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(54)  Method  and  apparatus  for  manufacturing  electron  source,  and  method  of  manufacturing 
image  forming  apparatus  

(57)  This  invention  discloses  an  electron  source 
manufacturing  method  including  the  step  of  applying  a 
voltage  to  a  plurality  of  conductive  members  by  applying 
a  potential  to  first  portions  of  the  plurality  of  conductive 
members  serving  as  at  least  part  of  electron-emitting 
devices  via  a  wiring  commonly  connected  to  the  plural- 
ity  of  conductive  members,  and  applying  a  potential  to 
second  portions  of  the  plurality  of  conductive  members, 
wherein  the  potential  applied  to  the  second  portions  of 
the  plurality  of  conductive  members  is  set  to  relax  the 
difference  in  voltage  applied  to  the  plurality  of  conduc- 
tive  members  owing  to  the  difference  between  poten- 
tials  at  portions  respectively  connected  to  the  first 
portions  of  the  plurality  of  conductive  members  in  the 
wiring  commonly  connected  to  the  plurality  of  conduc- 
tive  members. 

F I G .   1 
ACTIVATION  START/END 

INSTRUCTION 

SURFACE-CONDUCTION 
EMISSION  TYPE 

ELECTRON-EMITTING 
DEVICE  SUBSTRATE 

Printed  by  Xerox  (UK)  Business  Services 
2.16.7/3.6 



EP  0  948  022  A2 

Description 

BACKGROUND  OF  THE  INVENTION 

5  FIELD  OF  THE  INVENTION 

[0001]  The  present  invention  relates  to  an  electron  source  and  an  image  forming  apparatus  as  an  application  of  the 
electron  source. 

10  DESCRIPTION  OF  THE  RELATED  ART 

[0002]  Conventionally,  two  types  of  devices,  namely  hot  and  cold  cathode  devices,  are  known  as  electron-emitting 
devices.  Known  examples  of  the  cold  cathode  devices  are  field  emission  type  electron-emitting  devices  (to  be  referred 
to  as  FE  type  electron-emitting  devices  hereinafter),  metal/insulator/metal  type  electron-emitting  devices  (to  be  referred 

15  to  as  MIM  type  electron-emitting  devices  hereinafter),  and  surface-conduction  emission  (SCE)  type  electron-emitting 
devices. 
[0003]  Known  examples  of  the  FE  type  electron-emitting  devices  are  described  in  W.R  Dyke  and  W.W.  Dolan,  "Field 
emission",  Advance  in  Electron  Physics,  8,  89  (1956)  and  C.A.  Spindt,  "Physical  properties  of  thin-film  field  emission 
cathodes  with  molybdenium  cones",  J.  Appl.  Phys.,  47,5248  (1976). 

20  [0004]  A  known  example  of  the  MIM  type  electron-emitting  devices  is  described  in  C.A.  Mead,  "Operation  of  Tunnel- 
Emission  Devices",  J.  Appl.  Phys.,  32,646  (1961). 
[0005]  A  known  example  of  the  surface-conduction  emission  type  electron-emitting  devices  is  described  in,  e.g.,  M.I. 
Elinson,  "Radio  Eng.  Electron  Phys.,  10,  1290  (1965)  and  other  examples  will  be  described  later. 
[0006]  The  surface-conduction  emission  type  electron-emitting  device  utilizes  the  phenomenon  that  electrons  are 

25  emitted  from  a  small-area  thin  film  formed  on  a  substrate  by  flowing  a  current  parallel  through  the  film  surface.  The  sur- 
face-conduction  emission  type  electron-emitting  device  includes  electron-emitting  devices  using  an  Au  thin  film  [G.  Ditt- 
mer,  "Thin  Solid  Films",  9,317  (1972)],  an  In203/Sn02  thin  film  [M.  Hartwell  and  C.G.  Fonstad,  "IEEE  Trans.  ED  Conf.", 
519  (1975)],  a  carbon  thin  film  [Hisashi  Araki  et  al.,  "Vacuum",  Vol.  26,  No.  1,  p.  22  (1983)],  and  the  like,  in  addition  to 
an  Sn02  thin  film  according  to  Elinson  mentioned  above. 

30  [0007]  Fig.  36  is  a  plan  view  showing  the  device  by  M.  Hartwell  et  al.  described  above  as  a  typical  example  of  the 
device  structures  of  these  surface-conduction  emission  type  electron-emitting  devices.  Referring  to  Fig.  36,  reference 
numeral  3001  denotes  a  substrate;  and  3004,  a  conductive  thin  film  made  of  a  metal  oxide  formed  by  sputtering.  This 
conductive  thin  film  3004  has  an  H-shaped  pattern,  as  shown  in  Fig.  36.  An  electron-emitting  portion  3005  is  formed  by 
performing  electrification  processing  (referred  to  as  forming  processing  to  be  described  later)  with  respect  to  the  con- 

35  ductive  thin  film  3004.  An  interval  L  in  Fig.  36  is  set  to  0.5  to  1  mm,  and  a  width  W  is  set  to  0.  1  mm.  The  electron-emitting 
portion  3005  is  shown  in  a  rectangular  shape  at  the  center  of  the  conductive  thin  film  3004  for  the  sake  of  illustrative 
convenience.  However,  this  does  not  exactly  show  the  actual  position  and  shape  of  the  electron-emitting  portion. 
[0008]  In  the  above  surface-conduction  emission  type  electron-emitting  devices  by  M.  Hartwell  et  al.  and  the  like,  typ- 
ically  the  electron-emitting  portion  3005  is  formed  by  performing  electrification  processing  called  forming  processing  for 

40  the  conductive  thin  film  3004  before  electron  emission.  In  the  forming  processing,  for  example,  a  constant  DC  voltage 
or  a  DC  voltage  which  increases  at  a  very  low  rate  of,  e.g.,  1  V/min  is  applied  across  the  two  ends  of  the  conductive  thin 
film  3004  to  partially  destroy  or  deform  the  conductive  thin  film  3004,  thereby  forming  the  electron-emitting  portion  3005 
with  an  electrically  high  resistance.  Note  that  the  destroyed  or  deformed  part  of  the  conductive  thin  film  3004  has  a  fis- 
sure.  Upon  application  of  an  appropriate  voltage  to  the  conductive  thin  film  3004  after  the  forming  processing,  electrons 

45  are  emitted  near  the  fissure. 
[0009]  The  above  surface-conduction  emission  type  electron-emitting  devices  are  advantageous  because  they  have 
a  simple  structure  and  can  be  easily  manufactured.  For  this  reason,  many  devices  can  be  formed  on  a  wide  area.  As 
disclosed  in  Japanese  Patent  Laid-Open  No.  64-31  332  filed  by  the  present  applicant,  a  method  of  arranging  and  driving 
a  lot  of  devices  has  been  studied. 

so  [0010]  Regarding  applications  of  surface-conduction  emission  type  electron-emitting  devices  to,  e.g.,  image  forming 
apparatuses  such  as  an  image  display  apparatus  and  an  image  recording  apparatus,  electron-beam  sources,  and  the 
like  have  been  studied. 
[0011]  As  an  application  to  image  display  apparatuses,  in  particular,  as  disclosed  in  the  U.S.  Patent  No.  5,066,883 
and  Japanese  Patent  Laid-Open  No.  2-257551  filed  by  the  present  applicant,  an  image  display  apparatus  using  the 

55  combination  of  an  surface-conduction  emission  type  electron-emitting  device  and  a  fluorescent  substance  which  emits 
light  upon  reception  of  an  electron  beam  has  been  studied.  This  type  of  image  display  apparatus  using  the  combination 
of  the  surface-conduction  emission  type  electron-emitting  device  and  the  fluorescent  substance  is  expected  to  have 
more  excellent  characteristics  than  other  conventional  image  display  apparatuses.  For  example,  in  comparison  with 

2 
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recent  popular  liquid  crystal  display  apparatuses,  the  above  display  apparatus  is  superior  in  that  it  does  not  require  a 
backlight  because  it  is  of  a  self-emission  type  and  that  it  has  a  wide  view  angle. 
[001  2]  Other  prior  arts  are  disclosed  in  Japanese  Patent  Laid-Open  Nos.  7-1  76265  and  8-248920. 

SUMMARY  OF  THE  INVENTION 

[0013]  It  is  an  object  of  the  present  invention  to  realize  a  more  preferable  electron  source  manufacturing  method, 
image  forming  apparatus  manufacturing  method,  or  electron  source  manufacturing  apparatus. 
[0014]  According  to  the  present  invention,  an  electron  source  manufacturing  method  is  characterized  by  comprising 
the  step  of  applying  a  potential  to  first  portions  of  a  plurality  of  conductive  members  serving  as  at  least  part  of  electron- 
emitting  devices  via  a  wiring  commonly  connected  to  the  plurality  of  conductive  members,  and  applying  a  potential  to 
second  portions  of  the  plurality  of  conductive  members,  thereby  applying  a  voltage  to  the  plurality  of  conductive  mem- 
bers,  wherein  the  potential  applied  to  the  second  portions  of  the  plurality  of  conductive  members  is  set  to  relax  a  differ- 
ence  in  voltage  applied  to  the  plurality  of  conductive  members  owing  to  a  difference  between  potentials  at  portions 
respectively  connected  to  the  first  portions  of  the  plurality  of  conductive  members  in  the  wiring  commonly  connected  to 
the  plurality  of  conductive  members. 
[0015]  Other  features  and  advantages  of  the  present  invention  will  be  apparent  from  the  following  description  taken 
in  conjunction  with  the  accompanying  drawings,  in  which  like  reference  characters  designate  the  same  or  similar  parts 
throughout  the  figures  thereof. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

[0016] 

Fig.  1  is  a  block  diagram  showing  an  activation  apparatus  according  to  the  first  embodiment  of  the  present  inven- 
tion; 
Fig.  2  is  a  circuit  diagram  showing  a  line  selection  circuit  used  in  the  first  embodiment; 
Fig.  3  is  a  circuit  diagram  showing  a  potential  distribution  generation  circuit  used  in  the  first  embodiment; 
Fig.  4  is  a  circuit  diagram  showing  a  driving  example  of  activating  devices  on  a  given  line  in  the  first  embodiment; 
Figs.  5A  and  5B  are  graphs  each  showing  the  driving  voltage  distribution  of  respective  devices  when  the  devices 
on  a  given  line  are  activated  in  the  first  embodiment; 
Fig.  6  is  a  block  diagram  showing  an  activation  apparatus  according  to  the  second  embodiment  of  the  present 
invention; 
Figs.  7A  and  7B  are  graphs  each  showing  the  driving  voltage  distribution  of  respective  devices  when  the  devices 
on  a  given  line  are  activated  in  the  second  embodiment; 
Fig.  8  is  a  block  diagram  showing  an  activation  apparatus  according  to  the  third  embodiment  of  the  present  inven- 
tion; 
Fig.  9  is  a  circuit  diagram  showing  a  driving  example  of  activating  devices  on  a  given  line  in  the  third  embodiment; 
Figs.  10A  and  10B  are  graphs  each  showing  the  driving  voltage  distribution  of  respective  devices  when  devices  on 
a  given  line  are  activated  in  the  third  embodiment; 
Fig.  1  1  is  a  block  diagram  showing  an  activation  apparatus  according  to  the  fourth  embodiment  of  the  present 
invention; 
Fig.  12  is  a  circuit  diagram  showing  a  driving  example  of  activating  devices  on  a  given  line  in  the  fourth  embodi- 
ment; 
Fig.  1  3  is  a  block  diagram  showing  an  activation  apparatus  according  to  the  fifth  embodiment  of  the  present  inven- 
tion; 
Fig.  14  is  a  circuit  diagram  showing  a  driving  example  of  activating  devices  on  a  given  line  in  the  fifth  embodiment; 
Fig.  1  5  is  a  flow  chart  showing  a  control  procedure  when  activation  is  performed  by  a  procedure  of  completing  acti- 
vation  in  units  of  lines  and  switching  lines; 
Fig.  1  6  is  a  block  diagram  showing  an  activation  apparatus  according  to  the  sixth  embodiment  of  the  present  inven- 
tion; 
Fig.  1  7  is  a  circuit  diagram  showing  a  driving  example  of  activating  devices  on  a  given  line  in  the  sixth  embodiment; 
Fig.  18  is  a  block  diagram  showing  an  activation  apparatus  for  a  surface-conduction  emission  type  electron-emitting 
device  according  to  the  seventh  embodiment; 
Fig.  19  is  a  circuit  diagram  showing  a  line  selection  circuit  used  in  the  activation  apparatus  of  the  seventh  embodi- 
ment; 
Figs.  20A  and  20B  are  waveform  charts  each  showing  a  driving  voltage  waveform  applied  to  each  terminal  of  a  sur- 
face-conduction  emission  type  electron-emitting  device  substrate  in  the  seventh  embodiment; 
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Fig.  21  is  a  flow  chart  showing  a  control  procedure  when  activation  is  performed  by  a  procedure  of  completing  acti- 
vation  in  units  of  lines  and  switching  lines; 
Fig.  22  is  a  partially  cutaway  perspective  view  showing  the  display  panel  of  an  image  display  apparatus  according 
to  the  embodiment  of  the  present  invention; 

5  Figs.  23A  and  23B  are  plan  views  showing  examples  of  the  alignment  of  fluorescent  substances  on  the  face  plate 
of  the  display  panel; 
Figs.  24A  and  24B  are  a  plan  view  and  a  sectional  view,  respectively,  showing  a  flat  surface-conduction  emission 
type  electron-emitting  device  used  in  the  embodiment; 
Figs.  25A,  25B,  25C,  25D,  and  25E  are  sectional  views  showing  the  steps  in  manufacturing  the  flat  surface-conduc- 

10  tion  emission  type  electron-emitting  device; 
Fig.  26  is  a  graph  showing  an  application  voltage  waveform  in  forming  processing; 
Figs.  27A  and  27B  are  graphs  respectively  showing  the  an  application  voltage  waveform  and  a  change  in  emission 
current  le  in  the  activation  processing; 
Fig.  28  is  a  sectional  view  showing  a  step  surface-conduction  emission  type  electron-emitting  device  used  in  the 

15  embodiment; 
Figs.  29A,  29B,  29C,  29D,  29E,  and  29F  are  sectional  views  showing  the  steps  in  manufacturing  the  step  surface- 
conduction  emission  type  electron-emitting  device; 
Fig.  30  is  a  graph  showing  the  typical  characteristics  of  the  surface-conduction  emission  type  electron-emitting 
device  used  in  the  embodiment; 

20  Fig.  31  is  a  plan  view  showing  the  substrate  of  a  multi  electron-beam  source  used  in  the  embodiment; 
Fig.  32  is  a  sectional  view  showing  part  of  the  substrate  of  the  multi  electron-beam  source  used  in  the  embodiment; 
Fig.  33  is  a  block  diagram  showing  an  activation  apparatus  used  in  the  eighth  embodiment; 
Fig.  34  is  a  table  showing  the  contents  of  a  memory  used  in  the  eighth  embodiment; 
Fig.  35  is  a  graph  for  explaining  the  progress  of  activation  in  the  eighth  embodiment; 

25  Fig.  36  is  a  plan  view  showing  the  prior  art; 
Figs.  37,  38,  39,  40A,  and  40B  are  circuit  diagrams  for  explaining  problems; 
Figs.  41  and  42  are  graphs  for  explaining  problems;  and 
Figs.  43A  and  43B  are  a  circuit  diagram  and  a  graph,  respectively,  for  explaining  problems. 

30  DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

[001  7]  Detailed  problems  will  be  described  below. 
[0018]  The  present  inventors  have  examined  surface-conduction  emission  type  electron-emitting  devices  of  various 
materials,  various  manufacturing  methods,  and  various  structures,  in  addition  to  the  above-mentioned  conventional  sur- 

35  face-conduction  emission  type  electron-emitting  device.  Further,  the  present  inventors  have  made  extensive  studies  on 
a  multi  electron-beam  source  having  a  large  number  of  surface-conduction  emission  type  electron-emitting  devices, 
and  an  image  display  apparatus  using  this  multi  electron-beam  source. 
[0019]  The  present  inventors  have  examined  a  multi  electron-beam  source  having  an  electrical  wiring  method  shown 
in,  e.g.,  Fig.  37.  That  is,  a  large  number  of  surface-conduction  emission  type  electron-emitting  devices  are  two-dimen- 

40  sionally  arranged  in  a  matrix  to  obtain  a  multi  electron-beam  source,  as  shown  in  Fig.  37. 
[0020]  Referring  to  Fig.  37,  numeral  4001  denotes  a  surface-conduction  emission  type  electron-emitting  device;  4002, 
a  row-direction  wiring;  and  4003,  a  column-direction  wiring.  The  row-  and  column-direction  wirings  4002  and  4003  actu- 
ally  have  finite  electrical  resistances,  which  are  represented  as  wiring  resistances  4004  and  4005  in  Fig.  37.  This  wiring 
method  is  called  a  simple  matrix  wiring  method. 

45  [0021]  For  the  illustrative  convenience,  the  multi  electron-beam  source  is  illustrated  in  a  6  x  6  matrix,  but  the  size  of 
the  matrix  is  not  limited  to  this.  For  example,  in  a  multi  electron-beam  source  for  an  image  display  apparatus,  a  number 
of  devices  enough  to  perform  a  desired  image  display  are  arranged  and  wired. 
[0022]  In  a  multi  electron-beam  source  in  which  surface-conduction  emission  type  electron-emitting  devices  are 
arranged  in  a  simple  matrix,  appropriate  electrical  signals  are  applied  to  the  row-  and  column-direction  wirings  4002 

so  and  4003  to  output  a  desired  electron  beam.  For  example,  to  drive  the  surface-conduction  emission  type  electron-emit- 
ting  devices  on  an  arbitrary  row  in  the  matrix,  a  selection  potential  Vs  is  applied  to  the  column-direction  wiring  4002  on 
the  row  to  be  selected,  and  at  the  same  time,  a  non-selection  potential  Vns  is  applied  to  the  row-direction  wirings  4002 
on  unselected  rows.  In  synchronism  with  this,  a  driving  potential  Ve  for  outputting  an  electron  beam  is  applied  to  the 
column-direction  wirings  4003.  According  to  this  method,  when  potential  drops  across  the  wiring  resistances  4004  and 

55  4005  are  neglected,  a  voltage  (Ve  -  Vs)  is  applied  to  the  surface-conduction  emission  type  electron-emitting  device  on 
the  selected  row,  and  a  voltage  (Ve  -  Vns)  is  applied  to  the  surface-conduction  emission  type  electron-emitting  devices 
on  the  unselected  rows.  When  the  potentials  Ve,  Vs,  and  Vns  are  set  to  appropriate  levels,  an  electron  beam  having  a 
desired  intensity  must  be  output  from  only  the  surface-conduction  emission  type  electron-emitting  device  on  the 

4 
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selected  row.  When  different  driving  potentials  Ve  are  applied  to  the  respective  column-direction  wirings,  electron 
beams  having  different  intensities  must  be  output  from  respective  devices  on  the  selected  row.  Since  the  surface-con- 
duction  emission  type  electron-emitting  device  has  a  high  response  speed,  a  time  for  outputting  an  electron  beam  can 
be  changed  by  changing  a  time  for  applying  the  driving  potential  Ve. 

5  [0023]  A  multi  electron-beam  source  obtained  by  arranging  surface-conduction  emission  type  electron-emitting 
devices  in  a  simple  matrix  has  a  variety  of  applications.  For  example,  when  a  voltage  signal  corresponding  to  image 
information  is  appropriately  applied,  the  multi  electron-beam  source  can  be  applied  as  an  electron  source  for  an  image 
display  apparatus. 
[0024]  The  present  inventors  have  made  extensive  studies  for  improving  the  characteristics  of  the  surface-conduction 

10  emission  type  electron-emitting  device  to  find  that  activation  processing  is  effectively  performed  during  the  manufac- 
ture. 
[0025]  As  described  above,  the  electron-emitting  portion  of  the  surface-conduction  emission  type  electron-emitting 
device  is  formed  by  processing  (forming  processing)  of  flowing  a  current  through  a  conductive  thin  film  to  partially 
destroy  or  deform  this  thin  film,  thereby  forming  a  fissure.  If  activation  processing  is  performed  subsequently,  electron- 

15  emitting  characteristics  can  be  greatly  improved. 
[0026]  In  activation  processing,  the  electron-emitting  portion  formed  by  the  forming  processing  is  electrified  under 
appropriate  conditions  to  deposit  a  deposit  such  as  carbon  or  carbon  compound  around  the  electron-emitting  portion. 
For  example,  graphite  monocrystalline,  graphite  polycrystalline,  amorphous  carbon,  or  mixture  thereof  is  deposited  to 
a  thickness  of  500  angstroms  or  less  around  the  electron-emitting  portion  by  periodically  applying  a  voltage  pulse  in  a 

20  vacuum  atmosphere  in  which  an  organic  substance  exists  at  an  appropriate  partial  pressure  and  the  total  pressure  is 
1  0"4  to  1  0"5  Torr.  These  conditions  are  merely  an  example  and  properly  changed  in  accordance  with  the  material  and 
shape  of  the  surface-conduction  emission  type  electron-emitting  device. 
[0027]  This  processing  can  increase  the  emission  current  at  the  same  application  voltage  typically  100  times  or 
greater  the  emission  current  immediately  after  forming  processing.  (Note  that  the  partial  pressure  of  the  organic  sub- 

25  stance  in  the  vacuum  atmosphere  is  desirably  reduced  after  activation  processing.) 
[0028]  For  this  reason,  activation  processing  is  desirably  performed  for  each  device  in  manufacturing  a  multi  electron- 
beam  source  formed  by  arranging  a  large  number  of  surface-conduction  emission  type  electron-emitting  devices  in  a 
simple  matrix. 
[0029]  When  the  surface-conduction  emission  type  electron-emitting  device  which  undergoes  high-resistance 

30  processing  and  activation  processing  by  forming  processing  during  the  manufacture  is  applied  to  an  image  forming 
apparatus,  the  following  problem  arises.  The  problem  of  activation  processing  during  the  manufacture  will  be  explained. 
[0030]  Various  image  forming  panels  to  which  the  surface-conduction  emission  type  electron-emitting  device  is 
applied  are  demanded  for  high-quality,  high-resolution  images,  as  a  matter  of  course.  This  is  realized  using  a  large 
number  of  surface-conduction  emission  type  electron-emitting  devices  arranged  in,  e.g.,  a  simple  matrix.  Accordingly, 

35  many  device  lines  having  several  hundred  to  several  thousand  rows  and  columns  are  required,  whereas  the  surface- 
conduction  emission  type  electron-emitting  devices  are  desired  to  have  uniform  device  characteristics.  To  actually  man- 
ufacture  various  high-quality,  high-resolution  image  forming  panels,  a  large  number  of  surface-conduction  emission 
type  electron-emitting  devices  must  be  formed  uniform. 
[0031  ]  For  example,  as  a  method  of  forming  a  large  number  of  surface-conduction  emission  type  electron-emitting 

40  devices  by  activation  processing,  the  present  applicant  adopted  a  method  of  dividing  surface-conduction  emission  type 
electron-emitting  devices  arranged  in  a  matrix  into  a  plurality  of  groups  and  sequentially  applying  an  activation  voltage 
in  units  of  groups.  That  is,  an  activation  voltage  was  sequentially  applied  toMxN  surface-conduction  emission  type 
electron-emitting  devices  as  shown  in  Fig.  38  in  units  of  rows.  In  Fig.  38,  reference  symbols  EY1  to  EYn  and  EX1  to 
EXn  denote  wirings. 

