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©  Display  tube  comprising  an  electron  gun  with  a  focusing  lens  of  the  helical  type. 

©  Picture  display  device  comprising  a  display  tube 
with  an  electron  gun  having  a  hollow  tubular  struc- 
ture  (34)  with  an  inner  surface  on  which  a  resistance 
structure  (35)  of  a  material  having  a  high  electrical 
resistance  is  provided,  which  structure  constitutes  a 
focusing  lens  (33).  The  resistance  structure  (35)  is 
connected  to  at  least  two  axially  spaced  electric 
contacts  (36,37)  for  connecting  an  anode  voltage  and 

at  least  one  electric  contact  (38)  located  in  between 
for  applying  a  focusing  voltage.  An  electrode  means 
(38)  of  low-ohmic  material  for  controlling  the  focus- 
ing  lens  by  means  of  a  dynamic  correction  signal  is 
arranged  in  the  region  of  the  connection  for  the 
focusing  voltage.  Upon  energization,  the  low-ohmic 
electrode  means  (38)  particularly  exercises  a  non- 
rotationally  symmetrical  effect  on  the  electron  beam. 
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The  invention  relates  to  a  picture  display  de- 
vice  comprising  a  display  tube  having  a  display 
screen  and  an  electron  gun  arranged  opposite  said 
screen,  with  a  cathode  centred  along  an  electron- 
optical  axis  and  a  plurality  of  electrodes  which 
jointly  constitute  an  electron  beam-producing  part, 
said  gun  further  comprising  a  tubular  structure  hav- 
ing  an  outer  surface  and  an  inner  surface  on  which 
a  resistance  structure  of  a  material  having  a  high 
electrical  resistance  is  provided,  which  structure 
constitutes  a  focusing  lens. 

Lately,  research  efforts  have  been  made  re- 
garding  the  use  of  a  main  focusing  lens  constituted 
by  a  (particularly  helical)  high-ohmic  resistance 
structure  in  display  tubes  in  order  to  obtain  a  low 
spherical  aberration.  The  resistance  structure  has 
at  least  one  contact  for  supplying  a  static  focusing 
voltage  and  at  least  one  contact  for  supplying  an 
anode  voltage. 

However,  when  a  dynamic  correction  signal 
together  with  the  static  focusing  signal  is  to  be 
supplied,  the  desired  effect  which  was  to  be  ex- 
pected  on  grounds  of  previous  experiences  with 
conventional  focusing  tubes  does  not  occur,  par- 
ticularly  not  at  scan  frequencies  exceeding  16  kHz. 
(Correction  by  applying  a  dynamic  focusing  voltage 
may  be  necessary,  for  example  in  the  case  of  large 
deflection  angles  so  as  to  keep  the  electron  beam 
in  focus  throughout  the  screen.  In  the  corners  a 
focusing  voltage  is  required  which  is  different  from 
that  in  the  centre  of  the  screen.  This  means  that 
the  dynamic  focusing  voltage  is  a  signal  varying 
with  the  scan  frequency  whose  intensity  is  a  func- 
tion  of  the  position  of  the  electron  beam  spot  on 
the  screen.) 

It  is  an  object  of  the  invention  to  provide  a 
picture  display  device  comprising  a  display  tube 
with  an  electrostatic  lens,  such  as  a  focusing  lens, 
of  the  helical  resistance  type,  which  is  particularly 
suitable  for  using  dynamic  correction  signals. 

To  this  end  a  picture  display  device  according 
to  the  invention  is  characterized  in  that  the  resis- 
tance  structure  has  at  least  two  electric  contacts 
which  are  axially  spaced  apart  and  are  adapted  to 
be  connected  to  first  voltage-providing  means  for 
applying  an  anode  voltage  and  is  electrically  con- 
nected  to  a  low-ohmic  electrode  means  arranged 
between  said  electric  contacts,  which  means  is 
adapted  to  be  connected  to  second  voltage-provid- 
ing  means  for  applying  a  static  focusing  voltage 
and  a  dynamic  correction  voltage.  The  low-ohmic 
electrode  means  may  consist  of  one  or  more  dis- 
crete  metal  components  or  of  an  electrically  con- 
ducting  layer. 

The  invention  is  based,  inter  alia  on  the  rec- 
ognition  that  the  high  resistance  of  the  (helical)  lens 
structure  leads  to  a  long  intrinsic  RC  time  of  the 
resistance  layer,  even  at  those  locations  where  the 

layer  does  not  form  a  helical  structure  but  is  homo- 
geneous.  In  other  words,  the  focusing  signal  does 
not  propagate  or  hardly  propagates  in  the  resis- 
tance  structure. 

