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©  Picture  display  device  having  means  for  compensating  line  stray  fields. 
•  

^ ©   Picture  display  device  having  a  display  tube  (3)  such  manner  that,  measi 
.  and  a  deflection  unit  (9)  comprising  a  field  deflection  distance  from  the  picture  c 

OQCOil  and  a  line  deflection  coil  (11).  To  comply  with  a  strength  of  the  local  magn< 
i—  predetermined  interference  radiation  standard,  the  desired  standard.  Each  coi 

picture  display  device  comprises  a  first  set  of  ably  comprises  at  least  tw 
qq  (horizontal)  interference  suppression  coils  18,  19  ar-  allel  to  each  other  at  a  g 
pranged  symmetrically  relative  to  the  plane  of  sym-  reduce  the  energy  content 
Qmetry  of  the  line  deflection  coil  and  a  further  set  of  ;* 

(vertical)  interference  suppression  coils  18a,  19a  ar-  C S ^ n  
pranged  at  right  angles  to  the  plane  of  symmetry  of  x X v ^  

the  line  deflection  coil,  which  coils  are  oriented  in  ! X ^ V L .  
such  manner  and  in  operation  are  energizable  in 

FIG.4 
•  Xerox  Copy  Centre 

such  manner  that,  measured  at  a  predetermined 
distance  from  the  picture  display  device,  at  least  the 
strength  of  the  local  magnetic  dipole  field  is  below  a 
desired  standard.  Each  coil  of  the  further  set  prefer- 
ably  comprises  at  least  two  sub-coils  arranged  par- 
allel  to  each  other  at  a  given  distance  in  order  to 
reduce  the  energy  content  of  the  coil  system. 
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'Picture  display  device  having  means  for  compensating  line  stray  fields 

The  invention  relates  to  a  picture  display  de- 
vice  having  a  display  tube  the  rear  part  of  which 
consists  of  a  cylindrical  neck  accommodating  a 
device  for  generating  electron  beams  and  the  front 
part  of  which  is  funnel-shaped  with  the  widest  part 
being  present  on  the  front  side,  and  a  picture 
display  phosphor  screen,  said  display  device  also 
being  provided  with  an  electromagnetic  deflection 
unit  mounted  around  the  display  tube  for  deflecting 
electron  beams  across  the  display  screen  and 
comprising  a  line  deflection  coil  and  a  field  deflec- 
tion  coil  which,  when  energized,  generate  magnetic 
fields  having  at  leasf  a  dipole  component. 

Recently  more  stringent  standards  have  been 
introduced  for  certain  types  of  picture  display  de- 
vices,  notably  for  monitors,  with  respect  to  the 
magnetic  interference  field  which  they  may  pro- 
duce  around  them.  So  far  protective  shields  have 
sometimes  been  used  in  picture  display  devices 
such  as,  for  example  a  metal  cone  envelope  for  the 
combination  of  display  tube  and  deflection  unit,  but 
such  protective  shields  are  intended  to  inhibit  the 
influence  of  external  fields  on  the  display  device 
rather  than  reducing  magnetic  interference  fields 
generated  by  the  picture  display  device.  An  impor- 
tant  source  of  magnetic  interference  fields  is  the 
line  deflection  coil  because  it  is  operated  at  radio- 
frequency  currents  (frequencies  in  the  range  of  10 
to  100  kHz)  as  contrasted  to  the  field  deflection 
coil.  It  is  impossible  to  design  a  satisfactorily  op- 
erating  deflection  coil  that  produces  no  stray  field. 
If  the  stray  field  were  to  be  eliminated  by  means  of 
a  protective  shield,  such  a  shield  would  only  be 
effective  if  the  combination  of  display  tube  and 
deflection  unit  were  also  shielded  on  the  display 
screen  side. 