45  [0032]  Fig.  39  shows  the  case  in  which  an  activation  voltage  is  applied  to  surface-conduction  emission  type  electron- 
emitting  devices  (black  devices  in  Fig.  39)  on  the  second  row.  As  shown  in  Fig.  39,  the  wiring  EX2  is  connected  to  an 
activation  potential  source,  and  the  remaining  electrodes  are  set  to  the  ground  level,  i.e.,  0  V.  According  to  this  method, 
only  the  surface-conduction  emission  type  electron-emitting  devices  on  the  second  row  receive  the  activation  voltage  in 
principle,  and  the  remaining  surface-conduction  emission  type  electron-emitting  devices  do  not  receive  any  voltage  or 

so  current.  Activation  was  actually  performed  by  this  method  to  find  that  the  surface-conduction  emission  type  electron- 
emitting  devices  exhibited  more  uniform  electron-emitting  characteristics. 
[0033]  However,  it  is  difficult  to  completely  eliminate  variations  in  electron-emitting  characteristics,  and  particularly 
devices  having  different  electron-emitting  characteristics  are  distributed  along  one  side  of  the  matrix.  More  specifically, 
surface-conduction  emission  type  electron-emitting  devices  on  a  side  farther  from  the  feeding  terminal  in  activation,  i.e., 

55  on  the  right  side  in  Fig.  39  exhibited  poor  electron-emitting  characteristics.  If  such  devices  are  used  for  the  electron 
source  of  an  image  forming  apparatus,  the  brightness  or  density  on  one  side  of  an  image  becomes  short. 
[0034]  The  present  inventors  have  extensively  studied  and  cleared  up  the  cause  of  this  problem  as  follows. 
[0035]  According  to  the  above-mentioned  method  shown  in  Fig.  39,  an  activation  voltage  can  be  applied  to  only  sur- 
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face-conduction  emission  type  electron-emitting  devices  on  one  row  in  principle.  However,  since  the  electrical  resist- 
ances  of  the  wirings  EY1  to  EYn  and  EX1  to  EXn  are  not  0  in  practice,  a  current  flows  to  cause  a  potential  drop.  To 
prevent  this,  attention  is  paid  to  a  group  of  surface-conduction  emission  type  electron-emitting  devices  on  the  second 
row  which  receive  an  activation  voltage  in  Fig.  39.  A  model  including  their  wiring  resistances  is  shown  in  Fig.  40A. 

5  [0036]  In  Fig.  40A,  reference  symbols  F1  to  FN  denote  surface-conduction  emission  type  electron-emitting  devices; 
r1  to  rN,  wiring  resistances  between  devices  on  the  row  wiring  EX2;  and  ry,  a  wiring  resistance  from  the  feeding  terminal 
of  each  of  the  wirings  EY1  to  EYN  to  a  corresponding  surface-conduction  emission  type  electron-emitting  device.  Since 
the  row  wiring  EX2  is  generally  designed  to  be  formed  from  a  material  having  a  constant  line  width  and  thickness,  r1  to 
rN  can  be  considered  to  be  equal  except  for  variations  in  the  manufacture.  Since  the  wirings  EY1  to  EYN  are  generally 

10  designed  to  be  uniform,  the  resistances  ry  of  the  respective  wirings  can  be  considered  to  be  equal. 
[0037]  A  current  flowing  through  the  model  shown  in  Fig.  40A  will  be  explained  with  reference  to  Fig.  40B.  In  Fig.  40B, 
letting  I  be  a  current  supplied  from  the  activation  potential  source,  and  i1  to  iN  be  currents  flowing  through  the  surface- 
conduction  emission  type  electron-emitting  devices  F1  to  FN,  the  current  I  is  given  by  the  sum  of  device  currents  ikf  low- 
ing  through  devices  Fk,  i.e., 

15 
I  =  £{k  =  1  to  N}ik 

[0038]  In  addition,  letting  ir1  to  irN  be  currents  flowing  through  the  wiring  resistances  r1  to  rN  of  respective  devices  in 
the  row  direction, 

20 
irp  =  I  -  S  {k  =  0  to  p-1}ik 

(where  iO  =  0,  and  p  =  integer  of  1  to  N) 
[0039]  In  other  words,  the  current  ir1  flowing  through  r1  is  equal  to  the  sum  of  currents  flowing  through  all  surface- 

25  conduction  emission  type  electron-emitting  devices,  and  the  current  ir2  flowing  through  r2  is  equal  to  the  difference 
obtained  by  subtracting  the  current  i1  flowing  through  the  surface-conduction  emission  type  electron-emitting  device  F1 
from  the  sum  of  currents  flowing  through  all  surface-conduction  emission  type  electron-emitting  devices.  The  current 
irN  flowing  through  rN  is  equal  to  the  current  iN  flowing  through  the  surface-conduction  emission  type  electron-emitting 
device  FN.  Therefore,  a  row-direction  wiring  nearer  the  power  source  flows  a  larger  current. 

30  [0040]  In  activation  processing,  changes  in  device  current  and  emission  current  are  observed  with  the  elapse  of  time 
after  the  start  of  activation.  This  will  be  explained  with  reference  to  Fig.  41  .  Fig.  41  is  a  graph  showing  activation  char- 
acteristics  when  one  of  surface-conduction  emission  type  electron-emitting  devices  arranged  in  a  matrix  is  activated. 
As  shown  in  Fig.  41  ,  when  activation  processing  starts,  the  device  current  (If  in  Fig.  41)  and  emission  current  (le  in  Fig. 
41)  flowing  through  the  surface-conduction  emission  type  electron-emitting  device  increase  along  with  electrification 

35  and  saturate  at  last.  That  is,  the  current  flowing  through  the  surface-conduction  emission  type  electron-emitting  device 
increases  along  with  the  progress  of  activation  processing,  and  the  largest  current  flows  through  the  surface-conduction 
emission  type  electron-emitting  device  at  the  end  of  activation  processing. 
[0041]  When  an  activation  voltage  is  sequentially  applied  in  units  of  rows  in  Figs.  40A,  40B,  and  41  ,  potential  drops 
occur  via  the  wiring  resistances  r1  to  rN  in  accordance  with  the  device  currents  If  flowing  through  respective  devices 

40  along  with  the  progress  of  activation,  and  the  potential  drops  are  maximized  at  the  end  of  activation.  At  this  time,  sur- 
face-conduction  emission  type  electron-emitting  devices  aligned  on  the  same  row  exhibit  a  voltage  distribution  shown 
in  Fig.  42.  In  Fig.  42,  the  abscissa  represents  the  number  of  each  surface-conduction  emission  type  electron-emitting 
device,  and  the  ordinate  represents  a  voltage  applied  to  the  surface-conduction  emission  type  electron-emitting  device. 
Note  that  Eac  on  the  ordinate  represents  the  output  potential  of  the  activation  potential  source.  If  activation  processing 

45  is  performed  in  units  of  rows  in  this  manner,  voltages  applied  to  respective  devices  at  the  end  of  activation  are  greatly 
distributed.  As  a  result,  devices  having  different  electron-emitting  characteristics  are  distributed  along  one  side  of  the 
matrix.  In  particular,  a  device  farther  from  the  feeding  terminal  upon  activation  cannot  receive  a  sufficient  activation  volt- 
age,  and  ideal  activation  shown  in  Fig.  41  fails,  resulting  in  poor  electron-emitting  characteristics  of  the  surface-conduc- 
tion  emission  type  electron-emitting  device.  Hence,  when  devices  arranged  in  a  matrix  are  used  for  the  electron  source 

so  of  an  image  forming  apparatus,  the  brightness  or  density  on  one  side  of  an  image  becomes  short. 
[0042]  The  above  description  concerns  activation  processing  performed  from  one  side  of  the  substrate  for  surface- 
conduction  emission  type  electron-emitting  devices  arranged  in  a  simple  matrix.  The  same  problem  also  arises  when 
electrodes  are  extracted  from  two  sides.  Fig.  43A  is  a  circuit  diagram  showing  an  electrification  circuit  when  electrodes 
are  extracted  from  two  sides,  and  Fig.  43B  shows  a  device  application  voltage  distribution  in  this  case.  As  is  apparent 

55  from  Figs.  43A  and  43B,  in  electrification  processing  from  electrodes  on  two  sides,  the  characteristics  of  a  surface-con- 
duction  emission  type  electron-emitting  device  at  the  center  degrade  due  to  the  same  reason  as  described  in  electrifi- 
cation  processing  from  one  side. 
[0043]  To  solve  this  problem,  a  manufacturing  method  and  apparatus  which  allow  an  electron  source  formed  by 
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arranging  surface-conduction  emission  type  electron-emitting  devices  in  a  simple  matrix  to  obtain  uniform  electron- 
emitting  characteristics,  and  an  electron  source  manufactured  by  this  method  will  be  explained  in  the  following  embod- 
iments. 
[0044]  The  aspects  of  the  present  invention  will  be  described. 

5  [0045]  According  to  one  aspect  of  the  present  invention,  an  electron  source  manufacturing  method  is  characterized 
by  comprising  the  step  of  applying  a  potential  to  first  portions  of  a  plurality  of  conductive  members  serving  as  at  least 
part  of  electron-emitting  devices  via  a  wiring  commonly  connected  to  the  plurality  of  conductive  members,  and  applying 
a  potential  to  second  portions  of  the  plurality  of  conductive  members,  thereby  applying  a  voltage  to  the  plurality  of  con- 
ductive  members,  wherein  the  potential  applied  to  the  second  portions  of  the  plurality  of  conductive  members  is  set  to 

10  relax  the  difference  in  voltage  applied  to  the  plurality  of  conductive  members  owing  to  the  difference  between  potentials 
at  portions  respectively  connected  to  the  first  portions  of  the  plurality  of  conductive  members  in  the  wiring  commonly 
connected  to  the  plurality  of  conductive  members. 
[0046]  A  voltage  corresponding  to  the  potential  difference  between  the  potentials  of  the  first  and  second  portions  of 
the  conductive  member  is  applied  to  the  conductive  member.  For  example,  when  the  potentials  differ  between  respec- 

15  tive  portions  on  the  wiring,  if  the  potentials  of  the  second  portions  of  the  conductive  members  are  set  equal,  voltages 
applied  between  the  first  and  second  portions  of  the  conductive  members  become  different  from  each  other.  According 
to  the  present  invention,  voltages  applied  to  the  first  and  second  portions  of  the  conductive  members  can  be  made 
close  to  each  other  by  setting  the  potential  of  the  second  portion  to  relax  the  difference  between  voltages. 
[0047]  To  substantially  apply  a  voltage  between  the  first  and  second  portions,  different  potentials  are  applied  to  the 

20  first  and  second  portions.  Either  one  potential  may  be  the  ground  potential. 
[0048]  As  the  conductive  member  which  receives  the  voltage  and  serves  as  at  least  part  of  the  electron-emitting 
device,  one  having  undergone,  e.g.,  the  forming  step  of  the  surface-conduction  emission  type  electron-emitting  device 
can  be  suitably  used. 
[0049]  As  the  conductive  member,  a  conductive  film  can  be  used.  As  the  form  of  a  conductive  member  which  receives 

25  the  voltage,  a  form  having  a  high-resistance  portion  between  the  first  and  second  portions,  e.g.,  a  gap  formed  between 
the  first  and  second  portions  can  be  adopted.  The  voltage  application  step  can  be  particularly  applied  to  the  step  of 
depositing  a  deposit  in  or  near  the  gap.  This  voltage  application  step  is  suitable  when  a  current  flowing  through  the  con- 
ductive  member  increases  or  a  current  flowing  through  the  conductive  member  increases  or  a  current  flowing  through 
a  wiring  connected  to  the  conductive  member  increases,  as  will  be  described  in  the  following  embodiments. 

30  [0050]  When  the  electron  source  has  pluralities  of  row  and  column  wirings  constituting  a  matrix,  the  voltage  applica- 
tion  step  is  performed  for  a  plurality  of  conductive  members  having  first  portions  connected  to  one  row  wiring  by  a 
potential  applied  to  the  row  wiring  and  a  potential  applied  to  column  wirings  each  connected  to  the  second  portion  of 
each  conductive  member. 
[0051  ]  The  potential  applied  to  the  second  portion  may  be  changed  in  accordance  with  a  change  in  potential  applied 

35  to  the  first  portion.  Especially  when  the  resistance  value  between  the  first  and  second  portions  of  the  conductive  mem- 
ber  changes  along  with  voltage  application,  the  degree  of  potential  drop  on  the  wiring  also  changes,  the  potential  of  the 
first  portion  changes,  and  thus  the  potential  applied  to  the  second  portion  is  desirably  controlled  in  accordance  with  the 
change  in  potential  of  the  first  portion. 
[0052]  The  potential  applied  to  the  first  portion  need  not  necessarily  be  measured.  For  example,  this  potential  can  be 

40  estimated  by  measuring  a  current  flowing  through  the  conductive  member.  A  circuit  for  automatically  setting  the  second 
potential  in  accordance  with  the  measured  current  may  be  employed. 
[0053]  In  addition,  one  or  both  of  the  potential  applied  to  the  first  portion  and  the  potential  applied  to  the  second  por- 
tion  are  preferably  applied  as  pulses. 
[0054]  In  particular,  preferably,  a  potential  applied  to  the  wiring  commonly  connected  to  the  plurality  of  conductive 

45  members  and  the  potential  applied  to  the  second  portion  are  applied  as  pulses,  and  the  pulse-like  potential  applied  to 
the  wiring  commonly  connected  to  the  plurality  of  conductive  members  is  applied  after  the  pulse-like  potential  applied 
to  the  second  portion. 
[0055]  The  conductive  member  is  preferably  connected  to  one  of  a  plurality  of  row  wirings  and  one  of  a  plurality  of 
column  wirings  that  constitute  a  matrix,  and  the  voltage  application  step  preferably  comprises  the  step  of  applying  a 

so  voltage  to  conductive  members  connected  to  a  row  wiring  selected  from  the  plurality  of  row  wirings  by  a  potential 
applied  to  the  first  portions  in  accordance  with  a  potential  applied  to  the  selected  row  wiring  and  a  potential  applied  to 
the  second  portions  in  accordance  with  a  potential  applied  to  the  plurality  of  column  wirings. 
[0056]  In  the  voltage  application  step,  an  unselected  row  wiring  out  of  the  plurality  of  row  wirings  preferably  receives 
a  potential  for  suppressing  a  current  flowing  through  the  unselected  row  wiring  owing  to  the  potential  difference  from 

55  the  potential  applied  to  the  column  wiring. 
[0057]  Further,  one  or  both  of  the  potential  applied  to  the  unselected  row  wiring  and  the  potential  applied  to  the  col- 
umn  wiring  are  preferably  set  to  set  the  potential  of  the  unselected  row  wiring  to  a  potential  between  the  maximum  and 
minimum  values  of  the  potential  applied  to  the  plurality  of  column  wirings,  e.g.,  to  an  intermediate  value  between  the 
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maximum  and  minimum  values. 
[0058]  One  or  both  of  the  potential  applied  to  the  unselected  row  wiring  and  the  potential  applied  to  the  column  wiring 
are  preferably  set  to  set  the  ground  potential  between  the  maximum  and  minimum  values  of  the  potential  applied  to  the 
plurality  of  column  wirings. 
[0059]  The  electron  source  manufacturing  method  preferably  comprises  the  step  of  applying  the  voltage  while 
sequentially  switching  row  wirings  to  be  selected,  and  more  preferably  comprises  the  step  of  selecting  a  given  row  wir- 
ing  and  applying  the  voltage  to  conductive  members  connected  to  the  selected  row  wiring  at  a  time  interval,  thereby 
applying  the  voltage  and  the  step  of  selecting  another  row  wiring  during  the  time  interval  and  applying  the  voltage  to 
conductive  members  connected  to  this  another  row  wiring. 
[0060]  As  another  aspect  of  the  present  invention,  a  method  of  manufacturing  an  image  forming  apparatus  having  an 
electron  source  and  an  image  forming  member  for  forming  an  image  upon  irradiation  of  electrons  emitted  by  the  elec- 
tron  source  is  characterized  by  comprising  the  steps  of  manufacturing  the  electron  source  by  the  electron  source  man- 
ufacturing  method  described  above,  and  assembling  the  electron  source  and  the  image  forming  member. 
[0061]  As  still  another  aspect  of  the  present  invention,  an  electron  source  manufacturing  apparatus  is  characterized 
by  comprising  a  first  circuit  for  applying  a  potential  to  first  portions  of  a  plurality  of  conductive  members  serving  as  at 
least  part  of  electron-emitting  devices  via  a  wiring  commonly  connected  to  the  plurality  of  conductive  members,  and  a 
second  circuit  for  applying  a  potential  to  second  portions  of  the  plurality  of  conductive  members,  wherein  the  second 
circuit  sets  the  potential  applied  to  the  second-portions  of  the  plurality  of  conductive  members  so  as  to  relax  a  difference 
in  voltage  applied  to  the  plurality  of  conductive  members  owing  to  a  difference  between  potentials  at  portions  respec- 
tively  connected  to  the  first  portions  of  the  plurality  of  conductive  members  in  the  wiring  commonly  connected  to  the  plu- 
rality  of  conductive  members. 
[0062]  For  example,  the  apparatus  preferably  comprises  a  current  monitoring  circuit  for  monitoring  a  current  flowing 
through  the  conductive  member. 
[0063]  The  second  circuit  preferably  sets  the  potential  on  the  basis  of  a  current  flowing  through  the  conductive  mem- 
ber. 
[0064]  The  second  circuit  preferably  controls  the  potential  applied  to  the  second  portion  in  accordance  with  the  appli- 
cation  time  of  the  potential  to  the  second  portion. 
[0065]  The  second  circuit  may  comprise  memory  means  which  is  referred  to  in  order  to  set  the  potential  applied  to 
the  second  portion. 
[0066]  The  second  circuit  may  include  a  circuit  which  generates  potential  differences  which  are  equal  to  potential  dif- 
ferences  at  the  portions  respectively  connected  to  the  first  portions  of  the  plurality  of  conductive  members  commonly 
connected  in  the  wiring  The  configuration  can  be  realized  by,  for  example,  sinking  an  electric  current  from  each  of  the 
plurality  of  conductive  member  or  supplying  an  electric  current  to  each  of  the  plurality  of  conductive  member  at  prede- 
termined  points  of  an  equivalent  wiring  resistance  array  having  a  resistance  substantially  equal  to  the  resistance  of  the 
wiring.  The  value  of  the  current  flowing  the  plurality  of  conductive  members  can  be  acquired  by  monitoring  the  current 
flowing  the  wiring  and  dividing  the  monitored  values  by  the  number  of  conductive  members  connected  with  the  wiring. 
Alternatively,  the  current  value  flowing  the  plurality  of  conductive  members  can  be  acquired  by  measuring  a  current 
flowing  the  each  wiring  connected  with  the  second  portion.  Further,  the  current  can  be  acquired  according  to  data  pre- 
viously  measured.  The  potentials  to  be  applied  to  the  respective  second  portions  are  obtained  by  superposing  the 
potential  distribution  and  an  offset  potential. 
[0067]  If  the  first  circuit  applies  a  potential  from  the  two  sides  of  the  wiring,  the  degree  of  potential  drop  can  be  sup- 
pressed. 
[0068]  A  voltage  applying  circuit  applying  a  voltage  to  a  plurality  of  conductive  members  connected  with  a  plurality  of 
row  wirings  and  a  plurality  of  column  wirings  which  form  a  matrix,  comprising: 

first  circuit  supplying  a  predetermined  potential  to  a  row  wiring  selected  among  the  plurality  of  row  wirings;  and 
second  circuit  supplying  a  predetermined  potential  to  each  of  the  plurality  of  column  wirings, 
wherein  said  second  circuit  includes  a  potential  distribution  generating  circuit  having  an  equivalent  wiring  resist- 
ance  array  and  a  source  of  a  control  current,  wherein  the  equivalent  wiring  resistance  array  has  a  resistance  sub- 
stantially  equal  to  the  resistance  of  the  row  wiring,  and  the  source  of  the  control  current  serves  to  sink  or  supply  a 
current  flowing  said  plurality  of  conductive  members. 

[0069]  The  second  circuit  preferably  has  a  circuit  for  superposing  the  potential  distribution  generated  by  said  potential 
distribution  generating  circuit  and  an  offset  potential.  For  instance,  a  buffer  amplifier  may  serve  as  such  circuit. 
[0070]  The  aforementioned  conductive  member  may  have  various  configurations.  For  instance,  the  conductive  mem- 
ber  may  have  a  pair  of  electrodes  which  pass  an  electric  current  when  different  potentials  are  applied. 
[0071  ]  Detailed  embodiments  will  be  described  below. 
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[First  Embodiment] 

[0072]  An  activation  apparatus  for  a  surface-conduction  emission  type  electron-emitting  device  according  to  an 
embodiment  of  the  present  invention  will  be  described  with  reference  to  Fig.  1  .  First,  the  arrangement  and  manufactur- 

5  ing  method  of  a  display  panel  to  which  the  present  invention  is  applied  will  be  exemplified. 

(Arrangement  and  Manufacturing  Method  of  Display  Panel) 

[0073]  Fig.  22  is  a  partially  cutaway  perspective  view  of  a  display  panel  1  01  used  in  the  embodiment  in  Fig.  1  ,  showing 
10  the  internal  structure  of  the  panel. 