5  An  essential  aspect  of  the  invention  is  that  the 
electrical  connection  of  the  high-ohmic  resistance 
structure  to  the  above-described  low-ohmic  elec- 
trode  means  provides  a  region  having  an  RC  time 
which  is  decreased  to  such  an  extent  that  the 

w  dynamic  correction  signal  can  spread  sufficiently 
far  across  the  main  focusing  lens  in  the  central  part 
of  the  focusing  lens.  As  will  be  described  in  greater 
detail,  the  intermediate  electrode  means  may  con- 
sist  of,  for  example  a  coaxial  metal  ring,  one  or 

75  more  transversal  metal  plates  having  a  beam-pass- 
ing  aperture  or  of  a  thin  conducting  layer  provided 
on  the  inner  wall  of  the  tubular  structure  and/or  on 
the  inner  surface  of  the  resistance  structure.  Vap- 
our  deposition,  sputtering  or  painting  are  examples 

20  of  suitable  techniques  for  providing  the  thin  con- 
ducting  layer.  It  appears  that  dynamic  correction 
signals  (such  as,  for  example  dynamic  focusing 
signals)  having  frequencies  up  to  the  MHz  range 
now  provide  the  desired  effect. 

25  A  construction  enabling  the  low-ohmic  inter- 
mediate  electrode  to  be  provided  in  a  simple  man- 
ner  is  characterized  in  that  the  tubular  structure 
comprises  at  least  two  aligned  sub-tubes  each  hav- 
ing  resistance  structures  which  jointly  constitute  a 

30  main  focusing  lens  and  in  that  the  low-ohmic  elec- 
trode  means  consists  of  at  least  one  metal  plate 
having  a  beam-passing  aperture,  which  plate  is 
arranged  transversely  between  the  facing  ends  of 
the  sub-tubes. 

35  An  embodiment  of  this  construction  is  char- 
acterized  in  that  the  beam-producing  part  com- 
prises  a  correction  means  for  correcting  possible 
alignment  errors  of  the  sub-tubes. 

An  alternative  construction  with  which  align- 
40  ment  errors  are  obviated  is  characterized  in  that 

the  tubular  structure  comprises  a  single  tube  hav- 
ing  a  resistance  structure  provided  on  its  inner 
surface,  which  structure  constitutes  a  focusing  lens, 
in  that  an  annular  structure  of  electrically  conduct- 

45  ing  material  making  electrical  contact  with  the  re- 
sistance  structure  is  arranged  within  said  tube, 
which  annular  structure  constitutes  the  low-ohmic 
electrode  means,  and  in  that  the  annular  structure 
is  connected  to  an  electric  contact  via  an  aperture 

so  in  the  wall  of  the  tube. 
For  dynamic  focusing  the  low-ohmic  intermedi- 

ate  electrode  is  constructed  to  exercise  a 
rotationally  symmetrical  effect  on  the  electron 
beam. 

55  For  dynamic  and  astigmatic  focusing  the  low- 
ohmic  intermediate  electrode  should  be  construct- 
ed  to  exercise  a  non-rotationally  symmetrical  ef- 
fect. 
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Some  embodiments  of  a  picture  display  device 
according  to  the  invention  will  now  be  described  in 
greater  detail  with  reference  to  the  drawing  in 
which 

Fig.  I  shows  diagrammatically  a  cross-section  of 
a  picture  display  device  comprising  a  display 
tube  according  to  the  invention; 
Fig.  2  is  an  elevational  view  of  a  longitudinal 
cross-section  through  a  part  of  a  focusing  lens 
of  an  electron  gun  suitable  for  use  in  the  display 
tube  of  Fig.  1  ; 
Fig.  3  shows  a  basic  diagram  of  a  first  embodi- 
ment  of  a  focusing  lens  which  can  be  used  in  an 
electron  gun; 
Fig.  4  shows  a  basic  diagram  of  a  second  em- 
bodiment  of  a  focusing  lens  which  can  be  used 
in  an  electron  gun; 
Figs.  5,  6  and  7  show  realisations  of  the  basic 
diagram  of  Fig.  3; 
Fig.  8  shows  an  alternative  realisation  of  the 
basic  diagram  of  Fig.  3; 
Fig.  9  is  a  longitudinal  section  of  a  part  of  a 
focusing  lens  having  an  electrode  means  which 
exercises  a  non-rotationally  symmetrical  effect; 
and 
Figs.  10,  11  and  12,  13  show  alternatives  to  the 
construction  shown  in  Fig.  9. 
Fig.  14  shows  an  alternative  use  of  the  inven- 
tion. 

The  device  shown  in  Fig.  1  comprises  a  cath- 
ode  ray  tube  consisting  of,  inter  alia  a  glass  en- 
velope  1  which  is  composed  of  a  display  window  2, 
a  conical  portion  3  and  a  neck  4.  This  neck  accom- 
modates  electrode  structures  8  and  9  which  to- 
gether  with  a  cathode  constitute  the  beam-produc- 
ing  part  43  of  an  electron  gun.  The  electron-optical 
axis  6  of  the  electron  gun  is  also  the  axis  of  the 
envelope.  An  electron  beam  12  is  successively 
formed  and  accelerated  by  the  cathode  7  and  the 
electrode  structures  8,  9.  The  reference  numeral  10 
denotes  a  tubular  structure  whose  inner  surface 
carries  a  (particularly  helical)  structure  11  of  a 
material  having  a  very  high  electrical  resistance 
which  forms  a  focusing  lens  focusing  the  beam  on 
a  display  screen  14  on  the  inner  side  of  the  display 
window  2.  The  resistance  structure  11  is  elec- 
trically  connected  to  a  low-ohmic  metal  input  elec- 
trode  13a  and  a  low-ohmic  metal  output  electrode 
13b.  In  the  case  of  a  so-called  unipotential  lens 
suitable  voltages  to  be  applied  to  the  electrodes 
are,  for  example: 

