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(54)  Image  display  apparatus  and  method  for  fabricating  the  same. 

©  In  a  DC  gas  discharge  type  image  display  apparatus  including  :  a  front  glass  substrate  ;  a  rear  glass 
substrate  facing  the  front  glass  substrate,  interposing  a  discharge  gas  therebetween  ;  a  set  of  anodes 
including  a  plurality  of  line  electrodes  formed  on  the  rear  glass  substrate  ;  a  set  of  cathodes  including  a 
plurality  of  line  electrodes  placed  on  the  front  glass  substrate  so  as  to  perpendicularly  cross  the  set  of 
anodes  ;  and  a  plurality  of  discharge  cells,  each  being  provided  so  as  to  correspond  to  each  of  the  cross 
points  of  the  set  of  anodes  and  the  set  of  cathodes,  the  apparatus  being  driven  in  a  refresh  driving 
method  or  a  memory  driving  method,  the  set  of  cathodes  are  formed  by  a  spraying  method.  The 
cathodes  are  made  from  aluminum,  nickel,  an  aluminum  alloy  or  a  nickel  alloy.  The  discharge  gas  is  a 
mixed  gas  of  He  and  Xe. 
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BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention: 

5  The  present  invention  relates  to  an  image  display  apparatus  and  a  method  for  fabricating  the  same;  spe- 
cifically,  to  an  image  display  apparatus  utilizing  light  emission  from  a  rare  gas  discharge,  which  is  used  for  a 
color  television  image  receptor,  a  display  and  the  like,  and  a  method  for  fabricating  the  same.  In  particular,  the 
present  invention  relates  to  a  discharge  electrode  used  in  such  an  image  display  apparatus  and  a  method  for 
fabricating  the  same. 

10 
2.  Description  of  the  Related  Art: 

Gas  discharge  type  image  display  apparatuses  such  as  a  plasma  display  panel  (hereinafter,  referred  to 
as  "PDP")  have  been  utilized  as  plane  type  image  display  apparatuses  in  information  terminal  equipment  such 

15  as  a  computer.  Since  the  PDPs  are  advantageous  in  clear  image  display  and  a  wide  viewing  angle  as  compared 
with  a  liquid  crystal  panel,  their  application  is  extended. 

As  the  television  image  receptor  is  made  larger  in  size,  projection  type  televisions  using  a  Braun  tube  and 
a  liquid  crystal  panel  are  more  and  more  commercialized.  However,  such  conventional  projection  type  televi- 
sions  have  problems  in  luminance  of  the  picture  and  size  of  the  device. 

20  On  the  other  hand,  the  PDP  has  drawn  attention  as  an  image  display  device  which  can  be  remarkably 
thinned.  Moreover,  a  technique  for  obtaining  multi-color  images  in  the  PDP  has  been  remarkably  improved. 
As  a  result,  the  PDP  attracts  attention  as  a  frontier  of  the  image  display  device  to  realize  a  direct-view  type 
wall-television  with  high  definition.  Such  a  condition  requires  precise  reproducibility  and  for  the  life  of  the  PDP 
to  improve. 

25  Figure  20  is  a  perspective  view  showing  the  configuration  of  a  typical  DC  type  PDP  500. 
The  DC  type  PDP  500  includes:  a  front  glass  substrate  39  and  a  rear  glass  substrate  40  which  are  made 

of  transparent  glass  and  the  like;  and  a  plurality  of  discharge  cells  41  constituted  therebetween.  Afluorescent 
material  42  emitting  a  light  beam  of  a  predetermined  color  is  provided  inside  each  of  the  discharge  cells  41.  A 
gas  discharge  occurs  inside  each  of  the  discharge  cells  41  so  as  to  generate  an  ultra-violet  ray,  and  the  thus 

30  generated  ultra-violet  ray  is  radiated  onto  the  fluorescent  material  42,  thereby  performing  a  color  display. 
Specifically,  a  plurality  of  cathode  lines  43  are  formed  on  the  surface  of  the  front  glass  substrate  39,  which 

faces  the  rear  glass  substrate  40,  so  as  to  be  parallel  to  each  other.  A  plurality  of  anode  lines  44  are  formed 
on  the  surface  of  the  rear  glass  substrate  40,  which  faces  the  front  glass  substrate  39,  so  as  to  be  parallel  to 
each  other  and  perpendicularly  cross  the  cathode  lines  43.  Each  of  the  cross  points  of  the  cathode  lines  43 

35  and  the  anode  lines  44  corresponds  to  a  single  discharge  cell  41.  Each  of  the  discharge  cells  41  is  separated 
from  another  discharge  cell  41  by  a  partition  wall  45  and  forms  a  fine  discharge  tube.  The  fluorescent  materials 
42  respectively  corresponding  to  red  (R),  green  (G)  and  blue  (B)  are  applied  onto  the  respective  discharge  cells 
41  in  an  appropriate  arrangement.  The  partition  wall  45  keeps  the  distance  between  the  front  glass  substrate 
39  and  the  rear  glass  substrate  40  at  a  predetermined  value  and  prevents  the  colors  of  the  adjacent  discharge 

40  cells  41  from  being  mixed. 
An  insulating  layer  46  is  formed  on  the  rear  glass  substrate  40.  The  insulating  layer  46  is  formed  so  as  to 

expose  the  anode  lines  44  at  positions  corresponding  to  the  respective  discharge  cells  41  and  to  cover  the 
anode  rays  44  in  the  other  region.  A  cell  resistance  (not  shown  in  Figure  20)  for  limiting  the  discharge  current 
may  be  provided  for  each  of  the  discharge  cells  41. 

45  Adischarge  gas  for  radiating  an  ultra-violet  ray  is  sealed  within  each  of  the  discharge  cells  41  .  For  example, 
a  mixture  of  helium  and  xenon  is  sealed  within  the  discharge  cells  41  so  that  the  gas  pressure  in  the  sealed 
cells  41  can  reach  about  several  hundreds  Torr. 

In  the  DC  type  PDP  500  having  the  above  configuration,  when  a  voltage  is  applied  between  an  arbitrarily 
selected  cathode  line  43  and  an  arbitrarily  selected  anode  line  44,  a  discharge  occurs  in  the  discharge  cell  41 

50  at  the  position  corresponding  to  the  cross  point  thereof.  More  specifically,  electrons  are  emitted  from  the  cath- 
ode  lines  43  to  reach  the  anode  lines  44  while  ionizing  the  discharge  gas  inside  the  discharge  cells  41.  The 
voltage  applied  for  generating  such  a  discharge  is  referred  to  as  a  writing  voltage.  The  fluorescent  materials 
42  are  excited  by  the  ultra-violet  rays  generated  by  the  ionization  of  the  discharge  gas  which  attends  the  dis- 
charge,  whereby  light  beams  in  predetermined  colors  are  emitted  in  each  cell  41.  In  this  way,  a  color  display 

55  is  performed. 
Figure  21  shows  a  method  for  applying  a  voltage  pulse  in  the  case  where  the  DC  type  PDP  500  shown  in 

Figure  20  is  driven  by  a  refresh  driving  method. 
The  DC  type  PDP  500  includes  cathode  lines  43K1  to  43Kn,  i.e.,  n  cathode  lines  in  total  (collectively  de- 
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noted  by  the  reference  numeral  43)  and  anode  lines  44A1  to  44  Am,  i.e.,  m  anode  lines  in  total  (collectively 
denoted  by  the  reference  numeral  44).  Each  of  the  cross  points  of  the  cathode  lines  43  and  the  anode  lines 
44  corresponds  to  each  of  the  discharge  cells  41. 

In  the  refresh  driving  method,  a  negative  pulse  voltage  48  is  sequentially  applied  to  the  cathode  lines  43K1 
5  to  43Kn  in  a  time-division  manner  so  as  to  sequentially  select  the  cathode  lines  43.  This  operation  is  called 

scanning,  and  the  cathode  lines  43  may  be  called  scanning  lines. 
Subsequently,  the  anode  lines  44  corresponding  to  the  discharge  cells  41  which  are  expected  to  emit  light 

beams  are  selected  from  the  discharge  cells  41  along  the  selected  cathode  lines  43  in  a  synchronous  manner 
with  the  selection  of  any  one  of  the  cathode  lines  43.  This  selection  is  performed  by  applying  a  positive  pulse 

10  voltage  51  to  the  anode  lines  44  to  be  selected.  Therefore,  if  all  anode  lines  44  are  simultaneously  selected, 
all  discharge  cells  41  on  one  of  the  cathode  lines  43  are  simultaneously  selected  to  emit  light.  By  appropriately 
selecting  the  anode  lines  44  in  accordance  with  the  information  to  be  displayed  by  the  selected  cathodes  lines 
43,  light  can  be  emitted  in  an  arbitrary  pattern.  In  this  way,  an  operation  as  an  image  display  device  is  realized. 

In  the  refresh  driving  method,  light-emission  occurs  only  when  the  writing  voltage  is  applied,  and  an  image 
15  is  displayed  by  utilizing  the  thus  emitted  light.  As  the  number  of  cathode  lines  43  increases,  the  time  period 

for  a  pulse  application  to  each  of  the  cathode  lines  43  is  shortened.  Accordingly,  the  light-emission  time  in  each 
of  the  cathode  lines  43  is  shortened  in  inverse  proportion  to  the  number  of  cathode  lines  43.  As  a  result,  as 
the  number  of  cathode  lines  43  increases,  the  luminance  of  the  image  to  be  displayed  is  lowered. 

A  memory  driving  method  is  used  to  solve  the  above  problems  in  the  refresh  driving  method. 
20  Generally,  when  the  discharge  occurs  in  the  discharge  cells  41  due  to  application  of  the  writing  voltage, 

charged  particles  remain  in  the  discharge  cells  41.  Owing  to  these  charged  particles,  even  if  the  application 
of  the  writing  voltage  is  stopped,  a  discharge  can  be  maintained  at  a  lower  voltage  (Vm)  than  the  initial  writing 
voltage  (Vw)  over  a  predetermined  time  period  (normally,  several  micro  seconds).  The  memory  driving  method 
operates  the  PDP  by  utilizing  this  phenomenon. 

25  Figure  22  shows  a  method  for  applying  a  voltage  pulse  in  the  case  where  the  DC  type  PDP  500  shown  in 
Figure  20  is  driven  by  the  memory  driving  method. 

Similarly  to  the  refresh  driving  method,  in  the  memory  driving  method,  a  writing  voltage  54  of  an  amplitude 
Vw  is  selectively  applied  to  predetermined  discharge  cells  41  by  applying  a  negative  pulse  voltage  52  to  the 
cathodes  and  a  positive  pulse  voltage  53  to  the  anodes,  thereby  generating  a  discharge.  In  addition,  after  the 

30  application  of  the  writing  voltage  54,  a  maintaining  pulse  voltage  55  of  an  amplitude  Vm  is  subsequently  applied 
to  the  cathodes  so  as  to  prolong  the  discharge  time  period. 

As  described  above,  in  the  memory  driving  method,  continuous  light  emission  can  be  obtained  by  appli- 
cation  of  the  maintaining  pulse  voltage  55  regardless  of  the  number  of  cathode  lines.  Therefore,  the  luminance 
of  the  image  to  be  displayed  can  be  further  enhanced  as  compared  with  the  refresh  driving  method  utilizing 

35  a  light  emission  obtained  only  by  application  of  the  writing  voltage.  For  example,  the  luminance  of  150  cd/m2 
or  more,  which  is  a  sufficient  value  for  television  display,  is  accomplished. 

The  amplitude  Vm  of  the  maintaining  pulse  55  is  required  to  be  set  to  a  voltage  Vpd  or  higher  at  which  the 
discharge  occurs  (the  discharge  cells  lighten)  in  the  case  where  the  writing  voltage  54  is  applied  prior  to  the 
application  of  the  maintaining  voltage  55  and  to  a  voltage  Vxt  or  lower  at  which  the  discharge  does  not  occur 

40  (the  discharge  cells  do  not  lighten)  in  the  case  where  the  writing  voltage  54  is  not  applied  prior  to  the  application 
of  the  maintaining  voltage  55.  The  difference  between  these  voltages  (Vxt  -  Vpd)  is  called  the  memory  margin 
and  is  generally  about  20  V. 

In  the  memory  driving  method,  it  is  important  to  obtain  a  stable  discharge  voltage  for  realizing  a  stable 
operation  of  the  DC  type  PDP.  The  discharge  voltage  is  greatly  affected  by  the  cathode  lines  43.  Therefore, 

45  the  cathode  lines  43  are  very  important  constituent  components  in  the  DC  type  PDP  for  reduction  in  power 
while  the  PDP  is  lightened,  long-term  stability  of  operation  and  reservation  of  the  memory  margin. 

The  cathode  lines  43  may  be  formed  of  various  materials  such  as  metals  and  oxides.  Conventionally,  the 
cathode  lines  43  are  formed  of  Ni  or  an  alloy  thereof,  mainly  by  screen  printing. 

Furthermore,  a  material  having  a  low  work  function  is  deposited  on  the  surface  of  the  metal  electrodes 
so  formed  by  screen  printing  in  order  to  reduce  the  discharge  voltage  so  as  to  reduce  the  power  consumption  of 

the  DC  type  PDP.  For  example,  Japanese  Patent  Publication  Nos.  2-7136,  5-11381  and  5-11382  disclose  such 
a  structure. 

Figures  23Aand  23B  schematically  show  the  structure  of  cathode  lines  59  disclosed  in  Japanese  Patent 
Publication  No.  2-7136.  Figure  23A  is  a  cross-sectional  view  taken  along  a  line  23A-23A'  shown  in  Figure  23B. 

55  The  cathode  line  59  includes  a  base  metal  56  and  a  porous  adhesive  layer  57  formed  thereon.  The  base 
metal  56  is  formed  into  a  predetermined  pattern  (for  example,  in  a  stripe  pattern  in  Figure  23B)  by  screen  print- 
ing.  The  porous  adhesive  layer  57  made  of  an  oxide  or  a  sulfide  of  alkaline  earth  metal  elements,  or  a  composite 
metal  oxide  of  alkaline  earth  metal  elements  and  aluminum  is  formed  on  the  base  metal  56  by  a  plasma  spraying 
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method  in  a  predetermined  pattern  corresponding  to  the  arrangement  of  the  discharge  cells.  In  Figure  23B, 
the  porous  adhesive  layer  57  is  formed  in  a  round  shape.  At  least  free  alkaline  earth  metal  elements  58  are 
present  in  a  studded  manner  inside  the  pores  of  the  porous  adhesive  layer  57. 