[0074]  In  Fig.  22,  reference  numeral  1005  denotes  a  rear  plate;  1006,  a  side  wall;  and  1007,  a  face  plate.  These  parts 
1005  to  1007  constitute  an  airtight  container  for  maintaining  the  inside  of  the  display  panel  vacuum.  To  construct  the 
airtight  container,  it  is  necessary  to  seal-connect  the  respective  parts  to  obtain  sufficient  strength  and  maintain  airtight 
condition.  For  example,  frit  glass  is  applied  to  junction  portions,  and  sintered  at  400  to  500°C  in  air  or  nitrogen  atmos- 

15  phere,  thus  the  parts  are  seal-connected.  A  method  for  exhausting  air  from  the  inside  of  the  container  will  be  described 
later. 
[0075]  The  rear  plate  1005  has  a  substrate  1001  fixed  thereon,  on  which  NxM  cold  cathode  devices  1002  are  formed 
(M,  N  =  positive  integer  equal  to  2  or  more,  properly  set  in  accordance  with  a  desired  number  of  display  pixels.  For 
example,  in  a  display  apparatus  for  high-resolution  television  display,  preferably  N  =  3,000  or  more,  M  =  1  ,000  or  more. 

20  In  the  first  embodiment,  N  =  3,072  or  more,  M  =  1  ,024.)  The  NxM  cold  cathode  devices  are  arranged  in  a  simple  matrix 
with  M  row-direction  wirings  1003  and  N  column-direction  wirings  1004.  The  portion  constituted  by  the  components 
denoted  by  references  1  001  to  1  004  will  be  referred  to  as  a  multi  electron-beam  source.  The  manufacturing  method  and 
structure  of  the  multi  electron-beam  source  will  be  described  in  detail  later. 
[0076]  In  this  embodiment,  the  substrate  1001  of  the  multi  electron-beam  source  is  fixed  to  the  rear  plate  1005  of  the 

25  airtight  container.  If,  however,  the  substrate  1001  of  the  multi  electron-beam  source  has  sufficient  strength,  the  sub- 
strate  1001  of  the  multi  electron-beam  source  may  also  serve  as  the  rear  plate  of  the  airtight  container. 
[0077]  A  fluorescent  film  1  008  is  formed  on  the  lower  surface  of  the  face  plate  1  007.  As  this  embodiment  is  a  color 
display  apparatus,  the  fluorescent  film  1008  is  coated  with  red,  green,  and  blue  fluorescent  substances,  i.e.,  three  pri- 
mary  color  fluorescent  substances  used  in  the  CRT  field.  As  shown  in  Fig.  23A,  the  respective  color  fluorescent  sub- 

30  stances  are  formed  into  a  striped  structure,  and  black  conductive  members  1010  are  provided  between  the  stripes  of 
the  fluorescent  substances.  The  purpose  of  providing  the  black  conductive  members  1010  is  to  prevent  display  color 
misregistration  even  if  the  electron-beam  irradiation  position  is  shifted  to  some  extent,  to  prevent  degradation  of  display 
contrast  by  shutting  off  reflection  of  external  light,  to  prevent  the  charge-up  of  the  fluorescent  film  by  the  electron  beam, 
and  the  like.  As  a  material  for  the  black  conductive  members  1010,  graphite  is  used  as  a  main  component,  but  other 

35  materials  may  be  used  so  long  as  the  above  purpose  is  attained. 
[0078]  Further,  three-primary  colors  of  the  fluorescent  film  is  not  limited  to  the  stripes  as  shown  in  Fig.  23A.  For  exam- 
ple,  delta  arrangement  as  shown  in  Fig.  23B  or  any  other  arrangement  may  be  employed. 
[0079]  Note  that  when  a  monochrome  display  panel  is  formed,  a  single-color  fluorescent  substance  may  be  applied 
to  the  fluorescent  film  1  008,  and  the  black  conductive  member  may  be  omitted. 

40  [0080]  Furthermore,  a  metal  back  1009,  which  is  well-known  in  the  CRT  field,  is  provided  on  the  fluorescent  film  1008 
on  the  rear  plate  side.  The  purpose  of  providing  the  metal  back  1009  is  to  improve  the  light-utilization  ratio  by  mirror- 
reflecting  part  of  the  light  emitted  by  the  fluorescent  film  1008,  to  protect  the  fluorescent  film  1008  from  collision  with 
negative  ions,  to  be  used  as  an  electrode  for  applying  an  electron-beam  accelerating  voltage,  to  be  used  as  a  conduc- 
tive  path  for  electrons  which  excited  the  fluorescent  film  1008,  and  the  like.  The  metal  back  1009  is  formed  by  forming 

45  the  fluorescent  film  1008  on  the  face  plate  substrate  1007,  smoothing  the  front  surface  of  the  fluorescent  film,  and 
depositing  Al  thereon  by  vacuum  deposition.  Note  that  when  fluorescent  substances  for  a  low  voltage  is  used  for  the 
fluorescent  film  1008,  the  metal  back  1009  is  not  used. 
[0081  ]  Furthermore,  for  application  of  an  accelerating  voltage  or  improvement  of  the  conductivity  of  the  fluorescent 
film,  transparent  electrodes  made  of,  e.g.,  ITO  may  be  provided  between  the  face  plate  substrate  1  007  and  the  f  luores- 

50  cent  film  1008,  although  such  electrodes  are  not  used  in  this  embodiment. 
[0082]  Dx1  to  Dxm,  Dy1  to  Dyn,  and  Hv  are  electric  connection  terminals  for  an  airtight  structure  provided  to  electri- 
cally  connect  the  display  panel  to  an  electric  circuit  (not  shown).  Dx1  to  Dxm  are  electrically  connected  to  the  row-direc- 
tion  wirings  1003  of  the  multi  electron-beam  source;  Dy1  to  Dyn,  to  the  column-direction  wirings  1004  of  the  multi 
electron-beam  source;  and  Hv,  to  the  metal  back  1009  of  the  face  plate. 

55  [0083]  To  evacuate  the  airtight  container,  after  forming  the  airtight  container,  an  exhaust  pipe  and  a  vacuum  pump 
(neither  is  shown)  are  connected,  and  the  airtight  container  is  evacuated  to  a  vacuum  of  about  1  0"7  Torr.  Thereafter,  the 
exhaust  pipe  is  sealed.  To  maintain  the  vacuum  in  the  airtight  container,  a  getter  film  (not  shown)  is  formed  at  a  prede- 
termined  position  in  the  airtight  container  immediately  before/after  the  sealing.  The  getter  film  is  a  film  formed  by  heat- 
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ing  and  evaporating  a  getter  material  mainly  consisting  of,  e.g.,  Ba,  by  heating  or  RF  heating.  The  suction  effect  of  the 
getter  film  maintains  a  vacuum  of  1  x  10"5  or  1  x  10"7  Torr  in  the  container. 
[0084]  The  basic  arrangement  and  manufacturing  method  of  the  display  panel  according  to  the  first  embodiment  of 
the  present  invention  have  been  briefly  described  above. 

5  [0085]  A  method  of  manufacturing  the  multi  electron-beam  source  used  in  the  display  panel  of  this  embodiment  will 
be  described  below.  In  manufacturing  the  multi  electron-beam  source  used  in  the  image  display  apparatus  of  the 
present  invention,  any  material,  shape,  and  manufacturing  method  for  cold  cathode  device  devices  may  be  employed 
as  long  as  an  electron  source  can  be  obtained  by  arranging  cold  cathode  devices  in  a  simple  matrix.  Therefore,  cold 
cathode  devices  such  as  surface-conduction  emission  type  electron-emitting  devices,  FE  type  devices,  or  MIM  type 

10  devices  can  be  used. 
[0086]  Under  circumstances  where  inexpensive  display  apparatuses  having  large  display  areas  are  required,  a  sur- 
face-conduction  emission  type  electron-emitting  device,  of  these  cold  cathode  devices,  is  especially  preferable.  More 
specifically,  the  electron-emitting  characteristic  of  an  FE  type  device  is  greatly  influenced  by  the  relative  positions  and 
shapes  of  the  emitter  cone  and  the  gate  electrode,  and  hence  a  high-precision  manufacturing  technique  is  required  to 

15  manufacture  this  device.  This  poses  a  disadvantageous  factor  in  attaining  a  large  display  area  and  a  low  manufacturing 
cost.  According  to  an  MIM  type  device,  the  thicknesses  of  the  insulating  layer  and  the  upper  electrode  must  be 
decreased  and  made  uniform.  This  also  poses  a  disadvantageous  factor  in  attaining  a  large  display  area  and  a  low 
manufacturing  cost.  In  contrast  to  this,  a  surface-conduction  emission  type  electron-emitting  device  can  be  manufac- 
tured  by  a  relatively  simple  manufacturing  method,  and  hence  an  increase  in  display  area  and  a  decrease  in  manufac- 

20  turing  cost  can  be  attained.  The  present  inventors  have  also  found  that  among  the  surface-conduction  emission  type 
electron-emitting  devices,  an  electron  beam  source  having  an  electron-emitting  portion  or  its  peripheral  portion  consist- 
ing  of  a  fine  particle  film  is  excellent  in  electron-emitting  characteristic  and  can  be  easily  manufactured.  Such  a  device 
can  therefore  be  most  suitably  used  for  the  multi  electron-beam  source  of  a  high-brightness,  large-screen  image  display 
apparatus.  For  this  reason,  in  the  display  panel  of  this  embodiment,  surface-conduction  emission  type  electron-emitting 

25  devices  each  having  an  electron-emitting  portion  or  its  peripheral  portion  made  of  a  fine  particle  film  are  used.  The 
basic  structure,  manufacturing  method,  and  characteristics  of  the  preferred  surface-conduction  emission  type  electron- 
emitting  device  will  be  described  first.  The  structure  of  the  multi  electron-beam  source  having  many  devices  arranged 
in  a  simple  matrix  will  be  described  later. 

30  (Preferred  Structure  of  Surface-Conduction  Emission  Type  Electron-Emitting  Device  and  Preferred  Manufacturing 
Method) 

[0087]  Typical  examples  of  surface-conduction  emission  type  electron-emitting  devices  each  having  an  electron-emit- 
ting  portion  or  its  peripheral  portion  made  of  a  fine  particle  film  include  two  types  of  devices,  namely  flat  and  step  type 

35  devices. 

(Flat  Surface-Conduction  Emission  Type  Electron-Emitting  Device) 

[0088]  First,  the  structure  and  manufacturing  method  of  a  flat  surface-conduction  emission  type  electron-emitting 
40  device  will  be  described.  Figs.  24A  and  24B  are  a  plan  view  and  a  sectional  view,  respectively,  for  explaining  the  struc- 

ture  of  the  flat  surface-conduction  emission  type  electron-emitting  device.  Referring  to  Figs.  24A  and  24B,  reference 
numeral  1101  denotes  a  substrate;  1  102  and  1  103,  device  electrodes;  1  104,  a  conductive  thin  film;  1  105,  an  electron- 
emitting  portion  formed  by  the  forming  processing;  and  1  1  13,  a  thin  film  formed  by  the  activation  processing. 
[0089]  As  the  substrate  1101,  various  glass  substrates  of,  e.g.,  quartz  glass  and  soda-lime  glass,  various  ceramic 

45  substrates  of,  e.g.,  alumina,  or  any  of  those  substrates  with  an  insulating  layer  formed  thereon  can  be  employed. 
[0090]  The  device  electrodes  1  102  and  1  103,  provided  in  parallel  to  the  substrate  1  101  and  opposing  to  each  other, 
comprise  conductive  material.  For  example,  any  material  of  metals  such  as  Ni,  Cr,  Au,  Mo,  W,  Pt,  Ti,  Cu,  Pd  and  Ag,  or 
alloys  of  these  metals,  otherwise  metal  oxides  such  as  In203-Sn02,  or  semiconductive  material  such  as  polysilicon,  can 
be  employed.  These  electrodes  1  102  and  1  103  can  be  easily  formed  by  the  combination  of  a  film-forming  technique 

so  such  as  vacuum-evaporation  and  a  patterning  technique  such  as  photolithography  or  etching,  however,  any  other 
method  (e.g.,  printing  technique)  may  be  employed. 
[0091  ]  The  shape  of  the  electrodes  1  1  02  and  1  1  03  is  appropriately  designed  in  accordance  with  an  application  object 
of  the  electron-emitting  device.  Generally,  an  interval  L  between  electrodes  is  designed  by  selecting  an  appropriate 
value  in  a  range  from  hundreds  angstroms  to  hundreds  micrometers.  Most  preferable  range  for  a  display  apparatus  is 

55  from  several  micrometers  to  ten  micrometers.  As  for  electrode  thickness  d,  an  appropriate  value  is  selected  in  a  range 
from  hundreds  angstroms  to  several  micrometers. 
[0092]  The  conductive  thin  film  1  104  comprises  a  fine  particle  film.  The  "fine  particle  film"  is  a  film  which  contains  a 
lot  of  fine  particles  (including  masses  of  particles)  as  film-constituting  members.  In  microscopic  view,  normally  individual 
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particles  exist  in  the  film  at  predetermined  intervals,  or  in  adjacent  to  each  other,  or  overlapped  with  each  other. 
[0093]  One  particle  has  a  diameter  within  a  range  from  several  angstroms  to  thousand  angstroms.  Preferably,  the 
diameter  is  within  a  range  from  10  angstroms  to  200  angstroms.  The  thickness  of  the  fine  particle  film  is  appropriately 
set  in  consideration  of  conditions  as  follows.  That  is,  condition  necessary  for  electrical  connection  to  the  device  elec- 

5  trade  1  1  02  or  1  1  03,  condition  for  the  forming  processing  to  be  described  later,  condition  for  setting  electrical  resistance 
of  the  fine  particle  film  itself  to  an  appropriate  value  to  be  described  later  etc. 
[0094]  Specifically,  the  thickness  of  the  film  is  set  in  a  range  from  several  angstroms  to  thousand  angstroms,  more 
preferably,  1  0  angstroms  to  500  angstroms. 
[0095]  Materials  used  for  forming  the  fine  particle  film  are,  e.g.,  metals  such  as  Pd,  Pt,  Ru,  Ag,  Au,  Ti,  In,  Cu,  Cr,  Fe, 

10  Zn,  Sn,  Ta,  W  and  Pb,  oxides  such  as  PdO,  Sn02,  ln203,  PbO  and  Sb203,  borides  such  as  HfB2,  ZrB2,  LaB6,  CeB6, 
YB4  and  GdB4,  carbides  such  as  TiC,  ZrC,  HfC,  TaC,  SiC,  and  WC,  nitrides  such  as  TiN,  ZrN  and  HfN,  semiconductors 
such  as  Si  and  Ge,  and  carbons.  Any  of  appropriate  material(s)  is  appropriately  selected. 
[0096]  As  described  above,  the  conductive  thin  film  1  104  is  formed  with  a  fine  particle  film,  and  sheet  resistance  of 
the  film  is  set  to  reside  within  a  range  from  103  to  107  (Q/sq). 

15  [0097]  As  it  is  preferable  that  the  conductive  thin  film  1  1  04  is  electrically  connected  to  the  device  electrodes  1  1  02  and 
1  103,  they  are  arranged  so  as  to  overlap  with  each  other  at  one  portion.  In  Figs.  24A  and  24B,  the  respective  parts  are 
overlapped  in  order  of,  the  substrate,  the  device  electrodes,  and  the  conductive  thin  film,  from  the  bottom.  This  overlap- 
ping  order  may  be,  the  substrate,  the  conductive  thin  film,  and  the  device  electrodes,  from  the  bottom. 
[0098]  The  electron-emitting  portion  1  105  is  a  fissured  portion  formed  at  a  part  of  the  conductive  thin  film  1  104.  The 

20  electron-emitting  portion  1  1  05  has  a  resistance  characteristic  higher  than  peripheral  conductive  thin  film.  The  fissure  is 
formed  by  the  forming  processing  to  be  described  later  on  the  conductive  thin  film  1  1  04.  In  some  cases,  particles,  hav- 
ing  a  diameter  of  several  angstroms  to  hundreds  angstroms,  are  arranged  within  the  fissured  portion.  As  it  is  difficult  to 
exactly  illustrate  actual  position  and  shape  of  the  electron-emitting  portion,  therefore,  Figs.  24A  and  24B  show  the  fis- 
sured  portion  schematically. 

25  [0099]  The  thin  film  1113,  which  comprises  carbon  or  carbon  compound  material,  covers  the  electron-emitting  portion 
1  1  15  and  its  peripheral  portion.  The  thin  film  1  1  13  is  formed  by  the  activation  processing  to  be  described  later  after  the 
forming  processing. 
[0100]  The  thin  film  1  1  13  is  preferably  graphite  monocrystalline,  graphite  polycrystalline,  amorphous  carbon,  or  mix- 
ture  thereof,  and  its  thickness  is  500  angstroms  or  less,  more  preferably,  300  angstroms  or  less. 

30  [0101]  As  it  is  difficult  to  exactly  illustrate  actual  position  or  shape  of  the  thin  film  1113,  Figs.  24A  and  24B  show  the 
film  schematically.  Fig.  24A  shows  the  device  where  a  part  of  the  thin  film  1  1  13  is  removed. 
[01  02]  The  preferred  basic  structure  of  the  surface-conduction  emission  type  electron-emitting  device  is  as  described 
above.  In  the  embodiment,  the  device  has  the  following  constituents. 
[0103]  That  is,  the  substrate  1  101  comprises  a  soda-lime  glass,  and  the  device  electrodes  1  102  and  1  103,  an  Ni  thin 

35  film.  The  electrode  thickness  d  is  1  ,000  angstroms  and  the  electrode  interval  L  is  2  Lim. 
[0104]  The  main  material  of  the  fine  particle  film  is  Pd  or  PdO.  The  thickness  of  the  fine  particle  film  is  about  100  ang- 
stroms,  and  its  width  W  is  1  00  Lim. 
[0105]  Next,  a  method  of  manufacturing  a  preferred  flat  surface-conduction  emission  type  electron-emitting  device  will 
be  described  with  reference  to  Figs.  25A  to  25D  which  are  sectional  views  showing  the  manufacturing  processes  of  the 

40  surface-conduction  emission  type  electron-emitting  device.  Note  that  reference  numerals  are  the  same  as  those  in  Fig. 
24B. 

1)  First,  as  shown  in  Fig.  25A,  the  device  electrodes  1  102  and  1  103  are  formed  on  the  substrate  1  101  . 
In  formation,  first,  the  substrate  1101  is  fully  washed  with  a  detergent,  pure  water  and  an  organic  solvent,  then, 

45  material  of  the  device  electrodes  is  deposited  there.  (As  a  depositing  method,  a  vacuum  film-forming  technique 
such  as  evaporation  and  sputtering  may  be  used.)  Thereafter,  patterning  using  a  photolithography  etching  tech- 
nique  is  performed  on  the  deposited  electrode  material.  Thus,  the  pair  of  device  electrodes  (1  1  02  and  1  1  03)  shown 
in  Fig.  24A  are  formed. 
2)  Next,  as  shown  in  Fig.  25B,  the  conductive  thin  film  1  104  is  formed. 

so  In  formation,  first,  an  organic  metal  solvent  is  applied  to  the  substrate  in  Fig.  25A,  then  the  applied  solvent  is 
dried  and  sintered,  thus  forming  a  fine  particle  film.  Thereafter,  the  fine  particle  film  is  patterned  into  a  predeter- 
mined  shape  by  the  photolithography  etching  method.  The  organic  metal  solvent  means  a  solvent  of  organic  metal 
compound  containing  material  of  minute  particles,  used  for  forming  the  conductive  thin  film,  as  main  component. 
(More  specifically,  Pd  is  used  in  this  embodiment.  In  the  embodiment,  application  of  organic  metal  solvent  is  made 

55  by  dipping,  however,  any  other  method  such  as  a  spinner  method  and  spraying  method  may  be  employed.) 
As  a  film-forming  method  of  the  conductive  thin  film  made  with  the  minute  particles,  the  application  of  organic 

metal  solvent  used  in  the  embodiment  can  be  replaced  with  any  other  method  such  as  a  vacuum  evaporation 
method,  a  sputtering  method  or  a  chemical  vapor-phase  accumulation  method. 
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3)  Then,  as  shown  in  Fig.  25C,  appropriate  voltage  is  applied  between  the  device  electrodes  1  102  and  1  103,  from 
a  power  source  1  1  10  for  the  forming  processing,  then  the  forming  processing  is  performed,  thus  forming  the  elec- 
tron-emitting  portion  1  105. 

The  forming  processing  here  is  electric  energization  of  a  conductive  thin  film  1104  to  appropriately  destroy, 
5  deform,  or  deteriorate  a  part  of  the  conductive  thin  film,  thus  changing  the  film  to  have  a  structure  suitable  for  elec- 

tron  emission.  In  this  embodiment,  a  fine  particle  film  is  used  as  the  conductive  thin  film  1  1  04.  In  the  conductive  thin 
film  made  of  the  fine  particle  film,  the  portion  changed  for  electron  emission  (i.e.,  electron-emitting  portion  1  105) 
has  an  appropriate  fissure  in  the  thin  film.  Comparing  the  thin  film  1  104  having  the  electron-emitting  portion  1  105 
with  the  thin  film  before  the  forming  processing,  the  electrical  resistance  measured  between  the  device  electrodes 

10  1  1  02  and  1  1  03  has  greatly  increased. 
The  electrification  method  will  be  explained  in  more  detail  with  reference  to  Fig.  26  showing  an  example  of 

waveform  of  appropriate  voltage  applied  from  the  forming  power  source  1110.  Preferably,  in  case  of  forming  a  con- 
ductive  thin-film  of  a  fine  particle  film,  a  pulse-like  voltage  is  employed.  In  this  embodiment,  as  shown  in  Fig.  26,  a 
triangular-wave  pulse  having  a  pulse  width  T1  is  continuously  applied  at  pulse  interval  of  T2.  Upon  application,  a 

15  wave  peak  value  Vpf  of  the  triangular-wave  pulse  is  sequentially  increased.  Further,  a  monitor  pulse  Pm  to  monitor 
status  of  forming  the  electron-emitting  portion  1  105  is  inserted  between  the  triangular-wave  pulses  at  appropriate 
intervals,  and  current  that  flows  at  the  insertion  is  measured  by  a  galvanometer  1111. 