cathode  7  several  tens  of  Volts  (for  exam- 
ple  50V) 

electrode  8  0  V 
electrode  9  several  hundreds  of  Volts  (for 

example  400  V) 
input  and  output  focusing  lens  several  tens  of 
kilovolts  (for  example  30  kV)  central  part  focusing 

lens  several  kilovolts  (for  example  5  kV).  The  elec- 
tron  beam  12  is  deflected  by  means  of  a  system  5 
of  deflection  coils  from  the  axis  6  across  the  dis- 
play  screen  14.  Display  screen  14  consists  of  a 

5  phosphor  layer  which  is  coated  with  a  thin  alumin- 
ium  film  which  is  electrically  connected  to  the  end 
of  electrode  11  via  a  conducting  coating  on  the 
inner  wall  of  the  conical  portion  3. 

For  applying  a  focusing  voltage  in  the  central 
10  part  of  the  focusing  lens  a  low-ohmic  electrode  is 

required  within  the  scope  of  the  invention.  This 
electrode  may  be  constructed  in  different  manners. 
Examples  will  be  given  with  reference  to  Figs.  5,  6, 
7  and  8. 

75  Some  details  of  the  construction  of  a  focusing 
lens  of  a  type  suitable  for  use  in  an  electron  gun  of 
the  display  tube  of  Fig.  1  will  be  described  with 
reference  to  Fig.  2.  The  type  in  question  comprises 
a  tubular  (glass)  envelope  15.  The  inner  side  of  the 

20  envelope  15  whose  ends  are  provided  with  trans- 
versal  metal  electrode  plates  17a,  17b  having  cen- 
tral  coaxial  apertures  18a,  18b  carries  a  high-ohmic 
resistance  layer  16  in  which  a  helical  structure  is 
formed  which  constitutes  a  focusing  lens  17  when 

25  a  suitable  electric  voltage  is  applied.  The  patterns 
of  parallel  oblique  lines  diagrammatically  represent 
the  locations  where  the  resistance  layer  16  has 
been  omitted.  The  parts  of  the  helical  structure  are 
thus  always  present  between  two  of  these  lines. 

30  The  high-ohmic  resistance  layer  16  may  consist  of, 
for  example  glass  enamel  having  a  small  amount 
(for  example  several  %  by  weight)  of  metal  oxide 
(particularly  ruthenium  oxide)  particles.  The  layer 
16  may  have  a  thickness  of  between  1  and  10  vm, 

35  for  example  3  vm.  The  resistance  per  square  of 
such  a  layer  depends  on  the  concentration  of  metal 
oxide  and  the  heat  treatment  to  which  the  layer  is 
subjected.  In  practice  resistances  per  square  vary- 
ing  between  10*  and  10s  Q  have  been  realised.  A 

40  desired  resistance  per  square  can  be  realised  by 
adjusting  the  relevant  parameters.  A  resistance  per 
square  of  the  order  of  10s  0  is  very  suitable  for  the 
relevant  application.  The  total  resistance  of  the 
helical  structure  formed  in  the  layer  16  (which 

45  structure  may  comprise  a  continuous  helix  as  well 
as  a  number  of  separate  helixes  connected  by 
segments  without  a  helical  structure  -  6  in  the 
example  of  Fig.  2)  may  be  of  the  order  of  10  G  Q, 
which  means  that  a  current  of  several  mA  will  flow 

50  across  the  ends  at  a  voltage  difference  of  30  kV.  In 
this  Figure  and  in  all  other  Figures  the  (oblique) 
line  patterns  indicate  the  locations  of  the  resistance 
layer  where  the  material  has  been  removed  from 
the  resistance  layer  by  means  of,  for  example,  a 

55  rotating  cutting  tool. 
The  electron  gun  of  Fig.  1  has  a  beam-produc- 

ing  part  43  preceding  the  focusing  lens  17,  which 
part  generally  comprises  a  cathode  7,  a  grid  elec- 

3 
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trode  8  and  an  anode  9.  In  the  case  of  Fig.  1  the 
components  of  the  beam-producing  part  43  are 
separately  mounted  in  the  display  tube,  for  exam- 
ple,  by  means  of  axial  glass-  ceramic  mounting 
rods.  Alternatively,  they  may  be  mounted  within  the 
tubular  envelope  10  of  the  focusing  lens. 