In  such  a  structure,  an  electrically  insulating  material  or  a  material  having  a  high  melting  point  and  a  low 
5  work  function  is  used  as  an  electron-emitting  material.  By  using  the  electron-emitting  material,  the  discharge 

voltage  is  lowered,  resulting  in  reduced  power  consumption.  In  the  above-mentioned  example,  the  oxide  or 
the  sulfide  constituting  the  porous  adhesive  layer  57  is  such  a  material  of  a  low  work  function,  which  serves 
as  the  electron-emitting  material. 

In  the  case  where  the  porous  adhesive  layer  57  made  of  these  materials  is  formed  by  screen  printing,  in 
10  order  that  the  porous  adhesive  layers  57  actually  function  as  the  cathode  lines,  it  is  necessary  to  perform  a 

melting  process  and  an  activating  process  ata  significantly  high  temperature  afterforming  the  porous  adhesive 
layer  57  into  a  predetermined  shape  by  screen  printing,  as  a  step  for  promoting  the  generation  of  free  metal 
elements.  On  the  other  hand,  in  the  case  where  the  porous  adhesive  layer  57  is  formed  by  the  plasma  spraying 
method,  it  is  unnecessary  to  perform  a  high-temperature  process  since  the  plasma  spraying  step  itself  is  per- 

is  formed  at  a  high  temperature.  Thus,  a  cathode  line  of  a  low  discharge  voltage  can  be  formed  without  applying 
a  large  heat  load  to  the  glass  substrate  after  depositing  the  base  metal  56  and  the  porous  adhesive  layer  57 
on  the  glass  substrate. 

If  the  cathode  lines  are  mainly  formed  by  screen  printing  as  described  above,  the  DC  type  PDP  can  be 
fabricated  using  a  relatively  simple  fabrication  device.  On  the  other  hand,  however,  the  formation  of  the  cathode 

20  lines  by  screen  printing  has  the  following  problems. 

(1)  Voltage  drop  due  to  the  line  resistance  of  the  cathode  lines: 

Generally,  in  the  DC  type  PDP,  the  cathode  lines  are  sequentially  scanned.  In  this  process,  if  a  number 
25  of  discharge  cells  on  one  cathode  line  are  simultaneously  selected  to  be  lightened,  the  current  flowing  through 

the  discharge  flows  into  the  power  source  via  the  cathode  line.  Thus,  a  difference  in  voltage  due  to  the  line 
resistance  of  the  cathode  line  is  generated  between  an  end  on  the  power  supply  side  and  an  end  opposite 
thereto  of  the  cathode  line.  As  a  result,  as  a  distance  from  the  power  supply  side  becomes  larger,  the  voltage 
which  is  actually  applied  to  the  discharge  cells  is  lowered. 

30  In  the  refresh  driving  method,  this  voltage  difference  appears  as  a  luminance  difference.  Thus,  the  quality 
of  the  image  to  be  displayed  is  degraded.  In  the  case  of  the  memory  driving  method,  the  memory  margin  is 
significantly  deteriorated  due  to  the  voltage  difference. 

For  example,  a  discharge  current  flowing  into  each  discharge  cell  is  about  60  ^A,  when  the  electrode  pitch 
is  200  urn,  the  size  of  the  cathode  is  575  (length)  x  150  (width),  and  He-Xe  10%  is  sealed,  as  the  dis- 

35  charge  gas,  within  the  discharge  cell  under  the  pressure  of  350  Torr.  A  sheet  resistance  of  the  cathode  line 
having  a  thickness  of  50  urn  formed  of  an  aluminum  print  paste  becomes  about  40  mQ.  When  the  DC  type 
PDP  having  about  900  anodes,  which  are  necessary  to  an  NTSC  mode  wide  television,  is  constituted  under 
the  above  conditions,  the  voltage  difference  between  the  power  supply  side  end  and  the  opposite  side  end  of 
the  cathode  line  is  about  6  V.  This  implies  that  the  memory  margin  is  lowered  by  about  6  V  at  the  opposite 

40  side  end  as  compared  with  the  power  supply  side  end  of  the  cathode  line. 
In  this  way,  the  line  resistance  bringing  about  a  large  voltage  drop  is  one  of  the  reasons  for  the  lowered 

memory  margin. 
In  the  case  where  the  cathode  line  is  formed  by  screen  printing,  a  metal  paste  for  printing  (glass  frit)  formed 

by  mixing  a  binder  such  as  a  glass  powder  with  a  metal  powder  is  generally  used.  Therefore,  when  the  cathode 
45  line  is  formed  by  baking  the  paste  which  is  screen  printed  into  a  predetermined  patten,  the  surfaces  of  metal 

particles  are  covered  with  the  melted  glass.  As  a  result,  the  electric  conductivity  in  the  cathode  line  is  lowered 
to  about  a  fraction  of  that  of  metal,  resulting  in  an  increased  line  resistance.  Therefore,  in  the  cathode  lines 
formed  by  screen  printing,  as  the  screen  becomes  larger,  the  line  resistance  increases  because  of  conspicuous 
effects  of  the  glass  frit.  This  leads  the  degree  of  the  voltage  drop  due  to  the  current  flowing  through  the  cathode 

so  lines  to  be  large.  As  a  result,  the  quality  of  the  image  to  be  displayed  is  degraded,  for  example,  the  luminance 
in  a  length  direction  of  the  cathode  line  is  lowered  or  some  discharge  cells  are  not  lightened.  In  order  to  solve 
these  problems,  a  driving  voltage  circuit  is  required  to  be  large  in  scale.  Consequently,  it  is  difficult  to  reduce 
the  fabrication  cost  or  the  size. 

55  (2)  Variation  in  a  driving  voltage  during  a  lightening  time  period: 

In  the  memory  driving  method  for  driving  the  PDP  within  a  limited  driving  voltage  range,  it  is  necessary  to 
limit  the  variation  in  the  driving  voltage  during  the  lightening  time  period  to  a  value  as  small  as  possible.  How- 
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ever,  in  the  case  where,  for  example,  a  PDP  having  aluminum  cathodes  formed  by  screen  printing  is  driven  by 
the  memory  driving  method,  the  driving  voltage  varies  by  about  15  V  until  the  driving  time  period  (aging  time) 
reaches  30  thousand  hours,  for  which  a  television  for  domestic  use  should  be  driven.  As  a  result,  the  memory 
margin  is  remarkably  lowered  (by  -15  V)  during  the  lightening  time  period.  As  described  above,  the  surfaces 

5  of  the  cathode  lines  formed  by  screen  printing  are  generally  covered  with  glass  contained  in  the  paste.  As  this 
glass  coating  is  removed  by  the  discharge  during  the  driving,  clean  metal  surfaces  gradually  appear,  thereby 
varying  the  driving  voltage. 

Thus,  in  order  to  reduce  the  line  resistance  and  the  variation  in  the  driving  voltage  during  the  lightening 
time  period,  the  cathode  lines  of  the  DC  type  PDP  are  required  to  be  formed  in  the  state  as  close  as  possible 

10  to  a  pure  metal. 
Although  it  is  also  possible  to  form  the  cathode  lines  by  vapor  deposition,  the  vapor  deposition  method 

has  problems  in  that  a  formable  film  is  too  thin  to  obtain  a  predetermined  line  resistance  and  the  fabrication 
cost  increases  since  a  vacuum  vapor  deposition  apparatus  is  needed. 

In  the  plasma  spraying  method,  a  powdery  cathode  line  material  is  blown  into  a  jet  stream  in  the  high- 
15  temperature  plasma  state  to  melt  the  powdery  material.  The  powdery  material  in  the  melted  state  is  then  ad- 

hered  to  the  substrate  at  a  high  speed  utilizing  the  energy  of  the  jet  stream.  Therefore,  the  glass  frit  does  not 
basically  enter  the  cathode  material,  which  was  a  problem  in  the  screen  printing  method. 

However,  there  is  a  problem  in  the  process  peculiar  to  the  spraying  method.  In  particular,  in  the  case  of 
the  spraying  utilizing  powdery  particles  of  a  low  specific  weight  or  in  the  case  where  a  fine  pattern  is  formed 

20  over  a  large  area,  there  arise  many  problems  due  to  the  principle  of  the  spraying  method.  Therefore,  the  spray- 
ing  method  cannot  be  put  into  practical  use  as  a  method  for  forming  the  cathode  line  of  the  DC  type  PDP  with 
high  accuracy. 

Figure  24  schematically  shows  a  method  for  forming  the  cathode  line  by  plasma  spraying.  Aglass  substrate 
60  serving  as  a  front  glass  substrate  of  the  PDP  is  directly  put  on  a  mounting  table  65  made  of  metal  and  the 

25  like.  Cathode  line  material  particles  62  at  a  high  temperature  are  collided  at  a  high  speed  against  the  glass 
substrate  60  from  a  plasma  spraying  torch  61  provided  above  the  glass  substrate  60,  thereby  forming  a  thick 
film  made  of  cathode  line  material  on  the  surface  of  the  glass  substrate  60.  The  torch  61  or  the  substrate  60 
is  sequentially  traversed  in  a  direction  indicated  by  an  arrow  64  shown  in  Figure  24  so  as  to  perform  spraying 
on  the  entire  surface  of  the  glass  substrate  60.  In  this  case,  the  actual  cathode  lines  63  are  generally  formed 

30  by  using  a  lift-off  method  or  the  like  from  the  thus  formed  thick  film. 
In  the  above  conventional  plasma  spraying  method,  however,  it  is  difficult  to  form  the  cathode  lines  63 

with  a  fine  pitch  and  a  fine  width  over  the  entire  surface  of  the  glass  substrate  60  without  disconnection.  Al- 
though  the  glass  substrate  60  on  which  the  cathode  lines  63  are  formed  is  generally  large  in  size,  i.e.,  about 
1  m  x  1  m,  the  thickness  thereof  is  typically  small,  i.e.,  about  2  to  3  mm.  When  the  plasma  spraying  is  performed 

35  on  such  a  thin  and  large  glass  substrate  60,  a  difference  in  temperature  occurs  between  the  region  where  the 
film  deposition  is  currently  being  conducted  by  spraying  and  the  remaining  region.  The  glass  substrate  60  may 
be  broken  by  the  thermal  stress  caused  by  such  a  temperature  difference.  Furthermore,  since  it  is  difficult  to 
obtain  a  uniform  thickness  over  the  entire  surface  of  the  glass  substrate  60,  discharge  characteristics  may  not 
be  uniform.  In  particular,  in  the  case  where  the  narrow  cathode  lines  63  are  to  be  formed  over  a  large  area 

40  using  a  metal  of  a  small  specific  weight,  it  is  difficult  to  attain  appropriate  characteristics  of  the  cathode  lines 
63. 

The  problem  described  in  the  above  point  (1)  similarly  occurs  in  the  case  where  the  cathode  lines  are 
formed  by  using  a  spraying  process.  This  is  because,  in  the  case  where  the  cathode  line  is  formed  using  the 
spraying  process  in  a  conventional  method,  a  bus  line  (base  metal)  of  the  cathode  line  is  formed  by  screen 

45  printing  and  the  surface  thereof  is  covered  with  the  electron-emitting  material  by  a  spraying  method. 

SUMMARY  OF  THE  INVENTION 

According  to  one  aspect  of  the  invention,  a  DC  gas  discharge  type  image  display  apparatus  includes:  a 
so  front  glass  substrate;  a  rear  glass  substrate  facing  the  front  glass  substrate,  interposing  a  discharge  gas  there- 

between;  a  set  of  anodes  including  a  plurality  of  line  electrodes  formed  on  the  rear  glass  substrate;  a  set  of 
cathodes  including  a  plurality  of  line  electrodes  placed  on  the  front  glass  substrate  so  as  to  perpendicularly 
cross  the  set  of  anodes;  and  a  plurality  of  discharge  cells,  each  being  provided  so  as  to  correspond  to  each  of 
cross  points  of  the  set  of  anodes  and  the  set  of  cathodes,  wherein  the  line  electrodes  included  in  the  set  of 

55  cathodes  are  formed  by  a  spraying  method  for  spraying  particles  of  a  predetermined  cathode  material  from  a 
spraying  device  toward  a  glass  substrate. 

In  one  embodiment,  the  line  electrodes  included  in  the  set  of  cathodes  are  formed  on  bottom  faces  of 
grooves  which  are  formed  on  a  surface  of  the  front  glass  substrate. 
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In  another  embodiment,  the  cathode  material  is  selected  so  that  an  average  diameter  d  of  a  primary  particle 
supplied  to  the  spraying  device  is  set  in  a  range,  upper  limit  thereof  being  a  smaller  value  of  h/2  and  W/9  and 
lower  limit  thereof  being  10  ^m,  where  each  of  the  line  electrodes  included  in  the  set  of  cathodes  has  a  width 
W  and  a  thickness  h. 

5  In  still  another  embodiment,  the  spraying  method  is  a  plasma  spraying  method. 
In  still  another  embodiment,  the  cathode  material  is  selected  from  a  group  consisting  of  aluminum,  nickel, 

an  aluminum  alloy  and  a  nickel  alloy. 
In  still  another  embodiment,  the  discharge  gas  is  a  mixed  gas  of  He  and  Xe. 
In  still  another  embodiment,  each  of  the  line  electrodes  included  in  the  set  of  cathodes  is  formed  by  lam- 

10  inating  sprayed  particles  of  the  cathode  material  in  a  flattened  manner. 
In  still  another  embodiment,  each  of  the  line  electrodes  included  in  the  set  of  cathodes  includes:  a  metal 

bus  line  formed  by  the  spraying  method;  and  an  upper  coating  film  made  of  a  material  selected  from  a  group 
consisting  of  a  metal,  a  metallic  oxide  and  a  metallic  sulfide,  the  upper  coating  film  being  formed  on  a  surface 
of  the  metal  bus  line.  Preferably,  the  upper  coating  film  is  formed  by  the  spraying  method.  The  oxide  may  be 

15  Lâ   xSrxM03  (where  M  is  Co  or  Mn)  having  a  perovskite  structure.  The  metal  bus  line  may  be  formed  by  lam- 
inating  sprayed  particles  in  a  flattened  manner. 

