertical 

55  direction  when  focusing  voltage  is  changed. 
When  resistor  105  attached  to  the  earthed  ter- 

minal  of  resistor  100  is  made  variable,  the  dividing 
ratio  of  resistor  100  can  be  changed  and  voltages 
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applied  to  intermediate  electrodes  70  and  80  are 
made  variable.  The  balance  of  asymmetrical  focus- 
ing  electric  field  relative  to  asymmetrical  diverging 
electricai  field  can  be  changed  accordingly  and  the 
aspect  ratio  of  the  beam  spot  on  the  screen  can  be 
thus  changed.  The  electron  beams  are  over  fo- 
cused  in  the  vertical  plane  and  asymmetrical  elec- 
tric  field  acts  on  the  electron  beams  to  extend 
them  in  the  horizontal  direction  in  asymmetrical 
focusing  electric  field.  On  the  other  hand,  the  elec- 
tron  beams  are  under-focused  in  the  vertical  plane 
and  asymmetrical  electric  field  acts  on  the  electron 
beams  to  extend  them  in  the  vertical  direction  in 
asymmetrical  diverging  electric  field.  When  the  re- 
sistance  value  of  variable  resistor  105  is  set  large, 
for  example,  potential  is  raised  at  the  earthed  ter- 
minal  of  resistor  100  and  potentials  of  intermediate 
electrodes  70  and  80  are  also  raised.  Potential 
difference  between  intermediate  and  focusing  elec- 
trodes  70  and  50  becomes  large  under  this  state, 
as  shown  in  Figs.  8A  and  8B.  Therefore,  lens 
powers  of  convex  lens  sections  200  and  21  0  which 
is  denoted  by  focusing  electric  field  become  strong 
or  large  in  the  vertical  and  horizontal  planes,  par- 
ticularly  in  the  vertical  plane.  As  potential  difference 
between  intermediate  and  final  accelerating  elec- 
trodes  80  and  60  becomes  small,  lens  powers  of 
concave  lens  sections  300  and  310  become  weak 
or  small  in  the  vertical  and  horizontal  planes,  par- 
ticularly  in  the  vertical  plane.  As  described  above, 
therefore,  asymmetrical  focusing  electric  field  be- 
come  strong  while  asymmetrical  diverging  electric 
field  becomes  weak.  The  beam  spot  is  thus  ex- 
tended  in  the  horizontal  direction.  In  a  case  where 
the  resistance  value  of  variable  resistor  105  is  set 
smaii,  however,  the  beam  spot  is  extended  in  the 
vertical  direction. 

Fig.  9A  shows  how  the  aspect  ratio  of  the 
beam  spot  is  changed  as  potential  (VRE)  at  the 
earthed  terminal  of  resistor  100  changes.  When  the 
resistance  of  variable  resistor  105  is  changed  to 
change  potentials  of  intermediate  electrodes  70 
and  80,  the  imaging  system  of  the  whole  main  lens 
section  is  also  changed.  When  the  resistance  of 
variable  resistor  105  is  set  large  and  potentials  of 
intermediate  electrodes  70  and  80  are  raised,  the 
imaging  system  is  under-focused  as  a  whole. 
When  the  resistance  of  variable  resistor  105  is  set 
small  and  potentials  of  intermediate  electrodes  70 
and  80  are  lowered,  however,  the  imaging  system 
is  over-focused.  Fig.  9B  shows  how  the  focusing  or 
beam  spot  is  changed  as  potential  (VRE)  at  the 
earthed  terminal  of  resistor  100  changes. 