It  may  be  necessary  to  correct  occurring  pic- 
ture  errors  by  means  of  dynamic  focusing.  The 
power  of  the  electron  lens  for  focusing  the  electron 
beam  is  adjusted  as  a  function  of  the  deflection  to 
which  the  electron  beam  is  subjected  at  that  in- 
stant.  This  provides  the  possibility  of  causing  the 
main  picture  plane  which  is  then  prevalent  to  inter- 
sect  the  display  screen  at  the  location  where  the 
electron  beam  impinges  upon  the  display  screen. 
This  correction  mode  requires  an  extra  circuit  in 
the  control  device  for  generating  the  correct  dy- 
namic  focusing  voltages  on  the  electrodes  of  the 
focusing  lens. 

Since  the  material  of  the  helical  resistance 
structure  has  such  a  high  electrical  resistance  (for 
example  10  G  Q),  the  RC  time  is  long  (for  example 
10  msec).  As  a  result,  the  effect  of  a  dynamic 
focusing  voltage  applied  to  electrode  18a  will  hard- 
ly  reach  the  helical  resistance  structure.  The  inven- 
tion  provides  a  solution  in  this  respect.  The  princi- 
ple  of  this  solution  will  be  elucidated  with  reference 
to  Figs.  3  and  4  showing  two  designs  of  focusing 
lenses  which  are  suitable  for  use  in  an  electron  gun 
for  a  picture  display  device  according  to  the  inven- 
tion. 

Only  two  electric  supply  leads  are  required  for 
the  two  types  of  focusing  lenses:  an  anode  lead 
and  a  focus  lead. 

Fig.  3  shows  diagrammatically  a  helical  focus- 
ing  lens  in  which  an  anode  voltage  Va  is  applied  to 
the  ends  and  a  focusing  voltage  Vf  is  applied  to  the 
central  part  (so-called  unipotential  lens).  A  char- 
acteristic  feature  of  a  unipotential  lens  design  is 
that,  in  contrast  to  a  bipotential  lens  design,  the 
voltages  across  the  object-sided  lens  portion  and 
the  image-sided  lens  portion  are  equal.  The  resis- 
tance  structures  of  these  two  portions  may  be 
symmetrical.  Each  structure  has,  for  example  5 
helical  segments. 

Fig.  4  shows  diagrammatically  a  helical  focus- 
ing  lens  in  which  an  anode  voltage  Va  is  applied  to 
one  end  and  to  a  first  part  located  between  the 
ends,  and  a  focusing  voltage  Vf  is  applied  to  the 
other  end  and  to  a  second  part  located  between 
the  ends  (so-called  quadripotential  lens). 

Such  a  lens  may  have  an  object-sided  potential 
at  the  focusing  voltage,  followed  by  a  trajectory 
where  the  potential  increases  to  the  anode  voltage 
and  then  the  potential  may  decrease  to  the  focus- 
ing  voltage  and  increase  again  to  the  anode  voltage 
on  the  last  trajectory. 

Other  types  of  "multipotential"  lenses  are  also 

applicable. 
The  voltages  can  be  applied,  for  example  by 

making  an  aperture  in  the  wall  of  the  glass  tube  at 
each  desired  location,  which  glass  tube  carries  the 

5  resistance  structure  on  its  inner  surface,  and  by 
providing  an  electric  contact  in  this  aperture  (for 
example  an  indium  pellet)  which  makes  contact 
with  the  resistance  layer.  Instead  of  this  type  of 
electric  contact  a  metal  flange  making  electrical 

70  contact  with  the  resistance  layer  can  be  provided  at 
the  ends  of  the  glass  tube. 

However,  within  the  scope  of  the  invention,  the 
electrode  for  applying  a  dynamic  correction  signal 
should  always  be  a  low-ohmic  intermediate  elec- 

75  trode  electrically  connected  to  the  resistance  layer. 
An  embodiment  of  the  lens  design  of  Fig.  3  is 

shown  in  Fig.  5.  The  resistance  lens  construction 
shown  in  this  Figure  comprises  a  sub-tube  21  and 
a  sub-tube  22.  Metal  flanges  (for  example  flanges 

20  of  CrFe)  23,  24  each  having  a  coaxial  aperture  are 
sealed  to  the  ends  of  sub-tube  21  and  metal 
flanges  25,  26  each  having  a  coaxial  aperture  are 
sealed  to  the  ends  of  the  sub-tube  22.  The  flanges 
23,  26  serve  for  applying  the  anode  voltage  Va.  In 

25  the  manner  described  with  reference  to  Fig.  2  high- 
ohmic  resistance  layers  27,  28  having  a  helical 
structure  are  arranged  in  the  sub-tubes  21  ,  22.  The 
flanges  24,  25,  each  of  which  has  a  beam-passing 
aperture,  are  welded  together  and  jointly  constitute 

30  a  low-ohmic  intermediate  electrode  which  serves 
for  applying  the  (static  +  dynamic)  focusing  volt- 
age  Vf. 

