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©  Display  device  with  reduced  radiated  electrical  field. 

©  A  display  device  is  described,  comprising  a  dis- 
play  tube  and  a  deflection  unit.  The  high  DC  voltage 
(EHT)  is  generated  by  a  line  output  transformer 
which  transformer  receives  the  flyback  pulse  during 
the  line  flyback  period.  This  flyback  pulse  is  trans- 
ferred  through  the  line  output  transformer  and  sup- 
plied  as  the  high  DC  voltage  (EHT)  to  the  inner 
coating  of  the  display  tube.  Variation  of  the  high  DC 
voltage  causes  radiation  in  front  of  the  display  tube. 

To  overcome  this  radiation,  a  conductor  is  coupled 
between  the  ground  terminal  (or  a  metal  shield  coup- 
led  to  the  ground  terminal)  of  the  line  output  trans- 
former  and  the  outer  coating  of  the  display  tube. 
This  conductor  has  at  least  one  turn  around  one  of 
the  coils  of  the  deflection  unit  for  generating  a  com- 
plementary  variation  to  overcome  the  radiation  in 
front  of  the  display  tube. 
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The  invention  relates  to  a  display  device  com- 
prising  a  display  tube  having  at  least  one  control 
electrode  for  generating  an  electron  beam,  a  dis- 
play  screen  for  displaying  a  video  signal  and  an 
inner  coating  at  the  inside  of  the  display  tube  and 
an  outer  coating  at  the  outside  of  the  display  tube, 
a  deflection  unit  for  deflecting  the  electron  beam 
across  the  display  screen,  said  deflection  unit  com- 
prising  at  least  a  line  deflection  coil  and  a  field 
deflection  coil  and  a  line  output  transformer  having 
a  primary  winding  coupled  to  a  line  deflection 
section  of  the  deflection  unit  and  a  secondary 
winding  having  a  first  connector  coupled  to  a 
ground  terminal  and  a  second  connector  coupled 
to  the  inner  coating  of  the  display  tube  for  generat- 
ing  a  high  DC  voltage. 

Such  a  display  device  is  generally  known.  For 
example,  United  States  patent  US-A-4,31  5,306  de- 
scribes  a  line  output  transformer  (LOT)  for  use  in  a 
display  device  as  described  above.  The  secondary 
winding  of  the  line  output  transformator  generates 
the  high  DC  voltage  (EHT)  which  is  required  for 
display.  The  display  tube  may  be  the  picture  tube 
of  a  television  receiver  or  monitor.  For  this  type  of 
equipment  there  are  safety  regulations  specifying 
that  certain  electrical  fields  in  the  vicinity  of  the 
device  may  not  exceed  certain  limits  because  such 
fields  can  be  hazardous  to  the  health  of  people 
using  these  devices.  For  example,  the  AEF2,  which 
is  the  term  used  for  the  alternating  electrical  field  in 
band  2  (the  frequency  band  comprising  the  hori- 
zontal  deflection  frequencies),  may  not  exceed  2.5 
V/m  at  a  distance  of  0.5  m  from  the  centre  of  the 
screen  of  the  display  tube. 

In  general,  all  parts  having  an  alternating  volt- 
age  with  a  frequency  in  band  2  will  contribute  to 
the  AEF2.  The  back  and  the  sides  of  a 
monitor/television  receiver  can  easily  be  shielded 
by  means  of  a  metal  housing  or  an  electrically 
conductive  coating.  It  is  more  difficult  to  shield  the 
front  side  of  the  display  tube  because  this  side 
comprises  a  glass  display  screen.  The  inner  side  of 
the  cone  and  the  inner  side  of  the  display  screen 
of  the  display  tube  are  electrically  conductive  and 
are  connected  to  the  anode  contact  to  which  the 
high  voltage  conductor  of  the  line  output  trans- 
former  is  to  be  connected.  Ripple  on  the  high  DC 
voltage  EHT  is  thus  coupled  to  the  inside  of  the 
display  screen  and  consequently  the  display 
screen  acts  as  a  generator  for  the  AEF2  at  the  front 
side  of  the  display  tube.  It  has  been  found  that  a 
ripple  of  15-25  V  on  the  EHT  of  about  20  kV  occurs 
in  current  commercially  available  monitors.  De- 
pending  on  the  display  screen  size,  this  ripple  will 
cause  an  AEF2  value  which  exceeds  the  safety 
requirements.  For  example,  a  ripple  of  21  V  and  an 
AEF2  value  of  4  V/m  have  been  found  on  a  17  inch 
monochrome  monitor.  The  ripple  is  partly  due  to 

the  internal  stabilization  of  the  EHT,  but  a  major 
part  is  caused  by  capacitive  coupling  of  the  flyback 
pulse  on  the  horizontal  deflection  coil(s)  to  the 
inner  coating  of  the  display  tube.  In  principle,  it 