A  case  where  focus  adjustment  is  carried  out 
by  changing  the  resistance  value  of  variable  resis- 
tor  105  connected  to  the  earthed  terminal  of  resis- 
tor  100  will  be  described.  When  a  beam  spot 
having  halos  in  the  horizontal  direction  or  longer  in 

the  vertical  direction  is  formed,  as  shown  in  Fig. 
10A,  the  resistance  value  of  variable  resistor  105  is 
set  large  and  potentials  of  intermediate  electrodes 
70  and  80  are  raised.  Because  the  asymmetrical 

5  lens  serves  to  extend  the  electron  beam  in  the 
horizontal  direction,  therefore,  the  beam  shown  by 
(A)  in  Fig.  10A  is  changed  to  the  one  shown  by  (B) 
in  Fig.  10A.  The  imaging  system  is  changed  at  the 
same  time  and  under-focused  as  a  whole.  The 

to  electron  beam  is  thus  changed  to  have  such  a 
normal  shape  as  shown  by  (C)  in  Fig.  10A.  There- 
fore,  focus  adjustment  only  in  the  horizontal  direc- 
tion  can  be  carried  out  without  changing  the  diam- 
eter  of  the  electron  beam  in  the  vertical  direction. 

75  When  a  beam  having  halos  in  the  vertical  direction 
or  longer  in  the  horizontal  direction  is  formed,  the 
resistance  value  of  variable  resistor  105  is  set  small 
and  potentials  of  intermediate  electrodes  70  and  80 
are  lowered.  Because  the  asymmetrical  lens  serves 

20  to  extend  the  electron  beam  in  the  vertical  direc- 
tion,  therefore,  the  beam  shown  by  (A)  in  Fig.  10B 
is  changed  to  the  one  shown  by  (B)  in  Fig.  10B. 
The  imaging  system  is  changed  at  the  same  time 
and  over  focused  as  a  whole.  The  electron  beam  is 

25  thus  changed  to  have  such  a  normal  shape  as 
shown  by  (C)  in  Fig.  10B.  Therefore,  focus  adjust- 
ment  only  in  the  horizontal  direction  can  be  carried 
out  without  changing  the  diameter  of  the  electron 
beam  in  the  vertical  direction.  When  the  resistance 

30  value  of  variable  resistor  105  is  changed,  therefore, 
focus  adjustment  only  in  the  horizontal  direction 
can  be  attained  without  changing  the  diameter  of 
the  electron  beam  in  the  vertical  direction. 

Although  variable  resistor  105  has  been  con- 
35  nected  to  the  lower  end  of  resistor  100  in  the  case 

of  the  above-described  embodiment  according  to 
the  present  invention,  variable  voltage  106  may  be 
applied  to  the  earthed  terminal  of  resistor  100,  as 
shown  in  Fig.  1  1  . 

40  Although  the  present  invention  has  been  em- 
bodied  as  an  electron  gun  assembly  of  the  conven- 
tional  type,  it  may  be  applied  to  the  electron  gun 
assembly  of  the  dynamic  focus  type. 

The  resistance  value  of  variable  resistor  105 
45  connected  from  outside  to  the  earthed  terminal  of 

resistor  100  ranges  from  0  [Q]  to  100M  [Q].  The 
value  of  voltage  applied  to  the  earthed  terminal  of 
resistor  100  ranges  from  0V  to  1KV.  Focusing 
voltage  is  set  to  about  28%  of  anode  high  voltage. 

so  According  to  the  color  cathode  ray  tube  ap- 
paratus  provided  with  the  electron  gun  assembly  of 
the  present  invention,  focus  adjustment  of  the  elec- 
tron  beam  in  the  vertical  direction  can  be  attained 
independently  of  that  in  the  horizontal  direction 

55  without  making  any  compromise  between  adjust- 
ments  in  the  vertical  and  horizontal  directions.  Fur- 
ther,  the  electron  gun  assembly  of  the  present 

6 
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wention  allows  most  of  conventional  parts  such  as 
ie  stem  pins  to  be  used  and  the  rate  of  these 
onventional  parts  used  is  quite  high. 