Fig.  6  shows  a  substantially  identical  structure. 
However,  in  this  case  the  facing  flanges  24,  25  are 

35  not  welded  together,  but  arranged  in  a  mutually 
electrically  insulated  manner  (for  example,  by 
mounting  on  glass  or  ceramic  rods  which  are  not 
shown).  This  provides  the  possibility  of  applying  a 
static  plus  a  dynamic  focusing  voltage  Vf  (stat  + 

40  dyn)  to,  for  example  flange  25  and  a  static  focusing 
voltage  Vf  (stat)  to  flange  24.  In  the  constructions 
shown  in  Figs.  5  and  6  the  metal  flanges  24,  25 
having  coaxial  central  apertures  29,  30  function  as 
low-ohmic  electrodes.  The  apertures  29,  30  may 

45  have  a  rotationally  symmetrical  shape,  as  in  Fig.  5. 
If  the  apertures  29,  30  have  a  non-rotational  ly  sym- 
metrical  shape,  for  example  a  square  or  elongate 
(oval  or  rectangular)  shape,  as  in  Fig.  6,  an  electric 
4-poie  field  forming  an  astigmatic  lens  is  formed  in 

so  between  them  upon  energization.  The  applied  dy- 
namic  focusing  voltage  has  a  diverging  effect  on  an 
electron  beam  passing  through  the  focusing  lens, 
both  in  the  horizontal  and  in  the  vertical  direction. 
This  diverging  effect  can  be  compensated  in  the 

55  horizontal  direction  and  increased  in  the  vertical 
direction  by  the  astigmatic  lens  which  is  formed 
between  the  flanges  24,  25  when  the  dynamic  and 
static  focusing  voltages  are  applied.  This  renders 

4 
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n  independent  horizontal  and  vertical  focusing 
ossible,  which  is  particularly  important  in  color 
isplay  tubes.  (Here,  dynamic  astigmatic  focusing 
>  concerned). 

Fig.  7  shows  a  structure  which  is  substantially 
jentical  to  the  structure  of  the  focusing  lens  of  Fig. 

In  this  case,  however,  an  extra  transversal  elec- 
-ode  31  is  arranged  between  the  flanges  24  and 
:5.  The  required  static  and  dynamic  focusing  vol- 
ages  can  now  be  applied  to  the  electrodes  24,  25 
ind  31. 

Fig.  9  shows  a  part  of  a  focusing  lens  construc- 
ion  with  a  low-ohmic  electrode  means  comprising 
wo  metal  flanges  24'  and  25'  each  having  a  beam- 
lassing  aperture  and  engaging  projections  42,  43, 
\A  and  45  whereby,  upon  energization,  a  4-pole 
ield  is  generated  between  the  flanges. 

In  the  cases  of  Figs.  5,  6,  7  and  9  the  focusing 
ens  always  comprises  at  least  two  sub-tubes  hav- 
ng  a  resistance  structure.  This  could  give  rise  to 
nisalignment  of  the  sub-tubes.  Possibly  occurring 
nisalignments  can  be  corrected  by  a  correction 
neans  particularly  arranged  in  front  of  the  focusing 
ens.  The  desired  correction  is  realised,  for  exam- 
ple,  by  providing  a  ring  42  of  permanently  mag- 
letizable  material  in  the  last  electrode  of  the  beam- 
producing  part  of  the  electron  gun  (electrode  9  in 
=ig.  1)  and  by  magnetizing  this  ring  from  the  ex- 
erior  after  the  electron  gun  has  been  mounted  in 
he  display  tube.  It  appears  from  Figs.  5,  6  and  7 
hat  the  metal  flanges  24,  25  (and  31)  are  compara- 
Jveiy  close  to  the  through-connection  wire  32  ap- 
Dlying  the  anode  (high)  voltage  to  flange  23.  Since 
he  flanges  24,  25  (and  31)  convey  the  (lower) 
:ocusing  voltage,  this  may  give  rise  to  unwanted 
:ield  emission  ("spraying")  of  the  flanges  24,  25 
[and  31)  to  the  through-connection  wire  32,  particu- 
larly  when  the  flanges  are  rough  (or  have  projec- 
tions).  To  prevent  this,  it  should  be  ensured  that 
the  components  conveying  different  voltages  do 
not  "see"  one  another,  for  example,  by  insulating 
the  connection  wire  by  oxidizing  the  material  of 
which  it  is  made  or  by  coating  it  with  an  insulating 
layer.  However,  an  electrically  insulating  protective 
coating  is  preferably  provided  on  the  components 
conveying  the  lowest  voltage  (i.e.  the  flanges  24, 
25  (and  31)).  A  thin  layer  of  ceramic  material  or  of 
glass  is  suitable  for  insulation.  In  the  latter  case,  for 
example  aluminium  phosphate  glass  is  a  good 
choice.  This  may  be  provided  in  a  thin  layer  and 
has  a  high  viscosity  already  at  a  relatively  low 
temperature.  Consequently,  a  great  degree  of  free- 
dom  with  respect  to  the  coefficients  of  expansion  of 
the  metal  to  be  coated  and  the  glass  is  admissible. 
Also  in  the  case  of  the  relatively  high  viscosity  and 
a  snail  thickness  (of  the  order  of  microns)  of  the 
layer,  this  layer  will  easily  follow  possible  ir- 
regularities  of  the  surface  on  which  it  is  provided 

ana  inus  coax  mis  sunauu  scuiaiauiumy.  mi  anor 
native  example  is  to  manufacture  the  flanges  24, 
25  (and  31)  from  a  chromium-containing  material 
and  to  subject  it  to  an  oxidation  treatment. 