It  is  an  object  of  the  invention  to  comply  with 
the  required  radiation  standards  without  using 
shielding  means.  According  to  the  invention,  in  a 
picture  display  device  of  the  type  described  in  the 
opening  paragraph  this  object  is  realized  in  that  the 
device  is  provided  with  a  compensation  coil  system 
which  is  oriented  in  such  manner  and  in  operation 
is  energizable  in  such  manner  that,  measured  at  a 
predetermined  distance  from  the  picture  display 
device,  at  least  the  strength  of  the  local  magnetic 
dipole  field  is  below  a  desired  standard,  said  com- 
pensation  coil  system  comprising  a  first  set  of 
compensation  coils  arranged  symmetrically  relative 
to  the  plane  of  symmetry  of  the  line  deflection  coil 
on  the  outer  side  of  the  deflection  unit,  and  extend- 
ing  with  main  portions  of  their  lenghts  in  the  axial 
direction,  and  two  further  compensation  coils  ar- 
ranged  symmetrically  relative  to  the  plane  of  sym- 
metry  of  the  line  deflection  coil  on  the  outer  side  of 

the  deflection  unit  and  extending  at  least  substan- 
tially  parallel  to  the  display  screen. 

The  invention  is  based  on  the  recognition  that 
for  interference  suppression  of  magnetic  fields  at  a 

5  long  distance  from  the  interfering  source  (distances 
of,  for  example  more  than  3  m)  it  is  sufficient  to 
compensate  the  dipole  component  only.  Deflection 
units  also  produce  higher  order  (for  example  six- 
pole  and  tenpole)  magnetic  deflection  field  compo- 

rt?  nents,  but  their  strength  decreases  much  more 
rapidly  as  the  distance  increases  than  the  strength 
of  the  dipole  component  so  that  their  contributions 
are  already  negligible  at  a  distance  of  approxi- 
mately  50  cm.  The  magnetic  dipole  moment  of  an 

75  interfering  source  (the  line  deflection  coil)  can  be 
compensated  by  adding  an  opposed  dipole  mo- 
ment.  This  dipole  moment  can  be  obtained  by 
energizing  two  current  loops  positioned  on  the  out- 
er  side  of  the  line  deflection  coil  and  extending  with 

20  two  main  portions  of  their  lengths  at  least  approxi- 
mately  parallel  to  the  tube  axis  on  facing  sides 
thereof,  said  current  loops  having  the  required 
number  of  turns,  the  required  surface  area  and  the 
required  orientation.  Energizing  may  be  effected  by 

25  arranging  the  compensation  coils  constituted  by 
the  current  loops  in  series  with  or  parallel  to  the 
line  deflection  coil. 

The  compensation  coils  should  preferably  cov- 
er  a  surface  area  which  is  as  large  as  possible.  The 

30  larger  the  surface  area  the  less  energy  will  be 
required  to  generate  a  desired  magnetic  dipole 
moment.  A  surface  area  of,  for  example  1  to  10 
dm2  has  been  found  suitable  in  practice. 

The  number  of  turns  of  the  compensation  coils 
35  may  be  small  (less  than  10).  In  many  cases  2  to  6 

turns  may  suffice.  To  reduce  the  interference  field 
at  distances  of  approximately  50  cm  the  com- 
pensation  coil  system  according  to  the  invention 
comprises  two  further  compensation  coils  which 

40  are  arranged  on  the  outer  side  of  the  deflection  unit 
symmetrically  relative  to  the  plane  of  symmetry-  of 
the  line  deflection  coil  and  extending  parallel  to  the 
display  screen.  During  operation  they  should  be 
energized  in  the  same  manner  as  the  first  com- 

45  pensation  coils. 
As  stated  hereinbefore,  the  compensation  coils 

should  be  large  in  order  to  reduce  the  energy 
content. 

However,  a  problem  is  that  many  --types  of 
so  display  devices  (particularly  monitors)  lack  the 

space  to  accommodate  large  coil  systems  in  the 
correct  position.  Consequently,  relatively  small  (too 
small)  compensation  coils  must  be  used  so  that  the 
radiation  compensation  consumes  much  (line  de- 
flection)  energy.  The  space  available  for  the  coils 

2 
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to  be  arranged  parallel  to  the  display  screen  is 
mostly  too  small. 