In  still  another  embodiment,  the  set  of  cathodes  are  formed  by  further  being  subject  to  a  baking  process 
at  a  temperature  of  400°C  or  higher  after  execution  of  the  spraying  method. 

According  to  another  aspect  of  the  invention,  in  a  method  for  fabricating  a  DC  gas  discharge  type  image 
20  display  apparatus  including:  a  front  glass  substrate;  a  rear  glass  substrate  facing  the  front  glass  substrate, 

interposing  a  discharge  gas  therebetween;  a  set  of  anodes  including  a  plurality  of  line  electrodes  formed  on 
the  rear  glass  substrate;  a  set  of  cathodes  including  a  plurality  of  line  electrodes  placed  on  the  front  glass  sub- 
strate  so  as  to  perpendicularly  cross  the  set  of  anodes;  and  a  plurality  of  discharge  cells,  each  being  provided 
so  as  to  correspond  to  each  of  cross  points  of  the  set  of  anodes  and  the  set  of  cathodes,  a  step  of  forming  the 

25  set  of  cathodes  includes  the  steps  of:  (a)  forming  a  mask  film  on  a  surface  of  a  glass  substrate;  (b)  forming 
an  opening  in  a  predetermined  pattern  through  the  mask  film;  (c)  depositing  a  sprayed  film  serving  as  the  line 
electrodes  included  in  the  set  of  cathodes  at  a  portion  of  a  surface  of  the  glass  substrate,  which  corresponds 
to  the  opening,  by  spraying  a  predetermined  cathode  material  from  a  spraying  torch  placed  above  the  surface 
of  the  mask  film  and  moving  at  least  one  of  the  spraying  torch  and  the  glass  substrate  in  a  predetermined  pat- 

30  tern;  and  (d)  removing  the  mask  film  from  the  surface  of  the  glass  substrate. 
In  one  embodiment,  the  step  (c)  further  includes  a  step  of  roughening  the  portion  of  the  surface  of  the 

glass  substrate,  the  portion  corresponding  to  the  opening. 
In  another  embodiment,  the  step  (c)  further  includes  a  step  of  forming  a  groove  having  a  predetermined 

depth  on  the  portion  of  the  surface  of  the  glass  substrate,  the  portion  corresponding  to  the  opening,  and  the 
35  sprayed  film  is  deposited  on  a  bottom  face  of  the  groove. 

In  still  another  embodiment,  the  spraying  step  is  carried  out  in  the  step  (c)  while  the  glass  substrate  is 
placed  on  a  mounting  table  with  a  heat  insulating  means  interposed  therebetween. 

In  still  another  embodiment,  a  deposition  rate  of  the  sprayed  film  is  kept  substantially  constant  with  elapse 
of  a  spaying  time  in  the  step  (c)  by  controlling  either  a  supply  rate  of  the  cathode  material  from  the  spraying 

40  torch,  or  a  moving  rate  of  at  least  one  of  the  spraying  torch  or  the  glass  substrate. 
Thus,  the  invention  described  herein  makes  possible  the  advantages  of:  (1)  providing  a  DC  gas  discharge 

type  image  display  apparatus  having  a  low-resistance  cathode  line  which  has  a  clean  metal  surface  and  shows 
little  variation  in  its  driving  voltage  while  driven  for  a  long  period  of  time;  and  (2)  providing  a  method  for  fabri- 
cating  the  same. 

45  These  and  other  advantages  of  the  present  invention  will  become  apparent  to  those  skilled  intheartupon 
reading  and  understanding  the  following  detailed  description  with  reference  to  the  accompanying  figures. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

50  Figure  1  schematically  shows  a  method  for  producing  a  cathode  line  of  a  DC  type  PDP  in  Example  1  ac- 
cording  to  the  present  invention. 

Figures  2A  to  2F  are  cross-sectional  views  showing  the  respective  fabrication  steps  of  the  cathode  lines 
in  the  PDP  in  Example  1  according  to  the  present  invention. 

Figure  3  is  a  schematic  cross-sectional  view  showing  the  cathode  line  formed  by  Example  1  according  to 
55  the  present  invention. 

Figure  4  is  a  graph  showing  the  relationship  between  the  thickness  of  the  cathode  line  and  the  resistivity 
thereof. 

Figure  5  is  a  graph  showing  a  voltage  drop  in  a  cathode  line  in  a  memory  driving  method. 
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Figure  6  is  a  graph  showing  the  variation  in  a  driving  voltage  during  a  long  lightening  (aging)  time  period 
in  the  memory  driving  method. 

Figures  7A  and  7B  schematically  show  the  change  in  the  shape  of  material  particles  to  be  sprayed  due  to 
the  execution  of  a  processing  step  therefor. 

5  Figures  8Ato  8C  schematically  show  a  method  for  fabricating  a  cathode  line  of  a  DC  type  PDP  in  Example 
2  according  to  the  present  invention. 

Figure  9  is  a  schematic  cross-sectional  view  of  a  cathode  line  formed  by  Example  3  of  the  present  invention. 
Figure  10  schematically  shows  a  method  for  fabricating  a  cathode  line  of  a  DC  type  PDP  in  Example  4 

according  to  the  present  invention. 
10  Figure  11  schematically  shows  a  method  for  fabricating  a  cathode  line  of  a  DC  type  PDP  in  Example  5 

according  to  the  present  invention. 
Figures  12A  to  12F  are  cross-sectional  views  showing  the  respective  fabrication  steps  of  cathode  lines  in 

a  DC  type  PDP  in  Example  6  according  to  the  present  invention. 
Figure  13A  is  a  cross-sectional  view  schematically  showing  a  cathode  line  formed  in  a  groove  in  the  con- 

15  ventional  screen  printing,  and  Figure  13B  is  a  cross-sectional  view  schematically  showing  the  cathode  line 
formed  in  a  groove  by  Example  6  according  to  the  present  invention. 

Figure  14  is  a  cross-sectional  view  schematically  showing  the  shape  of  a  terminal  electrode  attaching  to 
the  cathode  line  formed  by  Example  6  according  to  the  present  invention. 

Figure  15  schematically  shows  a  fabrication  process  for  forming  cathode  lines  on  a  glass  substrate  by  plas- 
20  ma  spraying  according  to  the  present  invention. 

Figure  16  is  a  graph  showing  the  change  in  substrate  temperatures  in  the  plasma  spraying  process  shown 
in  Figure  15. 

Figure  1  7  schematically  shows  a  fabrication  process  for  forming  cathode  lines  on  a  glass  substrate  by  con- 
ventional  plasma  spraying. 

25  Figure  18  is  a  graph  showing  the  change  in  substrate  temperatures  in  the  conventional  plasma  spraying 
process  shown  in  Figure  17. 

Figure  19  is  a  graph  showing  the  relationships  between  the  substrate  temperature,  the  thickness  of  a 
sprayed  film,  the  supply  rate  of  material  to  be  sprayed  and  the  spraying  time  in  the  case  where  cathode  lines 
are  formed  on  a  glass  substrate  by  plasma  spraying. 

30  Figure  20  is  a  perspective  view  showing  the  configuration  of  a  DC  type  PDP. 
Figure  21  is  a  diagram  showing  a  refresh  driving  method  of  the  DC  type  PDP. 
Figure  22  is  a  diagram  showing  a  memory  driving  method  of  the  DC  type  PDP. 
Figure  23A  is  a  cross-sectional  view  showing  the  configuration  of  a  cathode  line  formed  by  conventional 

spraying  technique,  and  Figure  23B  is  a  perspective  view  of  the  cathode  line  shown  in  Figure  23A. 
35  Figure  24  is  a  perspective  view  schematically  showing  the  process  of  forming  cathode  lines  on  a  glass 

substrate  by  a  spraying  method. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

40  Example  1 

Figure  1  schematically  shows  a  method  for  producing  a  cathode  line  of  a  PDP  according  to  a  first  example 
of  the  present  invention.  Specifically,  the  cathode  line  made  of  metal  aluminum  is  formed  on  a  glass  substrate 
using  a  plasma  spraying  method. 

45  A  plasma  spraying  torch  100  includes  a  water-cooled  cathode  1  and  a  water-cooled  anode  2.  A  DC  voltage 
is  applied  between  the  cathode  1  and  the  anode  2  by  a  power  source  3  so  as  to  generate  an  arc  discharge  4. 
A  plasma  working  gas  5  is  supplied  from  a  supply  port  5a  thereof  which  is  provided  at  the  rear  part  of  the  plasma 
spraying  torch  100.  The  supplied  plasma  working  gas  5  is  heated  and  ionized  by  the  arc  discharge  4  generated 
between  the  cathode  1  and  the  anode  2  so  as  to  be  jetted  out  of  a  nozzle  7  as  a  plasma  jet  6.  Argon,  helium, 

so  hydrogen  and  the  like  can  be  used  as  the  plasma  working  gas  5.  For  example,  argon  is  used  in  Example  1. 
A  material  8  to  be  sprayed  which  serves  as  a  material  of  the  cathode  line  is  carried  by  a  carrier  gas  from 

a  supply  port  9  in  a  powdery  state  so  as  to  be  blown  into  the  plasma  jet  6.  The  material  8  to  be  sprayed  mixes 
with  the  plasma  jet  6  in  the  vicinity  of  a  region  X  of  Figure  1,  which  corresponds  to  the  outside  of  the  nozzle 
7.  As  a  result,  the  material  8  is  heated  and  melted  and  then  accelerated  by  the  energy  of  the  plasma  jet  7  to 

55  collide  against  the  surface  of  a  glass  substrate  10  at  a  high  speed.  With  this  collision,  a  coating  is  formed  on 
the  surface  of  the  glass  substrate  10. 

The  glass  substrate  10  functions  as  a  surface  glass  (front  glass)  of  the  image  display  device  (PDP).  For 
example,  a  soda  glass  substrate  having  a  thickness  of  about  2  mm  is  used  as  the  glass  substrate  10.  A  mask 
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film  11  having  openings  12  corresponding  to  a  pattern  of  cathode  lines  13  to  be  formed  as  shown  in  Figure  1 
is  attached  to  the  surface  of  the  glass  substrate  10.  By  performing  the  spraying  from  the  upper  side  of  the 
glass  substrate  10  through  the  maskf  ilm  11  ,  the  cathode  lines  13  having  a  predetermined  thickness  are  formed 
only  on  the  portions  of  the  surface  of  the  glass  substrate  10,  which  correspond  to  the  bottom  faces  of  the  open- 

5  ings  12.  By  pealing  off  the  mask  film  11  after  the  film  deposition  by  the  spraying,  the  glass  substrate  10,  on 
which  the  cathode  lines  13  are  formed  into  a  predetermined  pattern,  is  obtained.  The  thickness  of  the  mask 
film  11  is  set  to  about  50  ^m,  a  little  thicker  than  that  of  the  cathode  lines  to  be  formed. 

The  material  8  to  be  sprayed  in  Example  1  is  metal  aluminum  powder  having  a  purity  of  99%.  An  average 
particle  size  of  the  powder  is  about  20  ^m. 

10  In  the  case  where  an  aluminum  powder  having  an  average  diameter  of  about  20  urn  is  blown  into  the  plasma 
jet  6  as  the  material  8  to  be  sprayed,  it  is  desirable  for  the  material  8  to  enter  into  the  plasma  jet  6  at  a  small 
incident  angle.  In  the  plasma  spraying  torch  100  of  Figure  1,  in  view  of  structural  restrictions  thereof,  the  inci- 
dent  angle  9  is  set  to  30°. 

If  a  plurality  of  the  supply  ports  9  of  the  material  8  are  provided  in  the  periphery  of  the  nozzle  7  at  equal 
15  intervals,  the  distribution  of  the  plasma  jet  6  and  the  mixing  condition  of  the  material  8  therein  can  be  uniform. 

Therefore,  the  cathode  lines  (sprayed  film)  13  having  better  quality  can  be  formed. 
The  cathode  lines  (sprayed  film)  can  be  formed  by  arc  spraying  instead  of  the  plasma  spraying.  However, 

in  order  that  the  cathode  lines  having  a  fine  pattern  are  accurately  formed  and  strongly  adhered  to  the  glass 
substrate,  the  plasma  spaying  method  is  preferred.  Moreover,  in  the  plasma  spraying  method,  various  materials 

20  can  be  dealt  with  good  controllability. 
Figures  2A  to  2F  show  the  process  of  forming  the  cathode  lines  on  the  front  glass  substrate  by  the  plasma 

spraying  method  according  to  the  present  invention. 
First,  as  shown  in  Figure  2A,  the  mask  film  11  is  attached  onto  the  surface  of  the  glass  substrate  10.  As 

the  mask  film  11,  for  example,  a  dry  film  which  is  commercially  available  from  TOKYO  OHKA  KOGYO,  Co., 
25  Ltd.  under  the  general  trade  designation  "BF  series"  can  be  used.  Next,  as  shown  in  Figure  2B,  openings  12 

are  formed  into  a  pattern  corresponding  to  the  cathode  line  pattern  to  be  formed  on  the  mask  film  11  by  an 
exposing  process  and  an  etching  process. 

Then,  as  shown  in  Figure  2C,  blast  particles  14  are  made  to  collide  against  the  upper  surface  of  the  glass 
substrate  10  through  the  mask  film  11  on  which  the  openings  12  are  formed,  thereby  conducting  a  sand  blast 

30  processing.  By  this  sand  blast  processing,  as  shown  in  Figure  2D,  surfaces  10a  of  the  portions,  which  corre- 
spond  to  the  openings  12,  of  the  surface  of  the  substrate  10  are  roughened.  A  preferable  surface  roughness 
of  the  thus  obtained  rough  surface  13a  is  typically  about  1  in  center  line  average  height  Ra,  although  it  depends 
on  the  material  to  be  sprayed  and  conditions  under  which  the  spraying  process  is  conducted. 