;  Another  way  of  preventing  the  occurrence  of 
unwanted  field  emission  is  explained  with  reference 
to  Fig.  8. 

Instead  of  two  (or  more)  sub-tubes  (for  exam- 
ple  two  tubes  having  a  length  of  35  mm  each)  the 

o  focusing  lens  33  comprises  one  single  tube  34 
(having  a  length  of,  for  example  70  mm)  in  this 
case.  The  inner  surface  of  tube  34  is  provided,  for 
example  in  the  manner  described  hereinbefore  with 
a  high-ohmic  resistance  layer  35  having  a  helical 

5  pattern  and  its  ends  may  be  provided  with  flanges 
36,  37  which  are  electrically  connected  thereto  and 
are  intended  to  apply  an  anode  voltage  Va.  The 
tube  34  accommodates  a  coaxial  metal  ring  38  (for 
example  of  CrNi)  which  is  in  (clamping)  engage- 

•o  ment  and  in  electrical  contact  with  a  part  of  the 
resistance  layer  35  in  which  no  helical  pattern  has 
been  provided.  Focus  lead  40  is  welded  (for  exam- 
ple  by  means  of  laser  welding)  to  the  clamping  ring 
38  functioning  as  a  focusing  electrode  via  an  ap- 

is  erture  39  (of,  for  example  1  .5  x  3  mm)  in  the  wall 
of  the  tube  34,  which  aperture  is  made  (for  exam- 
ple  by  means  of  sandblasting)  preferably  after  the 
resistance  layer  35  is  provided.  In  this  construction 
the  wall  of  the  tube  34  shields  the  focusing  elec- 

io  trode  38  from  anode  through-connection  wire  41, 
thus  preventing  the  above-mentioned  field  emission 
problem.  The  width  of  the  focusing  electrode 
(clamping  ring  38  in  this  case)  determines  to  a 
considerable  extent  the  region  where  dynamic  fo- 

35  cusing  takes  place.  Also  the  width  of  the  uninter- 
rupted  part  of  the  resistance  layer  35  located  be- 
tween  the  helical  portions  plays  a  role  if  this  width 
deviates  from  the  width  of  the  focusing  electrode. 
Static  focusing  takes  place  throughout  the  length  of 

40  the  helical  pattern. 
To  prevent  possible  high-voltage  problems,  it  is 

important  that  the  focus  lead  40  does  not  "see"  the 
high-voltage  through-connection  wire  41.  To 
achieve  this,  it  is  useful  to  provide  the  aperture  39 

45  in  a  position  which  is  rotated  through  an  angle  of 
between  120°  and  180°  with  respect  to  the  posi- 
tion  of  the  wire  41  . 

In  its  simplest  form  the  coaxial  focusing  ring  38 
is  rotationally  symmetrical  so  as  to  render  the  use 

50  of  dynamic  focusing  possible.  Within  the  scope  of 
the  invention  rotationally  symmetrical  rings  are  not 
only  understood  to  mean  (closed)  rings  whose  cir- 
cumference  exactly  follows  a  circular  path,  but  also 
(open)  substantially  circular  rings  with  two  ends 

55  which  slightly  overlap  or  with  two  ends  which  are 
located  opposite  each  other  in  one  plane,  either 
with  the  inclusion  of  a  small  gap  or  by  means  of  a 
butt  joint. 
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instead  or  a  aiscrete  ring  (3«)  a  layer  or  a  tape 
of  electrically  conducting  (low-ohmic)  material  can 
be  used  as  a  focusing  electrode.  Such  a  layer  can 
be  provided  on  the  inner  wall  of  the  tube  34  before 
the  high-ohmic  resistance  structure  35  is  provided. 
An  alternative  method  is  to  provide  the  high-ohmic 
resistance  structure  35  and  to  coat  it  with  a  layer  of 
electrically  conducting  material,  for  example  a  layer 
of  electrically  conductive  paint  sold  under  the  name 
of  "Leitsilber". 

As  already  noted  hereinbefore,  the  invention 
can  be  used  for  dynamic  astigmatic  focusing,  for 
which  purpose  an  electric  4-pole  field  is  generated 
in  the  focusing  lens  range.  However,  it  may  also  be 
used  for  generating  other  dynamic  multipole  fields 
in  the  focusing  lens  range,  for  example,  a  dynamic 
dipole  field  (for  beam  displacement). 