In  this  embodiment,  in  1  0"5  Torr  vacuum  atmosphere,  the  pulse  width  T1  is  set  to  1  msec;  and  the  pulse  interval 
T2,  to  10  msec.  The  wave  peak  value  Vpf  is  increased  by  0.1  V  at  each  pulse.  Each  time  the  triangular-wave  has 

20  been  applied  for  five  pulses,  the  monitor  pulse  Pm  is  inserted.  To  avoid  ill-effecting  the  forming  processing,  a  volt- 
age  Vpm  of  the  monitor  pulse  is  set  to  0.1  V.  When  the  electrical  resistance  between  the  device  electrodes  1  102 
and  1  103  becomes  1  x  106  n,  i.e.,  the  current  measured  by  the  galvanometer  1111  upon  application  of  monitor 
pulse  becomes  1  x  10"7  A  or  less,  the  electrification  of  the  forming  processing  is  terminated. 

Note  that  the  above  processing  method  is  preferable  to  the  surface-conduction  emission  type  electron-emitting 
25  device  of  this  embodiment.  In  case  of  changing  the  design  of  the  surface-conduction  emission  type  electron-emit- 

ting  device  concerning,  e.g.,  the  material  or  thickness  of  the  fine  particle  film,  or  the  device  electrode  interval  L,  the 
conditions  for  electrification  are  preferably  changed  in  accordance  with  the  change  of  device  design. 
(4)  Next,  as  shown  in  Fig.  25D,  appropriate  voltage  is  applied,  from  an  activation  power  source  1112,  between  the 
device  electrodes  1  102  and  1  103,  and  the  activation  processing  is  performed  to  improve  electron-emitting  charac- 

30  teristic. 
The  activation  processing  here  is  electrification  of  the  electron-emitting  portion,  particularly,  the  electron-emit- 

ting  portion  1  105  formed  by  the  forming  processing,  on  appropriate  condition(s),  for  depositing  carbon  or  carbon 
compound  around  the  electron-emitting  portion  1  105.  In  Fig.  25D,  the  deposited  material  of  carbon  or  carbon  com- 
pound  is  shown  as  material  1113.  Comparing  the  electron-emitting  portion  1105  with  that  before  the  activation 

35  processing,  the  emission  current  at  the  same  application  voltage  has  become,  typically  100  times  or  greater. 
The  activation  is  made  by  periodically  applying  a  voltage  pulse  in  10"4  or  10"5  Torr  vacuum  atmosphere,  to 

accumulate  carbon  or  carbon  compound  mainly  derived  from  organic  compound  (s)  existing  in  the  vacuum  atmos- 
phere.  The  accumulated  material  1  1  13  is  any  of  graphite  monocrystalline,  graphite  polycrystalline,  amorphous  car- 
bon  or  mixture  thereof.  The  thickness  of  the  accumulated  material  1  1  1  3  is  500  angstroms  or  less,  more  preferably, 

40  300  angstroms  or  less. 
The  electrification  method  will  be  described  in  more  detail  with  reference  to  Fig.  27A  showing  an  example  of 

waveform  of  appropriate  voltage  applied  from  the  activation  power  source  1  1  12.  In  this  embodiment,  the  activation 
processing  is  performed  by  periodically  applying  a  rectangular  wave  at  a  predetermined  voltage.  A  rectangular- 
wave  voltage  Vac  is  set  to  14  V;  a  pulse  width  T3,  to  1  msec;  and  a  pulse  interval  T4,  to  10  msec.  Note  that  the 

45  above  electrification  conditions  are  preferable  for  the  surface-conduction  emission  type  electron-emitting  device  of 
the  embodiment.  In  the  case  in  which  the  design  of  the  surface-conduction  emission  type  electron-emitting  device 
is  changed,  the  electrification  conditions  are  preferably  changed  in  accordance  with  the  change  of  device  design. 

[0106]  In  Fig.  25D,  reference  numeral  1  1  14  denotes  an  anode  electrode,  connected  to  a  direct-current  (DC)  high-volt- 
50  age  power  source  1115  and  a  galvanometer  1116,  for  capturing  emission  current  le  emitted  from  the  surface-conduc- 

tion  emission  type  electron-emitting  device.  (In  the  case  in  which  the  substrate  1101  is  incorporated  into  the  display 
panel  before  the  activation  processing,  the  Al  layer  on  the  fluorescent  surface  of  the  display  panel  is  used  as  the  anode 
electrode  1114.)  While  applying  voltage  from  the  activation  power  source  1112,  the  galvanometer  1116  measures  the 
emission  current  le,  thus  monitors  the  progress  of  activation  processing,  to  control  the  operation  of  the  activation  power 

55  source  1112.  Fig.  27B  shows  an  example  of  the  emission  current  le  measured  by  the  galvanometer  1  1  16.  As  applica- 
tion  of  pulse  voltage  from  the  activation  power  source  1  1  12  is  started  in  this  manner,  the  emission  current  le  increases 
with  elapse  of  time,  gradually  comes  into  saturation,  and  almost  never  increases  then.  At  the  substantial  saturation 
point,  the  voltage  application  from  the  activation  power  source  1  1  12  is  stopped,  then  the  activation  processing  is  termi- 
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nated. 
[0107]  Note  that  the  above  electrification  conditions  are  preferable  to  the  surface-conduction  emission  type  electron- 
emitting  device  of  the  embodiment.  In  case  of  changing  the  design  of  the  surface-conduction  emission  type  electron- 
emitting  device,  the  conditions  are  preferably  changed  in  accordance  with  the  change  of  device  design. 

5  [0108]  As  described  above,  the  surface-conduction  emission  type  electron-emitting  device  as  shown  in  Fig.  25E  is 
manufactured. 

(Step  Surface-Conduction  Emission  Type  Electron-Emitting  Device) 

10  [01  09]  Next,  another  typical  structure  of  the  surface-conduction  emission  type  electron-emitting  device  where  an  elec- 
tron-emitting  portion  or  its  peripheral  portion  is  formed  of  a  fine  particle  film,  i.e.,  a  stepped  surface-conduction  emission 
type  electron-emitting  device  will  be  described. 
[01  1  0]  Fig.  28  is  a  sectional  view  schematically  showing  the  basic  construction  of  the  step  surface-conduction  emis- 
sion  type  electron-emitting  device.  Referring  to  Fig.  28,  reference  numeral  1201  denotes  a  substrate;  1202  and  1203, 

15  device  electrodes;  1206,  a  step-forming  member  for  making  height  difference  between  the  electrodes  1202  and  1203; 
1204,  a  conductive  thin  film  using  a  fine  particle  film;  1205,  an  electron-emitting  portion  formed  by  the  forming  process- 
ing;  and  1213,  a  thin  film  formed  by  the  activation  processing. 
[01  1  1  ]  Difference  between  the  step  device  from  the  above-described  flat  device  is  that  one  of  the  device  electrodes 
(1202  in  this  example)  is  provided  on  the  step-forming  member  1206  and  the  conductive  thin  film  1204  covers  the  side 

20  surface  of  the  step-forming  member  1206.  The  device  interval  L  in  Fig.  24A  is  set  in  this  structure  as  a  height  difference 
Ls  corresponding  to  the  height  of  the  step-forming  member  1206.  Note  that  the  substrate  1201  ,  the  device  electrodes 
1202  and  1203,  the  conductive  thin  film  1204  using  the  fine  particle  film  can  comprise  the  materials  given  in  the  expla- 
nation  of  the  flat  surface-conduction  emission  type  electron-emitting  device.  Further,  the  step-forming  member  1206 
comprises  electrically  insulating  material  such  as  Si02. 

25  [0112]  Next,  a  method  of  manufacturing  the  stepped  surface-conduction  emission  type  electron-emitting  device  will 
be  described  with  reference  Figs.  29A  to  29F  which  are  sectional  views  showing  the  manufacturing  processes.  In  these 
figures,  reference  numerals  of  the  respective  parts  are  the  same  as  those  in  Fig.  28. 

(1)  First,  as  shown  in  Fig.  29A,  the  device  electrode  1203  is  formed  on  the  substrate  1201  . 
30  (2)  Next,  as  shown  in  Fig.  29B,  an  insulating  layer  for  forming  the  step-forming  member  is  deposited.  The  insulating 

layer  may  be  formed  by  accumulating,  e.g.,  Si02  by  a  sputtering  method,  however,  the  insulating  layer  may  be 
formed  by  a  film-forming  method  such  as  a  vacuum  evaporation  method  or  a  printing  method. 
(3)  Next,  as  shown  in  Fig.  29C,  the  device  electrode  1202  is  formed  on  the  insulating  layer. 
(4)  Next,  as  shown  in  Fig.  29D,  a  part  of  the  insulating  layer  is  removed  by  using,  e.g.,  an  etching  method,  to  expose 

35  the  device  electrode  1203. 
(5)  Next,  as  shown  in  Fig.  29E,  the  conductive  thin  film  1204  using  the  fine  particle  film  is  formed.  Upon  formation, 
similar  to  the  above-described  flat  device  structure,  a  film-forming  technique  such  as  an  applying  method  is  used. 
(6)  Next,  similar  to  the  flat  device  structure,  the  forming  processing  is  performed  to  form  an  electron-emitting  por- 
tion.  (The  forming  processing  similar  to  that  explained  using  Fig.  25C  may  be  performed.) 

40  (7)  Next,  similar  to  the  flat  device  structure,  the  activation  processing  is  performed  to  deposit  carbon  or  carbon  com- 
pound  around  the  electron-emitting  portion.  (Activation  processing  similar  to  that  explained  using  Fig.  25D  may  be 
performed). 

[01  1  3]  As  described  above,  the  stepped  surface-conduction  emission  type  electron-emitting  device  shown  in  Fig.  29F 
45  is  manufactured. 

(Characteristic  of  Surface-Conduction  Emission  Type  Electron-Emitting  Device  Used  in  Display  Apparatus) 

[01  14]  The  structure  and  manufacturing  method  of  the  flat  surface-conduction  emission  type  electron-emitting  device 
so  and  those  of  the  stepped  surface-conduction  emission  type  electron-emitting  device  are  as  described  above.  Next,  the 

characteristic  of  the  electron-emitting  device  used  in  the  display  apparatus  will  be  described  below. 
[0115]  Fig.  30  shows  a  typical  example  of  (emission  current  le)  to  (device  voltage  (i.e.,  voltage  to  be  applied  to  the 
device)  Vf)  characteristic  and  (device  current  If)  to  (device  application  voltage  Vf)  characteristic  of  the  device  used  in 
the  display  apparatus.  Note  that  compared  with  the  device  current  If,  the  emission  current  le  is  very  small,  therefore  it 

55  is  difficult  to  illustrate  the  emission  current  le  by  the  same  measure  of  that  for  the  device  current  If.  In  addition,  these 
characteristics  change  due  to  change  of  designing  parameters  such  as  the  size  or  shape  of  the  device.  For  these  rea- 
sons,  two  lines  in  the  graph  of  Fig.  30  are  respectively  given  in  arbitrary  units. 
[0116]  Regarding  the  emission  current  le,  the  device  used  in  the  display  apparatus  has  three  characteristics  as  fol- 
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lows: 
[01  1  7]  First,  when  voltage  of  a  predetermined  level  (referred  to  as  "threshold  voltage  Vth")  or  greater  is  applied  to  the 
device,  the  emission  current  le  drastically  increases,  however,  with  voltage  lower  than  the  threshold  voltage  Vth,  almost 
no  emission  current  le  is  detected. 

5  [0118]  That  is,  regarding  the  emission  current  le,  the  device  has  a  nonlinear  characteristic  based  on  the  clear  thresh- 
old  voltage  Vth. 
[0119]  Second,  the  emission  current  le  changes  in  dependence  upon  the  device  application  voltage  Vf.  Accordingly, 
the  emission  current  le  can  be  controlled  by  changing  the  device  voltage  Vf. 
[0120]  Third,  the  emission  current  le  is  output  quickly  in  response  to  application  of  the  device  voltage  Vf  to  the  device. 

10  Accordingly,  an  electrical  charge  amount  of  electrons  to  be  emitted  from  the  device  can  be  controlled  by  changing 
period  of  application  of  the  device  voltage  Vf. 
[0121]  The  surface-conduction  emission  type  electron-emitting  device  with  the  above  three  characteristics  is  prefer- 
ably  applied  to  the  display  apparatus.  For  example,  in  a  display  apparatus  having  a  large  number  of  devices  provided 
corresponding  to  the  number  of  pixels  of  a  display  screen,  if  the  first  characteristic  is  utilized,  display  by  sequential  scan- 

15  ning  of  display  screen  is  possible.  This  means  that  the  threshold  voltage  Vth  or  greater  is  appropriately  applied  to  a 
driven  device  in  accordance  with  a  desired  emission  luminance,  while  voltage  lower  than  the  threshold  voltage  Vth  is 
applied  to  an  unselected  device.  In  this  manner,  sequentially  changing  the  driven  devices  enables  display  by  sequential 
scanning  of  display  screen. 
[0122]  Further,  emission  luminance  can  be  controlled  by  utilizing  the  second  or  third  characteristic,  which  enables 

20  multi-gradation  display. 

(Structure  of  Multi  Electron-Beam  Source  With  Many  Devices  Arranged  in  Simple  Matrix) 

[0123]  Next,  the  structure  of  the  multi  electron-beam  source  having  the  above-described  surface-conduction  emission 
25  type  electron-emitting  devices  arranged  on  the  substrate  with  the  simple-matrix  wiring  will  be  described  below. 

[0124]  Fig.  31  is  a  plan  view  of  the  multi  electron-beam  source  used  in  the  display  panel  in  Fig.  22.  There  are  surface- 
conduction  emission  type  electron-emitting  devices  like  the  one  shown  in  Figs.  24A  and  24B  on  a  substrate.  These 
devices  are  arranged  in  a  simple  matrix  with  the  row-direction  wiring  1003  and  the  column-direction  wiring  1004.  At  an 
intersection  of  the  wirings  1  003  and  1  004,  an  insulating  layer  (not  shown)  is  formed  between  the  wires,  to  maintain  elec- 

30  trical  insulation. 
[0125]  Fig.  32  shows  a  cross-section  cut  out  along  the  line  A  -  A'  in  Fig.  31  . 
[0126]  Note  that  a  multi  electron-beam  source  having  such  a  structure  is  manufactured  by  forming  the  row-  and  col- 
umn-direction  wirings  1003  and  1004,  the  inter-electrode  insulating  layers  (not  shown),  and  the  device  electrodes  and 
conductive  thin  films  of  the  surface-conduction  emission  type  electron-emitting  devices  on  the  substrate,  then  supplying 

35  electricity  to  the  respective  devices  via  the  row-  and  column-direction  wirings  1  003  and  1  004,  thus  performing  the  form- 
ing  processing  and  the  activation  processing. 

<  Arrangement  of  Activation  Apparatus  > 

40  [0127]  The  structure  and  manufacturing  method  of  the  display  panel  have  been  described.  Next,  the  aforementioned 
activation  of  the  surface-conduction  emission  type  electron-emitting  device  will  be  explained  below  with  reference  to  the 
accompanying  drawings. 
[0128]  In  Fig.  1  ,  a  plurality  of  surface-conduction  emission  type  electron-emitting  devices  are  arranged  in  a  matrix  on 
a  surface-conduction  emission  type  electron-emitting  device  substrate  101  to  be  activated,  and  have  already  under- 

45  gone  forming  processing.  The  substrate  1  01  is  connected  to  an  evacuation  device  (not  shown)  and  evacuated  to  about 
10"4  to  10"5  Torr.  The  substrate  101  is  further  connected  to  an  external  electric  circuit  via  row-direction  wiring  terminals 
Dx1  to  Dxm  and  column-direction  wiring  terminals  Dy1  to  Dyn.  A  line  selection  circuit  102  for  selecting  a  line  to  be  acti- 
vated  selects  a  row-direction  wiring  in  accordance  with  an  instruction  from  a  timing  generation  circuit  105,  and  applies 
a  selection  potential  of  a  power  source  104  to  the  selected  row-direction  wiring.  A  current  monitoring  circuit  103  moni- 

50  tors  a  current  flowing  through  the  selected  row  upon  applying  the  selection  potential  to  the  selected  row-direction  wiring. 
The  current  monitoring  circuit  103  is  made  up  of  a  detection  resistance  Rmon  and  a  measurement  amplifier  for  meas- 
uring  a  potential  difference  generated  across  the  resistance.  With  these  components,  the  current  monitoring  circuit  1  03 
detects  the  current  If  and  outputs  it  as  an  activation  current  value  1  09  to  a  control  circuit  1  06.  Note  that  the  resistance 
value  of  the  detection  resistance  Rmon  is  set  small  enough  to  prevent  influence  on  an  application  voltage  to  the  surface- 

55  conduction  emission  type  electron-emitting  device  by  a  potential  drop  caused  by  the  flowing  device  current  If.  The 
power  source  104  generates  a  potential  to  be  applied  to  the  row-direction  wiring  of  the  electron  source  in  accordance 
with  a  command  value  from  the  control  circuit  106. 
[0129]  A  buffer  amplifier  circuit  107  drives  the  column-direction  wiring  terminals  Dy1  to  Dyn  of  the  surface-conduction 
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emission  type  electron-emitting  device  substrate  101  at  a  timing  synchronized  with  a  control  clock  signal  Hscan  from 
the  timing  generation  circuit  105.  An  input  value  to  the  buffer  amplifier,  i.e.,  a  potential  amplitude  value  for  driving  the 
terminals  Dy1  to  Dyn  is  determined  by  a  potential  distribution  generation  circuit  108. 
[0130]  In  the  first  embodiment,  the  progress  of  activation  is  grasped  by  detecting  a  current  amount  flowing  upon  acti- 

5  vation,  i.e.,  the  activation  current  109  as  output  data  from  the  current  monitoring  circuit  103.  The  control  circuit  106 
starts  activation  in  response  to  an  activation  start  command,  and  sequentially  corrects  the  potential  distribution  of 
devices  in  the  column  direction  that  changes  with  the  progress  of  activation,  as  will  be  described  in  detail  later.  That  is, 
the  control  circuit  1  06  estimates  a  device  current  flowing  through  each  device  using  an  output  from  the  current  monitor- 
ing  circuit  103,  and  sets  the  estimated  value  as  a  current  setting  value  1  10  in  the  potential  distribution  generation  circuit 

10  108.  The  potential  distribution  generation  circuit  108  calculates  a  potential  distribution  generated  in  devices  in  the  col- 
umn  direction  in  accordance  with  the  current  setting  value  1  10  and  generates  this  distribution  as  a  potential.  The  calcu- 
lated  potential  is  applied  to  the  column-direction  electrode  of  each  device  via  the  buffer  amplifier  107.  In  each  device,  a 
potential  distribution  generated  by  the  device  current  and  wiring  resistance  is  corrected  to  suppress  the  difference  in 
voltage  applied  to  the  device.  The  potential  distribution  is  corrected  until  the  end  of  activation  by  sequentially  updating 

15  data  of  the  potential  distribution  generation  circuit  108  in  accordance  with  the  progress  of  activation. 

<  Line  Selection  Circuit) 

[0131]  The  line  selection  circuit  102  will  be  described  with  reference  to  Fig.  2. 
20  [0132]  This  circuit  incorporates  m  switching  elements  (SWX1  to  SWXm).  Each  switching  element  selects  either  one 

of  the  output  potential  of  the  power  source  104  and  0  V  (ground  level),  and  the  m  switching  elements  are  electrically 
connected  to  the  terminals  Dx1  to  Dxm  of  the  surface-conduction  emission  type  electron-emitting  device  substrate  101, 
respectively.  Each  switching  element  operates  based  on  a  control  signal  Vscan  output  from  the  timing  generation  circuit 
105.  In  practice,  the  switching  elements  can  be  easily  constituted  by  a  combination  of  switching  elements  such  as  FETs 

25  or  relays.  In  Fig.  2,  the  first  line  (Sx1)  is  selected,  the  output  potential  of  the  power  source  104  is  applied  to  only  the  row- 
direction  wiring  Dx1  ,  and  the  remaining  lines  are  grounded. 

<  Potential  Distribution  Generation  Circuit  > 

30  [0133]  Fig.  3  is  a  circuit  diagram  showing  the  arrangement  of  the  potential  distribution  generation  circuit  108. 
[0134]  The  circuit  108  operates  to  automatically  calculate  a  compensation  potential  amount  to  be  applied  in  the  col- 
umn  direction  and  output  it  to  the  buffer  amplifier  107  in  order  to  compensate  a  potential  drop  caused  by  a  device  cur- 
rent  flowing  through  each  device  and  a  row-direction  wiring  resistance  (r1  to  rN  in  Fig.  40)  along  with  the  progress  of 
activation,  as  described  above. 

35  [0135]  To  achieve  this  operation,  the  potential  distribution  generation  circuit  108  is  made  up  of  an  equivalent  wiring 
resistance  array  301  and  a  constant  current  circuit  302. 
[0136]  The  equivalent  wiring  resistance  array  301  is  a  resistance  array  having  a  value  equivalent  to  the  wiring  resist- 
ance  on  a  given  row  wiring  of  the  surface-conduction  emission  type  electron-emitting  device  substrate  101  having  a 
simple  matrix  arrangement  (see  Fig.  40).  Resistances  rd1  to  rdN  are  set  equal  to  the  values  r1  to  rN  of  the  wiring  resist- 

40  ances  of  respective  portions  on  the  row  wiring.  Although  a  method  of  forming  an  electrode  on  the  surface-conduction 
emission  type  electron-emitting  device  substrate  101  will  be  described  below,  the  electrode  is  designed  to  be  formed 
from  a  material  having  a  constant  line  width  and  thickness,  rd1  to  rdN  can  be  considered  to  be  equal  except  for  varia- 
tions  in  the  manufacture.  The  equivalent  wiring  resistance  array  301  can  therefore  be  constituted  by  aligning  simulation 
resistances  equal  to  an  actual  resistance  value  on  an  array.  Alternatively,  an  extra  wiring  for  one  line  may  be  formed  at 

45  the  end  of  the  surface-conduction  emission  type  electron-emitting  device  substrate  101  and  extracted  to  constitute  the 
equivalent  wiring  resistance  array  301  . 
[0137]  The  constant  current  circuit  302  includes  a  total  of  n  constant  current  circuits  each  made  up  of  a  transistor  and 
resistance  R  in  correspondence  with  the  column-direction  wiring  terminals  Dy1  to  Dyn  of  the  surface-conduction  emis- 
sion  type  electron-emitting  device  substrate  101  .  Each  constant  current  circuit  operates  to  sink  a  current  amount: 

50 
(Base  Input  Potential  -  0.6  +  V)/R 

Note  that  the  transistors  of  the  constant  current  circuit  302  share  a  base,  which  receives  a  current  setting  value  303  as 
an  input  potential.  Accordingly,  all  the  constant  current  circuits  operate  to  have  the  same  current  setting  value. 