Claims 

1.  An  electron  gun  assembly  for  a  cathode  ray 
ube  apparatus  comprising: 
neans  (KR,  KG,  KB)  for  emitting  electron  beam;  an 
slectrode  arrangement  (10,  20,  30,  40,  50,  60,  70, 
SO,  90)  for  allowing  the  electron  beam  to  pass 
herethrough,  which  includes  focusing  and  accel- 
srating  electrodes  (50,  60)  and  an  intermediate 
ilectrode  (70,  80)  located  between  the  focusing 
ind  accelerating  electrodes  (50,  60); 
neans  (Vo)  for  applying  a  variable  focusing  voltage 
o  the  focusing  electrode  (50)  to  maintain  the  fo- 
cusing  electrode  (50)  at  an  focusing  potential;  and 
neans  (131)  for  applying  a  high  voltage  to  the 
accelerating  electrode  (60)  to  maintain  the  accel- 
srating  electrode  (60)  at  a  high  potential; 
characterized  by  further  comprising: 
esistor  means  (100)  having  one  and  other  ends 
110,  120)  and  an  intermediate  point  (130,  140),  the 
Dne  end  (110)  being  connected  to  the  high  voltage 
generating  means  (131)  and  the  accelerating  elec- 
rode  (60)  and  the  intermediate  point  (130,  140) 
Deing  connected  to  the  intermediate  electrode  (70, 
30),  thereby  the  high  voltage  being  divided  by  the 
@esistor  means  (100)  and  an  intermediate  potentials 
Deing  applied  to  the  intermediate  electrode  (70,  80) 
tirough  the  intermediate  point  (130,  140); 
an  electrical  convergent  lens  (200,  210)  for  con- 
/erging  the  electron  beam  in  a  first  plane  and  a 
second  plane  perpendicular  to  the  first  plane,  which 
:s  formed  between  the  intermediate  electrode  (70, 
30)  and  the  focusing  electrode  (50)  by  a  potential 
difference  between  the  varied  focusing  potential 
and  the  intermediate  potential,  the  convergent  lens 
(200,  210)  having  different  first  and  second  con- 
verging  lens  powers  in  the  first  and  second  planes, 
the  first  lens  power  being  larger  than  the  second 
lens  power  and  being  varied  in  accordance  with  the 
varied  focusing  potential; 
an  electrical  divergent  lens  (300,  310)  for  diverging 
the  electron  beam  in  a  first  plane  and  a  second 
plane,  which  is  formed  between  the  intermediate 
electrode  (70,  80)  and  the  accelerating  electrode 
(60)  by  a  potential  difference  between  the  high 
potential  and  the  intermediate  potential,  the  diver- 
gent  lens  (300,  310)  having  different  third  and  forth 
divergent  lens  powers  in  the  first  and  second 
planes,  the  third  lens  power  being  larger  than  the 
forth  lens  power;  and 
means  (105,  106),  connected  to  the  other  end  (120) 

ot  tne  resistor  means  (iuu),  ror  varying  a  mtermeui- 
ate  potential  to  change  the  focusing  and  diverging 
lens  powers. 

2.  The  electron  gun  assembly  for  a  cathode  ray 
5  tube  apparatus  according  to  claim  1,  characterized 

in  that  the  varying  means  (105,  106)  includes  a 
variable  resistor  (105)  connected  between  the  other 
end  (120)  of  the  resistor  means  (100)  and  the 
earth. 

o  3.  The  electron  gun  assembly  for  a  cathode  ray 
tube  apparatus  according  to  claim  1,  characterized 
in  that  the  varying  means  (105,  106)  includes  a 
variable  power  source  (1  06),  connected  to  the  other 
end  of  the  resistor  means  (100),  for  applying  a 

s  variable  potential  to  the  other  end  (120)  of  the 
resistor  means  (100). 

4.  The  electron  gun  assembly  for  a  cathode  ray 
tube  apparatus  according  to  claim  1,  characterized 
in  that  the  resistor  means  (100)  has  a  second 

>o  intermediate  point  (130,  140)  and  the  electrode 
arrangement  (10,  20,  30,  40,  50,  60,  70,  80,  90) 
includes  a  second  intermediate  electrode  (70,  80) 
located  between  the  first  intermediate  electrode 
(70,  80)  and  the  accelerating  electrode  (60)  and 

?5  connected  to  the  second  intermediate  point  (130, 
140),  a  second  intermediate  potential  which  is  larg- 
er  than  the  first  intermediate  potential  being  applied 
to  the  intermediate  electrode  (130,  140)  through  the 
intermediate  point. 