In  a  preferred  embodiment  of  the  picture  dis- 
play  device  according  to  the  invention  this  problem 
is  reduced  in  that  the  two  further  compensation 
coils  each  comprise  at  least  two  sub-coils  arranged 
in  parallel  at  a  predetermined  distance.  Their  effect 
will  be  explained  hereinafter. 

The  first  compensation  coils  may  be  formed  by 
current  loops  whose  turns  are  substantially  co- 
planar  parallel  to  the  plane  of  symmetry  of  the  line 
deflection  coil.  It  is,  however,  practical  to  form  them 
as  saddle  coils  which  are  mounted  on  the  outer 
side  of  the  electromagnetic  deflection  unit.  Particu- 
larly  if  these  saddle  coils  are  of  the  so-called  yoke 
winding  type  (Lê   wound  on  a  support)  they  may  be 
formed  in  such  a  manner  that  two  main  portions  of 
their  length  extend  in  the  axial  direction  on  facing 
sides  of  the  tube  axis,  which  main  portions  together 
with  connection  portions  connecting  them  at  the 
ends  define  at  least  two  coil  windows  of  different 
size.  By  adjusting  the  surface  areas  of  the  windows 
(and  hence  of  the  total  "effective"  coil  surface)  it  is 
possible  to  adapt  the  compensating  dipole  field  to 
the  stray  field  of  each  line  deflection  coil  with  which 
the  first  compensation  coils  are  combined. 

The  invention  will  now  be  described  in  greater 
detail  with  reference  to  the  accompanying  drawings 
in  which 

Figure  1a  is  a  perspective  elevational  view  of 
a  picture  display  device  with  a  display  tube, 

Figure  1b  diagrammatically  shows  an  elec- 
tromagnetic  deflection  unit  with  a  line  deflection 
coil; 

Figure  2  is  a  perspective  rear  view  of  a 
display  tube  on  which  two  sets  of  compensation 
coils  have  been  mounted, 

Figure  3  diagrammatically  shows  a  coil-tube 
combination  in  a  longitudinal  section  with  two  sets 
of  compensation  coils; 

Figure  4  is  a  perspective  rear  view  of  a 
display  tube  with  a  set  of  single  and  a  set  of 
double  compensation  coils; 

Figure  5  is  a  diagrammatic  plan  view  of  a 
compensation-coil  half  with  three  windows. 

Figure  1  a  is  a  perspective  elevational  view  of  a 
combination  of  a  deflection  unit  and  a  display  tube 
placed  in  a  cabinet  2  which  can  be  provided  with 
means  to  compensate  interference  fields,  accord- 
ing  to  the  invention.  For  the  sake  of  clarity  all 
details  which  are  unimportant  for  understanding  the 
invention  have  been  omitted. 

The  display  tube  has  a  cylindrical  neck  1  and  a 
funnel-shaped  portion  3  the  widest  part  of  which  is 
present  on  the  front  side  of  the  tube  and  comprises 
a  display  screen  (not  shown). 

The  display  screen  comprises  phosphors 
which  upon  impingement  by  electrons  luminesce  in 

a  predetermined  colour.  The  rear  part  of  the  neck  1 
accommodates  an  electron  gun  system  7  (shown 
diagrammatically).  At  the  area  of  transition  between 
the  neck  1  and  the  funnel-shaped  portion  3  an 

5  electromagnetic  deflection  unit  9  diagrammatically 
shown  is  arranged  on  the  tube,  which  unit  com- 
prises,  inter  alia  a  line  deflection  coil  11  (Figure 
1  b)  for  deflecting  the  electron  beams  in  a  Horizontal 
direction  x.  As  is  diagrammatically  shown  in  Figure 

10  1b  the  line  deflection  coil  11  may  consist  of,  for 
example,  two  saddle-shaped  coil  halves.  In  the 
operating  condition  a  sawtooth  current  having  a 
frequency  of  between  10  and  100  kHz,  for  example 
a  frequency  of  approximately  6  kHz  flows  through 

15  these  coils.  Generally  the  line  deflection  coil  11  is 
surrounded  by  an  annular  core  element  10  of  soft 
magnetic  material,  the  so-called  yoke  ring,  which  is 
shown  in  a  broken  line  in  Figure  1  b. 