55 
<  Activation  Processing  > 

[0138]  Subsequently,  a  procedure  of  activating  the  surface-conduction  emission  type  electron-emitting  device  sub- 
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strate  101  using  the  apparatus  of  the  first  embodiment  will  be  described  with  reference  to  Figs.  1  ,  4,  5A  and  5B.  Activa- 
tion  is  performed  to  set  the  device  currents  of  all  devices  to  a  target  value.  This  target  current  value  is  determined  in 
advance  from  a  necessary  electron-emitting  amount  or  the  like.  In  the  first  embodiment,  activation  processing  is  per- 
formed  while  monitoring  an  output  from  the  current  monitoring  circuit  103  so  as  to  set  the  device  currents  of  respective 

5  devices  on  the  surface-conduction  emission  type  electron-emitting  device  substrate  101  to  2  mA  at  last. 
[0139]  An  activation  flow  will  be  explained. 
[0140]  In  Fig.  1  ,  when  the  control  circuit  106  receives  an  activation  start  command,  it  controls  the  timing  generation 
circuit  105  and  power  source  104  in  order  to  perform  electrification  processing  in  units  of  rows. 
[0141]  The  control  circuit  106  sets  the  current  setting  value  1  10  so  as  to  set  the  column-direction  wiring  terminals  Dy1 

10  to  Dyn  to  the  ground  potential,  and  sequentially  applies  pulses  of  the  activation  potential  Eac  to  the  row-direction  wiring 
terminals  Dx1  to  Dxm.  This  pulse  has,  for  example,  a  pulse  width  of  1  msec  and  a  pulse  height  of  18  V.  Then,  the  pulse 
potentials  are  sequentially  applied  to  the  surface-conduction  emission  type  electron-emitting  device  substrate  101  in 
units  of  rows  to  start  activation  in  units  of  lines. 
[0142]  The  first  embodiment  will  exemplify  activation  when  n  devices  on  the  line  of  the  row-direction  wiring  terminal 

15  Dx1  are  activated. 
[0143]  Attention  is  paid  to  a  surface-conduction  emission  type  device  group  on  the  first  row  to  which  an  activation  volt- 
age  is  applied,  a  surface-conduction  emission  type  electron-emitting  device  group  401  is  represented  by  a  model 
including  the  wiring  resistance,  and  the  state  in  which  this  device  group  is  activated  will  be  explained  with  reference  to 
Fig.  4.  In  Fig.  4,  reference  symbols  F1  to  Fn  denote  surface-conduction  emission  type  electron-emitting  devices  on  the 

20  line  of  the  row-direction  wiring  terminal  Dx1  ;  r1  to  rn,  wring  resistances  at  respective  portions  on  a  row  wiring  Ex1  ;  and 
Ry,  a  wiring  resistance  from  the  feeding  terminal  of  each  of  the  wirings  Dy1  to  Dyn  to  a  corresponding  surface-conduc- 
tion  emission  type  electron-emitting  device.  Since  the  row  wiring  is  designed  to  be  formed  from  a  material  having  a  con- 
stant  line  width  and  thickness  in  the  first  embodiment,  r1  to  rN  can  be  considered  to  be  equal  except  for  variations  in 
the  manufacture.  Since  the  wirings  are  designed  to  be  uniform,  the  resistances  Ry  of  the  respective  wirings  can  be  con- 

25  sidered  to  be  equal.  Although  the  equivalent  resistance  value  of  the  surface-conduction  emission  type  electron-emitting 
device  changes  (decreases)  before  and  after  activation,  the  equivalent  resistance  of  each  device  is  much  higher  than 
the  value  Ry,  and  Ry  is  substantially  negligible  in  the  first  embodiment.  The  equivalent  resistance  value  of  the  surface- 
conduction  emission  type  electron-emitting  device  is  designed  higher  than  r1  to  rN. 
[0144]  To  activate  the  surface-conduction  emission  type  electron-emitting  device  group  401,  the  control  circuit  106 

30  controls  the  line  selection  circuit  102  via  the  timing  generation  circuit  105,  and  connects  the  power  source  104  for  out- 
putting  the  activation  potential  Eac  and  the  current  monitoring  circuit  1  03  to  the  row-direction  wiring  terminal  Dx1  .  Thus, 
the  terminal  Dx1  receives  the  activation  potential  Eac. 
[0145]  On  the  other  hand,  the  terminals  Dy1  to  Dyn  as  other  electrode  terminals  of  devices  on  the  line  Dx1  are  driven 
by  the  buffer  amplifier  107.  The  buffer  amplifier  107  operates  to  sink  activation  currents  i1  to  in  from  the  devices  F1  to 

35  FN,  and  the  output  potential  amplitude  is  determined  by  the  potential  distribution  generation  circuit  108. 
[0146]  The  potential  distribution  circuit  1  08  is  made  up  of  the  equivalent  wiring  resistance  array  301  and  constant  cur- 
rent  circuit  302,  as  described  above.  The  resistance  values  rd1  to  rdn  of  the  equivalent  wiring  resistance  array  301  are 
set  equal  to  the  wiring  resistance  values  r1  to  rn  of  the  row  wiring  Dx1  .  N  constant  current  sources  CI1  to  Cln  constitut- 
ing  the  constant  current  circuit  302  correspond  to  the  devices  F1  to  FN  of  the  surface-conduction  emission  type  elec- 

40  tron-emitting  device  group  401,  and  equivalently  replace  device  currents  flowing  through  the  devices  along  with  the 
progress  of  activation. 
[0147]  In  activation,  the  electrical  characteristics  of  the  device  change  as  shown  in  Fig.  41  .  That  is,  the  device  current 
does  not  substantially  flow  at  the  start  of  activation,  starts  flowing  at  the  same  time  as  electrification,  and  saturates.  At 
this  time,  the  terminal  potential  of  the  device  group  on  the  row  wiring  Dx1  is  monitored  to  find  changes  in  potentials  Gy1 

45  to  Gyn  due  to  the  influence  of  the  wiring  resistances  r1  to  rn.  The  potential  change  increases  with  the  progress  of  acti- 
vation  and  maximizes  at  the  end  of  activation.  For  example,  for  an  activation  current  of  2  mA/device,  r1  to  rn  =  10  mn, 
and  n  =  1000,  a  potential  change: 

AV  =  1/2  x1000  x1001  x  2  mA  x  10m  n  =  10  V 
50 

occurs  at  the  terminal  Gyn  of  the  device  Fn  farthest  from  the  feeding  terminal. 
[0148]  To  prevent  this,  a  potential  distribution  identical  to  this  potential  distribution  is  generated  by  the  potential  distri- 
bution  generation  circuit  108,  and  the  terminals  Dy1  to  Dyn  are  driven  by  outputs  Sy1  to  Syn  from  the  buffer  amplifier 
107  so  as  to  cancel  the  differences  in  voltages  applied  to  the  respective  devices. 

55  [0149]  More  specifically,  the  potential  drop  distribution  at  the  terminals  Gy1  to  Gyn  produced  by  currents  flowing 
through  the  devices  F1  to  Fn  along  with  the  progress  of  activation  is  reproduced  by  outputs  By1  to  Byn  from  the  poten- 
tial  distribution  generation  circuit  108.  If  activation  of  the  devices  F1  to  Fn  substantially  uniformly  progresses,  the  device 
currents  i1  to  in  flowing  through  the  respective  devices  are  almost  equal,  and  the  current  value  can  be  given  using  a 
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current  amount  I  detected  by  the  current  monitoring  circuit  103: 

iave  =  i1  =  i2  =...=  in  =  l/n  (1) 

5  [0150]  By  setting  this  iave  as  a  current  setting  value  in  the  potential  distribution  generation  circuit  108,  a  distribution 
identical  to  the  potential  drop  distribution  at  the  terminals  Gy1  to  Gyn  produced  by  currents  flowing  through  the  devices 
F1  to  Fn  is  generated  at  the  outputs  By1  to  Byn  of  the  potential  distribution  generation  circuit  108.  By  applying  these 
potentials  to  the  terminals  Dy1  to  Dyn  via  the  outputs  Sy1  to  Syn  of  the  buffer  amplifier  107,  voltages  applied  between 
the  terminals  of  the  devices  F1  to  Fn  can  be  made  uniform  regardless  of  the  device  number  and  the  progress  of  activa- 

10  tion. 
[0151]  Figs.  5A  and  5B  show  the  distributions  of  potentials  applied  across  the  devices  F1  to  Fn  at  the  start  and  end 
of  activation.  Fig.  5A  shows  a  potential  distribution  immediately  after  the  start  of  activation.  The  abscissa  represents 
device  numbers  F1  to  Fn,  which  indicate  device  positions.  The  ordinate  represents  terminal  potentials  at  the  two  termi- 
nals  of  each  device.  As  described  above,  currents  flowing  through  respective  devices  are  small  immediately  after  the 

15  start  of  activation.  Therefore,  the  activation  potential  Eac  =  18  V  is  applied  from  the  power  source  104  to  the  terminals 
Gy1  to  Gyn  of  the  respective  devices.  Since  almost  no  activation  current  flows,  the  current  setting  value  of  the  potential 
distribution  generation  circuit  108  is  almost  0,  and  the  outputs  By1  to  Byn  of  the  potential  distribution  generation  circuit 
108  and  the  outputs  Sy1  to  Syn  of  the  buffer  107  are  also  at  almost  0  V.  For  this  reason,  a  predetermined  application 
voltage  up  to  18  V  is  applied  to  the  respective  devices  to  progress  activation. 

20  [0152]  Fig.  5B  shows  a  potential  distribution  at  the  end  of  activation.  At  the  end  of  activation,  currents  flowing  through 
respective  devices  are  almost  2  mA.  The  activation  potential  Eac  =  18  V  applied  from  the  power  source  104  decreases 
owing  to  the  influence  of  a  potential  drop  caused  by  the  wiring  resistance  upon  application  to  the  terminals  Gy1  to  Gyn 
of  the  respective  devices.  At  this  time,  if  the  current  setting  value  of  the  potential  distribution  generation  circuit  108  is 
set  to  2  mA,  the  outputs  By1  to  Byn  of  the  potential  distribution  generation  circuit  1  08  and  the  outputs  Sy1  to  Syn  of  the 

25  buffer  107  have  the  same  distribution  as  Gy1  to  Gyn.  As  a  result,  a  predetermined  application  voltage  up  to  18  V  is 
applied  to  the  respective  devices  to  activate  them. 
[0153]  More  specifically,  when  the  device  current  increases  with  the  progress  of  activation,  the  distribution  of  poten- 
tials  applied  to  devices  always  changes  due  to  the  influence  of  the  wiring  resistance.  In  this  case,  the  control  circuit  106 
obtains  a  device  current  value  in  accordance  with  equation  (1)  from  a  current  value  detected  by  the  current  monitoring 

30  circuit  103  along  with  the  progress  of  activation,  and  sets  a  current  value  corresponding  to  the  obtained  value  as  the 
current  setting  value  of  the  potential  distribution  generation  circuit  108.  In  this  way,  the  outputs  By1  to  Byn  of  the  poten- 
tial  distribution  generation  circuit  108  are  sequentially  updated  to  activate  all  devices  by  a  constant  voltage  from  the 
start  to  end  of  activation.  When  the  device  current  of  each  device  reaches  2  mA,  activation  ends. 
[0154]  The  outputs  By1  to  Byn  of  the  potential  distribution  generation  circuit  108  described  in  the  first  embodiment 

35  have  a  very  high  response  speed  in  updating  the  current  setting  value,  so  that  the  distribution  can  be  updated  every 
time  a  pulse  voltage  is  applied  from  the  power  source  104. 
[0155]  Fig.  15  shows  an  example  of  a  control  procedure  by  the  control  circuit  106  when  activation  is  performed  by  a 
procedure  of  completing  activation  in  units  of  lines  and  switching  lines.  Fig.  15  shows  a  procedure  for  one  line.  Since 
the  substrate  101  generally  has  a  plurality  of  lines,  this  control  procedure  is  repeatedly  executed  for  a  plurality  of  lines. 

40  [01  56]  In  Fig.  1  5,  the  control  circuit  1  06  calculates  the  average  device  current  iave  from  an  input  value  from  the  current 
monitoring  circuit  (step  S3401).  Since  the  device  current  is  very  small  before  activation,  as  shown  in  Fig.  5A,  the  first 
pulse  can  be  set  to  iave  =  0  or  to  an  initial  value  obtained  experimentally.  The  control  circuit  106  updates  the  current 
setting  value  1  1  0  in  accordance  with  the  obtained  device  current  value  (step  S3402).  In  this  state,  the  control  circuit  1  06 
applies  the  activation  potential  to  a  selected  line  (step  S3403).  Upon  completion  of  a  predetermined  activation  proce- 

45  dure  for  the  selected  line,  activation  for  this  line  ends  (YES  in  step  S3404).  If  a  next  line  exists,  the  control  circuit  106 
outputs  a  line  switching  signal  to  select  the  next  line.  If  activation  for  the  selected  line  has  not  been  completed  yet,  the 
control  circuit  106  returns  to  step  S3401  to  read  an  activation  current  value  with  respect  to  the  activation  potential 
applied  in  step  S3403  from  the  current  monitoring  circuit  103,  update  the  current  setting  value,  and  apply  a  next  pulse 
to  the  selected  line.  This  is  repeatedly  executed  until  activation  ends. 

so  [0157]  The  above  description  is  directed  to  activation  of  devices  on  the  row  wiring  Dx1  .  This  procedure  can  similarly 
apply  to  activation  of  devices  on  another  line.  In  this  way,  activation  of  all  surface-conduction  emission  type  electron- 
emitting  devices  on  the  substrate  101  is  completed. 
[0158]  In  activation,  after  activation  of  devices  on  a  given  line  is  completed,  the  line  selection  circuit  102  is  switched 
to  activate  another  activation  line.  Instead,  a  plurality  of  lines  may  be  simultaneously  activated  while  sequentially  switch- 

55  ing  activation  lines.  In  this  case,  the  progress  of  activation  may  vary  between  lines.  To  prevent  this,  the  average  device 
currents  of  respective  lines  are  sequentially  stored  in  a  memory  or  the  like,  and  activation  is  performed  while  updating 
the  output  of  the  potential  distribution  generation  circuit  1  08  at  a  high  speed  using  the  average  device  current  stored  in 
the  memory  in  switching  lines.  Consequently,  uniform  activation  can  be  realized.  In  Fig.  15,  activation  is  completed  in 
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units  of  lines.  When  a  plurality  of  lines  are  activated  parallel  while  sequentially  switching  lines,  a  line  switching  signal 
must  be  output  between  steps  S3403  and  S3404. 
[0159]  To  quickly  complete  activation  of  the  surface-conduction  emission  type  electron-emitting  device  substrate  101  , 
a  plurality  of  lines  may  be  simultaneously  driven.  In  this  case,  the  current  monitoring  circuit  103  detects  the  sum  of 
device  currents  for  the  plurality  of  lines.  Consideration  must  be  taken  in  estimating  the  current  setting  value  set  in  the 
potential  distribution  generation  circuit  108. 
[0160]  In  the  first  embodiment,  the  power  source  104  has  a  positive  output,  and  activation  is  performed  to  flow  a  cur- 
rent  from  the  terminal  Dx1  to  the  terminals  Dy1  to  Dyn.  Alternatively,  the  polarity  may  be  inverted,  and  activation  may 
be  performed  to  flow  a  current  from  the  terminals  Dy1  to  Dyn  to  the  terminal  Dx1  .  In  this  case,  since  the  potential  dis- 
tribution  is  also  inverted,  the  buffer  amplifier  107  is  constituted  as  a  (-1)-time  inverting  buffer  amplifier  to  source  the  cur- 
rent,  thereby  obtaining  the  same  effects. 
[0161]  As  described  above,  the  activation  apparatus  of  the  first  embodiment  can  make  the  electron-emitting  charac- 
teristics  of  all  devices  uniform.  This  electron  source  substrate  is  used  to  realize  a  high-quality  image  display  apparatus 
almost  free  from  variations  in  luminance  or  density. 

[Second  Embodiment] 

[0162]  An  activation  apparatus  for  the  surface-conduction  emission  type  electron-emitting  device  according  to  the 
second  embodiment  of  the  present  invention  will  be  described  with  reference  to  Fig.  6. 
[0163]  In  Fig.  6,  a  surface-conduction  emission  type  electron-emitting  device  substrate  601  is  different  from  the  sub- 
strate  101  in  Fig.  1  in  that  row-direction  wiring  terminals  Dx1  to  Dxm  are  arranged  on  two  sides.  The  terminals  Dx1  to 
Dxm  extracted  from  the  two  sides  as  shown  in  Fig.  6  are  connected  to  corresponding  terminals  on  the  same  lines,  and 
connected  to  a  line  selection  circuit  602. 
[0164]  The  operation  of  the  whole  apparatus,  the  activation  procedure,  and  the  like  are  the  same  as  in  the  first  embod- 
iment,  and  a  description  thereof  will  be  omitted.  Since  the  wiring  terminal  extraction  method  is  different,  a  potential  dis- 
tribution  applied  to  the  device  upon  activation  changes,  and  thus  the  driving  method  is  slightly  different  from  that  in  the 
first  embodiment  and  will  be  described. 
[0165]  Fig.  43A  shows  an  equivalent  circuit  when  the  surface-conduction  emission  type  electron-emitting  device  sub- 
strate  601  according  to  the  second  embodiment  is  activated.  Fig.  43B  shows  a  device  application  potential  distribution 
when  devices  on  the  second  line  are  activated  in  Fig.  43A.  In  two-side  extraction,  the  distribution  has  a  mirror-symmet- 
rical  profile. 
[0166]  Hence,  a  potential  distribution  amount  to  be  applied  to  column-direction  wiring  terminals  Dy1  to  Dyn  in  Fig.  6 
also  has  a  mirror-symmetrical  profile.  This  potential  distribution  can  be  reproduced  by  constituting  a  potential  distribu- 
tion  circuit  608  by  1  to  (n/2)  resistance  arrays  and  constant  current  sources.  If  the  output  impedance  of  a  buffer  607  is 
set  sufficiently  low,  the  circuit  can  be  simplified  by  preparing  (n/2)  buffer  amplifiers  607,  and  commonly  connecting  and 
driving  terminals  (e.g.;  Dy1  and  Dyn,  Dy2  and  Dyn-1,  and  the  like)  having  a  symmetrical  potential  distribution.  For 
example,  in  Fig.  4,  the  output  Sy1  of  the  first  column  extending  from  the  buffer  amplifier  is  connected  to  the  terminals 
Dy1  and  Dyn,  the  output  Sy2  of  the  second  column  is  connected  to  the  terminals  Dy2  and  Dyn-1  and  the  output  Syj 
of  the  jth  column  is  connected  to  the  terminals  Dyj  and  Dyn-j+1  .  If  n  is  an  odd  number,  the  output  of  the  (n+1)/2  column 
is  connected  to  only  the  terminal  Dy(n+1)/2  . 
[0167]  Fig.  7  shows  the  potential  distribution  of  respective  devices  upon  driving  in  the  second  embodiment.  As 
described  above,  a  mirror-symmetrical  potential  distribution  profile  can  be  obtained.  The  driving  potentials  Sy1  to  Syn 
of  the  column-direction  wiring  terminals  Dy1  to  Dyn  also  change  with  the  progress  of  activation  and  are  compensated 
to  always  apply  a  predetermined  activation  voltage  to  respective  devices. 
[0168]  As  described  above,  the  apparatus  of  the  second  embodiment  allows  manufacturing  an  electron  source  in 
which  all  devices  have  uniform  electron-emitting  characteristics. 

[Third  Embodiment] 

[0169]  An  activation  apparatus  for  the  surface-conduction  emission  type  electron-emitting  device  according  to  the 
third  embodiment  of  the  present  invention  will  be  described  with  reference  to  Fig.  8. 
[0170]  In  Fig.  8,  a  surface-conduction  emission  type  electron-emitting  device  substrate  801  is  the  same  as  the  sub- 
strate  101  in  Fig.  1  .  The  operation  of  the  whole  apparatus,  the  activation  procedure,  and  the  like  are  the  same  as  in  the 
first  embodiment,  and  a  description  thereof  will  be  omitted. 
[0171]  The  third  embodiment  is  slightly  different  from  the  first  embodiment  in  driving  method  in  which  an  output  from 
a  potential  distribution  circuit  808  is  not  directly  applied  to  column-direction  wiring  terminals  Dy1  to  Dyn,  as  will  be 
described. 
[0172]  Similar  to  the  first  embodiment,  attention  is  paid  to  a  surface-conduction  emission  type  device  group  on  the 
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first  row  to  which  an  activation  voltage  is  applied,  a  surface-conduction  emission  type  electron-emitting  device  group 
901  is  represented  by  a  model  including  the  wiring  resistance,  and  the  state  in  which  this  device  group  is  activated  will 
be  explained  with  reference  to  Fig.  9.  In  Fig.  9,  reference  symbols  F1  to  Fn  denote  surface-conduction  emission  type 
electron-emitting  devices  on  the  line  of  a  row-direction  wiring  terminal  Dx1  ;  r1  to  rn,  wring  resistances  at  respective  por- 

5  tions  on  a  row  wiring  Ex1  ;  and  Ry,  a  wiring  resistance  from  the  feeding  terminal  of  each  of  the  wirings  Dy1  to  Dyn  to  a 
corresponding  surface-conduction  emission  type  electron-emitting  device. 
[0173]  To  activate  the  surface-conduction  emission  type  electron-emitting  device  group  901  ,  a  control  circuit  806  con- 
trols  a  line  selection  circuit  802  via  a  timing  generation  circuit  805,  and  connects  a  power  source  804  for  outputting  the 
activation  potential  Eac  and  a  current  monitoring  circuit  803  to  the  row-direction  wiring  terminal  Dx1  .  Thus,  the  terminal 

10  Dx1  is  driven  by  the  activation  potential  Eac. 
[0174]  On  the  other  hand,  the  terminals  Dy1  to  Dyn  as  other  column-direction  terminals  of  devices  on  the  line  Dx1 
are  driven  by  a  buffer  amplifier  807.  In  this  case,  the  buffer  amplifier  807  operates  to  sink  activation  currents  i1  to  in  from 
the  devices  F1  to  FN,  and  the  output  potential  amplitude  is  determined  by  the  potential  distribution  generation  circuit 
808.  This  operation  is  the  same  as  in  the  first  embodiment. 