30  5.  The  electron  gun  assembly  for  a  cathode  ray 
tube  apparatus  according  to  clam  4,  characterized 
in  that  the  electrical  divergent  lens  (300,  310)  is 
formed  between  the  accelerating  electrode  (60)  and 
the  second  intermediate  electrode  (70,  80)  and  an 

35  electrical  field  for  separating  the  divergent  lens 
from  the  convergent  lens  (200,  210)  is  formed 
between  the  first  and  second  intermediate  elec- 
trodes  (70,  80). 

6.  The  electron  gun  assembly  for  a  cathode  ray 
40  tube  apparatus  according  to  claim  1,  characterized 

in  that  the  electrode  arrangement  (10,  20,  30,  40, 
50,  60,  70,  80,  90)  includes  first  and  second 
prefocusing  electrodes  (10,  20),  located  between 

@the  emitting  means  (KR,  KG,  KB)  and  the  focusing 
45  electrode  (30). 

7.  The  electron  gun  assembly  for  a  cathode  ray 
tube  apparatus  according  to  claim  6,  characterized 
by  further  comprising: 
means  for  applying  the  focusing  potential  to  the 

so  first  prefocusing  electrode  (20,  30)  and  a  prefocus- 
ing  potential  to  the  second  prefocusing  electrode 
(20,  30); 
a  first  prefocusing  lens,  formed  between  the  first 
and  second  prefocusing  electrodes  (20,  30)  by  a 

55  potential  difference  between  the  focusing  potential 
and  the  prefocusing  potential,  for  prefocusing  the 
electron  beam;  and 
a  second  prefocusing  lens,  formed  between  the 
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second  prefocusing  electrodes  (20,  30)  and  the 
focusing  electrode  (30)  by  a  potential  difference 
between  the  focusing  potential  and  the  prefocusing 
potential  for  prefocusing  the  electron  beam. 

3.  An  electron  gun  assembly  for  color  cathode 
ray  tube  apparatus  comprising: 
means  (KR,  KG,  KB)  for  emitting  three  electron 
beams; 
an  electrode  arrangement  (10,  20,  30,  40,  50,  60, 
70,  80,  90)  for  allowing  the  electron  beams  to  pass 
therethrough,  which  includes  focusing  and  accel- 
erating  electrodes  (50,  60)  and  an  intermediate 
electrode  (70,  80)  located  between  the  focusing 
and  accelerating  electrodes  (50,  60); 
means  (VD)  for  applying  a  variable  focusing  volt- 
age  to  the  focusing  electrode  to  maintain  the  focus- 
ing  electrode  (50)  at  an  focusing  potential; 
means  (131)  for  applying  a  high  voltage  to  the 
accelerating  electrode  (60)  to  maintain  the  accel- 
erating  electrode  (60)  at  a  high  potential; 
characterized  by  further  comprising: 
resistor  means  (100)  having  one  and  other  ends 
(110,  120)  and  an  intermediate  point  (130,  140),  the 
one  end  (110)  being  connected  to  the  high  voltage 
generating  means  (131)  and  the  accelerating  elec- 
trode  (60)  and  the  intermediate  point  (130,  140) 
being  connected  to  the  intermediate  electrode  (70, 
80),  thereby  the  high  voltage  being  divided  by  the 
resistor  means  (100)  and  an  intermediate  potential 
being'applied  to  the  intermediate  electrode  (70,  80) 
through  the  intermediate  point  (130,  140); 
electrical  convergent  lenses  (200,  210),  each  con- 
verging  the  corresponding  electron  beam  in  a  first 
plane  and  a  second  plane  perpendicular  to  the  first 
plane,  which  is  formed  between  the  intermediate 
electrode  (70,  80)  and  the  focusing  electrode  (50) 
by  a  potential  difference  between  the  varied  focus- 
ing  potential  and  the  intermediate  potential,  the 
convergent  lens  (200,  210)  having  different  first  and 
second  converging  lens  powers  in  the  first  and 
second  planes,  the  first  lens  power  being  larger 
than  the  second  lens  power  and  being  varied  in 
accordance  with  the  varied  focusing  potential; 
electrical  divergent  lenses  (300,  310),  each  diverg- 
ing  the  corresponding  electron  beam  in  a  first 
plane  and  a  second  plane,  which  is  formed  be- 
tween  the  intermediate  electrode  (70,  80)  and  the 
accelerating  electrode  (60)  by  a  potential  difference 
between  the  high  potential  and  the  intermediate 
potential,  the  divergent  lens  (300,  310)  having  dif- 
ferent  third  and  forth  divergent  lens  powers  in  the 
first  and  second  planes,  the  third  lens  power  being 
larger  than  the  forth  lens  power;  and 
means  (105,  106),  connected  to  the  other  end  (120) 
of  the  resistor  means  (100),  for  varying  a  intermedi- 
ate  potential  to  change  the  focusing  and  diverging 
lens  powers. 