Next,  as  shown  in  Figure  2E,  the  material  8  is  made  to  collide  against  the  surface  of  the  glass  substrate 
35  10  by  the  plasma  spraying  through  the  openings  12  formed  through  the  mask  film  11,  thereby  forming  a  film 

made  of  cathode  material.  As  a  result,  a  sprayed  film  i.e.,  a  cathode  line  13,  is  formed  on  the  surface  of  the 
glass  substrate  10  with  strong  adhesion  corresponding  to  the  openings  12.  On  the  other  hand,  the  sprayed 
particles  which  reach  the  surface  of  the  mask  film  11  recoil  due  to  the  elasticity  of  the  maskfilm  11.  Therefore, 
the  sprayed  film  13  is  notformed  on  the  surface  of  the  glass  substrate  10  otherthan  the  portions  corresponding 

40  to  the  openings  12.  The  maskfilm  11  is  pealed  off  after  the  completion  of  the  spraying  process,  and  the  cathode 
lines  13  having  a  predetermined  pattern  are  formed  on  the  surface  of  the  substrate  10,  as  shown  in  Figure 
2F. 

Aterminal  electrode  for  connection  with  an  external  circuit  is  further  formed  on  the  glass  substrate  10,  on 
which  the  cathode  lines  13  are  formed,  by  the  screen  printing  method.  A  rear  glass  substrate  formed  in  another 

45  process  is  then  sealed  against  the  glass  substrate  10,  thereby  obtaining  the  structure  shown  in  Figure  20.  After 
creating  a  vacuum  in  the  gap  between  the  substrates,  a  mixed  gas  of  He-Xe  functioning  as  a  discharge  gas 
is  sealed  to  a  predetermined  pressure,  thereby  completing  the  DC  type  PDP. 

The  cathode  lines  13  thus  formed  have  the  laminated  structure  of  particles  as  shown  in  Figure  3.  Specif- 
ically,  the  particles  of  the  sprayed  material  8,  which  collide  in  a  melted  state  at  a  high  speed  against  the  surface 

so  of  the  glass  substrate  10,  are  laminated  while  being  flattened  in  a  horizontal  direction  (a  direction  parallel  to 
the  surface  of  the  glass  substrate  10),  thereby  completing  the  cathode  lines  13.  A  width  W  of  the  cathode  lines 
13  is  typically  150  urn  or  less,  for  example,  about  100  urn.  A  thickness  h  is  typically  in  the  range  of  10  to  30 
urn,  for  example,  about  30  urn. 

The  surface  of  the  glass  substrate  10  is  roughened  by  the  sand  blast  processing  in  order  to  increase  the 
55  adhesion  between  the  cathode  lines  13  to  be  formed  and  the  glass  substrate  10.  If  the  adhesion  is  not  suffi- 

ciently  strong,  the  cathode  lines  13  may  be  pealed  off  or  disconnected  by  a  mechanical  load  acting  on  the 
cathode  lines  13  due  to  handling  and  the  like  during  the  fabrication  process.  As  a  result,  the  functions  as  the 
cathode  lines  13  cannot  be  reserved  in  some  cases.  In  particular,  in  the  case  where  the  film  made  of  metal 
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particles  is  formed  on  the  glass  substrate  by  spraying  as  in  Example  1,  difference  in  thermal  expansion  be- 
tween  the  metal  sprayed  film  (cathode  lines)  and  the  glass  substrate  is  large,  resulting  in  small  adhesion. 

The  sand  blast  processing  may  be  substituted  by  the  following  process.  Prior  to  spraying  the  cathode  line 
material,  an  extremely  thin  film  is  formed  by  spraying  a  material  exhibiting  strong  adhesion  onto  the  glass  sub- 

5  strate  10.  Thereafter,  a  predetermined  metal  material  may  be  sprayed  thereon.  As  such  a  material  capable  of 
functioning  as  a  so-called  interlayer,  for  example,  chromium  oxide  or  a  material  obtained  by  mixing  silica  into 
chromium  oxide  is  considered.  Thus,  excellent  adhesion  can  be  preserved. 

Alternatively,  in  the  case  where  sufficient  adhesion  can  be  preserved,  such  a  sand  blast  processing  and 
a  substitution  thereof  can  be  completely  omitted. 

10  Figure  4  shows  the  relationship  between  a  resistivity  p  and  a  thickness  h  of  the  cathode  lines  13  formed 
by  the  plasma  spraying  method,  where  a  width  W  of  the  cathode  lines  13  is  fixed  to  be  1  50  ^m.  A  plot  A  indicates 
the  value  in  the  cathode  lines  formed  by  a  conventional  screen  printing  method,  which  is  specifically  4.0  x  10"4 
Q-cm.  Each  of  plots  O  indicates  a  value  in  the  stage  where  the  cathode  lines  are  formed  by  the  plasma  spraying 
method,  and  each  of  plots  •  indicates  a  value  after  baking  is  conducted  for  forming  the  terminal  electrode. 

15  The  value  of  a  bulk  material  of  the  metal  aluminum  (2.65  x  1  0"6  Q-cm)  is  also  shown  in  Figure  4.  With  respect 
to  the  above  respective  values,  the  line  resistance  of  the  cathode  line  is  measured,  respectively.  Resistivity 
values  are  then  obtained  by  multiplying  the  measured  values  by  a  cross-sectional  area  of  the  cathode  line 
(thickness  x  width)  and  subsequently  dividing  the  multiplied  values  by  the  length. 

As  is  apparent  from  Figure  4,  although  the  resistivity  in  the  spraying  method  decreases  as  the  thickness 
20  h  increases,  it  becomes  substantially  constant  at  a  certain  thickness  or  more.  Taking  the  cathode  having  a  thick- 

ness  of  30  urn  as  an  example,  the  resistivity  value  obtained  by  spraying  is  low,  i.e.,  about  one-tenth  as  com- 
pared  with  that  obtained  by  the  screen  printing  method.  The  difference  between  the  two  results  from  the  fol- 
lowing.  The  component  of  the  film  formed  by  the  spraying  method  is  mainly  a  pure  aluminum  material,  except 
for  a  small  amount  of  oxide.  On  the  other  hand,  in  the  screen  printing  method,  impurities  such  as  glass  frit 

25  serving  as  a  non-conductive  material  are  inevitably  mixed  with  the  metal  aluminum  material.  Therefore,  the 
direct  physical  contact  between  aluminum  metal  particles  is  inhibited,  leading  to  a  lowered  conductivity. 

The  reason  why  the  resistivity  decreases  as  the  thickness  h  increases  in  the  spraying  method  is  regarded 
as  an  increase  in  the  probability  that  particles  to  be  laminated  are  physically  in  contact  with  each  other.  Although 
particles  having  a  diameter  of  20  urn  are  used  as  sprayed  particles  in  the  example  shown  in  Figure  4,  the  re- 

30  sistivity  can  be  further  reduced  by  using  particles  having  a  smaller  diameter. 
Even  in  the  case  where  the  cathode  lines  are  formed  by  the  plasma  spraying  method,  if  the  metal  aluminum 

is  oxidized  in  the  spraying  step,  the  electrical  resistivity  of  the  cathode  lines  to  be  formed  inevitably  increases. 
In  order  to  prevent  the  sprayed  film  from  being  oxidized,  it  is  sufficient  to  reduce  the  pressure  of  a  space  (in 
which  a  film  is  formed)  leading  from  the  plasma  spraying  torch  to  the  glass  substrate  which  is  subject  to  spray- 

35  ing  during  the  spraying  step. 
Next,  the  effects  of  the  baking  process  which  is  performed  on  the  cathode  lines  formed  by  the  plasma 

spraying  process  will  be  examined.  Plots  O  in  Figure  4  respectively  indicate  a  resistivity  value  obtained  in  the 
case  where  the  cathode  line  formed  by  the  plasma  spraying  is  baked  at400°C.  At  this  temperature,  i.e.,  400°C, 
the  front  glass  substrate  39  on  the  cathode  side  and  the  rear  glass  substrate  40  on  the  anode  side  are  sealed 

40  to  each  other  by  frit  glass  in  the  configuration  shown  in  Figure  20. 
In  the  cathode  lines  formed  by  a  plasma  spraying  method  according  to  the  present  invention,  the  resistivity 

(plots  O)  in  the  stage  in  which  the  baking  process  is  not  conducted  is  already  about  one-tenth  of  the  value  of 
the  conventional  cathode  lines  formed  by  screen  printing.  In  addition,  the  resistivity  after  the  baking  process 
(plots  •)  is  further  reduced  by  30  to  50%  as  compared  with  the  value  before  the  baking  process  (plots  O). 

45  Simultaneously,  the  thickness  is  reduced  by  about  30  %. 
In  order  to  examine  the  effects  of  the  baking  temperature  level,  the  same  measurement  is  performed  on 

another  sample  which  is  subject  to  the  similar  baking  process  at  a  temperature  of  580°C.  The  line  resistance 
after  baking  the  aluminum  cathode  is  reduced  to  one-third  of  that  before  baking.  The  baking  process  is  carried 
out  in  an  atmosphere  while  rising  a  temperature  from  room  temperature  to  580°C  in  an  hour,  keeping  at  580°C 

so  for  10  minutes,  and  lowering  the  temperature  to  room  temperature  again  in  an  hour. 
Regarding  the  sample  baked  at  580°C,  the  cross-section  of  the  sprayed  film  (cathode  line)  before  and  after 

the  baking  process  is  observed  with  a  scanning  electron  microscope  (SEM).  As  a  result,  the  sprayed  film  after 
the  baking  has  a  finer  laminated  structure  as  compared  with  that  before  the  baking.  It  is  considered  that  such 
a  finer  laminated  structure  is  obtained  because  unmelted  particles  contained  in  the  film  immediately  after  the 

55  spraying  or  particles  which  are  not  laminated  in  the  quenching  process  during  the  film  deposition  are  melted 
at  a  temperature  lower  than  their  melting  point,  that  is,  a  so-called  melting  point  lowering  phenomenon  occurs. 

Furthermore,  with  respect  to  the  samples  which  are  observed  with  the  SEM,  a  change  in  the  composition 
of  the  sprayed  film  before  and  after  the  baking  process  is  analyzed  by  an  X-ray  micro  analysis  (XMA)  method. 
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As  a  result,  the  amount  of  oxygen  contained  in  the  sprayed  film  is  slightly  reduced  after  the  baking.  This  sig- 
nifies  that  part  of  aluminum  which  is  oxidized  immediately  after  the  spraying  is  reduced  by  the  baking  process. 
However,  the  degree  of  change  in  the  amount  of  oxygen  contained  is  not  large  enough  to  afford  a  large  de- 
crease  in  the  resistivity  of  the  cathode  lines.  Thus,  the  resistivity  of  the  cathode  lines  is  considered  to  be  low- 

5  ered  not  by  reduction  of  aluminum  oxide  but  mainly  by  finer  quality  of  sprayed  film  resulting  from  baking. 
The  cathode  lines  formed  by  the  screen  printing  method  are  subject  to  a  similar  baking  process  and  a 

change  in  the  resistivity  before  and  after  the  process  is  measured.  However,  the  resistivity  of  the  aluminum 
cathode  lines  formed  by  the  screen  printing  method  increases  in  some  cases  rather  than  decreases,  after  the 
baking  process.  Thus,  the  resistivity  thereof  is  unstable.  As  described  above,  the  decrease  in  the  resistivity 

10  due  to  the  baking  process  is  unique  to  the  cathode  lines  formed  by  spraying. 
From  the  above  result,  it  is  understood  that  the  resistivity  of  the  cathode  line  formed  by  the  plasma  spraying 

method  is  one-tenth  of  the  resistivity  of  the  cathode  lines  formed  by  the  screen  printing  method,  and  can  be 
further  reduced  to  a  half  thereof  or  less  by  the  baking  process  at  400°C  or  higher  in  an  atmosphere. 

Figure  5  shows  voltage  drops  of  the  cathode  lines  formed  by  screen  printing  and  plasma  spraying,  respec- 
15  tively,  in  the  memory  driving  method.  The  dot  position  (the  number  of  dots)  represented  by  an  abscissa  cor- 

responds  to  a  size  of  a  screen  of  the  PDP  (a  length  of  a  cathode  line).  For  example,  the  number  of  dots  cor- 
responding  to  a  wide  television  of  a  26  inch  size  is  about  900,  and  that  corresponding  to  a  television  of  40  inch 
size  is  about  1400.  The  data  in  Figure  5  is  obtained  by  calculation  under  condition  that  a  discharge  current  in 
each  of  the  discharge  cells  is  60  ^A. 

20  The  voltage  drops  shown  in  Figure  5  directly  represent  difference  in  resistivities  of  the  respective  cathode 
lines.  For  example,  in  a  26  inch  size  television,  a  voltage  drop  of  6  V  occurs  in  the  cathode  fabricated  by  screen 
printing.  Such  a  large  voltage  drop  brings  about  disadvantages  such  as  an  extremely  wide  difference  in  lumi- 
nance  between  the  both  ends  of  the  screen,  decrease  in  the  memory  margin,  unlighting  pixels  and  the  like, 
which  result  in  deterioration  of  the  quality  of  the  display  image.  On  the  other  hand,  in  the  cathode  fabricated 

25  by  the  plasma  spraying  method,  the  voltage  drop  is  small,  i.e.,  about  1  V  even  in  the  26  inch  size  television. 
The  effect  of  the  voltage  drop  to  such  a  degree  can  be  sufficiently  compensated  by  the  functions  of  other  com- 
ponents.  Thus,  the  same  problems  as  in  the  screen  printing  do  not  occur,  and  an  extremely  excellent  image 
can  be  provided.  In  the  above  description,  a  phenomenon  for  one  cathode  line  at  a  certain  moment  during  a 
driving  time  period  is  paid  attention  to. 

30  The  data  shown  in  Figure  5  indicates  the  result  obtained  in  the  case  where  a  driving  circuit  is  provided  on 
one  side  of  the  PDP.  If  driving  circuits  are  provided  on  both  sides  of  the  PDP,  a  voltage  drop  in  the  cathode 
lines  is  reduced  to,  at  maximum,  a  half  or  less  of  the  data  shown  in  Figure  5.  In  consideration  of  fabrication 
cost,  circuit  size  and  the  like,  a  method  for  forming  the  driving  circuits  on  the  both  sides  of  the  PDP  is  hardly 
realizable. 

35  Next,  a  variation  in  the  driving  voltage  in  the  case  where  the  PDP  is  lightened  over  a  long  lightening  time 
period  is  examined  as  a  long-term  life  test.  The  long  lightening  time  period  in  this  case  signifies  about  30  thou- 
sand  hours  which  are  generally  required  as  a  life  of  a  television  for  domestic  use. 