5  would  be  possible  to  reduce  the  AEF2  value  by 
shielding  the  display  tube  and/or  the  display  screen 
by  means  of  an  electrically  conductive  coating. 
Although  such  coatings  are  available,  they  are  very 
expensive  and  not  suitable  for  mass  production. 

io  Therefore  it  would  be  preferable  to  eliminate  or 
reduce  the  cause  of  the  AEF2.  This  could  be 
achieved  by  providing  an  electrically  conductive 
layer  between  the  deflection  unit  and  the  display 
tube.  However,  it  is  difficult  to  obtain  a  satisfactory 

75  isolation  between  this  layer  and  the  horizontal  de- 
flection  coil(s).  Moreover,  this  conductive  layer 
must  have  a  conductivity  which  is  sufficient  to 
perform  its  shielding  function,  but  low  enough  to 
prevent  excessive  eddy  currents.  As  it  is  difficult  to 

20  meet  all  these  requirements,  this  solution  has  not 
been  used  in  practice. 

It  is  therefore  an  object  of  the  invention  to 
provide  a  practical  and  inexpensive  solution  to  the 
problem  of  reducing  the  AEF2  value  in  front  of  the 

25  display  screen  of  a  display  tube  of  a  display  de- 
vice.  For  this  purpose  a  display  device  according 
to  the  invention  is  characterized  in  that  the  first 
connector  of  the  secondary  winding  is  coupled  to 
the  outer  coating  of  the  display  tube  by  means  of  a 

30  conductor  which  has  at  least  one  turn  around  one 
of  the  coils  of  the  deflection  unit. 

The  invention  is  based  on  the  recognition  that 
the  value  of  the  AEF2  can  be  reduced  by  adding 
opposite  pulses  to  the  display  tube  (cone)  thus 

35  compensating  for  the  AC  pulses  on  the  high  volt- 
age  EHT  at  the  inside  of  the  display  tube.  This  is  a 
very  simple  solution  which  can  be  performed  by 
the  set  maker  of  the  display  device.  It  is  not 
necessary  to  ask,  for  example,  the  manufacturer  of 

40  the  line  output  transformer  to  give  the  line  output 
transformer  a  specific  design  for  the  purpose  of 
this  correction. 

A  preferred  embodiment  of  a  display  device 
according  to  the  invention  is  characterized  in  that 

45  the  at  least  one  turn  of  the  conductor  is  formed 
around  a  width  coil  of  the  deflection  unit. 
The  at  least  one  turn  of  the  conductor  can  easily 
be  formed  around  the  width  coil.  Instead  of  the 
width  coil  the  linearity  coil  may  alternatively  be 

50  used. 
These  and  other  aspects  of  the  invention  will 

be  apparent  from  and  elucidated  with  reference  to 
the  embodiments  described  hereinafter. 

In  the  drawings: 
55  Figure  1  is  a  schematic  representation  of  a 

display  device  according  to  the  invention,  and 
Figure  2  shows  the  deflection  unit  of  the  display 
device  according  to  the  invention  in  more  detail. 
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Figure  1  shows  a  display  device  W  according 
to  the  invention.  The  display  device  receives  a 
video  signal  Vin  at  an  input  1.  This  input  is  coupled 
to  a  video  signal  processing  circuit  3.  After  pro- 
cessing  in  the  video  signal  processing  circuit  (for 
example,  YUV  to  RGB  conversion,  Filtering  etc.)  an 
output  video  signal  Vout  is  supplied  by  an  output  to 
a  control  electrode  5  of  a  display  tube  7.  The 
control  electrode  generates  an  electron  beam 
which  will  be  deflected  (as  usual)  by  a  deflection 
unit  9.  The  deflection  unit  comprises  a  line  deflec- 
tion  coil  and  a  field  deflection  coil  and  for  example 
a  width  coil  and  a  linearity  coil  (in  Figure  1  the  coils 
are  not  shown).  The  deflection  unit  generates  a 
high  DC  voltage  (EHT)  which  is  supplied  to  an 
inner  coating  11  of  the  display  tube.  This  high  DC 
voltage  is  necessary  to  accelerate  the  electrons  of 
the  electron  beam  to  a  display  screen  13  of  the 
display  tube. 

The  deflection  unit  9  receives  a  drive  signal  DR 
from  a  synchronisation  processing  circuit  15,  which 
receives  a  synchronising  signal  sync  from  an  input 
17. 