9.  The  electron  gun  assembly  for  a  color  cath- 
ode  ray  tube  apparatus  according  to  claim  8,  char- 
acterized  in  that  the  varying  means  (105,  106) 
includes  a  variable  resistor  (105)  connected  be- 

5  tween  the  other  end  (120)  of  the  resistor  means 
(1  00)  and  the  earth. 

10.  The  electron  gun  assembly  for  a  color 
cathode  ray  tube  apparatus  according  to  claim  8, 
characterized  in  that  the  varying  means  (105,  106) 

10  includes  a  variable  power  source  (106),  connected 
to  the  other  end  of  the  resistor  means  (100),  for 
applying  a  variable  potential  to  the  other  end  (120) 
of  the  resistor  means  (100). 

11.  The  electron  gun  assembly  for  a  color 
;5  cathode  ray  tube  apparatus  according  to  claim  8, 

characterized  in  that  the  resistor  means  (100)  has  a 
second  intermediate  point  (130,  140)  and  the  elec- 
trode  arrangement  (10,  20,  30,  40,  50,  60,  70,  80, 
90)  includes  a  second  intermediate  electrode  (70, 

20  80)  located  between  the  first  intermediate  electrode 
(70,  80)  and  the  accelerating  electrode  (60)  and 
connected  to  the  second  intermediate  point  (130, 
140),  a  second  intermediate  potential  which  is  larg- 
er  than  the  first  intermediate  potential  being  applied 

25  to  the  intermediate  electrode  (70,  80)  through  the 
intermediate  point. 

12.  The  electron  gun  assembly  for  a  color 
cathode  ray  tube  apparatus  according  to  claim  11, 
characterized  in  that  the  electrical  divergent  lenses 

30  (300,  310)  are  formed  between  the  accelerating 
electrode  (60)  and  the  second  intermediate  elec- 
trode  (70,  80)  and  an  electrical  field  for  separating 
the  divergent  lenses  (300,  310)  from  the  conver- 
gent  lenses  (200,  210)  is  formed  between  the  first 

35  and  second  intermediate  electrodes  (70,  80). 
13.  The  electron  gun  assembly  for  a  cathode 

ray  tube  apparatus  according  to  claim  1  ,  character- 
ized  in  that  the  electrode  arrangement  (10,  20,  30, 
40,  50,  60,  70,  80,  90)  includes  first  and  second 

40  prefocusing  electrodes  (20,  30),  located  between 
the  emitting  means  (KR,  KG,  KB)  and  the  focusing 
electrode  (50). 

14.  The  electron  gun  assembly  for  a  color 
cathode  ray  tube  apparatus  according  to  claim  13, 

45  characterized  by  further  comprising: 
means  for  applying  the  focusing  potential  to  the 
first  prefocusing  electrode  (20,  30)  and  a  prefocus- 
ing  potential  to  the  second  prefocusing  electrode 
(20,  30); 

so  first  prefocusing  lenses,  formed  between  the  first 
and  second  prefocusing  electrodes  (20,  30)  by  a 
potential  difference  between  the  focusing  potential 
and  the  prefocusing  potential,  each  prefocusing  the 
corresponding  electron  beam;  and 

55  second  prefocusing  lenses,  formed  between  the 
second  prefocusing  electrode  (30)  and  the  focusing 

8 
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lectrode  (50)  by  a  potential  difference  between  the 
Dcusing  potential  and  the  prefocusing  potential, 
iach  prefocusing  the  corresponding  electron  beam. 