Figure  6  shows  the  variation  in  the  driving  voltage  in  the  case  where  the  DC  type  PDP  is  lightened  for  a 
long  time  by  the  memory  driving  method.  In  one  PDP,  cathode  lines  in  the  same  panel  are  separately  formed 

40  by  the  screen  printing  and  the  plasma  spraying.  Then,  the  variation  in  the  driving  voltage  is  measured  with  re- 
spect  to  each  of  the  cathode  lines.  Data  in  Figure  6  are  measured  in  a  DC  type  PDP  in  which  discharge  cells 
having  a  size  of  about  300  urn  x  about  300  and  a  discharge  gap  of  200  of  are  provided  with  He  -  Xe10% 
gas  as  a  discharge  gas  sealed  at  a  gas  pressure  of  350  Torr.  Specifically,  DC  discharges  continuously  occur 
with  a  discharge  current  of  50  Â  for  each  of  the  discharge  cells.  Plots  in  Figure  6  respectively  show  average 

45  values  of  the  driving  voltage  for  ten  pixels  dots. 
Generally,  as  the  lightening  time  period  elapses,  the  cathode  lines  are  sputtered  by  a  discharge  to  be  scat- 

tered.  The  scattered  particles  of  the  cathode  lines  attach  to  the  surface  of  the  glass  substrate  in  the  periphery 
of  the  cathode  lines.  As  a  result,  in  some  cases,  the  cathode  area  involving  the  discharge  substantially  increas- 
es,  thereby  varying  the  driving  voltage.  When  the  data  shown  in  Figure  6  is  measured,  in  order  to  prevent  the 

so  discharge  area  from  expanding  due  to  sputtering,  a  groove  pattern  is  formed  on  the  surface  of  the  glass  sub- 
strate,  and  a  film  made  of  cathode  material  is  formed  on  the  bottom  face  of  the  groove  by  the  screen  printing 
or  the  plasma  spraying,  thereby  completing  the  cathode  lines. 

It  can  be  seen  from  Figure  6  that,  at  the  time  when  ten  thousand  hours  elapse  from  the  start  of  the  meas- 
urement,  the  driving  voltage  is  lowered  by  about  10  V  in  the  cathode  line  formed  by  the  screen  printing.  On 

55  the  other  hand,  the  driving  voltage  is  lowered  by  about  5  V,  that  is,  a  half  of  the  value  of  the  screen  printing, 
in  the  cathode  line  formed  by  the  plasma  spraying.  As  the  result  of  continuation  of  the  similar  measurement, 
at  the  time  when  30  thousand  hours  elapse,  the  driving  voltage  of  the  cathode  lines  formed  by  the  plasma  spray- 
ing  is  lowered  by  about  8  V,  while  the  driving  voltage  of  the  cathode  line  formed  by  the  screen  printing  is  lowered 
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by  about  15  V. 
As  described  above,  when  the  cathode  lines  are  formed  by  screen  printing,  it  is  difficult  to  drive  the  PDP 

in  the  memory  driving  method  due  to  the  decrease  in  driving  voltage  attending  the  driving  for  long  time.  As  a 
result,  the  function  of  the  PDP  as  an  image  display  device  can  be  reserved  up  to  about  10  thousand  hours  at 

5  most.  On  the  other  hand,  when  the  cathode  lines  are  formed  by  the  plasma  spraying  method  as  in  the  present 
invention,  a  high-quality  image  display  can  be  stably  realized  while  sufficiently  reserving  the  memory  margin, 
in  either  of  the  refresh  driving  method  and  the  memory  driving  method.  These  advantages  are  particularly  con- 
spicuous  in  the  latter  memory  driving  method. 

In  the  above  description  of  Example  1  ,  the  cathode  lines  are  made  of  metal  aluminum  since  the  metal  alu- 
10  minum  is  excellent  as  a  cathode  line  material.  This  is  because  metal  aluminum  is  hardly  sputtered  with  respect 

to  the  He-Xe  mixed  gas  which  is  suitable  as  a  discharge  gas  for  realizing  a  full-color  image  display. 
In  the  case  where  a  material  having  a  low  specific  weight  and  a  low  melting  point  such  as  aluminum  is 

used  as  a  material  to  be  sprayed  for  forming  the  cathode  lines,  as  shown  in  Figure  1,  the  structure  of  the  plasma 
spraying  device  1  00  using  a  so-called  extrapolation  mode,  in  which  a  spraying  powder  is  blown  into  the  plasma 

15  jet  6  after  the  jetting  out  thereof,  is  suitable  for  forming  the  cathode  lines  having  excellent  properties.  In  the 
case  where  finer  particles  having  a  lower  specific  weight  are  used,  the  sprayed  material  is  not  sufficiently  blown 
into  the  plasma  jet  6  in  some  cases.  In  such  cases,  there  arise  problems  such  as  adhesion  of  the  sprayed  ma- 
terial  in  an  unmelted  state  to  the  surface  of  the  substrate  10  or  a  decrease  in  the  spraying  efficiency. 

In  order  to  solve  the  above  problems,  it  is  sufficient  to  use  fine  particles  which  are  processed  in  advance 
20  so  as  to  have  an  appropriate  shape.  Figures  7A  and  7B  show  an  example  of  the  change  of  the  particle  shape 

in  such  a  processing  process. 
Primary  particles  16  having  an  average  diameter  of  d  as  shown  in  Figure  7A  are  bonded  to  each  other 

using  polyvinyl  alcohol  (PVA)  or  the  like,  thereby  forming  processed  particles  17  each  being  a  set  of  a  plurality 
of  primary  particles  16.  As  shown  in  Figure  7B,  each  of  the  processed  particles  17  has  an  average  diameter 

25  of  D  (D  >  d).  According  to  the  inventors'  experiments,  in  the  case  where  a  40  kW  class  plasma  spraying  ap- 
paratus  is  used,  the  spraying  particles  are  uniformly  blown  into  the  plasma  jet  6  by  processing  the  primary 
particles  16  so  that  the  average  diameter  D  of  the  processed  particles  17  is  30  urn  or  more  regardless  of  the 
average  diameterd  of  the  primary  particles  16,  thereby  completing  a  sprayed  film  (cathode  lines)  of  good  qual- 
ity.  Thus,  extremely  fine  primary  particles  are  also  applicable. 

30  Paying  attention  to  the  process  in  which  each  of  the  sprayed  particles  is  flattened  after  colliding  against 
the  substrate  10,  in  order  to  obtain  a  sufficiently  fine  sprayed  film  (cathode  lines)  having  sufficiently  strong 
adherence  to  the  glass  substrate  10,  it  is  desirable  that  the  particles  being  attached  to  the  substrate  10  are 
flattened  so  that  the  diameter  of  the  particles  is  three  times  the  average  diameter  d  of  the  primary  particles 
16.  Furthermore,  in  order  to  obtain  a  fine  sprayed  film  capable  of  reserving  the  sufficient  adherence  to  the 

35  substrate  10  and  reducing  the  electrical  resistivity  to  the  lowest  level  when  the  primary  particles  are  flattened 
as  described  above  so  that  a  sprayed  material  is  adhered  to  the  surface  of  the  glass  substrate  10  in  such  a 
state  that  the  diameter  thereof  is  about  three  times  the  average  diameter  d  of  the  primary  particles  16,  it  is 
desirable  that  the  flattened  particles  are  laminated  to  three  layers  or  more  in  a  thickness  direction  of  the  cath- 
ode  line,  or  three  flattened  particles  or  more  are  adhered  in  a  width  direction  of  the  cathode  line.  In  the  case 

40  where  the  sprayed  particles  in  the  sprayed  film  (cathode  lines)  are  present  in  such  a  state,  a  fine  sprayed  film 
(cathode  lines)  which  is  most  suitable  in  terms  of  adherence  to  the  glass  substrate  and  the  electrical  resistance 
is  formed. 

If  the  average  diameter  d  of  the  primary  particles  16  and  the  spraying  conditions  are  selected  so  as  to 
attain  the  above  conditions,  a  sprayed  film,  which  demonstrates  sufficiently  good  characteristics  while  being 

45  made  to  function  as  the  cathode  lines  of  the  PDP,  is  formed.  Specifically,  supposing  the  formation  of  cathode 
lines  having  a  width  of  W  and  a  thickness  of  h,  by  using  the  spraying  powders  obtained  from  the  primary  par- 
ticles  16  having  an  average  diameter  d  which  is  set  in  the  range,  the  upper  limit  thereof  being  a  smaller  one 
of  h/2  and  W/9  and  the  lower  limit  thereof  being  10  urn,  the  cathode  lines  having  a  high  quality  can  be  formed. 
Avalue  of  1  0  urn,  which  is  the  lower  limit  of  the  average  diameter  d,  is  determined,  as  a  minimum  value  required 

so  for  efficiently  carrying  the  spraying  powder  materials  in  the  supply  port  9. 

Example  2 

With  reference  to  Figures  8A  to  8C,  Example  2  of  the  present  invention  will  be  described. 
55  The  cathode  lines  13  formed  on  the  surface  of  the  glass  substrate  10  by  plasma  spraying  have,  as  shown 

in  Figure  8A,  rougher  surfaces  13a  as  compared  with  those  obtained  by  screen  printing.  Therefore,  the  dis- 
charge  may  concentrate  on  protrusions  of  the  surfaces  13a  of  the  cathode  lines  13,  thereby  eroding  a  certain 
portion  of  the  cathode  lines  13. 
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Thus,  in  Example  2,  in  order  to  eliminating  unevenness  of  the  surfaces  of  the  cathode  lines  13  formed  by 
plasma  spraying,  the  glass  substrate  10  on  which  the  cathode  lines  13  are  formed  is  etched  by  being  immersed 
into  an  etchant  19  as  shown  in  Figure  8B.  Specifically,  the  etching  is  conducted  by  immersing  the  glass  sub- 
strate  10  into  the  etchant  19  which  is  a  1.0%  sodium  hydroxide  solution  for  15  minutes.  Thereafter,  the  glass 

5  substrate  10  taken  out  of  the  etchant  is  washed  in  flowing  water  for  10  minutes. 
By  such  an  etching  process,  smoothed  surfaces  13b  are  provided  for  the  cathode  lines  13  as  shown  in 

Figure  8C.  Specifically,  while  an  average  surface  roughness  Ra  of  the  surfaces  13a  formed  by  plasma  spraying 
is  about  4,  that  of  the  surfaces  13b  after  being  subject  to  the  etching  process  is  reduced  to  about  2.  With  such 
a  reduced  average  surface  roughness,  the  discharge  is  prevented  from  concentrating  on  the  surfaces  of  the 

10  cathode  lines  13.  As  a  result,  the  discharge  voltage  of  the  PDP  can  be  stabilized  over  a  long-term  period. 
The  surfaces  of  the  cathode  lines  13  can  be  flattened  not  only  by  etching  utilizing  the  solution  as  described 

above  but  also  by  a  mechanical  process  such  as  grinding. 

Example  3 
15 

With  reference  to  Figure  9,  a  third  example  of  the  present  invention  will  be  described. 
In  the  preceding  examples,  the  cathode  lines  13  are  formed  of  pure  metal  (aluminum).  When  discharge 

occurs  in  the  cathode  lines  made  of  pure  metal,  there  arise  problems  such  as  a  high  discharge  voltage,  a  large 
sputtering  rate  and  the  generation  of  discharge  contraction,  although  it  depends  on  some  conditions  such  as 

20  the  kind  of  discharge  gas  to  be  used,  the  pressure  thereof  and  the  configuration  of  the  electrodes. 
In  order  to  inhibit  the  discharge  contraction,  it  is  sufficient  to  constitute  the  cathode  lines  by  a  material  of 

a  small  sputtering  rate,  for  example,  a  dielectric  material.  However,  since  the  dielectric  is  an  insulating  material, 
the  cathode  lines  cannot  be  formed  of  dielectric  material  alone. 

Thus,  in  Example  3,  an  upper  coating  15b  made  of  dielectric  material  is  formed  on  bus  lines  15a  made  of 
25  aluminum  which  is  a  low  resistive  metal,  thereby  constituting  cathode  lines  15  having  a  double-layered  struc- 

ture. 
Specifically,  the  bus  lines  15a  made  of  aluminum  is  first  formed  by  spraying  a  powder  of  metal  aluminum 

onto  the  glass  substrate  10  by  plasma  spraying.  At  this  time,  the  thickness  of  the  bus  line  15a  is  typically  in 
the  range  of  30  to  40  urn.  Next,  the  upper  coating  15b  made  of  a  mixture  of  metal  aluminum  and  dielectric  is 

30  laminated  onto  the  bus  lines  15a  by  a  spraying  method  or  another  method.  Finally,  the  glass  substrate  10  is 
baked  at400°C  or  more,  thereby  forming  the  cathode  lines  15.  Although  only  one  upper  coating  15b  is  formed 
in  Figure  9,  the  cathode  lines  15  may  include  more  than  one  laminated  coatings. 

As  described  above,  the  resistivity  of  cathode  lines  15  can  be  reduced  by  forming  at  least  bus  lines  15a 
of  the  cathode  lines  15  by  plasma  spraying.  The  material  to  be  used  for  plasma  spraying  is  not  particularly 

35  limited  to  a  particular  material. 
In  the  case  where  the  upper  coating  15b  is  formed  by  plasma  spraying,  for  example,  an  alumina  powder 

including  particles  having  an  average  diameter  of  7  urn  can  be  used  for  spraying  in  Example  3.  Alternatively, 
the  upper  coating  15b  made  of  perovskite  type  oxide,  whose  structure  is  represented  by  La^S^MC^  (where 
M  is  Co  or  Mn)  may  be  formed  on  the  surfaces  of  the  bus  lines  15a  by  a  spraying  method  or  another  method. 

40  Even  in  these  cases,  when  at  least  bus  lines  15a  are  formed  by  plasma  spraying,  the  cathode  lines  15  con- 
taining  only  a  small  amount  of  impurity  can  be  formed. 

By  forming  the  cathode  lines  having  a  multilayered  structure  as  in  Example  3,  the  resistivity  of  the  cathode 
lines  can  be  reduced  while  the  discharge  contraction  can  be  inhibited.  As  a  result,  cathode  lines  having  more 
excellent  characteristics  are  formed.  Thus,  a  discharge  voltage  of  the  PDP  can  be  stabilized  over  a  long  time 

45  period. 