When  the  radiation  field  of  a  line  deflection  coil 
20  having  a  yoke  ring  is  initially  equally  large  but 

opposed  to  that  of  a  coil  without  a  yoke  ring,  the 
line  deflection  coil  can  be  assumed  for  large  dis- 
tances  to  be  a  current  loop  having  a  given  mag- 
netic  moment. 

25  The  field  B0  in  the  centre  of  a  line  deflection 
coil  without  a  yoke  ring  can  be  calculated  to  be 
approximately  30  Gauss.  The  field  of  a  practical 
deflection  coil  with  a  yoke  ring  has  approximateluy 
twice  this  value. 

30  The  line  deflection  coil  field  at  1  m  distance  is 
approximately  1  mGauss. 

This  radiation  field  can  be  compensated  by 
means  of  an  auxiliary  loop  current  having  a  low  nl 
value  and  a  large  radius  such  that  the  magnetic 

35  moment  is  the  same  as  that  of  the  coil  itself.  Such 
an  auxiliary  loop  current  can  be  generated  by 
means  of  a  compensation  loop  having  a  radius  R0 
=  20  cm  and  with  a  number  of  turns  n0  =  4.  In 
this  manner  a  reduction  of  40  dB  can  be  realized, 

40  for  example  at  a  distance  of  3  m  and  more  from 
the  radiation  source.  The  orientation  of  the  com- 
pensation  loop  should  be  such  that  the  magnetic 
dipole  moment  generated  upon  current  passage 
through  this  coil  at  a  predetermined  distance  (for 

45  example  3  m)  compensates  the  magnetic  dipole 
moment  of  the  interfering  component.  To  this  end 
the  dipole  moment  of  the'  compensation  loop 
should  be  parallel  to  and  oppositely  directed  rela- 
tive  to  the  dipole  moment  of  the  interfering  compo- 

50  nent.  The  interfering  component  is  the  line  deflec- 
tion  coil  in  the  first  place.  However,  also  the  line 
output  transformer  may  generate  an  interference 
field  and  can  then  be  considered  as  an  interfering 
component.  In  that  case  it  applies  that: 

55  Parallel  dipole  moments  originating  from  one  or 
more  components  can  be  compensated  with  one 
current  loop.  Non-parallel  dipole  moments  can  be 
compensated  with  one  loop  when  the  frequency 

3 
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and  the  phase  of  the  dipole  moments  to  be  com- 
pensated  are  the  same. 

Thus  it  is  possible  to  compensate  the  magnetic 
stray  fields  of  a  device  comprising  a  number  of 
directly  interfering  sources  (line  output  stage,  de- 
flection  coil)  and  a  number  of  indirect  sources 
("reflectors",  base  plates)  with  the  aid  of  a  com- 
pensation  loop  having  a  limited  number  of  turns 
and  a  given  diameter. 

By  choosing  the  number  of  turns  to  be  low  and 
the  surface  area  to  be  large  the  following  con- 
ditions  can  always  be  satisfied: 

1.  The  magnetic  dipole  moment  vector  is 
equal  to  the  sum  of  the  dipole  moments  of  all 
direct  sources  in  the  device. 

2.  The  load  on  the  supply  and  the  interfer- 
ence  on  the  components  in  the  device  itself,  nota- 
bly  the  deflection  coil,  is  sufficiently  small. 