15  [0175]  Also  in  the  third  embodiment,  a  potential  distribution  produced  along  with  the  progress  of  activation  is  gener- 
ated  by  the  potential  distribution  generation  circuit  808,  and  the  terminals  Dy1  to  Dyn  are  driven  by  outputs  Sy1  to  Syn 
from  the  buffer  amplifier  807  so  as  to  cancel  the  potential  distribution.  At  this  time,  output  potential  values  By1  to  Byn 
from  the  potential  distribution  circuit  808  are  not  directly  applied  to  the  terminals,  but  are  added  to  an  offset  setting  value 
812  by  the  buffer  amplifier  807  and  then  applied  to  the  terminals,.  This  offset  setting  value  812  is  also  added  to  an  acti- 

20  vation  potential  and  applied  as  the  amplitude  of  the  power  source  804. 
[0176]  The  offset  potential  is  added  owing  to  the  following  reason.  According  to  the  present  invention,  when  activation 
is  performed  in  units  of  rows,  a  potential  drop  distribution  generated  in  the  column  direction  on  the  same  row  is  com- 
pensated  by  application  potentials  from  the  column-direction  wiring  terminals  Dy1  to  Dyn.  The  application  potentials 
from  the  column-direction  wiring  terminals  Dy1  to  Dyn  are  applied  to  not  only  devices  on  an  activated  line  but  also 

25  devices  on  an  inactivated  line  because  surface-conduction  emission  type  electron-emitting  devices  are  arranged  in  a 
simple  matrix.  As  a  matter  of  course,  the  potentials  of  the  column-direction  wiring  terminals  Dy1  to  Dyn  are  as  low  as 
several  V  in  maximum,  so  no  problem  arises  even  if  these  potentials  are  applied  to  devices  on  an  inactivated  line.  It  is 
however  desirable  to  reduce  changes  in  substrate  temperature  or  a  temperature  distribution  caused  by  application  of 
potentials  to  devices  on  an  inactivated  line.  Therefore,  the  offset  potential  is  added  to  minimize  the  absolute  values  of 

30  potentials  applied  from  the  column-direction  wiring  terminals  Dy1  to  Dyn,  thereby  driving  the  terminals  Dy1  to  Dyn. 
[0177]  The  offset  potential  value  to  be  added  is  determined  as  follows.  The  difference  between  maximum  and  mini- 
mum  potentials  generated  at  respective  terminals  at  the  output  of  the  potential  distribution  circuit  808  is  calculated  as 
a  potential  drop  amount  811.  More  specifically,  in  Fig.  9,  the  potential  drop  amount  at  the  outputs  By1  to  Byn  of  the 
potential  distribution  circuit  808  is  calculated  by 

35 
Potential  Drop  Amount  81  1  =  Potential  By1  -  Potential  Byn 

Thus,  the  offset  setting  value  812  is  determined  by 

40  Offset  Potential  812  =  1/2  x  Potential  Drop  Amount  81  1 

and  added.  As  a  result,  the  absolute  values  of  potentials  applied  from  the  column-direction  wiring  terminals  Dy1  to  Dyn 
can  be  halved  compared  to  the  first  embodiment. 
[0178]  Figs.  10A  and  10B  show  the  potential  distributions  of  respective  devices  upon  driving  in  the  third  embodiment. 

45  Fig.  1  0A  shows  a  potential  difference  immediately  after  activation.  At  this  time,  since  almost  no  device  current  flows,  as 
described  in  the  first  embodiment,  almost  no  potential  distribution  is  generated,  the  offset  potential  value  821  is  almost 
0  V,  and  the  potential  distribution  is  almost  the  same  as  in  Fig.  5A  of  the  first  embodiment.  However,  when  activation 
progresses  to  generate  a  potential  drop,  the  offset  potential  821  is  generated  to  obtain  a  potential  distribution  profile  like 
the  one  shown  in  Fig.  10B.  As  shown  in  Fig.  10B,  the  potential  distribution  of  respective  devices  is  the  same  as  in  Fig. 

so  5B  of  the  first  embodiment  except  that  the  offset  potential  is  applied  to  the  driving  potentials  Sy1  to  Syn  to  be  applied 
to  the  column-direction  wiring  terminals  Dy1  to  Dyn  to  decrease  the  absolute  values  of  the  driving  potentials.  Fig.  10B 
also  shows  the  state  in  which  the  potential  applied  from  the  row-direction  wiring  terminal  Dx1  also  changes  to  18  V  + 
Voff  along  with  this. 
[0179]  By  applying  the  potential  added  with  the  offset  potential  used  in  the  third  embodiment,  surface-conduction 

55  emission  type  electron-emitting  devices  having  uniform  characteristics  can  be  attained  similar  to  the  first  embodiment. 
In  addition,  the  power  applied  in  activating  the  surface-conduction  emission  type  electron-emitting  device  substrate  can 
be  reduced.  Note  that  the  offset  potential  determination  method  is  not  limited  to  the  above  one,  and  the  offset  potential 
may  be  determined  to  minimize  the  power  value  applied  to  the  entire  surface-conduction  emission  type  electron-emit- 
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ting  device  substrate. 

[Fourth  Embodiment] 

[0180]  An  activation  apparatus  for  the  surface-conduction  emission  type  electron-emitting  device  according  to  the 
fourth  embodiment  of  the  present  invention  will  be  described  with  reference  to  Fig.  1  1  . 
[0181]  Also  in  Fig.  11,  a  surface-conduction  emission  type  electron-emitting  device  substrate  1101  is  the  same  as  the 
substrate  1  01  in  Fig.  1  .  The  operation  of  the  whole  apparatus,  the  activation  procedure,  and  the  like  are  the  same  as  in 
the  first  embodiment,  and  a  description  thereof  will  be  omitted. 
[0182]  The  fourth  embodiment  is  slightly  different  from  the  first  embodiment  in  arrangements  of  a  current  monitoring 
circuit  1  103  and  a  potential  distribution  circuit  1  108,  as  will  be  described.  That  is,  the  current  monitoring  circuit  1  103  is 
interposed  between  column-direction  wiring  terminals  Dy1  to  Dyn  and  a  buffer  amplifier  1107  to  individually  monitor 
device  currents  flowing  through  respective  devices  upon  activation. 
[0183]  Similar  to  the  first  embodiment,  attention  is  paid  to  a  surface-conduction  emission  type  device  group  on  the 
first  row  to  which  an  activation  voltage  is  applied,  a  surface-conduction  emission  type  electron-emitting  device  group 
1201  is  represented  by  a  model  including  the  wiring  resistance,  and  the  state  in  which  this  device  group  is  activated  will 
be  explained  with  reference  to  Fig.  12. 
[0184]  Also  in  the  fourth  embodiment,  a  potential  distribution  produced  along  with  the  progress  of  activation  is  gener- 
ated  by  the  potential  distribution  generation  circuit  1  108,  and  the  terminals  Dy1  to  Dyn  are  driven  by  outputs  Sy1  to  Syn 
from  the  buffer  amplifier  1  107  so  as  to  cancel  the  potential  distribution.  In  this  case,  the  arrangement  of  a  constant  cur- 
rent  circuit  302  constituting  the  potential  distribution  circuit  1  1  08  is  slightly  different  from  that  in  the  above  embodiments. 
In  other  words,  the  constant  current  circuit  302  is  changed  to  individually  set  the  current  setting  values  of  n  constant 
current  sources  constituting  the  constant  current  circuit  302.  The  circuit  arrangement  is  changed  from  the  circuit  of  Fig. 
3  so  as  to  individually  set  the  base  potentials  of  transistors  constituting  the  constant  current  sources.  With  this  change, 
current  setting  values  1110  corresponding  to  the  n  constant  current  sources  can  be  externally  supplied  to  individually 
drive  the  constant  current  sources  in  the  potential  distribution  circuit  1  108  shown  in  Fig.  12. 
[0185]  At  the  same  time,  the  current  monitoring  circuit  1  103  is  changed  to  individually  monitor  device  currents  flowing 
through  respective  devices.  The  current  monitoring  circuit  1  1  03  is  made  up  of  detection  resistances  Rmon  and  a  meas- 
urement  amplifier  for  measuring  a  voltage  generated  across  each  detection  resistance  Rmon.  With  these  components, 
the  current  monitoring  circuit  103  detects  the  currents  If  and  outputs  n  detected  activation  current  values  1  109.  Note 
that  the  resistance  value  of  the  detection  resistance  Rmon  is  set  small  enough  to  prevent  influence  on  an  application 
potential  to  the  surface-conduction  emission  type  electron-emitting  device  by  a  potential  drop  caused  by  the  flowing 
device  current  If. 
[0186]  Since  the  arrangement  of  the  constant  current  circuit  302  constituting  the  potential  distribution  circuit  1  108  is 
changed  to  individually  set  current  setting  values  for  respective  rows,  the  potential  drop  distribution  at  terminals  Gy1  to 
Gyn  along  with  the  progress  of  activation  can  be  more  accurately  reproduced  by  outputs  By1  to  Byn  from  the  potential 
distribution  circuit  1  108.  The  above-described  embodiments  estimate  current  values  flowing  through  respective  devices 
from  an  activation  current  for  one  line,  and  control  an  output  from  the  potential  distribution  generation  circuit  108  on  the 
assumption  that  activation  of  the  devices  F1  to  Fn  uniformly  progresses  and  the  device  currents  i1  to  in  flowing  through 
respective  devices  are  almost  equal.  In  the  fourth  embodiment,  however,  a  more  accurate  potential  distribution  can  be 
reproduced  by  individually  monitoring  the  activation  currents  of  respective  devices.  The  activation  current  values  of 
respective  devices  are  supplied  as  current  setting  values  to  constant  current  sources  CM  to  Cln  on  each  row  in  the 
potential  distribution  circuit  1108,  and  potentials  in  accordance  with  a  potential  distribution  in  an  activated  line  are 
applied  to  the  terminals  Dy1  to  Dyn  via  the  outputs  Sy1  to  Syn  of  the  buffer  amplifier  1  1  07.  That  is,  the  first  embodiment 
employs  the  average  value  iave  as  a  device  current,  whereas  the  fourth  embodiment  employs  a  device  current  meas- 
ured  for  each  device.  Consequently,  voltages  applied  between  the  terminals  of  the  devices  F1  to  Fn  can  be  made  uni- 
form  regardless  of  the  device  position  and  the  progress  of  activation. 
[0187]  Note  that  when  an  output  from  the  buffer  amplifier  1  107  is  not  0  V,  a  current  value  detected  by  the  current  mon- 
itoring  circuit  1  103  does  not  always  coincide  with  a  device  current  flowing  through  each  device.  This  will  be  explained. 
Although  not  shown  in  Fig.  12,  application  potentials  from  the  column-direction  wiring  terminals  Dy1  to  Dyn  are  applied 
to  not  only  devices  on  an  activated  line  but  also  devices  on  an  inactivated  line-because  surface-conduction  emission 
type  electron-emitting  devices  are  arranged  in  a  simple  matrix.  Therefore,  a  current  Ix  of  the  xth  row  detected  by  the 
current  monitoring  circuit  1  103  is 

20 



EP  0  948  022  A2 

Ix  =  Device  Current  Flowing  Through  Device  Fx  Upon 
Application  of  1  8  V  +  Current  Flowing  Through 
Inactivated  Device  (m-1)  Connected  to  Terminal 

Dyx  Upon  Application  of  Potential  Syx 

The  first  term  is  a  true  device  current,  and  the  current  amount  of  the  second  term  is  an  error.  In  practice,  the  difference 
between  the  potential  Sy  and  the  potential  of  an  unselected  line  is  small,  and  the  current  amount  of  the  second  term  is 
small  to  a  negligible  degree.  To  more  accurately  measure  the  current,  the  following  steps  are  executed. 

(1)  All  the  row-direction  wiring  terminals  Dx1  to  Dxm  are  set  to  0  V,  and  the  column-direction  wiring  terminals  Dy1 
to  Dyn  are  driven  by  Sy1  to  Syn.  A  current  la  measured  at  this  time  is  the  sum  of  (m)  currents  flowing  through  all 
devices  connected  to  Dyx  upon  application  of  the  potential  Syx. 
(2)  One  of  the  row-direction  wiring  terminals  is  selected,  and  the  column-direction  wiring  terminals  Dy1  to  Dyn  are 
driven  by  Sy1  to  Syn.  A  current  lb  measured  at  this  time  is  a  "device  current  flowing  through  the  device  Fx  upon 
application  of  18  V  +  a  current  flowing  through  the  (m-1)  inactivated  devices  connected  to  Dyx  upon  application  of 
potential  Syx". 

[0188]  By  these  two  measurements, 

Device  Current  Flowing  Through  Device  Fx  Upon  Application  of  18  V  =  lb  -  la 

is  calculated.  If  a  potential  distribution  is  calculated  using  this  value,  more  accurate  control  can  be  achieved. 

[Fifth  Embodiment] 

[0189]  An  activation  apparatus  for  the  surface-conduction  emission  type  electron-emitting  device  according  to  the  fifth 
embodiment  of  the  present  invention  will  be  described  with  reference  to  Fig.  13. 
[0190]  Also  in  Fig.  13,  a  surface-conduction  emission  type  electron-emitting  device  substrate  1301  is  the  same  as  the 
substrate  1  01  in  Fig.  1  .  The  operation  of  the  whole  apparatus,  the  activation  procedure,  and  the  like  are  the  same  as  in 
the  first  embodiment,  and  a  description  thereof  will  be  omitted.  The  arrangement  of  a  current  monitoring  circuit  1303  is 
the  same  as  in  the  fourth  embodiment.  The  current  monitoring  circuit  1303  is  interposed  between  column-direction  wir- 
ing  terminals  Dy1  to  Dyn  and  a  buffer  amplifier  1307  to  individually  monitor  device  currents  flowing  through  respective 
devices  upon  activation.  However,  the  fifth  embodiment  is  slightly  different  from  the  fourth  embodiment  in  arrangement 
of  a  potential  distribution  circuit  1308.  That  is,  a  control  circuit  1306  calculates  a  potential  distribution  amount  from  acti- 
vation  current  values  flowing  through  devices,  and  transfers  a  digital  output  value  corresponding  to  the  potential  distri- 
bution  obtained  from  the  calculation  result  to  the  potential  distribution  generation  circuit. 
[0191]  Similar  to  the  first  embodiment,  attention  is  paid  to  a  surface-conduction  emission  type  device  group  on  the 
first  row  to  which  an  activation  voltage  is  applied,  a  surface-conduction  emission  type  electron-emitting  device  group 
1401  is  represented  by  a  model  including  the  wiring  resistance,  and  the  state  in  which  this  device  group  is  activated  will 
be  explained  with  reference  to  Fig.  14. 
[0192]  Also  in  the  fifth  embodiment,  the  terminals  Dy1  to  Dyn  are  driven  by  outputs  Sy1  to  Syn  from  the  buffer  ampli- 
fier  1  307  so  as  to  cancel  a  potential  distribution  produced  along  with  the  progress  of  activation.  The  potential  distribution 
circuit  1308  is  constituted  by  n  D/A  converters  1402  and  n  latch  circuits  1403.  With  this  arrangement,  digital  output  set- 
ting  values  1310  corresponding  to  the  n  D/A  converters  are  externally  supplied  to  individually  drive  the  D/A  converters. 
The  digital  output  setting  value  1  31  0  is  set  as  a  potential  drop  distribution  amount  calculated  by  the  control  circuit  1  306. 
Independent  potentials  are  set  in  the  respective  D/A  converters,  and  all  the  outputs  are  simultaneously  updated  by  a 
latch  CLK1311. 
[0193]  Similar  to  the  fourth  embodiment,  the  current  monitoring  circuit  1303  can  individually  monitor  device  currents 
flowing  through  respective  devices.  The  current  monitoring  circuit  1303  is  made  up  of  detection  resistances  Rmon  and 
a  measurement  amplifier  for  measuring  a  voltage  generated  across  each  detection  resistance  Rmon.  With  these  com- 
ponents,  the  current  monitoring  circuit  1  03  detects  the  currents  If  and  outputs  n  detected  activation  current  values  1  309. 
[0194]  In  the  fifth  embodiment,  a  device  potential  distribution  generated  along  with  the  progress  of  activation  is  cal- 
culated  as  follows.  When  device  current  values  i1  to  in  flowing  through  devices  F1  to  Fn  are  obtained  from  the  current 
monitoring  circuit  1303,  potentials  By1  to  Byn  to  be  output  to  the  output  terminals  of  the  potential  distribution  circuit 
1308  are  calculated  using  the  wiring  resistance  values  r1  to  rn: 

By1  =  -r1  x  Z{k  =  1  to  n}ik 
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By2  =  -r2  x  £{k  =  2  to  n}ik  +  By1  ... 

Byn  =  -rn  x  in  +  Byn  -  1  +  Byn  -  2  +...+  By1 

[0195]  Device  currents  flowing  along  with  the  progress  of  activation  are  measured.  The  control  circuit  1306  sequen- 
tially  updates  the  output  potentials  By1  to  Byn  by  the  above  equations,  and  transfers  corresponding  digital  output  data 
to  the  latch  circuits  1403  of  the  potential  distribution  circuit  1308.  Upon  completion  of  a  series  of  operations:  measure- 
ment  of  the  device  current  calculation  of  output  data  transfer  of  data  to  the  latch  circuit,  the  control  circuit  1306 
applies  the  latch  clock  131  1  to  all  the  latch  circuits  1403  in  order  to  update  D/A  data,  and  updates  the  data  in  synchro- 
nism  with  this.  Then,  the  potential  distribution  circuit  1308  generates  a  potential  distribution  corresponding  to  a  potential 
distribution  amount  generated  at  the  terminals  Gy1  to  Gyn  of  the  devices  F1  to  Fn.  Note  that  when  the  number  n  of 
devices  is  large,  a  long  time  may  be  spent  for  a  series  of  operations:  measurement  of  the  device  current  calculation 
of  output  data  data  transfer.  This  time  can  be  shortened  by  parallel  processing  for  respective  devices. 
[0196]  By  compensating  an  activation  potential  distribution  generated  in  devices  upon  activation  by  the  above- 
described  method,  the  electron-emitting  characteristics  of  all  devices  can  be  made  uniform.  Further,  in  the  fifth  embod- 
iment,  the  output  setting  value  is  a  digital  value,  and  no  constant  current  circuit  or  equivalent  wiring  resistance  array  is 
used.  This  can  prevent  a  nonuniform  activation  voltage  generated  by  the  difference  between  the  lines,  such  as  the  dif- 
ference  between  a  wiring  resistance  distribution  on  a  line  to  be  activated  and  a  resistance  value  distribution  in  the  equiv- 
alent  wiring  resistance  array. 

[Sixth  Embodiment] 

[0197]  Activation  for  the  surface-conduction  emission  type  electron-emitting  device  according  to  the  sixth  embodiment 
of  the  present  invention  will  be  described  with  reference  to  Fig.  16. 
[0198]  Also  in  Fig.  16,  a  surface-conduction  emission  type  electron-emitting  device  substrate  101  is  the  same  as  the 
substrate  1  01  in  Fig.  1  .  The  operation  of  the  whole  apparatus,  the  activation  procedure,  and  the  like  are  the  same  as  in 
the  first  embodiment,  and  a  description  thereof  will  be  omitted.  The  arrangement  of  a  potential  distribution  circuit  1608 
is  the  same  as  in  the  fifth  embodiment,  and  a  control  circuit  transfers  a  digital  output  value  corresponding  to  a  potential 
distribution  to  the  potential  distribution  generation  circuit.  For  this  purpose,  a  control  circuit  1  606  outputs  a  latch  clock 
1  1  1  to  the  potential  distribution  generation  circuit  1608.  The  remaining  arrangement  is  the  same  as  in  the  first  embod- 
iment. 
[01  99]  In  the  sixth  embodiment,  the  control  circuit  1  606  detects  the  progress  of  activation  by  a  current  amount  flowing 
upon  activation,  i.e.,  an  activation  current  109  as  output  data  from  a  current  monitoring  circuit  103.  The  control  circuit 
1606  starts  activation  in  response  to  an  activation  start  command,  and  sequentially  corrects  the  potential  distribution  of 
devices  in  the  column  direction  that  changes  with  the  progress  of  activation,  as  will  be  described  in  detail  later.  That  is, 
the  control  circuit  1606  estimates  a  device  current  flowing  through  each  device  using  an  output  from  the  current  moni- 
toring  circuit  103,  and  calculates  a  potential  distribution  generated  in  devices  in  the  column  direction  from  the  estimated 
value.  By  this  driving  method,  a  voltage  distribution  generated  in  respective  devices  by  the  activation  current  and  row- 
direction  wiring  resistance  is  corrected  to  apply  a  constant  voltage  across  all  devices  on  an  activated  lines.  By  sequen- 
tially  updating  data  of  the  potential  distribution  circuit  1608  in  accordance  with  the  progress  of  activation,  the  potential 
distribution  is  corrected  until  the  end  of  activation. 