Example  4 

With  reference  to  Figure  10,  Example  4  of  the  present  invention  will  be  described. 
so  Figure  10  schematically  shows  the  formation  of  cathode  lines  of  a  PDP  by  plasma  spraying  in  Example  4 

according  to  the  present  invention.  A  plasma  spraying  torch  200  used  in  Example  4  has  basically  the  same 
configuration  and  functions  as  those  of  the  plasma  spraying  torch  100  in  Example  1  of  Figure  1.  In  Figures  1 
and  10,  since  like  components  are  denoted  by  like  reference  numerals,  and  therefore  the  detailed  description 
thereof  is  herein  omitted. 

55  The  plasma  spraying  torch  200  differs  from  the  plasma  spraying  torch  100  of  Example  1  in  that  a  supply 
port  209  of  the  powder  of  the  material  8  to  be  sprayed  is  placed  perpendicularly  to  the  inner  wall  of  the  nozzle 
7  so  that  the  spraying  material  8  is  perpendicularly  and  directly  supplied  to  the  plasma  jet  6  inside  the  nozzle 
7.  Specifically,  the  plasma  spraying  torch  200  has  the  interpolation  type  structure. 

12 
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The  interpolation  type  plasma  spraying  torch  200  has  an  advantage  that  the  spraying  material  is  melted 
without  fail  as  compared  with  the  extrapolation  type  plasma  spraying  torch  100  in  which  the  powder  of  the 
spraying  material  8  is  blown  into  the  plasma  jet  6  outside  the  nozzle.  However,  if  the  diameter  of  the  supply 
port  209  is  too  small  or  the  flow  rate  of  carrier  gas  is  insufficient,  the  powder  of  spraying  material  8  is  melted 

5  inside  the  supply  port  209  so  as  to  adhere  to  the  inner  wall  thereof.  In  such  a  case,  operational  efficiency  is 
lowered,  and  the  quality  of  film  of  the  cathode  lines  (sprayed  film)  13  is  deteriorated  due  to  lumps  of  the  adhered 
spraying  material  falling  out  so  as  to  be  supplied  onto  the  glass  substrate  10.  Therefore,  the  diameter  of  supply 
port  209  of  the  spraying  material  8  and  the  flow  rate  of  carrier  gas  are  required  to  be  optimized  so  as  to  prevent 
such  disadvantages. 

10  Moreover,  in  the  structure  of  Figure  10,  the  supply  port  209  of  the  spraying  material  8  is  only  unidirectionally 
provided.  On  the  other  hand,  if  a  plurality  of  supply  ports  are  provided  in  the  periphery  of  the  nozzle  7  at  equal 
angular  intervals,  the  distribution  of  the  plasma  jet  6  and  a  mixing  condition  of  the  spraying  material  therewith 
are  uniformed,  thereby  forming  the  cathode  lines  (sprayed  film)  13  of  a  more  excellent  quality. 

15  Example  5 

With  reference  to  Figure  11,  Example  5  of  the  present  invention  will  be  described. 
Figure  11  schematically  shows  the  formation  of  cathode  lines  of  a  PDP  by  plasma  spraying  in  Example  5 

according  to  the  present  invention.  A  plasma  spraying  torch  300  used  in  Example  5  has  basically  the  same 
20  configuration  and  functions  as  those  of  the  plasma  spraying  torch  200  in  Example  2  of  Figure  10.  In  Figures 

10  and  11,  like  components  are  denoted  by  like  reference  numerals,  and  therefore  the  detailed  description 
thereof  is  herein  omitted. 

The  plasma  spraying  torch  300  of  Example  5  differs  from  the  plasma  spraying  torch  200  of  Example  2  in 
that  a  casing  317  for  controlling  the  atmosphere  is  provided  below  the  plasma  spraying  torch  300.  The  casing 

25  317  is  provided  so  as  to  enclose  a  space  from  a  lower  part  of  a  nozzle  outlet  318  of  the  plasma  spraying  torch 
300  to  the  vicinity  of  the  upper  surface  of  the  glass  substrate  10  on  which  a  material  is  sprayed. 

Furthermore,  inside  the  casing  317,  an  inert  gas  319  is  lead  from  an  introducing  port  320.  As  the  inert  gas 
319,  argon,  helium  or  the  like  can  be  used.  Alternatively,  instead  of  the  inert  gas,  a  reducing  gas,  for  example, 
gaseous  hydrogen  and  the  like  may  be  introduced. 

30  A  space  322  is  provided  between  the  upper  surface  of  the  glass  substrate  10  and  a  lower  end  321  of  the 
casing  317.  A  gas  of  the  plasma  jet  6,  the  inert  gas  319  introduced,  and  particles  which  do  not  adhere  to  the 
glass  substrate  10  among  the  sprayed  particles  8  are  exhausted  outside  via  the  space  322. 

In  the  case  where  spraying  is  performed  in  a  plasma  spraying  torch  without  the  casing  317,  for  example, 
aluminum  is  sprayed  onto  the  glass  substrate  10  in  an  atmosphere,  the  formed  sprayed  film  (cathode  lines) 

35  13  is  oxidized  by  oxygen  in  the  atmosphere,  which  is  taken  in  the  plasmajet6in  the  vicinity  of  the  upper  surface 
of  the  glass  substrate  10.  On  the  other  hand,  in  the  plasma  spraying  torch  300  in  Example  5,  since  the  periphery 
of  the  plasma  jet  6  is  enclosed  by  the  casing  317  and  the  inert  gas  319  or  the  reducing  gas  is  introduced  thereto, 
the  sprayed  film  is  not  oxidized.  Thus,  an  electrical  resistivity  is  prevented  from  increasing  due  to  the  oxide 
entering  the  cathode  lines,  thereby  forming  cathode  lines  having  more  excellent  characteristics. 

40 
Example  6 

Figures  12A  to  12F  show  another  process  of  forming  the  cathode  lines  on  the  front  glass  substrate  ac- 
cording  to  the  present  invention. 

45  First,  as  shown  in  Figure  12A,  a  mask  film  21  is  attached  onto  the  surface  of  the  glass  substrate  20.  As 
the  mask  film  21,  for  example,  a  dry  film  which  is  commercially  available  from  TOKYO  OHKA  KOGYO,  Co., 
Ltd.  under  the  general  trade  designation  "BF  series"  can  be  used.  Next,  as  shown  in  Figure  12B,  openings  22 
are  formed  into  a  pattern  corresponding  to  a  cathode  line  pattern  to  be  formed  on  the  mask  film  21  by  an  ex- 
posing  process  and  an  etching  process. 

so  Furthermore,  as  shown  in  Figure  12C,  blast  particles  24  are  made  to  collide  against  the  upper  surface  of 
the  glass  substrate  20  through  the  mask  film  21  on  which  the  openings  22  are  formed,  thereby  conducting  a 
sand  blast  processing.  By  this  sand  blast  processing,  as  shown  in  Figure  12D,  grooves  25  are  formed  at  the 
positions  corresponding  to  the  openings  22  in  the  surface  of  the  glass  substrate  20.  The  sand  blast  processing 
forms  the  grooves  25  as  well  as  roughens  the  bottom  face  of  the  grooves  25.  A  preferable  degree  of  the  rough- 

55  ening  changes  depending  on  the  sprayed  material,  spraying  conditions  and  the  like.  Typically,  it  is  desirable 
that  a  roughened  surface  whose  center  line  average  roughness  Ra  is  about  1  .  As  previously  described  in  con- 
nection  with  the  first  example,  the  adherence  between  the  cathode  lines  to  be  formed  and  the  glass  substrate 
can  be  increased  by  roughening  the  surface  of  the  glass  substrate. 

13 
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Next,  as  shown  in  Figure  12E,  the  spraying  material  28  is  made  to  collide  against  the  surface  of  the  glass 
substrate  20  by  plasma  spraying  through  the  openings  22  provided  though  the  mask  film  21,  thereby  forming 
a  film  made  of  a  cathode  line  material.  As  a  result,  a  sprayed  film,  that  is,  cathode  lines  23,  having  strong  ad- 
herence  is  formed  on  the  bottom  faces  of  the  grooves  25  of  the  glass  substrate  20  corresponding  to  the  open- 

5  ings  22.  On  the  other  hand,  the  sprayed  particles  which  reach  the  surface  of  the  mask  film  21  recoil  due  to 
the  elasticity  of  the  maskfilm  21.  Therefore,  the  sprayed  film  23  is  not  deposited  onto  the  surface  of  the  glass 
substrate  20  other  than  the  portions  corresponding  to  the  openings  22.  The  mask  film  21  is  pealed  off  after 
completion  of  the  spraying  process,  and  then  the  cathode  lines  23  formed  only  on  the  bottom  faces  of  the 
grooves  25  of  the  substrate  20  are  obtained,  as  shown  in  Figure  12F. 

10  As  previously  described  in  Example  1  ,  when  the  PDP  is  continuously  operated  over  a  long  lightening  time 
period,  for  example,  about  30  thousand  hours,  the  driving  voltage  is  greatly  lowered  in  the  cathode  lines  formed 
by  conventional  screen  printing.  The  increase  in  the  discharge  area  due  to  sputtering  of  the  cathode  line  ma- 
terial  is  considered  as  one  of  the  causes  of  deterioration  with  aging.  On  the  other  hand,  if  the  cathode  lines 
23  are  formed  inside  the  grooves  25  as  in  Example  6,  the  increase  in  the  discharge  area  due  to  sputtering  is 

15  inhibited,  therefore,  variation  in  the  discharge  voltage  can  be  inhibited. 
However,  if  the  cathode  lines  are  formed  inside  such  grooves  25  by  conventional  screen  printing,  the 

grooves  25  are  filled  with  the  cathode  material  30  up  to  the  level  close  to  the  surface  of  the  substrate  20  in 
the  vicinity  of  side  walls  31  of  the  grooves  25  as  shown  in  Figure  13A.  Therefore,  the  cathode  line  material  30 
is  scattered  outside  the  grooves  25  by  sputtering  accompanying  the  discharge,  and  the  above-mentioned  ef- 

20  fects  are  not  sufficiently  demonstrated. 
On  the  other  hand,  the  sprayed  film  23  is  formed  only  on  the  bottom  29  of  the  grooves  25  by  the  plasma 

spraying  method  as  shown  in  Figure  13B.  This  is  because  the  film  formed  by  spraying  utilizes  linearly  moving 
particles  to  be  deposited  in  principle  so  that  the  sprayed  particles  are  prevented  from  adhering  to  the  side  walls 
31  of  the  grooves  25. 

25  Figure  14  is  a  cross-sectional  view  schematically  showing  the  structure  of  the  glass  substrate  20,  on  which 
the  cathode  lines  23  are  formed  in  accordance  with  Example  6,  in  the  vicinity  of  a  terminal  electrode  32. 

Since  the  cathode  line  23  is  formed  on  the  bottom  29  of  the  groove  25,  there  is  a  difference  in  level  33 
between  the  terminal  electrode  32  and  the  cathode  line  23  on  the  glass  substrate  20.  Therefore,  an  electrical 
connection  between  the  two  may  not  be  accomplished. 

30  In  order  to  electrically  connect  the  terminal  electrode  32  and  the  cathode  line  23,  a  conductive  paste  ma- 
terial  34  is  molded  in  the  region  having  the  difference  in  level  33  after  the  spraying  process.  As  the  conductive 
paste  material  34,  for  example,  a  nickel  paste  can  be  used.  After  molding  the  conductive  paste  material  34,  a 
baking  process  is  carried  out  at  580°C,  thereby  making  the  molded  conductive  paste  material  34  function  as 
a  connection  line  for  connecting  the  cathode  line  23  and  the  terminal  electrode  32.  The  baking  process  is  con- 

35  ducted  so  as  to  improve  the  characteristics  of  the  spraying  film  (cathode  lines)  23  as  described  in  Example  1 
as  well  as  bake  the  conductive  paste  material  34.  Therefore,  this  process  contributes  to  the  improvement  of 
the  resistivity  value  of  the  cathode  line. 

Table  1  shows  values  of  voltage  drop  in  a  cathode  line  being  continuously  lightened  for  30  thousand  hours 
in  the  plane  structure,  in  which  the  cathode  lines  are  formed  on  the  surface  of  the  glass  substrate,  and  in  the 

40  groove  structure,  in  which  the  cathode  lines  are  formed  on  the  bottoms  of  the  grooves,  respectively.  Moreover, 
Table  1  shows  values  in  the  case  where  the  cathode  lines  are  formed  by  plasma  spraying  and  in  the  case  where 
the  cathode  lines  are  formed  by  screen  printing  in  the  respective  structures  described  above.  The  data  in  Table 
1  is  measured  in  a  DC  type  PDP  in  which  discharge  cells  having  a  size  of  about  300  urn  x  about  300  and 
a  discharge  gap  of  200  of  are  provided  with  He  -  Xe10%  gas  as  a  discharge  gas  sealed  at  a  gas  pressure 

45  of  350  Torr.  Specifically,  DC  discharges  continuously  occur  with  a  discharge  current  of  50  Â  for  each  of  the 
discharge  cells. 

As  can  be  seen  from  Table  1,  the  degree  of  voltage  drop  of  the  groove  structure  is  small  as  compared 
with  that  of  the  plane  structure  in  both  cases  where  the  cathode  lines  are  formed  by  screen  printing  and  by 
plasma  spraying.  Furthermore,  in  the  case  where  the  cathode  lines  of  the  groove  structure  is  formed  by  plasma 

so  spraying,  the  minimum  value  of  voltage  drop  can  be  obtained.  Therefore,  in  such  a  case,  the  deterioration  of 
the  driving  voltage  with  aging  can  be  excellently  inhibited. 

55 
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[Table  1] 

Plane  structure  Groove  structure 

Screen  printing  20  (V)  15(V) 

plasma  spraying  1  0  (V)  7  (V) 

10 Example  7 

15 

20 

25 

30 

35 

40 

45 

50 

55 

With  reference  to  Figures  15  to  19,  a  fabrication  process  of  the  cathode  line  by  plasma  spraying  in  the  pres- 
ent  invention  will  be  further  described  as  a  seventh  example  of  the  present  invention. 

Figure  15  schematically  shows  the  fabrication  process  for  forming  the  cathode  line  on  a  glass  substrate 
432  by  plasma  spraying  according  to  the  present  invention.  Specifically,  in  Figure  15,  the  rectangular  glass 
substrate  423  (fundamentally  corresponding  to  a  wide  screen)  which  is  subject  to  the  plasma  spraying  is  viewed 
from  the  direction  perpendicular  to  the  cathode  lines  to  be  formed,  that  is,  a  latitudinal  direction  of  the  glass 
substrate  432. 