15.  A  color  cathode  ray  tube  apparatus  com- 
irising: 
in  envelope  (11)  having  an  inner  surface; 
neans  (KR,  KG,  KB)  for  emitting  three  electron 
teams,  which  is  received  in  the  envelope  (11); 
m  electrode  arrangement  (10,  20,  30,  40,  50,  60, 
'0,  80)  for  allowing  the  electron  beams  to  pass 
herethrough,  which  is  arranged  inside  of  the  en- 
velope  (11)  and  includes  focusing  and  accelerating 
slectrodes  (50,  60)  and  an  intermediate  electrode 
70,  80)  located  between  the  focusing  and  accel- 
srating  electrodes  (50,  60); 
neans  (VD)  for  applying  a  variable  focusing  volt- 
ige  to  the  focusing  electrode  to  maintain  the  focus- 
ng  electrode  (50)  at  an  focusing  potential,  which  is 
irranged  outside  of  the  envelope  (11); 
neans  (131)  for  applying  a  high  voltage  to  the 
accelerating  electrode  (60)  to  maintain  the  accel- 
srating  electrode  (60)  at  a  high  potential,  which  is 
arranged  inside  of  the  envelope  (11),  a  screen  (15) 
ormed  on  the  inter  surface  of  the  envelope  (11),  to 
vhich  the  three  electron  beams  being  focused;  and 
neans  (18)  for  generating  first  and  second  deflec- 
ion  magnetic  fields  which  deflects  the  three  elec- 
ron  beams  in  the  first  and  second  planes,  the  first 
3lane  being  perpendicular  to  the  second  plane 
characterized; 
•esistor  means  (100),  which  is  arranged  outside  of 
tie  envelope  and  have  one  and  other  ends  (110, 
120)  and  an  intermediate  point  (130,  140),  the  one 
3nd  (110)  being  connected  to  the  high  voltage 
generating  means  (131)  and  the  accelerating  elec- 
:rode  (60)  and  the  intermediate  point  (130,  140) 
oemg  connected  to  the  intermediate  electrode  (70, 
30),  thereby  the  high  voltage  being  divided  by  the 
-esistor  means  (100)  and  an  intermediate  potential 
being  applied  to  the  intermediate  electrode  (70,  80) 
through  the  intermediate  point  (130,  140); 
convergent  means  (200,  210)  for  converging  the 
electron  beams  in  a  first  plane  and  a  second  plane 
perpendicular  to  the  first  plane,  which  is  formed  in 
the  envelope  (11)  between  the  intermediate  elec- 
trode  (70,  80)  and  the  focusing  electrode  (50)  by  a 
potential  difference  between  the  varied  focusing 
potential  and  the  intermediate  potential,  said  con- 
vergent  means  (200,  210)  having  different  first  and 
second  converging  powers  in  the  first  and  second 
planes,  the  first  lens  power  being  larger  than  the 
second  lens  power  and  being  varied  in  accordance 
with  the  varied  focusing  potential; 
divergent  means  (300,  310)  for  diverging  the  cor- 
responding  electron  beams  in  a  first  plane  and  a 
second  plane,  which  is  formed  in  the  envelope  (11) 
between  the  intermediate  electrode  (70,  80)  and 
the  accelerating  electrode  (60)  by  a  potential  dif- 

ference  Detween  cne  nign  poienuai  anu  ins  iiiiei- 
mediate  potential,  said  divergent  means  (300,  310) 
having  different  third  and  fourth  divergent  powers 
in  the  first  and  second  planes,  the  third  lens  power 