Figure  2  shows  a  deflection  unit  having  two 
sets  of  interference  coils,  a  horizontally  arranged 
set  18,  19  and  a  vertically  arranged  set  18a,  19a. 
By  choosing  the  number  of  turns  of  the  vertically 
arranged  set  to  be  different  from  that  of  the  hori- 
zontally  arranged  set  and  by  correctly  choosing 
both  the  current  directions  and  the  sizes  of  the 
horizontally  and  vertically  arranged  sets,  a  consid- 
erable  field  reduction  at  distances  of  approximately 
50  cm  can  be  realized.  As  far  as  the  correct  choice 
of  the  current  directions  is  concerned,  this  notably 
implies  that  upon  energization  of  the  interference 
suppression  coil  system  the  currents  in  the  hori- 
zontally  arranged  parts  flow  in  the  same  direction 
as  the  currents  in  the  corresponding  (axial)  parts  of 
the  line  deflection  coils  and  that  the  currents  in  the 
vertically  arranged  parts  flow  in  a  direction  which  is 
opposite  to  the  direction  of  the  corresponding 
(transversal)  parts  of  the  line  deflection  coils. 

The  operation  of  the  coil  arrangement  of  Figure 
2  will  now  be  explained  with  reference  to  Figure  3. 
The  interfering  field  of  the  deflection  coil  26  can  be 
roughly  assumed  to  be  a  dipole  in  the  tube  27  (  = 
coil  21  ).  Compensation  is  effected  by  means  of  the 
coils  22  and  23  which  are  symmetrically  arranged 
relative  to  the  plane  of  symmetry  of  the  line  deflec- 
tion  coil  of  the  deflection  unit  26.  However,  due  to 
the  distance  AY,  between  the  coils  22  and  23  a  6- 
pole  component  is  produced  and  due  to  the  dis- 
tance  A  X  a  4-pole  component  is  produced.  If  the 
coils  22,  23  are  moved  forwards  (to  reduce  AX  and 
hence  the  4-pole),  AY,  increases  and  hence  the  6- 
pole  increases.  For  this  reason  AY,  remains  small; 
the  6-pole  can  be  reduced  to  a  slight  extent  by 
enlarging  the  diameter  of  the  coils  22  and  23  which 
results  in  AX  necessarily  increasing  because  the 
coils  cannot  be  inserted  in  the  tube.  A  4-pole 
proportional  to  the  size  of  the  coil,  the  current 
through  the  coils  and  the  distance  AY2  is  predomi- 
nantly  generated  with  the  two  vertical  coils  24  and 

25.  The  4-and  the  6-poles  can  be  neutralized  by 
correct  combination  of  coil  sizes  and  current  inten- 
sities.  For  the  8-poles  all  coils  should  not  become 
so  large  that  they  are  tangential  to  the  measuring 

5  circle  because  then  the  8-poles  and  even  higher 
harmonics  start  playing  a  role. 

As  already  noted  hereinbefore,  it  is  important 
to  have  big-sized  interference  suppression  coils  in 
connection  with  their  energy  consumption.  If  this  is 

70  not  possible  the  invention  provides  the  solution  of 
building  up  the  coils  of  the  system  arranged  at 
right  angles  to  the  plane  of  symmetry  of  the  line 
deflection  coil  from  at  least  two  sub-coils  (28a  and 
28b  and  29a  and  29b,  respectively  in  Figure  4).  By 

75  arranging  the  sub-coils  of  each  pair  at  a  predeter- 
mined  distance  (AZ)  from  each  other,  it  can  be 
ensured  that  there  is  a  minimum  mutual  induc- 
tance.  In  the  case  of  two  sub-coils,  each  sub-coil 
pair  may  have  half  the  number  of  turns  which 

20  would  otherwise  be  required  for  a  single  coil.  This 
means  that  the  inductance  of  the  system  with  two 
pairs  of  sub-coils  may  be  half  the  inductance  of  a 
set  of  single  coils.  This  results  in  a  reduction  of  the 
energy  content. 