As  described  hereinbefore,  all  elements  con- 
veying  an  alternating  voltage  with  a  frequency  in 
band  2  across  them  (inter  alia,  the  horizontal  de- 
flection  frequencies)  across  them  will  contribute  to 
the  alternating  electrical  field  in  band  2  (AEF2).  The 
inner  side  of  the  cone  and  the  inner  side  of  the 
display  screen  of  the  display  tube  are  electrically 
conductive  and  are  connected  to  the  anode  contact 
to  which  the  high  voltage  conductor  of  the  line 
output  transformer  is  to  be  connected.  Ripple  on 
the  high  DC  voltage  EHT  is  thus  conveyed  to  the 
inside  of  the  display  screen  and  consequently  the 
display  screen  acts  as  a  generator  for  the  AEF2  at 
the  front  side  of  the  display  tube.  It  has  been  found 
that  a  ripple  of  15-25  V  on  the  EHT  of  about  20  kV 
occur  in  current  commercially  available  monitors. 
Depending  on  the  display  screen  size,  this  ripple 
will  cause  an  AEF2  value  which  exceeds  the  safety 
requirements.  For  example,  a  ripple  of  21  V  and  an 
AEF2  value  of  4  V/m  have  been  found  on  a  17  inch 
monochrome  monitor.  The  ripple  is  partly  due  to 
the  internal  stabilization  of  the  EHT,  but  a  major 
part  is  caused  by  capacitive  coupling  of  the  flyback 
pulse  on  the  horizontal  deflection  coil(s)  to  the 
inner  coating  of  the  display  tube. 

At  the  zero-degree  position,  the  radiation  is 
caused  by  a  variation  of  the  high  DC  voltage  EHT 
on  the  inside  coating  of  the  display  screen.  The 
EHT  is  generally  a  kind  of  DC  voltage,  but  there  is 
still  an  AC  ripple  on  the  EHT.  Basically,  if  the  EHT 
of  the  line  output  transformer  is  higher,  (i.e.,  line 
output  transformer  incoming  flyback  pulse  is  high- 
er)  the  ripple  amplitude  field  will  get  worse,  be- 
cause  the  AC  ripple  is  a  real  source  for  AEF2 
radiation.  The  AC  ripple  is  caused,  inter  alia,  by  the 

line  output  transformer  design,  because  the  EHT  is 
generated  by  the  line  output  transformer  which 
requires  an  AC  flyback  pulse  on  the  primary  side, 
subsequently  this  AC  pulse  is  induced  to  the  sec- 

5  ondary  side  of  the  line  output  transformer,  then 
rectified  by  high  voltage  diodes  and  stray  capacit- 
ances,  whereafter  the  AC  flyback  pulse  results  in 
the  high  DC  voltage  or  EHT.  However  this  EHT  is 
not  a  real  DC  voltage,  because  the  rectification 

io  cannot  be  achieved  completely  and  the  originally 
generated  pulse  for  the  EHT  is  an  AC  flyback 
pulse,  so  there  is  still  AC  ripple  on  the  EHT.  The 
AC  ripple  is  also  produced  by  the  deflection  yoke 
(that  is  the  horizontal  and  vertical  deflection  coil(s)), 

is  because  the  yoke  has  a  position  close  to  the  dis- 
play  tube  as  compared  with  the  other  deflection 
components  which  also  have  AC  flyback  pulse. 
Thus  this  AC  pulse  will  be  easily  coupled  into  the 
display  tube  inner  coating  which  is  connected  to 

20  the  EHT. 
The  AC  ripple  is  further  produced  by  radiation 

from  the  line  output  transformer  to  the  outer  coat- 
ing  of  the  display  tube  first,  and  is  then  coupled 
into  the  inner  coating.  Since  the  line  output  trans- 

25  former  conveys  an  AC  flyback  pulse  and  has  a 
larger  core  than  the  other  deflection  components 
such  as  linearity  coil,  width  coil,  convergence  ad- 
justing  coil,  it  is  easy  to  radiate  to  the  outer  coating 
of  display  tube,  although  the  position  of  the  trans- 

30  former  is  the  farthest  away  from  the  display  tube. 
(Experiments  have  proved  that  the  radiation  is 
more  serious  if  the  line  output  transformer  position 
is  shifted  towards  to  display  tube) 

To  overcome  radiation  the  line  output  trans- 
35  former  can  be  shielded  by  a  metal  shield  which  is 

coupled  to  the  ground  terminal. 
Finally  these  AC  ripple  may  be  caused  by, 

inter  alia,  the  linearity  coil,  the  H-width  coil  and  the 
line  convergence  adjusting  coil  which  is  attached  to 