<  Potential  Distribution  Generation  Circuit) 

[0200]  Fig.  17  is  a  circuit  diagram  showing  the  arrangement  of  the  potential  distribution  generation  circuit  1608  to 
explain  the  state  in  which  a  given  line  is  activated  using  the  potential  distribution  circuit  1608. 
[0201]  The  potential  distribution  generation  circuit  1608  generates  a  compensation  potential  amount  to  be  applied  in 
the  column  direction  and  outputs  it  to  the  buffer  amplifier  1  07  in  order  to  compensate  a  potential  drop  caused  by  a 
device  current  flowing  through  each  device  and  a  row-direction  wiring  resistance  (r1  to  rN  in  Fig.  40)  along  with  the 
progress  of  activation. 
[0202]  In  the  sixth  embodiment,  terminals  Dy1  to  Dyn  of  the  surface-conduction  emission  type  electron-emitting 
device  substrate  101  are  driven  by  outputs  (Sy1  to  Syn)  from  the  buffer  amplifier  107  so  as  to  cancel  a  potential  distri- 
bution  generated  along  with  the  progress  of  activation. 
[0203]  The  potential  distribution  generation  circuit  1  608  is  constituted  by  n  D/A  converters  302  and  n  latch  circuits 
303.  Digital  output  setting  values  110  corresponding  to  the  n  D/A  converters  are  externally  set.  More  specifically,  the 
control  circuit  1606  calculates  a  potential  drop  distribution  amount  and  sets  it  as  the  digital  output  setting  value  110. 
Independent  potentials  are  set  in  the  respective  D/A  converters,  and  all  the  outputs  are  simultaneously  updated  by  a 
latch  CLK  111. 
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<  Activation  Processing  > 

[0204]  Subsequently,  a  procedure  of  activating  the  surface-conduction  emission  type  electron-emitting  device  sub- 
strate  101  using  the  apparatus  of  the  sixth  embodiment  will  be  described  with  reference  to  Figs.  16,  1  7,  5A  and  5B.  Acti- 
vation  is  performed  to  set  all  device  currents  to  a  target  value.  This  target  current  value  is  determined  in  advance  from 
a  necessary  electron-emitting  amount  or  the  like.  In  the  sixth  embodiment,  activation  processing  is  performed  while 
monitoring  an  output  from  the  current  monitoring  circuit  103  so  as  to  set  the  device  currents  of  respective  devices  on 
the  surface-conduction  emission  type  electron-emitting  device  substrate  101  to  2  mA  at  last. 
[0205]  An  activation  flow  will  be  explained. 
[0206]  When  the  control  circuit  1606  receives  an  activation  start  command,  it  controls  a  timing  generation  circuit  105 
and  a  power  source  104  in  order  to  perform  electrification  processing  in  units  of  rows. 
[0207]  The  control  circuit  1606  sets  the  current  setting  value  1  10  so  as  to  set  the  column-direction  wiring  terminals 
Dy1  to  Dyn  to  the  ground  potential,  and  sequentially  applies  pulses  of  the  activation  potential  Eac  to  row-direction  wiring 
terminals  Dx1  to  Dxm.  This  pulse  has,  e.g.,  a  pulse  width  of  1  msec  and  a  pulse  height  of  about  18  V.  Then,  the  pulse 
potentials  are  sequentially  applied  to  the  surface-conduction  emission  type  electron-emitting  device  substrate  101  in 
units  of  rows  to  start  activation  in  units  of  lines. 
[0208]  The  sixth  embodiment  will  exemplify  activation  when  n  devices  on  the  line  of  the  row-direction  wiring  terminal 
Dx1  are  activated. 
[0209]  Attention  is  paid  to  a  surface-conduction  emission  type  device  group  on  the  first  row  to  which  an  activation  volt- 
age  is  applied,  a  surface-conduction  emission  type  electron-emitting  device  group  301  is  represented  by  a  model 
including  the  wiring  resistance,  and  the  state  in  which  this  device  group  is  activated  will  be  explained  with  reference  to 
Fig.  17.  In  Fig.  17,  reference  symbols  F1  to  Fn  denote  surface-conduction  emission  type  electron-emitting  devices  on 
the  line  of  the  row-direction  wiring  terminal  Dx1  ;  r1  to  rn,  wring  resistances  at  respective  portions  on  a  row  wiring  EX1  ; 
and  Ry,  a  wiring  resistance  from  the  feeding  terminal  of  each  of  the  wirings  Dy1  to  Dyn  to  a  corresponding  surface-con- 
duction  emission  type  electron-emitting  device.  Since  the  row  wiring  is  designed  to  be  formed  from  a  material  having  a 
constant  line  width  and  thickness  in  the  sixth  embodiment,  r1  to  rN  can  be  considered  to  be  equal  except  for  variations 
in  the  manufacture.  Since  the  wirings  are  designed  to  be  uniform,  the  resistances  Ry  of  the  respective  wirings  can  be 
considered  to  be  equal.  Although  the  equivalent  resistance  value  of  the  surface-conduction  emission  type  electron- 
emitting  device  changes  (decreases)  before  and  after  activation,  the  equivalent  resistance  of  each  device  is  much 
higher  than  the  value  Ry,  and  the  influence  of  Ry  is  substantially  negligible.  The  equivalent  resistance  value  of  the  sur- 
face-conduction  emission  type  electron-emitting  device  is  designed  higher  than  r1  to  rN. 
[0210]  To  activate  the  surface-conduction  emission  type  electron-emitting  device  group  301  ,  the  control  circuit  1606 
controls  a  line  selection  circuit  102  via  the  timing  generation  circuit  105,  and  applies  the  activation  potential  Eac  to  the 
row-direction  wiring  terminal  Dx1  via  the  power  source  104  and  current  monitoring  circuit  103.  Thus,  the  terminal  Dx1 
is  driven  by  the  activation  potential  Eac. 
[021  1  ]  On  the  other  hand,  the  terminals  Dy1  to  Dyn  as  other  electrode  terminals  of  devices  on  the  line  Dx1  are  driven 
by  the  buffer  amplifier  107.  The  buffer  amplifier  107  operates  to  sink  activation  currents  i1  to  in  from  the  devices  F1  to 
FN  or  use  them  as  a  current  source,  and  the  output  potential  amplitude  is  determined  by  the  potential  distribution  gen- 
eration  circuit  1  608. 
[021  2]  In  activation,  the  electrical  characteristics  of  the  device  change  as  shown  in  Fig.  41  .  That  is,  the  device  current 
does  not  substantially  flow  at  the  start  of  activation,  starts  flowing  at  the  same  time  as  electrification,  and  saturates.  At 
this  time,  the  terminal  potential  of  the  device  group  on  the  row  wiring  Dx1  is  monitored  to  find  changes  in  potentials  Gy1 
to  Gyn  due  to  the  influence  of  the  wiring  resistances  r1  to  rn.  The  potential  change  increases  with  the  progress  of  acti- 
vation  and  maximizes  at  the  end  of  activation.  For  example,  for  an  activation  current  of  2  mA/device,  r1  to  rn  =  5  mn, 
and  n  =  1000,  a  potential  change: 

AV  =  1/2  x  1000  x  1001  x 2 m A x 5 m n   =  5V 

occurs  at  the  terminal  Gyn  of  the  device  Fn  farthest  from  the  feeding  terminal. 
[021  3]  To  prevent  this,  a  potential  distribution  identical  to  this  potential  distribution  is  generated  by  the  potential  distri- 
bution  generation  circuit  1608,  and  the  terminals  Dy1  to  Dyn  are  driven  by  outputs  Sy1  to  Syn  from  the  buffer  amplifier 
1  07  so  as  to  cancel  the  potential  distribution  produced  in  respective  devices. 
[0214]  More  specifically,  the  potential  drop  distribution  at  the  terminals  Gy1  to  Gyn  produced  by  currents  flowing 
through  the  devices  F1  to  Fn  along  with  the  progress  of  activation  is  reproduced  by  outputs  By1  to  Byn  from  the  poten- 
tial  distribution  generation  circuit  1608.  If  activation  of  the  devices  F1  to  Fn  substantially  uniformly  progresses,  the 
device  currents  i1  to  in  flowing  through  the  respective  devices  are  almost  equal,  and  the  current  value  can  be  given 
using  an  activation  current  I  (109)  detected  by  the  current  monitoring  circuit  103: 
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iave  =  i1  =  i2  =...=  in  =  l/n 

(n  is  the  number  of  column-direction  devices) 
[0215]  The  control  circuit  1606  calculates  a  potential  drop  amount  at  each  device  terminal  using  iave  as  a  current 
value  flowing  through  each  device,  and  sets  the  calculated  amount  in  the  potential  distribution  generation  circuit  1  608. 
Accordingly,  a  potential  drop  distribution  identical  to  the  distribution  at  the  device  terminals  Gy1  to  Gyn  of  the  devices 
F1  to  Fn  is  realized  at  the  outputs  By1  to  Byn  of  the  potential  distribution  generation  circuit  1608.  By  applying  these 
potentials  to  the  terminals  Dy1  to  Dyn  via  the  outputs  Sy1  to  Syn  of  the  buffer  amplifier  107,  voltages  applied  between 
the  terminals  of  the  devices  F1  to  Fn  can  be  made  uniform  regardless  of  the  device  number  and  the  progress  of  activa- 
tion. 
[021  6]  In  the  sixth  embodiment,  the  potential  distribution  at  device  terminals  produced  along  with  the  progress  of  acti- 
vation  is  calculated  as  follows. 
[0217]  Assuming  that  activation  substantially  simultaneously  progresses  for  respective  devices,  the  device  currents 
i1  to  in  flowing  through  the  devices  F1  to  Fn  are  estimated  from  the  activation  current  I  (109)  detected  by  the  current 
monitoring  circuit  103: 

iave  =  i1  =  i2  =...=  in  =  l/n  (1) 

[021  8]  At  this  time,  the  potentials  By  1  to  Byn  to  be  output  to  the  output  terminals  of  the  potential  distribution  generation 
circuit  1608  are  calculated  using  the  wiring  resistance  values  r1  to  rn  =  r: 

By1  =  -r1  x  £{k  =  1  to  n}ik=  -r  x  n  x  iave=  -r  x  I  (2) 

By2  =  -r2  x  £{k  =  2  to  n}ik  +  By1  =  -r  x  (n  -  1)/n  x  I  +  (-r  x  I)  ... 

Byn  =  -rn  x  in  +  Byn-1  +  Byn-2  +...+  By1  =  -r  x  1/n  x  I  +...-r  x  (n-1)/n  x  I  +  (-r  x  l)=  -1/2  x  r  x  (n  +  1)  x  I 

[021  9]  Along  with  the  progress  of  activation,  the  control  circuit  1  606  measures  the  activation  current,  and  sequentially 
calculates  the  output  potentials  By1  to  Byn  from  equation  (2).  The  control  circuit  1306  transfers  digital  output  data  cor- 
responding  to  the  output  potentials  By1  to  Byn  to  the  latch  circuits  303  of  the  potential  distribution  circuit  1  608.  Upon 
completion  of  a  series  of  operations:  measurement  of  the  device  current  -^calculation  of  output  data  transfer  of  data 
to  the  latch  circuit,  the  control  circuit  1606  applies  the  latch  clock  1  10  to  all  the  latch  circuits  303  in  order  to  update  D/A 
data,  and  updates  the  data  in  synchronism  with  this.  Then,  the  potential  distribution  generation  circuit  1608  generates 
a  potential  distribution  corresponding  to  a  potential  distribution  amount  generated  at  the  terminals  Gy1  to  Gyn  of  the 
devices  F1  to  Fn. 
[0220]  Similar  to  the  first  embodiment,  Figs.  5A  and  5B  show  the  distributions  of  potentials  applied  across  the  devices 
F1  to  Fn  at  the  start  and  end  of  activation  in  the  sixth  embodiment.  Fig.  5A  shows  a  potential  distribution  immediately 
after  the  start  of  activation.  The  abscissa  represents  device  numbers  F1  to  Fn,  which  indicate  device  positions.  The 
ordinate  represents  terminal  potentials  at  the  two  terminals  of  each  device.  As  described  above,  currents  flowing 
through  respective  devices  bare  small  immediately  after  the  start  of  activation.  Therefore,  the  activation  potential  Eac  = 
1  8  V  is  applied  from  the  power  source  1  04  to  the  terminals  Gy1  to  Gyn  of  the  devices.  Since  almost  no  activation  current 
flows,  the  current  setting  value  of  the  potential  distribution  generation  circuit  1608  is  almost  0,  and  the  outputs  By1  to 
Byn  of  the  potential  distribution  generation  circuit  1608  and  the  outputs  Sy1  to  Syn  of  the  buffer  107  are  also  at  almost 
0  V.  For  this  reason,  a  predetermined  application  voltage  up  to  1  8  V  is  applied  to  the  respective  devices  to  progress  acti- 
vation. 
[0221  ]  Fig.  5B  shows  a  potential  distribution  at  the  end  of  activation.  At  the  end  of  activation,  currents  flowing  through 
respective  devices  are  almost  2  mA.  The  activation  potential  Eac  (application  width:  18  V)  applied  from  the  power 
source  1  04  decreases  owing  to  the  influence  of  a  potential  drop  caused  by  the  wiring  resistance  upon  application  to  the 
terminals  Gy1  to  Gyn  of  the  respective  devices.  At  this  time,  if  the  current  setting  value  of  the  potential  distribution  gen- 
eration  circuit  1  608  is  set  to  2  mA,  the  outputs  By1  to  Byn  of  the  potential  distribution  generation  circuit  1  608  and  the 
outputs  Sy1  to  Syn  of  the  buffer  107  have  the  same  distribution  as  Gy1  to  Gyn.  As  a  result,  a  predetermined  application 
voltage  up  to  18  V  is  applied  to  the  respective  devices  to  activate  them. 
[0222]  More  specifically,  when  the  device  current  increases  with  the  progress  of  activation,  the  potential  distribution 
generated  at  the  device  terminal  always  changes  due  to  the  influence  of  the  wiring  resistance.  In  this  case,  the  control 
circuit  1606  calculates  the  outputs  By1  to  Byn  of  the  potential  distribution  generation  circuit  1608  in  accordance  with 
equation  (2)  from  the  activation  current  values  I  sequentially  detected  by  the  current  monitoring  circuit  103  along  with 
the  progress  of  activation.  The  control  circuit  1  606  sequentially  updates  and  sets  values  corresponding  to  the  calculated 
values  By1  to  Byn  for  DD1  to  DDn  of  the  latch  circuits  303  included  in  the  potential  distribution  generation  circuit  1608. 
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In  this  fashion,  all  devices  are  activated  by  a  constant  voltage  from  the  start  to  end  of  activation.  When  the  device  cur- 
rent  of  each  device  reaches  2  mA,  activation  ends. 
[0223]  Fig.  21  shows  an  example  of  a  control  procedure  by  the  control  circuit  1  606  when  activation  is  performed  by  a 
procedure  of  completing  activation  in  units  of  lines  and  switching  lines.  Fig.  21  shows  a  procedure  for  one  line.  Since 
the  substrate  101  generally  has  a  plurality  of  lines,  this  control  procedure  is  repeatedly  executed  for  a  plurality  of  lines. 
In  Fig.  21,  the  control  circuit  1606  calculates  digital  values  corresponding  to  the  potentials  By1  to  Byn  from  an  input 
value  from  the  current  monitoring  circuit  103  (step  S2701).  The  control  circuit  1606  sets  the  calculated  values  in  the 
latch  circuits  DD1  to  DDn  (step  S2702).  In  this  state,  the  control  circuit  1606  outputs  a  latch  clock  to  the  potential  distri- 
bution  generation  circuit  (step  S2703).  This  is  repeatedly  executed  until  the  above-described  activation  end  conditions 
are  satisfied.  If  the  conditions  are  satisfied,  activation  for  this  line  ends  (YES  in  step  S2704).  If  a  next  line  exists,  the 
control  circuit  1606  outputs  a  line  switching  signal  to  select  the  next  line.  If  activation  for  the  selected  line  has  not  been 
completed  yet,  the  control  circuit  1606  returns  to  step  S2701  to  read  an  activation  current  value  with  respect  to  the  acti- 
vation  potential  applied  in  step  S2703  from  the  current  monitoring  circuit  103,  and  repeatedly  executes  the  processing 
from  step  S2701  .  The  clock  output  in  step  S2703  may  be  a  signal  having  a  predetermined  frequency  which  is  generated 
based  on  a  clock  for  controlling  the  operation  of  the  control  circuit  1606  itself. 
[0224]  By  this  method,  an  activation  voltage  distribution  generated  upon  activation  can  be  corrected  to  make  the  elec- 
tron-emitting  characteristics  of  all  devices  uniform. 
[0225]  The  above  description  is  directed  to  activation  of  devices  on  the  row  wiring  Dx1  .  This  procedure  can  similarly 
apply  to  activation  of  devices  on  another  line.  In  this  way,  activation  of  all  surface-conduction  emission  type  electron- 
emitting  devices  on  the  substrate  101  is  completed. 
[0226]  When  a  plurality  of  lines  are  activated,  after  activation  of  devices  on  a  given  line  is  completed,  the  line  selection 
circuit  102  is  switched  to  activate  another  activation  line  (activation  is  performed  in  units  of  lines).  Alternatively,  a  plural- 
ity  of  lines  may  be  simultaneously  activated  while  sequentially  switching  activation  lines.  In  this  case,  the  progress  of 
activation  may  vary  between  lines.  To  prevent  this,  the  average  device  currents  of  respective  lines  are  sequentially 
stored  in  a  memory  or  the  like,  and  activation  is  performed  while  updating  the  output  of  the  potential  distribution  gener- 
ation  circuit  1608  at  a  high  speed  using  the  average  device  current  stored  in  the  memory  in  switching  lines.  At  this  time, 
when  the  row-direction  wiring  resistances  r1  to  rn  become  slightly  different  between  lines,  these  values  are  also  stored 
in  a  memory  or  the  like,  and  when  the  potential  distributions  is  updated,  appropriately  read  out  together  with  the  aver- 
age  device  current  value  of  each  line  and  used  for  calculation. 
[0227]  When  the  number  n  of  devices  is  large,  a  long  time  may  be  spent  for  a  series  of  operations:  measurement  of 
the  activation  current  calculation  of  output  data  -^data  transfer.  This  time  can  be  shortened  by  parallel  processing 
for  respective  devices.  In  the  sixth  embodiment,  the  potential  distribution  generation  circuit  1608  is  constituted  by  D/A 
converters  equal  in  number  to  the  number  n  of  column-direction  wirings  of  the  surface-conduction  emission  type  elec- 
tron-emitting  device  substrate  101.  Since  the  compensation  potential  distribution  profile  changes  gradually,  as  shown 
in  Figs.  5A  and  5B,  the  D/A  converters  may  be  thinned  out,  and  potential  values  to  be  applied  to  the  thinned  column- 
direction  wiring  terminals  may  be  defined  by  resistance  division.  This  realizes  a  small  number  of  D/A  converters,  a  short 
calculation  time,  and  low  cost. 
[0228]  In  the  sixth  embodiment,  the  power  source  1  04  has  a  positive  output,  and  activation  is  performed  to  flow  a  cur- 
rent  from  the  terminal  Dx1  to  the  terminals  Dy1  to  Dyn.  Alternatively,  the  polarity  may  be  inverted,  and  activation  may 
be  performed  to  flow  a  current  from  the  terminals  Dy1  to  Dyn  to  the  terminal  Dx1.  In  this  case,  since  the  potential  dis- 
tribution  is  also  inverted,  the  buffer  amplifier  107  is  constituted  as  a  (-1)-time  inverting  buffer  amplifier  to  source  the  cur- 
rent,  thereby  obtaining  the  same  effects. 
[0229]  In  the  sixth  embodiment,  the  influence  of  the  column-direction  wiring  resistance  Ry  in  Fig.  1  7  is  ignored  when 
the  resistance  of  the  column-direction  wiring  is  much  lower  than  the  equivalent  resistance  of  the  surface-conduction 
emission  type  electron-emitting  device.  When,  however,  the  resistance  of  the  extraction  wiring  or  the  like  increases  to 
a  noticeable  degree,  a  potential  drop  caused  by  the  column-direction  wiring  resistance  may  be  compensated. 
[0230]  As  described  above,  the  activation  apparatus  of  the  sixth  embodiment  can  make  the  electron-emitting  charac- 
teristics  of  all  devices  uniform  by  monitoring  activation  currents  and  correcting  the  distribution  of  activation  voltages  to 
respective  devices  on  one  line.  This  electron  source  substrate  is  used  to  realize  a  high-quality  image  display  apparatus 
almost  free  from  variations  in  luminance  or  density. 

[Seventh  Embodiment] 

[0231]  An  activation  apparatus  for  the  surface-conduction  emission  type  electron-emitting  device  according  to  the 
seventh  embodiment  of  the  present  invention  will  be  described  with  reference  to  Fig.  18. 
[0232]  Also  in  Fig.  18,  a  surface-conduction  emission  type  electron-emitting  device  substrate  501  is  the  same  as  the 
substrate  101  in  Fig.  6.  The  operation  of  the  whole  apparatus,  the  activation  procedure,  and  the  like  are  the  same  as  in 
the  sixth  embodiment,  and  a  description  thereof  will  be  omitted. 
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[0233]  The  seventh  embodiment  is  different  from  the  sixth  embodiment  in  method  of  driving  a  line  selection  circuit  502 
of  the  surface-conduction  emission  type  electron-emitting  device  substrate  501  ,  as  will  be  described. 
[0234]  The  method  of  driving  the  line  selection  circuit  502  will  be  explained. 
[0235]  The  line  selection  circuit  502  incorporates  m  switching  elements  (SWX1  to  SWXm).  Each  switching  element 
selects  either  one  of  the  output  potential  of  a  power  source  504  and  the  output  potential  of  a  variable  power  source  513, 
and  the  m  switching  elements  are  electrically  connected  to  terminals  Dx1  to  Dxm  of  the  surface-conduction  emission 
type  electron-emitting  device  substrate  501.  Each  switching  element  operates  based  on  a  control  signal  Vscan  output 
from  a  timing  generation  circuit  1  05.  In  practice,  the  switching  elements  can  be  easily  constituted  by  a  combination  of 
switching  elements  such  as  FETs  or  relays. 
[0236]  In  Fig.  19,  the  first  line  (Sx1)  is  selected,  the  output  potential  of  the  power  source  504  is  applied  to  only  the 
row-direction  wiring  Dx1  ,  and  the  remaining  lines  (Sx2  to  Sxm)  are  connected  to  the  output  potential  of  the  variable 
power  source  51  3.  The  output  potential  of  the  variable  power  source  51  3  is  set  by  a  non-selection  potential  setting  value 
512  output  from  a  control  circuit  506. 
[0237]  In  the  seventh  embodiment,  a  non-selection  potential  as  a  potential  applied  to  unselected  lines  (Sx2  to  Sxm) 
to  which  no  activation  voltage  is  applied  is  set  to  a  potential  other  than  the  ground  level.  The  reason  is  as  follows. 
[0238]  According  to  the  electron  source  manufacturing  method  of  the  seventh  embodiment,  when  activation  is  per- 
formed  in  units  of  rows,  a  potential  drop  distribution  generated  in  the  column  direction  on  the  same  row  is  compensated 
by  application  potentials  from  column-direction  wiring  terminals  Dy1  to  Dyn.  The  application  potentials  from  the  column- 
direction  wiring  terminals  Dy1  to  Dyn  are  applied  to  not  only  devices  on  an  activated  line  but  also  devices  on  an  inacti- 
vated  line  because  the  surface-conduction  emission  type  electron-emitting  device  substrate  has  a  simple  matrix 
arrangement.  As  a  matter  of  course,  the  potentials  of  the  column-direction  wiring  terminals  Dy1  to  Dyn  are  as  low  as 
several  V  in  maximum.  It  is  however  desirable  to  reduce  an  increase  in  power  consumption  by  application  of  potentials 
to  devices  on  an  inactivated  line.  For  this  purpose,  inactivated  lines  are  grouped,  and  the  non-selection  potential  setting 
value  512  is  applied  to  the  grouped  lines  so  as  to  minimize  the  absolute  values  of  voltages  applied  across  devices  con- 
nected  to  these  lines. 
[0239]  The  non-selection  potential  setting  value  512  is  determined  by  the  control  circuit  506  as  follows.  The  difference 
between  maximum  and  minimum  potentials  generated  at  respective  terminals  at  the  output  of  a  potential  distribution 
circuit  508  is  calculated  as  a  potential  drop  amount.  More  specifically,  in  Fig.  18,  the  maximum  potential  distribution 
amount  at  outputs  By1  to  Byn  of  the  potential  distribution  circuit  508  is  calculated  by 

Maximum  Potential  Distribution  Amount  =  Potential  By1  -  Potential  Byn 

Thus,  the  non-selection  potential  setting  value  512  is  determined  by 

Non-Selection  Potential  Setting  Value  512:  Voff  =  1/2  x  Maximum  Potential  Distribution  Amount 

[0240]  Also  in  the  seventh  embodiment,  similar  to  the  first  embodiment,  the  output  of  the  potential  distribution  circuit 
508  can  be  calculated  using  an  activation  current  value  509  (I)  of  the  current  monitoring  circuit  503  and  wiring  resist- 
ance  values  r1  to  rn  =  r: 

By1  =  -r1  x  £{k  =  1  to  n}ik=  -r  x  n  x  iave=  -r  x  I  ... 