The  glass  substrate  432  is  mounted  on  a  mounting  table  433  made  of  metal  and  the  like  via  a  jig  434.  An 
air  layer  435  having  a  thickness  of  about  1  mm  is  provided  between  the  mounting  table  433  and  the  glass  sub- 
strate  432.  A  plasma  spraying  torch  436,  from  which  a  plasma  jet  437  including  spraying  particles  is  provided 
so  as  to  collide  against  the  glass  substrate  432,  is  placed  above  the  glass  substrate  432. 

Since  the  glass  substrate  432  is  generally  large  in  size,  the  plasma  spraying  torch  436  is  moved  at  a  pre- 
determined  speed  in  accordance  with  a  predetermined  pattern  so  that  the  entire  upper  surface  of  the  glass 
substrate  432  is  subject  to  spraying  with  the  plasma  jet  437,  thereby  forming  the  sprayed  film,  that  is,  the  cath- 
ode  lines  on  the  entire  surface.  In  the  configuration  shown  in  Figure  15,  a  number  of  cathode  lines  are  formed 
in  a  direction  vertical  to  Figure  15.  Therefore,  the  plasma  spraying  torch  436  is  moved  in  the  direction  perpen- 
dicular  to  the  figure,  thereby  forming  a  cathode  line  for  one  line.  Next,  the  plasma  spraying  torch  436  is  moved 
by  a  predetermined  pitch  in  a  direction  indicated  by  an  arrow  438  of  Figure  15  so  as  to  form  a  next  cathode 
line  with  the  similar  spraying.  By  repeating  these  steps,  a  sprayed  film  is  formed  over  the  entire  surface  of  the 
glass  substrate  432. 

Alternatively,  the  glass  substrate  432  (or  the  mounting  table  433)  may  be  moved  instead  of  the  plasma 
spraying  torch  436  so  as  to  realize  the  movement  of  the  relatively  same  pattern  as  described  above. 

For  comparison,  an  example  of  the  spraying  process  in  a  conventional  method  will  be  described  with  ref- 
erence  to  Figures  17  and  18.  Figure  17  shows  a  rectangular  glass  substrate  432'  (fundamentally  corresponding 
to  a  wide  screen)  to  be  subject  to  spraying,  which  is  viewed  from  the  direction  perpendicular  to  the  cathode 
lines  to  be  formed,  that  is,  a  latitudinal  direction  of  the  glass  substrate  432'.  In  a  conventional  method,  the  glass 
substrate  432'  which  is  subject  to  spraying  is  directly  placed  on  a  mounting  table  433'  made  of  metal  because 
a  heat  load  applied  to  the  glass  substrate  432'  by  the  plasma  jet  437'  which  is  jet  out  of  the  plasma  spraying 
torch  436'  should  be  released  to  the  mounting  table  433'  as  soon  as  possible. 

Figure  18  is  a  graph  showing  temperature  variations  in  the  bottom  surface  of  the  glass  substrate  432'  at 
points  a',  b'  and  c'  in  Figure  17,  respectively.  An  ordinate  corresponds  to  time  in  which  the  spraying  has  been 
proceeded,  and  an  abscissa  represents  a  temperature  for  each  point.  Specifically,  curves  A',  B'  and  C  of  Fig- 
ure  18  show  temperature  variations  at  the  points  a',  b'  and  c'  in  Figure  17,  respectively.  As  is  apparent  from 
Figure  18,  the  temperature  at  each  point  rises  as  the  plasma  jet  437'  gets  closer  to  the  point  because  of  the 
movement  of  the  plasma  spraying  torch  436'.  The  maximum  temperature  is  obtained  at  the  time  when  the  plas- 
ma  jet  437'  passes  immediately  above  the  point,  and  the  temperature  decreases  as  the  plasma  jet  437'  moves 
away  from  the  point. 

Agradientof  rise  and  fall  of  the  above-mentioned  temperature  profile  becomes  steeper  as  the  heat  moves 
more  rapidly  to  the  mounting  table  433'.  Therefore,  the  difference  between  the  maximum  temperature  in  the 
bottom  face  of  the  substrate  (the  temperature  when  the  plasma  spraying  torch  positions  immediately  above 
the  point)  and  the  temperature  after  the  plasma  spraying  torch  436'  passes  the  point,  that  is,  Tgap'  in  Figure 
18,  becomes  extremely  large.  The  wide  difference  in  temperature  generates  a  thermal  stress  between  the  re- 
gion  in  which  a  spraying  process  is  being  conducted  and  the  other  region  on  the  substrate  433'.  The  thermal 
stress  acts  on  the  glass  substrate  432',  thereby  breaking  the  glass  substrate  432'. 

In  such  a  conventional  method,  since  the  heat  quickly  moves  to  the  mounting  table  433'  side,  the  value 
of  the  maximum  temperature  Tmax  in  the  bottom  face  of  the  glass  substrate  432'  can  be  lowered.  On  the  front 
surface  of  the  glass  substrate  432',  however,  there  still  remains  a  region  where  the  temperature  reaches  an 
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extremely  high  level  because  of  momentary  application  of  a  large  heat  load  and  poor  thermal  conductivity  of 
glass.  Accordingly,  the  temperature  difference  between  the  front  surface  and  the  bottom  face  of  the  glass  sub- 
strate  432'  becomes  large.  As  a  result,  the  thermal  pressure  may  bring  about  breaking  of  the  glass  substrate 
432'. 

5  In  Example  7  of  the  present  invention  shown  in  Figure  15,  in  order  to  solve  the  above-mentioned  problems 
of  a  conventional  method,  the  components  are  configured  so  that  a  heat  load  applied  to  the  glass  substrate 
432  from  the  plasma  spraying  torch  436  is  not  suddenly  released  to  the  mounting  table  433  side.  Specifically, 
an  abrupt  change  in  temperature  as  in  the  conventional  example  is  inhibited  by  providing  the  thin  air  layer  435 
between  the  mounting  table  433  and  the  glass  substrate  432. 

10  Figure  16  is  a  graph  showing  the  change  in  temperature  of  the  bottom  face  of  the  glass  substrate  432  at 
points  a,  b  and  c  in  Figure  15,  respectively.  Similarly  to  Figure  18,  the  ordinate  corresponds  to  time  in  which 
the  spraying  has  been  proceeded,  and  the  abscissa  represents  the  temperature  of  each  point.  Specifically, 
curves  A,  B  and  C  of  Figure  16  show  temperature  variations  at  the  points  a,  b  and  c  in  Figure  15,  respectively. 

As  is  apparentfrom  Figure  16,  even  if  distances  between  the  points  a,  b  and  c  in  Figure  15  are  equalized 
15  to  those  between  the  points  a',  b',  and  c'  in  Figure  17,  the  temperature  variation  profiles  as  indicated  by  the 

curves  A,  B  and  C,  respectively,  are  obtained.  As  a  result,  the  difference  between  the  maximum  temperature 
on  the  bottom  face  of  the  substrate  (temperature  at  the  time  when  the  plasma  spraying  torch  positions  imme- 
diately  above  the  point)  and  the  temperature  afterthe  plasma  spraying  torch  436  passes  the  point,  that  is,  Tgap 
in  Figure  16  is  smaller  than  the  similar  temperature  difference  Tgap'  in  a  conventional  method.  The  breaking 

20  of  the  glass  substrate  432  due  to  the  temperature  difference  Tgap  does  not  occur.  The  temperature  difference 
Tgap  is  small  because  the  air  layer  435  between  the  glass  substrate  432  and  the  mounting  table  433  acts  as 
a  heat  insulating  layer  so  as  to  inhibit  the  heat  from  rapidly  moving  to  the  mounting  table  433  side. 

The  air  layer  435  constitutes  a  closed  space  between  the  mounting  table  433  and  the  glass  substrate  432. 
When  an  open  space  is  formed,  a  free  convection  is  generated  by  the  rise  in  the  temperature  of  the  bottom 

25  face  of  the  glass  substrate  432.  As  a  result,  heat  transfer  to  the  mounting  table  433  is  accelerated,  thereby 
inhibiting  heat  insulating  effects.  Even  in  the  case  where  the  closed  space  is  constituted,  if  the  thickness  of 
the  air  layer  435  is  too  large,  the  free  convection  is  generated.  As  a  result,  sufficient  heat  insulating  effects 
cannot  be  obtained.  Therefore,  in  order  to  obtain  good  heat  insulating  effects,  the  thickness  of  the  air  layer 
435  is  preferably  about  1  mm  or  less. 

30  Alternatively,  other  heat  insulating  means  such  as  a  heat  insulating  board  made  of  a  material  excellent  in 
heat  insulating  properties  may  be  provided  instead  of  the  air  layer  435. 

Next,  the  effect  of  accumulation  of  heat  on  the  glass  substrate,  which  is  coherent  to  the  spraying  process, 
will  be  described. 

As  can  be  seen  from  Figure  16,  as  the  plasma  spraying  process  proceeds,  the  maximum  temperature  on 
35  the  surface  of  the  glass  substrate  432  gradually  rises  as  indicated  with  a  solid  line  D  in  Figure  16.  This  is  be- 

cause  heat  attendant  on  spraying  is  gradually  accumulated  in  the  glass  substrate  432  due  to  the  heat  insulating 
effect.  The  rise  in  temperature  of  the  glass  substrate  432  due  to  the  accumulation  of  heat  inevitably  changes 
the  surface  condition  of  the  glass  substrate  432  which  is  subject  to  spraying  as  the  film  deposition  by  spraying 
proceeds. 

40  Figure  19  shows  the  relationship  between  the  substrate  temperature,  the  thickness  of  the  sprayed  film, 
the  supply  rate  of  the  material  to  be  sprayed  and  the  elapsed  spraying  time  period  in  the  case  where  the  cathode 
lines  are  formed  on  the  glass  substrate  by  plasma  spraying.  Specifically,  the  abscissa  in  Figure  19  represents 
the  position  of  the  cathode  line  on  the  glass  substrate  432,  which  corresponds  to  an  elapsed  spraying  time. 
Curves  B  and  E  represent  the  maximum  temperatures  on  the  bottom  face  of  the  glass  substrate  432  at  the 

45  respective  positions,  and  curves  C  and  F  represent  the  thicknesses  of  sprayed  films  (cathode  lines)  to  be 
formed.  Curves  A  and  D  show  the  amounts  of  supply  of  the  sprayed  material  from  the  plasma  spraying  torch 
per  time  unit  (i.e.,  the  supply  rate  of  the  spraying  material).  In  each  of  the  data,  the  curves  B,  C  and  A  in  broken 
lines  show  the  results  in  the  conventional  method,  and  solid  lines  E,  F  and  D  show  the  results  in  Example  7 
of  the  present  invention,  respectively. 

so  in  a  conventional  method,  the  supply  rate  of  the  spraying  material  from  the  plasma  spraying  torch  is  gen- 
erally  constant  as  indicated  with  the  curve  A  regardless  of  elapsed  time  of  the  spraying  process.  The  moving 
rate  of  the  glass  substrate  or  the  plasma  spraying  torch  is  generally  kept  constant.  On  the  other  hand,  the  max- 
imum  temperature  on  the  glass  substrate  gradually  rises  as  the  spraying  time  elapses  as  indicated  with  the 
curve  B.  If  the  supply  rate  of  the  spraying  material  from  the  plasma  spraying  torch  is  constant,  the  thickness 

55  formed  by  spraying  gradually  increases  as  indicated  with  the  curve  C.  This  is  because  the  adhering  efficiency 
of  metal  aluminum  particles  used  as  a  sprayed  material  in  example  7  increases  as  the  substrate  temperature 
rises.  As  a  result,  the  sprayed  film  (cathode  lines)  cannot  be  uniformly  formed  over  the  entire  surface  of  the 
glass  substrate. 
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Thus,  in  Example  7,  the  supply  rate  of  the  spraying  material  from  the  plasma  spraying  torch  is  gradually 
decreased  as  the  spraying  process  elapses  as  indicated  with  the  curve  D.  Thus,  the  amount  of  heat  transferred 
to  the  glass  substrate  by  the  plasma  jet  gradually  decreases,  and  the  maximum  temperature  of  the  substrate 
is  inhibited  from  rising  as  indicated  with  the  curve  E.Asa  result,  the  thickness  of  the  film  formed  by  the  spraying 

5  is  kept  constant  as  indicated  with  the  curve  F  regardless  of  the  elapse  of  the  spraying  process. 
As  a  specific  method  for  reducing  the  supply  rate  of  the  sprayed  material  from  the  plasma  spraying  torch, 

a  method  for  reducing  the  output  of  the  plasma  jet  or  a  method  for  reducing  the  amount  of  supply  of  the  sprayed 
material  is  applicable.  Alternatively,  when  the  amount  of  supply  of  the  sprayed  material  for  a  unit  area  of  the 
glass  substrate  is  relatively  reduced  by  accelerating  the  moving  rate  of  the  plasma  spraying  torch  or  the  glass 

10  substrate,  it  is  also  possible  to  obtain  an  effect  equivalent  to  that  obtained  in  the  case  where  the  supply  rate 
of  the  spraying  material  from  the  plasma  spraying  torch  is  gradually  reduced.  In  Example  7,  the  supply  rate  of 
the  spraying  material  is  controlled  by  controlling  the  moving  rate  of  the  plasma  spraying  torch  or  the  glass  sub- 
strate,  which  can  be  relatively  easily  realized. 

As  described  above,  according  to  the  present  invention,  cathode  lines  of  a  DC  gas  discharge  type  image 
15  display  apparatus  are  formed  by  a  spraying  method.  When  the  cathode  lines  are  formed  by  a  screen  printing 

method  which  is  a  conventional  method,  glass  frit  (metal  paste  for  printing),  which  is  a  non-conductive  material, 
inevitably  enters  the  cathode  lines.  As  a  result,  the  electrical  resistivity  of  the  cathode  lines  increases.  On  the 
other  hand,  the  cathode  lines  formed  by  the  spraying  method  according  to  the  present  invention  are  mainly 
constituted  by  pure  metal  particles  (sprayed  particles),  except  for  a  small  amount  of  oxide.  Therefore,  the  line 

20  resistance  thereof  is  greatly  lowered.  With  the  reduced  line  resistance,  in  the  case  where  the  display  apparatus 
is  driven  either  by  a  refresh  driving  method  or  by  a  memory  driving  method,  the  deterioration  of  quality  of  an 
image,  which  results  from  such  reasons  as  uneven  luminance  of  the  display  screen,  unlighted  pixels  and  a 
reduced  memory  margin  due  to  a  voltage  drop  along  the  cathode  line,  can  be  prevented.  In  particular,  since 
the  memory  margin  can  be  reserved  overa  long  period  of  time  and  variation  in  the  driving  voltage  can  be  limited 

25  to  a  small  value  as  compared  with  the  method  adopting  screen  printing,  the  reliability  as  a  display  apparatus 
is  remarkably  improved. 