40  the  yoke  side.  As  described  above  AC  (positive 
pulse)  ripples  are  generated  by  deflection  compo- 
nents  such  as  line  output  transformer,  yoke,  width 
coil,  linearity  coil,  and  by  coupling  or  inducing 
paths  to  EHT.  Consequently,  the  best  solution  is  to 

45  suppress  or  compensate  AC  ripples  by  inducing 
negative  pulses  from  these  deflection  components. 
This  may  be  realised  by  using  a  ground  wire 
(conductor)  with  isolated  layer  and  make  at  least 
one  turn  around  one  of  the  deflection  components 

50  (for  example  width  coil)  and  by  connecting  the 
ground  wire  to  the  outer  coating  of  the  display 
tube.  The  negative  pulse  will  then  be  coupled  into 
the  inner  coating  of  the  tube,  so  that  the  AC  ripples 
(i.e.  positive  pulse)  on  the  EHT  can  be  compen- 

55  sated  for. 
Figure  1  shows  diagrammatically  a  conductor 

19  which  is  coupled  at  one  end  to  a  ground  termi- 
nal  21  of  the  deflection  unit  and  at  the  other  end  to 
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an  outer  coating  23  of  the  display  tube.  This  con- 
ductor  19  has  at  least  one  turn  around  one  of  the 
coils  of  the  deflection  unit. 

Instead  of  coupling  the  conductor  to  the  ground 
terminal  it  may  also  be  coupled  to  a  metal  shield 
which  can  be  built  around  the  line  output  trans- 
former  and  is  coupled  to  the  ground  terminal. 

Figure  2  shows  the  deflection  unit  9  in  more 
detail.  The  deflection  unit  has  a  line  deflection 
section  91  which  receives  the  drive  signal  DR.  The 
line  deflection  section  comprises  a  line  deflection 
coil  Lx  which  is  arranged  around  the  display  tube. 
The  line  deflection  section  also  comprises  the  usu- 
al  components  such  as  a  transistor,  a  diode,  a 
trace  capacitor  and  a  retrace  capacitor.  These 
components  (except  for  the  line  deflection  coil)  are 
not  shown  in  Figure  2  because  they  are  well  known 
to  those  skilled  in  the  art,  and  are  beyond  the 
scope  of  the  present  invention.  The  line  deflection 
section  operates  in  the  conventional  manner.  By 
supplying  an  essentially  sawtooth  shaped  signal  (S- 
corrected  if  necessary)  through  the  line  deflection 
coil,  the  electron  beam(s)  are  deflected  in  the  hori- 
zontal  direction  (the  trace  period).  After  this  trace 
period  and  during  the  retrace  period  the  electron 
beam  will  move  quickly  to  the  left  side  of  the 
display  screen,  to  a  position  slightly  lower  than  the 
preceding  line. 

During  this  retrace  period  the  line  deflection 
section  of  the  deflection  unit  generates  the  flyback 
pulse  which  is  used  by  the  line  output  transformer 
to  generate  the  high  DC  voltage  (EHT). 

The  deflection  unit  further  has  a  field  deflection 
section  93,  of  which  only  the  field  deflection  coil  Ly 
is  shown.  The  field  deflection  section  operates  in 
the  same  way  as  usual,  so  the  field  deflection  coil 
receives,  in  operation,  an  essentially  sawtooth 
shaped  signal  to  deflect  the  electron  beam(s)  in  the 
vertical  direction.  The  field  deflection  section  93 
will  also  receive  a  control  signal,  for  example  a 
sawtooth  signal,  the  field  deflection  section  is  be- 
yond  the  scope  of  the  invention  and  will  not  be 
further  described. 

The  line  deflection  section  91  of  the  deflection 
unit  9  will  normally  also  comprise  a  linearity  coil  LI. 
In  Figure  2  this  has  been  shown  schematically  by  a 
linearity  section  95,  comprising  the  linearity  coil  LI. 

The  deflection  unit  generally  also  comprises  a 
width  control  section  97,  having  a  width  coil  Lw. 
The  width  control  section  regulates  the  width  of  the 
displayed  video  signal,  i.e.  so  the  width  of  a  dis- 
played  video  line. 