The  inventive  principle  of  ohmically  coupling  in 
a  dynamic  signal  into  a  resistance  lens  may  be 
used  advantageously  in  a  projection  TV  tube,  but 
the  principle  may  also  be  used  in  color  display 
tubes.  Another  possibility  is  its  Use  in  oscilloscope 
tubes  in  which  the  high-frequency  deflection  could 
be  effected,  for  example  by  means  of  a  signal 
which  is  ohmically  coupled  in,  similarly  as  the 
dynamic  focusing  signal. 

Dynamic  astigmatic  focusing  may  be  carried 
out  in  manners  differing  from  those  described 
hereinbefore,  for  example,  in  the  manner  shown  in 
Fig.  10.  In  this  case  the  resistance  layer  46  of  the 
focusing  lens  is  interrupted  over  an  intermediate 
area  47  of  several  millimetres.  In  this  area  the  inner 
wall  of  the  tubular  structure  50  carries  two  metal 
slectrodes  48,  49  which  have  engaging  projections 
Df  several  millimetres'  length.  Each  electrode  48, 
49  slightly  overlaps  the  resistance  layer  46  so  as  to 
sstablish  electrical  contact  therewith.  The  elec- 
trodes  may  be  made  of,  for  example,  a  layer  of  a 
ow-ohmic  material  provided  by  way  of  an  elec- 
roless  or  a  vapour-deposition  process,  in  which  the 
:inger  structure  is  provided  by  means  of  etching  or 
oy  a  laser.  The  support  may  be  a  synthetic  ma- 
:erial  foil.  Electrodes  of  the  type  24',  25'  shown  in 
:ig.  9  are  alternatively  possible.  Fig.  11  shows  the 
area  47  and  its  direct  surroundings  in  greater  de- 
ail.  A  voltage  Vf,  (stat)  is  applied  to  the  electrode 
18  and  a  voltage  Vf  (stat  +  dyn)  is  applied  to  the 
slectrode  49. 

Fig.  12  shows  a  simpler  solution.  Here  the 
esistance  layer  46,  in  which  the  helical  pattern  is 
ormed,  is  not  interrupted  over  a  given 
intermediate)  area  (as  in  the  constructions  shown 
n  Figs.  5,  6,  7,  9,  10  and  11),  but  it  continues  as  in 
he  construction  shown  in  Fig.  8.  A  finger  structure 
s  formed  by  means  of  a  scratch  51  in  the  resis- 
ance  layer  46.  (There  may  be  a  plurality  of  parallel 
.cratches  so  as  to  reduce  the  voltage  drop  per 
scratch.)  An  annular  structure  in  the  form  of  two 

tape-shaped  metal  electrodes  52,  53  is  provided  on 
both  sides  at  a  short  distance  (several  mm)  from 
this  scratch.  These  electrodes  are  energized  in  the 
same  way  as  the  electrodes  shown  in  Fig.  11.  By 

5  making  the  distance  between  these  tape-shaped 
electrodes  and  the  ends  of  the  fingers  sufficiently 
small,  it  is  possible  for  the  DAF  signal  to  enter  into 
the  ends  of  the  fingers.  This  solution  has  the  ad- 
vantage  that  the  accuracy  is  determined  by  the 

10  scratch  in  the  resistance  layer  and  is  not  deter- 
mined  by  the  position  or  the  shape  of  the  tape- 
shaped  electrodes. 

DAF  is  possible  at  the  line  frequency  as  well  as 
at  the  field  frequency,  when  the  latter  two  solutions 

15  are  employed.  Another  advantage  is  that  DAF  elec- 
trodes  having  a  finger  structure  are  very  effective. 

A  further  refinement  (see  Fig.  13)  is  to  replace 
the  rectangular  finger  (or  square-wave)  structure  by 
a  more  gradual  profile  such  as  a  sin2<£  function. 

20  Such  a  scratch  54  is  easier  to  provide  and  will 
result  in  fewer  lens  errors.  Here,  too,  use  is  made 
of  tape-shaped  electrodes  52'  and  53'  to  which 
respective  voltages  Vf  (stat)  and  V,  (stat  +  dyn)  are 
applied. 

25  The  invention  is  generally  based  on  the  rec- 
ognition  that  the  high  resistance  of  the  resistance 
structure  leads  to  a  long  intrinsic  RC  time,  even  at 
those  locations  where  the  layer  does  not  form  a 
helical  structure,  so  that  a  H.F.  correction  signal, 

so  such  as  a  dynamic  focusing  signal,  does  not  enter 
or  hardly  enters  into  the  resistance  structure.  This 
also  holds  in  the  case  where  a  portion  of  the 
resistance  structure  outside  the  focusing  lens  por- 
tion  constitutes  a  correction  element.  This  may  be 

35  a  correction  element  of  a  type  described  herein- 
before,  or  a  cylindrical  element  60  which  has  a 
plurality  of  circumferentially  arranged  parts  (for  ex- 
ample,  2,  4  or  8),  each  of  which  is  adapted  to  be 
connected  to  voltage-providing  means  for  applying 

io  a  correction  voltage  and  each  of  which  is  in  contact 
with  a  low-ohmic  electrode  means  for  decreasing 
its  resistance  (see  Fig.  14).  Each  low-ohmic  elec- 
trode  means  should  at  least  be  in  contact  with  its 
own  correction  element  part  in  the  area  of  the 

(5  voltage  contact.  If  desired,  the  correction  element 
parts  can  be  electrically  connected  to  the  resis- 
tance  structure  portion  constituting  a  focusing  lens. 