25  The  saddle  coils  18,  19  may  be  of  the  so- 
called  yoke  winding  type.  This  means  that  they  are 
directly  wound  on  a  support.  This  support  may 
comprise,  for  example  two  grooved  flanges  which 
are  secured  to  the  front  and  rear  sides  of  the 

30  deflection  unit.  The  positions  of  the  axially  extend- 
ing  turn  portions  can  be  fixed  by  means  of  the 
grooves.  For  use  in  different  deflection  units,  for 
example  universal  flanges  (with  grooves  uniformly 
distributed  over  the  circumference)  can  be  used  to 

35  wind  compensation  coils  having  two  or  more  coil 
windows  of  different  size.  In  this  manner  the 
"effective"  compensation  coil  surface  area  can  be 
adapted  to  each  line  deflection  coil  with  which  the 
compensation  coil  is  combined.  Figure  5  is  a  dia- 

40  grammatic  plan  view  of  a  compensation  saddle  coil 
half  30  having  three  coil  windows  31  ,  32  and  33  of 
different  size. 

45  Claims 

1.  A  picture  display  device  having  a  display 
tube  the  rear  part  of  which  consists  of  a  cylindrical 
neck  accommodating  a  device  for  generating  elec- 

50  tron  beams  and  the  front  part  of  which  is  funnel- 
shaped  with  the  widest  part  being  present  on  the 
front  side,  and  a  picture  display  phosphor  screen, 
said  display  device  also  being  provided  with  an 
electromagnetic  deflection  unit  mounted  around  the 

55  display  tube  for  deflecting  electron  beams  across 
the  display  screen  and  comprising  a  line  deflection 
coil  and  a  field  deflection  coil  which,  when  en- 
ergized,  generate  magnetic  fields  having  at  least  a 

4 
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dipole  component,  characterized  in  that  the  device 
is  further  provided  with  a  compensation  coil  system 
which  is  oriented  in  such  manner  and  in  operation 
is  energizable  in  such  manner  that,  measured  at  a 
predetermined  distance  from  the  picture  display  5 
device,  at  least  the  strength  of  the  local  magnetic 
dipole  field  is  below  a  desired  standard,  said  com- 
pensation  coil  system  comprising  a  first  set  of 
compensation  coils  arranged  symmetrically  relative 
to  the  plane  of  symmetry  of  the  line  deflection  coil  to 
on  the  outer  side  of  the  deflection  unit,  and  extend- 
ing  with  main  portions  of  their  lengths  in  the  axial 
direction,  and  two  further  compensation  coils  ar- 
ranged  symmetrically  relative  to  the  plane  of  sym- 
metry  of  the  line  deflection  coil  on  the  outer  side  of  75 
the  deflection  unit  and  extending  at  least  substan- 
tially  parallel  to  the  display  screen. 

2.  A  display  device  as  claimed  in  Claim  1, 
characterized  in  that  the  two.  further  compensation 
coils  each  comprise  at  least  two  sub-coils  arranged  20 
in  parallel  at  a  predetermined  distance. 

3.  A  display  device  as  claimed  in  Claim  1  or  2, 
characterized  in  that  the  first  compensation  coils  @ 
each  comprise  a  saddle-type  coil  mounted  on  the 
electromagnetic  deflection  unit.  25 

4.  A  display  device  as  claimed  in  Claim  3, 
characterized  in  that  the  saddle-type  coils  are  each 
positioned  on  the  outer  side  of  the  deflection  unit 
with  two  main  portions  of  their  lengths  extending  in 
the  axial  direction  on  facing  sides  of  the  tube  axis,  30 
said  main  portions  together  with  their  connection 
parts  connecting  them  at  the  ends  defining  at  least 
two  coil  windows  of  different  size. 

5.  A  display  device  as  claimed  in  Claim  4, 
characterized  in  that  the  saddle  coils  are  of  the  35 
yoke  winding  type. 
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