When  grooves  are  formed  into  a  predetermined  pattern  on  the  surface  of  a  front  glass  substrate  and  the 
cathode  lines  are  formed  on  the  bottom  faces  of  the  grooves,  the  constituting  material  of  the  cathode  lines  are 
not  scattered  over  a  large  area  even  in  the  case  where  the  discharge  repeatedly  occurs.  Therefore,  the  dis- 

30  charge  area  is  not  increased  as  a  discharge  time  elapses.  As  a  result,  a  stable  operation  of  a  display  apparatus 
can  be  obtained  over  a  long  time  period  by  inhibiting  the  discharge  voltage  caused  by  such  an  expansion  in 
the  discharge  area. 

When  the  spraying  process  is  carried  out,  an  average  diameter  d  of  a  primary  particle  of  the  cathode  ma- 
terial  (spraying  material)  to  be  supplied  to  a  spraying  apparatus  is  set  so  as  to  be  in  a  certain  range,  in  which 

35  the  upper  limit  thereof  is  a  smaller  value  of  h/2  and  W/9  and  the  lower  limit  thereof  is  10  urn,  for  a  width  W  and 
a  thickness  h  of  the  cathode  line  to  be  formed.  Then,  the  sprayed  particles  are  adhered  to  the  surface  of  the 
glass  substrate  in  such  a  state  that  a  sprayed  particle  is  flattened  so  as  to  have  a  diameter  about  three  times 
the  average  diameter  d  of  the  primary  particle.  As  a  result,  such  a  fine  sprayed  film  that  adhesion  with  the 
glass  substrate  is  sufficiently  preserved  and  an  electrical  resistivity  is  reduced  to  an  extremely  low  level  can 

40  be  obtained. 
When  the  plasma  spraying  is  executed  as  a  spraying  process,  cathode  lines  having  a  fine  pattern  can  be 

formed  so  as  to  be  minute  and  to  have  strong  adhesion  to  the  glass  substrate.  Moreover,  in  the  plasma  spray- 
ing,  a  wide  variety  of  materials  can  be  processed  with  good  controllability.  Therefore,  cathode  lines  having  more 
excellent  characteristics  can  be  formed  with  high  reproducibility. 

45  Moreover,  the  cathode  lines  formed  in  accordance  with  the  present  invention  may  have  the  structure  con- 
sisting  of  a  metal  bus  line  and  an  upper  coating  formed  on  the  surface  thereof.  In  the  cathode  lines  thus  struc- 
tured,  the  resistivity  of  the  cathode  lines  can  be  reduced  by  the  metal  bus  line.  Simultaneously,  the  discharge 
contraction  is  inhibited  by  selecting  a  material  having  a  small  sputtering  rate  as  a  material  forthe  upper  coating. 

When  a  baking  process  is  further  carried  out  after  forming  the  cathode  lines  by  spraying,  the  sprayed  film 
so  (cathode  lines)  is  more  finely  formed,  thereby  realizing  further  reduction  in  the  resistivity  of  the  cathode  lines. 

When  the  surface  of  the  glass  substrate  corresponding  to  the  portions  where  the  cathode  lines  are  to  be 
formed  is  roughened  prior  to  forming  the  cathode  lines  by  spraying,  the  adhesion  between  the  sprayed  film 
(cathode  lines)  and  the  glass  substrate  becomes  stronger.  As  a  result,  even  if  any  mechanical  load  is  applied 
to  the  sprayed  film,  accompanying  handling  and  the  like  during  the  fabrication  process,  problems  such  as  peal- 

55  ing  off  of  the  sprayed  film  (cathode  lines)  or  disconnection  thereof  do  not  occur. 
When  grooves  are  formed  on  the  surface  of  the  glass  substrate  corresponding  to  the  portions  where  the 

cathode  lines  are  to  be  formed  and  the  cathode  lines  are  formed  on  the  bottom  faces  of  the  grooves  by  spraying, 
the  material  constituting  the  cathode  lines  is  not  scattered  over  a  large  area  even  in  the  case  where  the  dis- 
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charge  repeatedly  occurs.  Consequently,  the  discharge  area  is  not  increased  as  the  discharge  process  elaps- 
es.  As  a  result,  the  operation  of  the  display  apparatus  is  stabilized  over  a  long  period  of  time  by  inhibiting  the 
discharge  voltage  from  varying  due  to  an  expansion  in  the  discharge  area  (i.e.,  the  area  involved  in  the  dis- 
charge). 

5  When  the  spraying  process  is  conducted  in  such  a  state  that  the  glass  substrate  which  is  subject  to  spraying 
is  placed  on  a  mounting  table  via  a  heat  insulating  means,  the  heat  which  is  given  to  the  glass  substrate  by 
spraying  can  be  prevented  from  rapidly  transferring  to  the  mounting  table.  As  a  result,  a  temperature  difference 
between  the  region  in  which  spraying  is  being  conducted  and  the  other  region  is  reduced,  thereby  reducing  a 
heat  load  applied  to  the  glass  substrate  on  the  surface  of  the  glass  substrate.  Consequently,  the  glass  sub- 

10  strate  is  prevented  from  being  broken  due  to  the  heat  load. 
Adhesion  efficiency  of  the  sprayed  material  to  the  glass  substrate  gradually  increases  as  the  substrate 

temperature  rises.  When  the  deposition  rate  of  the  sprayed  film  is  kept  substantially  constant  during  the  elapse 
of  the  spraying  time  by  controlling  the  supply  rate  of  material  to  be  sprayed  from  the  spraying  torch,  or  the 
moving  rate  of  at  least  one  of  the  spraying  torch  or  the  glass  substrate,  the  sprayed  film  (cathode  lines)  having 

15  a  substantially  uniform  thickness  can  be  formed  even  in  the  case  where  the  substrate  temperature  gradually 
rises  due  to  the  accumulation  of  heat  in  the  glass  substrate  which  is  subject  to  spraying  as  the  spraying  time 
elapses.  As  a  result,  even  in  the  case  where  a  large-sized  display  apparatus  is  formed,  a  uniform  sprayed  film 
(cathode  lines)  can  be  formed  over  the  entire  display  screen  of  a  large  area. 

Various  other  modifications  will  be  apparent  to  and  can  be  readily  made  by  those  skilled  in  the  art  without 
20  departing  from  the  scope  and  spirit  of  this  invention.  Accordingly,  it  is  not  intended  that  the  scope  of  the  claims 

appended  hereto  be  limited  to  the  description  as  set  forth  herein,  but  rather  that  the  claims  be  broadly  con- 
strued. 

25  Claims 

1.  A  DC  gas  discharge  type  image  display  apparatus  comprising: 
a  front  glass  substrate; 
a  rear  glass  substrate  facing  the  front  glass  substrate,  interposing  a  discharge  gas  therebetween; 

30  a  set  of  anodes  including  a  plurality  of  line  electrodes  formed  on  the  rear  glass  substrate; 
a  set  of  cathodes  including  a  plurality  of  line  electrodes  placed  on  the  front  glass  substrate  so  as 

to  perpendicularly  cross  the  set  of  anodes;  and 
a  plurality  of  discharge  cells,  each  being  provided  so  as  to  correspond  to  each  of  cross  points  of 

the  set  of  anodes  and  the  set  of  cathodes, 
35  wherein  the  line  electrodes  included  in  the  set  of  cathodes  are  formed  by  a  spraying  method  for 

spraying  particles  of  a  predetermined  cathode  material  from  a  spraying  device  toward  a  glass  substrate. 

2.  A  DC  gas  discharge  type  image  display  apparatus  according  to  claim  1,  wherein  the  line  electrodes  in- 
cluded  in  the  set  of  cathodes  are  formed  on  bottom  faces  of  grooves  which  are  formed  on  a  surface  of 

40  the  front  glass  substrate. 

3.  A  DC  gas  discharge  type  image  display  apparatus  according  to  claim  1  ,  wherein  the  cathode  material  is 
selected  so  that  an  average  diameter  d  of  a  primary  particle  supplied  to  the  spraying  device  is  set  in  a 
range,  upper  limit  thereof  being  a  smaller  value  of  h/2  and  W/9  and  lower  limit  thereof  being  10  ^m,  where 

45  each  of  the  line  electrodes  included  in  the  set  of  cathodes  has  a  width  W  and  a  thickness  h. 

4.  A  DC  gas  discharge  type  image  display  apparatus  according  to  claim  1  ,  wherein  the  spraying  method  is 
a  plasma  spraying  method. 

so  5.  A  DC  gas  discharge  type  image  display  apparatus  according  to  claim  1  ,  wherein  the  cathode  material  is 
selected  from  a  group  consisting  of  aluminum,  nickel,  an  aluminum  alloy  and  a  nickel  alloy. 

6.  A  DC  gas  discharge  type  image  display  apparatus  according  to  claim  1  ,  wherein  the  discharge  gas  is  a 
mixed  gas  of  He  and  Xe. 

55 
7.  A  DC  gas  discharge  type  image  display  apparatus  according  to  claim  1  ,  wherein  each  of  the  line  electro- 

des  included  in  the  set  of  cathodes  includes: 
a  metal  bus  line  formed  by  the  spraying  method;  and 
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an  upper  coating  film  made  of  a  material  selected  from  a  group  consisting  of  a  metal,  a  metallic 
oxide  and  a  metallic  sulfide,  the  upper  coating  film  being  formed  on  a  surface  of  the  metal  bus  line. 

8.  A  DC  gas  discharge  type  image  display  apparatus  according  to  claim  7,  wherein  the  upper  coating  film 
5  is  formed  by  the  spraying  method. 

9.  A  DC  gas  discharge  type  image  display  apparatus  according  to  claim  7,  wherein  the  oxide  is  La^S^MC^ 
(where  M  is  Co  or  Mn)  having  a  perovskite  structure. 

10  10.  A  DC  gas  discharge  type  image  display  apparatus  according  to  claim  1  ,  wherein  each  of  the  line  electro- 
des  included  in  the  set  of  cathodes  is  formed  by  laminating  sprayed  particles  of  the  cathode  material  in 
a  flattened  manner. 

11.  A  DC  gas  discharge  type  image  display  apparatus  according  to  claim  7,  wherein  the  metal  bus  line  is 
15  formed  by  laminating  sprayed  particles  in  a  flattened  manner. 

12.  A  DC  gas  discharge  type  image  display  apparatus  according  to  claim  1  ,  wherein  the  set  of  cathodes  are 
formed  by  further  being  subject  to  a  baking  process  at  a  temperature  of  400°C  or  higher  after  execution 
of  the  spraying  method. 

20 
13.  A  method  for  fabricating  a  DC  gas  discharge  type  image  display  apparatus  comprising: 

a  front  glass  substrate; 
a  rear  glass  substrate  facing  the  front  glass  substrate,  interposing  a  discharge  gas  therebetween; 
a  set  of  anodes  including  a  plurality  of  line  electrodes  formed  on  the  rear  glass  substrate; 

25  a  set  of  cathodes  including  a  plurality  of  line  electrodes  placed  on  the  front  glass  substrate  so  as 
to  perpendicularly  cross  the  set  of  anodes;  and 

a  plurality  of  discharge  cells,  each  being  provided  so  as  to  correspond  to  each  of  cross  points  of 
the  set  of  anodes  and  the  set  of  cathodes, 

wherein  a  step  of  forming  the  set  of  cathodes  includes  the  steps  of: 
30  (a)  forming  a  mask  film  on  a  surface  of  a  glass  substrate; 

(b)  forming  an  opening  in  a  predetermined  pattern  through  the  maskfilm; 
(c)  depositing  a  sprayed  film  serving  as  the  line  electrodes  included  in  the  set  of  cathodes  at  a  portion 
of  a  surface  of  the  glass  substrate,  which  corresponds  to  the  opening,  by  spraying  a  predetermined 
cathode  material  from  a  spraying  torch  placed  above  the  surface  of  the  maskfilm  and  moving  at  least 

35  one  of  the  spraying  torch  and  the  glass  substrate  in  a  predetermined  pattern;  and 
(d)  removing  the  maskfilm  from  the  surface  of  the  glass  substrate. 

14.  A  method  for  fabricating  a  DC  gas  discharge  type  image  display  apparatus  according  to  claim  13,  wherein 
the  step  (c)  further  includes  a  step  of  roughening  the  portion  of  the  surface  of  the  glass  substrate,  the 

40  portion  corresponding  to  the  opening. 

15.  A  method  for  fabricating  a  DC  gas  discharge  type  image  display  apparatus  according  to  claim  13,  wherein 
the  step  (c)  further  includes  a  step  of  forming  a  groove  having  a  predetermined  depth  on  the  portion  of 
the  surface  of  the  glass  substrate,  the  portion  corresponding  to  the  opening,  and  the  sprayed  film  is  de- 

45  posited  on  a  bottom  face  of  the  groove. 

16.  A  method  for  fabricating  a  DC  gas  discharge  type  image  display  apparatus  according  to  claim  13,  wherein 
the  spraying  step  is  carried  out  in  the  step  (c)  while  the  glass  substrate  is  placed  on  a  mounting  table  with 
a  heat  insulating  means  interposed  therebetween. 

50 
17.  A  method  for  fabricating  a  DC  gas  discharge  type  image  display  apparatus  according  to  claim  13,  wherein 

a  deposition  rate  of  the  sprayed  film  is  kept  substantially  constant  with  elapse  of  a  spaying  time  in  the 
step  (c)  by  controlling  either  a  supply  rate  of  the  cathode  material  from  the  spraying  torch,  or  a  moving 
rate  of  at  least  one  of  the  spraying  torch  or  the  glass  substrate. 

55 
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