A  further  aspect  of  the  invention  thus  is  that 
contacting  each  individual  portion  of  the  high-ohmic 

so  correction  element  with  a  low-ohmic  electrode 
means  provides  a  region  having  an  RC  time  which 
is  decreased  to  such  an  extent  that  the  dynamic 
correction  signal  can  spread  fast  enough  across 
the  correction  element  to  be  effective.  The  low- 

is  ohmic  electrode  means  may  consist  of,  for  exam- 
ple,  a  thin  conducting  layer  provided  on  the  inner 
wall  of  the  tubular  structure.  Vapour  deposition, 
sputtering  or  painting  are  examples  of  suitable 
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techniques  for  providing  the  thin  conducting  layer. 
It  appears  that  dynamic  correction  signals  (such  as, 
For  example  dynamic  focusing  signals)  having  fre- 
quencies  up  to  the  MHz  range  now  provide  the 
desired  effect. 

Claims 

5.  A  display  device  as  claimed  in  Claim  1,  2  or  4, 
characterized  in  that,  upon  energization,  the 
low-ohmic  electrode  means  exercises  a  non- 
rotationally  symmetrical  effect  on  the  electron 

5  beam. 

6.  A  picture  display  device  comprising  a  display 
tube  having  a  display  screen  and  an  electron 
gun  arranged  opposite  said  screen,  with  a 

o  cathode  centred  along  an  electron-optical  axis 
and  a  plurality  of  electrodes  which  jointly  con- 
stitute  an  electron  beam-producing  part,  said 
gun  further  comprising  a  tubular  structure  hav- 
ing  an  inner  surface  on  which  a  resistance 

5  structure  of  a  material  having  a  high  electrical 
resistance  is  provided,  characterized  in  that  the 
resistance  structure  has  at  least  two  circum- 
ferentially  arranged  parts  which  constitute  a 
correction  element,  each  part  being  adapted  to 

o  be  connected  to  voltage-providing  means  for 
applying  a  correction  voltage  and  each  being 
in  contact  with  a  low-ohmic  electrode  means 
for  decreasing  its  resistance. 

1.  A  picture  display  device  comprising  a  display 
tube  having  a  display  screen  and  an  electron  10 
gun  arranged  opposite  said  screen,  with  a 
cathode  centred  along  an  electron-optical  axis 
and  a  plurality  of  electrodes  which  jointly  con- 
stitute  an  electron  beam-producing  part,  said 
gun  further  comprising  a  tubular  structure  hav-  w 
ing  an  outer  surface  and  an  inner  surface  on 
which  a  resistance  structure  of  a  material  hav- 
ing  a  high  electrical  resistance  is  provided, 
which  structure  constitutes  a  focusing  lens, 
characterized  in  that  the  resistance  structure  20 
has  at  least  two  electric  contacts  which  are 
axially  spaced  apart  and  are  adapted  to  be 
connected  to  first  voltage-providing  means  for 
applying  an  anode  voltage  and  is  electrically 
connected  to  a  low-ohmic  electrode  means  25 
arranged  between  said  electric  contacts,  which 
means  is  adapted  to  be  connected  to  second 
voltage-providing  means  for  applying  a  static 
focusing  voltage  and  a  dynamic  correction 
voltage.  30 

2.  A  display  device  as  claimed  in  Claim  1,  char- 
acterized  in  that  the  tubular  structure  com- 
prises  at  least  two  aligned  sub-tubes  each  hav- 
ing  resistance  structures  which  jointly  consti-  35 
tute  a  focusing  lens  and  in  that  the  low-ohmic 
electrode  means  consists  of  at  least  one  metal 
plate  having  a  beam-passing  aperture,  which 
plate  is  arranged  transversely  between  the  fac- 
ing  ends  of  the  sub-tubes.  40 

3.  A  display  device  as  claimed  in  Claim  2,  char- 
acterized  in  that  the  beam-producing  part  com- 
prises  a  correction  means  for  correcting  possi- 
ble  alignment  errors  of  the  sub-tubes.  45 

4.  A  display  device  as  claimed  in  Claim  1,  char- 
acterized  in  that  the  tubular  structure  com- 
prises  a  single  tube  having  a  resistance  struc- 
ture  provided  on  its  inner  surface,  which  struc-  50 
ture  constitutes  a  focusing  lens,  in  that  an 
annular  structure  of  electrically  conducting  ma- 
terial  making  electrical  contact  with  the  resis- 
tance  structure  is  arranged  within  said  tube, 
which  annular  structure  constitutes  the  lowoh-  55 
mic  electrode  means,  and  in  that  the  annular 
structure  is  connected  to  an  electric  contact 
via  an  aperture  in  the  wall  of  the  tube. 

7 
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