5  being  larger  than  the  fourth  lens  power;  and 
means  (105,  106),  connected  to  the  other  end  (120) 
of  the  resistor  means  (100)  and  arranged  outside  of 
the  envelope  (11),  for  varying  an  intermediate  po- 
tential  to  change  the  focusing  and  diverging  lens 

o  powers. 
16.  The  color  cathode  ray  tube  apparatus  ac- 

cording  to  claim  1  5,  characterized  in  that  the  vary- 
ing  means  (105,  106)  includes  a  variable  resistor 
(106)  connected  between  the  other  end  of  the 

5  resistor  means  (105,  106)  and  the  earth. 
17.  The  color  cathode  ray  tube  apparatus  ac- 

cording  to  claim  15,  characterized  in  that  the  vary- 
ing  means  (105,  106)  includes  a  variable  power 
source  (106),  connected  to  the  other  end  of  the 

>.o  resistor  means  (105,  106),  for  applying  a  variable 
potential  to  the  other  end  of  the  resistor  means 
(100). 

18.  The  color  cathode  ray  tube  apparatus  ac- 
cording  to  claim  15,  characterized  in  that  the  resis- 

?s  tor  means  (100)  has  a  second  intermediate  point 
(130,  140)  and  the  electrode  arrangement  (10,  20, 
30,  40,  50,  60,  70,  80,  90)  includes  a  second 
intermediate  electrode  (70,  80)  located  between  the 
first  intermediate  electrode  (70,  80)  and  the  accel- 

?o  erating  electrode  (60)  and  connected  to  the  second 
intermediate  point  (130,  140),  a  second  intermedi- 
ate  potential  which  is  larger  than  the  first  intermedi- 
ate  potential  being  applied  to  the  intermediate  elec- 
trode  (70,  80)  through  the  intermediate  point. 

35  19.  The  color  cathode  ray  tube  apparatus  ac- 
cording  to  claim  1  8,  characterized  in  that  the  diver- 
gent  means  (300,  310)  is  formed  between  the  ac- 
celerating  electrode  (60)  and  the  second  intermedi- 
ate  electrode  (70,  80)  and  an  electrical  field  for 

40  separating  the  divergent  means  (300,  310)  from  the 
convergent  means  (200,  210)  is  formed  between 
the  first  and  second  intermediate  electrodes  (70, 
80). 

20.  The  color  cathode  ray  tube  apparatus  ac- 
45  cording  to  claim  15,  characterized  in  that  the  elec- 

trode  arrangement  (10,  20,  30,  40,  50,  60,  70,  80, 
90)  includes  first  and  second  prefocusing  elec- 
trodes  (20,  30),  located  between  the  emitting 
means  (KR,  KG,  KB)  and  the  focusing  electrode 

so  (50). 
21.  The  color  cathode  ray  tube  apparatus  ac- 

cording  to  claim  20,  characterized  by  further  com- 
prising: 
means  for  applying  the  focusing  potential  to  the 

55  first  prefocusing  electrode  (20,  30)  and  a  prefocus- 
ing  potential  to  the  second  prefocusing  electrode 
(20,  30); 
first  prefocusing  means,  formed  between  the  first 

y 
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ind  second  prefocusing  electrodes  (20,  30)  by  a 
cotential  difference  between  the  focusing  potential 
and  the  prefocusing  potential,  for  prefocusing  the 
jlectron  beams;  and 
second  prefocusing  means,  formed  between  the  5 
second  prefocusing  electrode  (30)  and  the  focusing 
;lectrode  (50)  by  a  potential  difference  between  the 
bousing  potential  and  the  prefocusing  potential,  for 
crefocusing  the  corresponding  electron  beams. 

22.  The  color  cathode  ray  tube  apparatus  ac-  w 
cording  to  claim  15,  characterized  in  that  the  first 
md  second  magnetic  fields  are  pincushion  and 
barrel  shaped  magnetic  fields,  respectively. 

23.  The  color  cathode  ray  tube  apparatus  ac- 
cording  to  claim  1  5,  characterized  in  that  the  focus-  75 
ng  voltage  is  varied  depending  on  the  deflection  of 
he  electron  beams. 
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