As  usual,  the  line  deflection  section  9  is  coup- 
led  in  series  with  a  primary  winding  98  of  a  line 
output  transformer  LOT.  The  other  terminal  of  the 
primary  winding  is  coupled  to  a  DC  voltage  source 
B.  One  terminal  of  a  secondary  winding  99  is 
coupled  to  the  ground  terminal  of  the  deflection 

unit  9  and  the  other  terminal  is  coupled  via  a  diode 
D  to  an  output  of  the  deflection  unit  to  supply  the 
high  DC  voltage  (EHT).  A  capacitor  C  which  may 
be  a  "real"  capacitor  or  a  parasitic  stay  capaci- 

5  tance  is  coupled  parallel  to  the  series  arrangement 
of  the  diode  D  and  the  secondary  winding  99  of  the 
line  output  transformer.  The  line  output  transformer 
operates  in  the  conventional  manner,  i.e.  during  the 
retrace  period  of  the  line  deflection  the  line  deflec- 

io  tion  section  produces  a  pulse  shaped  signal  (the 
flyback  pulse)  at  the  terminal  of  the  primary  wind- 
ing  98.  This  pulse  shaped  signal  is  transferred 
through  the  line  output  transformer  LOT  to  the 
output  of  the  deflection  unit,  and  will  be  stored  and 

is  filtered  in  the  capacitor  C. 
As  described  above  (see  also  Figure  1)  the 

ground  terminal  21  of  the  deflection  unit  9  is  coup- 
led  to  a  conductor  19. 

As  is  shown  in  Figure  2  the  conductor  forms 
20  one  turn  around  the  width  coil  Lw  and  will  then  be 

coupled  to  the  outer  coating  23  of  the  display  tube 
7  (see  Figure  1). 

To  generate  the  required  negative  pulse  it  is 
essential  that  the  conductor  forms  the  turn(s)  ar- 

25  ound  (for  example)  the  width-coil  in  the  correct 
direction  (i.e.  counterclockwise  or  clockwise,  de- 
pendent  on  the  coil  structure),  otherwise  it  will 
again  induce  a  positive  pulse  and  even  worsen  the 
situation. 

30  As  the  level  of  improving  the  AEF2  is  greatly 
dependent  on  the  amplitude  of  the  negative  pulse 
which  has  been  generated,  it  is  very  important  to 
generate  the  exact  amount  of  amplitude. 

There  are  two  parameters  to  vary  the  am- 
35  plitude  of  the  subject  negative  pulse.  The  first 

parameter  is  the  loop  dimension.  The  smaller  the 
loop  dimension,  the  larger  the  generated  pulse  will 
be.  The  second  parameter  is  the  number  of  turns 
around  one  of  the  deflection  coils.  The  more  turns, 

40  the  larger  the  pulse  will  be. 
The  loop  dimension  and  the  number  of  turns 

are  matters  of  design  and  depend  on  the  specific 
display  device. 

In  principle,  it  is  possible  to  form  a  certain 
45  number  of  turns  around,  for  example,  the  width  coil 

and  an  (identical  or  different)  number  of  turns  ar- 
ound,  for  example,  the  linearity  coil,  etc. 

Claims 
50 

1.  A  display  device  comprising 
a  display  tube  having  at  least  one  control 

electrode  for  generating  an  electron  beam,  a 
display  screen  for  displaying  a  video  signal 

55  and  an  inner  coating  at  the  inside  of  the  dis- 
play  tube  and  an  outer  coating  at  the  outside 
of  the  display  tube,  a  deflection  unit  for  de- 
flecting  the  electron  beam  across  the  display 

4 
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screen,  said  deflection  unit  comprising  at  least 
a  line  deflection  coil  and  a  field  deflection  coil 
and  a  line  output  transformer  having  a  primary 
winding  coupled  to  a  line  deflection  section  of 
the  deflection  unit  and  a  secondary  winding  5 
having  a  first  connector  coupled  to  a  ground 
terminal  and  a  second  connector  coupled  to 
the  inner  coating  of  the  display  tube  for  gen- 
erating  a  high  DC  voltage, 
characterized  in  that,  the  first  connector  of  the  10 
secondary  winding  is  coupled  to  the  outer 
coating  of  the  display  tube  by  means  of  a 
conductor  which  has  at  least  one  turn  around 
one  of  the  coils  of  the  deflection  unit. 

A  display  device  as  claimed  in  claim  1,  char- 
acterized  in  that  the  at  least  one  turn  of  the 
conductor  is  formed  around  a  width  coil  of  the 
deflection  unit. 

A  display  device  as  claimed  in  claim  1,  char- 
acterized  in  that  the  at  least  one  turn  of  the 
conductor  is  formed  around  the  secondary 
winding  of  the  line  output  transformator. 

A  display  device  as  claimed  in  claim  1,  char- 
acterized  in  that  the  at  least  one  turn  of  the 
conductor  is  formed  around  a  linearity  coil  of 
the  deflection  unit. 
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