Byn  =  -rn  x  in  +  Byn-1  +  Byn-2  +...+  By1  =  -r  x  1/n  x  I  +...-r  x  (n-1)/n  x  I  +  (-r  x  l)=  -1/2  x  r  x  (n  +  1)  x  I 

[0241]  Hence,  the  non-selection  potential  setting  value  512  is  calculated  by 

Voff  =  -1/2  x  Maximum  Potential  Distribution  Amount 
=  -1/2  (Potential  By1  -  Potential  Byn) 
=  -1/4  x  r  x  (n  -  1)  x  I 

[0242]  The  potential  of  an  unselected  line  is  set  in  this  manner  to  perform  driving,  and  then  voltages: 
(Voff  -  By1)  to  (Voff  -  Byn)  that  is, 

-1/4  x  r  x  (n  -  5)  x  I  to  -1/4  x  r  x  (n  +  3)  x  I 

are  applied  across  devices  on  the  unselected  line. 
[0243]  When  the  non-selection  potential  setting  value  512  is  the  ground  level,  voltages: 

(Voff  -  By1)  to  (Voff  -  Byn)  that  is, 
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rxl  to  1/2  x  r  x  (n  +  1)  x  I 

are  applied  across  devices  on  an  unselected  line.  By  applying  the  non-selection  potential  setting  value  512  to  an  unse- 
lected  line,  the  absolute  values  of  voltages  applied  across  devices  connected  to  the  unselected  line  can  be  substantially 
halved  (in  general,  n  is  as  large  as  1  ,000  or  more). 
[0244]  Figs.  20A  and  20B  show  changes  in  driving  potential  waveforms  applied  to  each  terminal  of  the  surface-con- 
duction  emission  type  electron-emitting  device  substrate  501  at  the  start  and  end  of  activation. 
[0245]  Fig.  20A  shows  the  driving  potential  waveform  of  each  terminal  immediately  after  the  start  of  activation,  and 
Fig.  20B  shows  the  driving  potential  waveform  at  the  end  of  activation. 
[0246]  As  described  above,  each  device  is  driven  by  a  pulse  having  a  driving  potential  of  1  8  in  and  a  pulse  width  of  1 
ms.  A  waveform  (a)  in  Figs.  20A  and  20B  represents  a  driving  waveform  to  the  terminal  Dx1  to  be  activated,  which  is 
driven  by  the  power  source  504  (driving  potential:  18V,  pulse  width:  1  ms).  A  waveform  (b)  represents  a  driving  wave- 
form  to  the  terminals  Dx2  to  Dxm  on  unselected  lines  which  are  not  activated,  which  is  driven  by  the  variable  power 
source  513  set  by  the  non-selection  potential  setting  value  512.  The  non-selection  potential  setting  value  512  is  repre- 
sented  by  Voff.  Waveforms  (c)  and  (d)  represent  driving  waveforms  to  the  column-direction  terminals  of  the  surface-con- 
duction  emission  type  electron-emitting  device  substrate  501  ,  which  are  driven  by  a  buffer  amplifier  507.  The  waveform 
(c)  represents  a  driving  waveform  to  the  terminal  Dy1  exhibiting  the  minimum  potential  drop,  and  the  waveform  (d)  rep- 
resents  a  driving  waveform  to  the  terminal  Dyn  exhibiting  the  maximum  potential  drop. 
[0247]  Immediately  after  the  start  of  activation  shown  in  Fig.  20A,  almost  no  activation  current  flows.  The  potential 
drop  amount  caused  by  the  wiring  resistance  is  small,  and  the  compensation  potential  amount  and  non-selection  poten- 
tial  setting  value  Voff  are  also  small.  Activation  progresses,  and  a  large  activation  current  flows  at  the  end  of  activation. 
Accordingly,  the  potential  drop  amount  caused  by  the  wiring  resistance  increases,  and  the  compensation  potential 
amount  and  non-selection  potential  setting  value  Voff  also  increase,  as  shown  in  Fig  20B.  That  is,  the  compensation 
potential  distribution  changes  with  the  progress  of  activation  to  always  apply  the  set  voltage  =  1  8  V  to  each  device. 
[0248]  Note  that  each  device  is  driven  by  a  pulse,  as  described  above.  Output  of  the  pulse  potential  from  the  line 
selection  circuit  502  starts  after  a  change  in  pulse  output  from  the  buffer  amplifier  507  for  generating  a  potential  distri- 
bution,  and  ends  before  a  change  in  pulse  output  from  the  buffer  amplifier  507.  This  will  be  explained.  This  time  differ- 
ence  is  represented  by  At  in  Figs.  20A  and  20B.  A  t  is  about  several  usee. 
[0249]  The  time  difference  At  is  set  to  cope  with  a  delay  in  output  timing  between  channels  owing  to  variations  in  buffer 
amplifier  output  between  amplifiers.  That  is,  output  of  the  pulse  voltage  from  the  line  selection  circuit  502  may  start 
before  a  change  in  pulse  output  from  the  buffer  amplifier  507  for  generating  a  potential  distribution.  In  this  case,  if  a 
delay  occurs  in  output  timing  between  channels,  a  sufficient  driving  voltage  is  instantaneously  applied  to  only  some  of 
devices  on  a  selected  line.  During  this  instantaneous  time,  all  devices  on  the  selected  line  are  not  driven  to  decrease  a 
flowing  activation  current.  The  buffer  amplifier  applies  a  calculated  potential  on  the  assumption  that  all  devices  on  the 
selected  line  are  sufficiently  driven.  Therefore,  a  driving  voltage  higher  than  the  set  voltage  is  applied  to  the  devices  to 
make  the  characteristics  nonuniform. 
[0250]  For  this  reason,  output  of  the  pulse  potential  from  the  line  selection  circuit  502  starts  after  a  change  in  pulse 
output  from  the  buffer  amplifier  507  for  generating  a  potential  distribution,  and  ends  before  a  change  in  pulse  output 
from  the  buffer  amplifier  507.  With  this  setting,  the  influence  of  variations  in  output  timing  of  the  buffer  amplifier  can  be 
avoided. 
[0251]  When  a  potential  applied  to  an  unselected  line  is  made  closer  to  the  potential  of  the  column  wiring,  as 
described  in  the  seventh  embodiment,  the  power  applied  in  activating  the  surface-conduction  emission  type  electron- 
emitting  device  substrate  can  be  reduced.  Note  that  the  offset  potential  determination  method  is  not  limited  to  the  above 
one,  and  the  offset  potential  may  be  determined  to  minimize  the  power  value  applied  to  the  entire  surface-conduction 
emission  type  electron-emitting  device  substrate. 
[0252]  As  described  above,  the  activation  apparatus  of  the  seventh  embodiment  can  make  the  electron-emitting  char- 
acteristics  of  all  devices  uniform  by  monitoring  activation  currents  and  correcting  the  distribution  of  activation  voltages 
to  respective  devices  on  one  line.  This  electron  source  substrate  is  used  to  realize  a  high-quality  image  display  appa- 
ratus  almost  free  from  variations  in  luminance  or  density. 
[0253]  Since  a  predetermined  non-selection  potential  is  applied  to  an  inactivated  line,  an  increase  in  power  consump- 
tion  by  application  of  potentials  to  devices  on  an  inactivated  line  can  be  reduced. 
[0254]  Moreover,  output  of  the  line  selection  pulse  potential  starts  after  a  change  in  pulse  output  of  the  activation 
potential  from  the  buffer  amplifier,  and  ends  before  a  change  in  pulse  output  of  the  activation  potential  from  the  buffer 
amplifier.  Even  if  the  output  timing  of  the  buffer  amplifier  varies,  the  influence  can  be  avoided. 

[Eighth  Embodiment] 

[0255]  An  activation  apparatus  for  the  surface-conduction  emission  type  electron-emitting  device  according  to  the 
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eighth  embodiment  of  the  present  invention  will  be  described  with  reference  to  Fig.  33. 
[0256]  Also  in  Fig.  33,  a  surface-conduction  emission  type  electron-emitting  device  substrate  701  is  the  same  as  the 
substrate  1  01  in  Fig.  1  .  The  operation  of  the  whole  apparatus,  the  activation  procedure,  and  the  like  are  the  same  as  in 
the  sixth  embodiment,  and  a  description  thereof  will  be  omitted. 
[0257]  The  eighth  embodiment  is  different  from  the  sixth  and  seventh  embodiments  in  the  absence  of  any  current 
monitoring  circuit  connected  to  a  line  selection  circuit  702  of  the  surface-conduction  emission  type  electron-emitting 
device  substrate  701  .  Instead,  the  eighth  embodiment  adopts  a  distribution  value  memory  712  for  storing  a  distribution 
potential  value  to  be  generated  in  a  potential  distribution  generation  circuit  708.  Data  of  the  distribution  value  memory 
712  can  be  transferred  to  the  potential  distribution  circuit  708  in  accordance  with  a  command  from  a  control  circuit  706. 
The  reason  will  be  described. 
[0258]  As  is  apparent  from  changes  in  activation  time  and  current  in  Figs.  27B,  5A,  and  5B,  the  device  current 
increases  with  electrification  and  saturates  at  last  during  activation  processing.  In  the  sixth  and  seventh  embodiments, 
activation  processing  is  performed  while  monitoring  the  device  current  by  the  current  monitoring  circuit  so  as  to  set  the 
device  current  of  each  device  on  the  surface-conduction  emission  type  electron-emitting  device  substrate  101  to  2  mA 
at  last.  However,  when  the  reproducibility  of  activation  processing  is  high,  and  changes  in  activation  time  and  current 
are  almost  the  same  in  activating  any  device  on  the  surface-conduction  emission  type  electron-emitting  device  sub- 
strate  701,  the  end  of  activation  can  be  determined  by  the  electrification  time  of  activation  without  monitoring  the 
progress  of  activation  by  the  current  monitoring  circuit. 
[0259]  The  eighth  embodiment  will  exemplify  a  method  of  compensating  a  potential  drop  caused  in  the  line  direction 
by  the  wiring  resistance  in  the  activation  method  of  determining  the  end  of  activation  by  the  electrification  time  of  acti- 
vation. 
[0260]  Similar  to  the  sixth  and  seventh  embodiments,  activation  was  performed  by  applying  pulses  of  an  activation 
voltage  having  a  pulse  width  of  1  msec,  a  pulse  period  of  10  msec,  and  a  pulse  height  of  18  V.  At  that  time,  activation 
was  performed  for  30  min  in  order  to  obtain  an  activation  device  current  of  2  mA/device. 
[0261]  Changes  in  activation  time  and  current  as  shown  in  Figs.  27B,  5A,  and  5B  were  measured  for  30  min  in 
advance.  A  voltage  amount  to  be  output  from  the  potential  distribution  generation  circuit  708  was  calculated  from  an 
activation  current  value  with  the  lapse  of  a  certain  activation  time  in  accordance  with  equations  (1)  and  (2)  in  the  sixth 
embodiment,  and  stored  in  the  distribution  value  correction  memory  712. 
[0262]  The  distribution  value  correction  memory  712  is  addressed  by  an  activation  time  t  and  column-direction  wiring 
numbers  1  to  n.  With  the  lapse  of  a  corresponding  activation  time,  compensation  potential  values  to  be  generated  at  the 
column-direction  wiring  numbers  1  to  n  are  output  as  output  setting  values  710  to  set  the  values  of  corresponding  D/A 
converters  of  the  potential  distribution  generation  circuit  708.  Then,  the  independent  compensation  potential  amounts 
are  set  in  the  D/A  converters,  and  all  the  outputs  are  simultaneously  updated  by  a  latch  CLK. 
[0263]  Fig.  34  shows  an  example  of  compensation  potential  values  stored  in  the  distribution  value  correction  memory 
712.  In  Fig.  34,  compensation  potential  amounts  are  stored  in  the  distribution  value  correction  memory  712  every  acti- 
vation  time  t  =  1  min.  The  compensation  potential  values  of  all  the  column-direction  wiring  numbers  1  to  n  are  0  V  at  the 
activation  time  t  =  0.  Compensation  potentials  from  -0.1  V  to  -0.3  V  are  generated  after  1  min,  and  compensation  poten- 
tials  from  -0.5  V  to  -3.0  V  are  generated  after  29  min.  That  is,  compensation  potential  data  for  the  column-direction  wir- 
ing  number  n  x  30  min  are  stored  in  the  distribution  value  correction  memory  712. 
[0264]  Figs.  35(a),  35(b),  and  35(c)  show  the  distributions  of  potentials  applied  across  devices  F1  to  Fn  1  min  after 
the  start  of  activation  and  after  29  min  immediately  before  the  end  when  activation  is  performed  for  30  min.  The 
abscissa  in  Figs.  35(b)  and  35(c)  represents  device  numbers  F1  to  Fn,  which  indicate  device  positions.  The  ordinate 
represents  terminal  voltages  at  the  two  terminals  of  each  device.  As  shown  in  Fig.  35(b),  currents  flowing  through 
respective  devices  are  small  immediately  after  the  start  of  activation,  as  described  above.  Therefore,  the  activation 
potential  Eac  =  18  V  applied  from  a  power  source  704  is  applied  to  terminals  Gy1  to  Gyn  of  the  devices.  In  addition, 
almost  no  activation  current  flows.  Respective  values  in  the  distribution  value  correction  memory  712  are  almost  0  V, 
the  current  setting  value  of  the  potential  distribution  generation  circuit  708  is  also  almost  0,  and  outputs  By1  to  Byn  of 
the  potential  distribution  generation  circuit  708  and  outputs  Sy1  to  Syn  of  a  buffer  amplifier  707  are  also  almost  0  V.  With 
the  lapse  of  the  activation  time  of  29  min  shown  in  Fig  35C,  respective  values  in  the  distribution  value  correction  mem- 
ory  712  generate  the  largest  compensation  potentials.  Then,  a  predetermined  application  voltage  up  to  18  V  is  applied 
to  respective  devices  to  progress  activation. 
[0265]  In  the  above  description,  compensation  potential  amounts  are  stored  in  the  distribution  value  correction  mem- 
ory  712  every  activation  time  t  =  1  min.  However,  since  a  change  in  activation  current  in  the  unit  time  is  not  always  con- 
stant  in  the  activation  time  vs.  activation  current  profile,  the  interval  of  the  activation  time  t  for  addressing  the  distribution 
value  correction  memory  712  can  be  adjusted  in  accordance  with  an  actual  profile.  More  specifically,  in  a  time  range  in 
which  a  change  in  activation  current  in  the  unit  time  is  large,  the  interval  of  the  activation  time  t  for  addressing  the  dis- 
tribution  value  correction  memory  712  is  set  small.  In  a  time  range  in  which  a  change  in  activation  current  in  the  unit 
time  is  small,  the  interval  of  the  activation  time  t  for  addressing  the  distribution  value  correction  memory  71  2  is  set  large. 
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With  this  setting,  the  memory  capacity  can  be  saved  to  realize  potential  compensation  with  high  controllability. 
[0266]  According  to  the  above  embodiments,  when  a  surface-conduction  emission  type  electron-emitting  device  sub- 
strate  on  which  surface-conduction  emission  type  electron-emitting  devices  are  arranged  in  a  matrix  is  manufactured 
by  activation,  there  can  be  realized  activation  which  allows  an  electron  source  formed  by  arranging  a  large  number  of 
surface-conduction  emission  type  electron-emitting  devices  in  a  simple  matrix  to  obtain  uniform  electron-emitting  char- 
acteristics  by  preventing  variations  in  characteristics  due  to  nonuniform  voltages  applied  to  the  devices  under  the  influ- 
ence  of  a  potential  drop  caused  by  the  wiring  resistance  and  activation  current.  This  electron  source  substrate  is  used 
to  realize  a  high-quality  image  display  apparatus  almost  free  from  variations  in  luminance  or  density. 
[0267]  Further,  the  controllability  can  be  improved  by  applying  a  predetermined  non-selection  potential  to  an  inacti- 
vated  line,  and  an  increase  in  power  consumption  by  application  of  voltages  to  devices  on  the  unselected  line  can  be 
reduced  by  making  a  potential  applied  to  the  unselected  line  closer  to  the  potential  of  the  column  wiring. 
[0268]  Since  output  of  the  line  selection  pulse  potential  starts  after  a  change  in  pulse  output  of  the  column  wiring 
potential,  and  ends  before  a  change  in  pulse  output  of  the  column  wiring  potential,  the  influence  of  variations  in  output 
(connection)  timing  of  the  potential  can  be  avoided. 
[0269]  As  has  been  described  above,  according  to  the  present  invention,  a  preferable  electron-emitting  device  can  be 
obtained. 
[0270]  As  many  apparently  widely  different  embodiments  of  the  present  invention  c1  .  An  electron  source  manufactur- 
ing  method  comprising  the  step  of  applying  a  potential  to  first  portions  of  a  plurality  of  conductive  members  serving  as 
at  least  part  of  electron-emitting  devices  via  a  wiring  commonly  connected  to  the  plurality  of  conductive  members,  and 
applying  a  potential  to  second  portions  of  the  plurality  of  conductive  members,  thereby  applying  a  voltage  to  the  plurality 
of  conductive  members, 
an  be  made  without  departing  from  the  spirit  and  scope  thereof,  it  is  to  be  understood  that  the  invention  is  not  limited  to 
the  specific  embodiments  thereof  except  as  defined  in  the  appended  claims. 

Claims 

1  .  An  electron  source  manufacturing  method  characterized  by  comprising  the  step  of  applying  a  potential  to  first  por- 
tions  of  a  plurality  of  conductive  members  serving  as  at  least  part  of  electron-emitting  devices  via  a  wiring  com- 
monly  connected  to  the  plurality  of  conductive  members,  and  applying  a  potential  to  second  portions  of  the  plurality 
of  conductive  members,  thereby  applying  a  voltage  to  the  plurality  of  conductive  members, 
wherein  the  potential  applied  to  the  second  portions  of  the  plurality  of  conductive  members  is  set  to  relax  a  differ- 
ence  in  voltage  applied  to  the  plurality  of  conductive  members  owing  to  a  difference  between  potentials  at  portions 
respectively  connected  to  the  first  portions  of  the  plurality  of  conductive  members  in  the  wiring  commonly  con- 
nected  to  the  plurality  of  conductive  members. 

2.  The  method  according  to  claim  1  ,  wherein  the  potential  applied  to  the  second  portion  is  changed  in  accordance 
with  a  change  in  potential  applied  to  the  first  portion. 

3.  The  method  according  to  claim  1  or  2,  wherein  the  potential  applied  to  the  first  portion  is  estimated. 

4.  The  method  according  to  claim  3,  wherein  the  potential  applied  to  the  first  portion  is  estimated  by  measuring  a  cur- 
rent  flowing  through  the  wiring. 

5.  The  method  according  to  claim  3,  wherein  the  potential  applied  to  the  first  portion  is  estimated  by  measuring  a  cur- 
rent  flowing  through  a  wiring  connected  to  the  second  portion. 

6.  The  method  according  to  claim  3,  wherein  the  potential  applied  to  the  first  portion  is  estimated  based  on  stored 
data. 

7.  The  method  according  to  any  one  of  claims  1  to  6,  wherein  the  potential  to  be  applied  to  the  second  portion  is  deter- 
mined  by  using  an  equivalent  wiring  resistance  array  obtained  by  arranging  resistances  substantially  equal  to  a 
resistance  of  the  wiring  in  an  array. 

8.  The  method  according  to  claim  7,  wherein  the  potential  to  be  applied  to  the  second  portion  is  determined  by  sinking 
a  predetermined  current  amount  or  using  the  predetermined  current  amount  as  a  current  source  from  portions  of 
the  equivalent  wiring  resistance  array  respectively  connected  to  the  second  portions. 

9.  The  method  according  to  any  one  of  claims  1  to  8,  wherein  one  or  both  of  the  potential  applied  to  the  first  portion 
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and  the  potential  applied  to  the  second  portion  are  applied  as  pulses. 

10.  The  method  according  to  any  one  of  claims  1  to  8,  wherein  a  potential  applied  to  the  wiring  commonly  connected 
to  the  plurality  of  conductive  members  and  the  potential  applied  to  the  second  portion  are  applied  as  pulses,  and 
the  pulse-like  potential  applied  to  the  wiring  commonly  connected  to  the  plurality  of  conductive  members  is  applied 
after  the  pulse-like  potential  applied  to  the  second  portion. 

11.  The  method  according  to  any  one  of  claims  1  to  10,  wherein  the  conductive  member  is  connected  to  one  of  a  plu- 
rality  of  row  wirings  and  one  of  a  plurality  of  column  wirings  that  constitute  a  matrix,  and  the  voltage  application  step 
comprises  the  step  of  applying  a  voltage  to  conductive  members  connected  to  a  row  wiring  selected  from  the  plu- 
rality  of  row  wirings  by  a  potential  applied  to  the  first  portions  in  accordance  with  a  potential  applied  to  the  selected 
row  wiring  and  a  potential  applied  to  the  second  portions  in  accordance  with  a  potential  applied  to  the  plurality  of 
column  wirings. 

1  2.  The  method  according  to  claim  1  1  ,  wherein  the  voltage  application  step  comprises  the  step  of  applying,  to  an  unse- 
lected  row  wiring  out  of  the  plurality  of  row  wirings,  a  potential  for  suppressing  a  current  flowing  through  the  unse- 
lected  row  wiring  owing  to  a  potential  difference  from  the  potential  applied  to  the  column  wiring. 

13.  The  method  according  to  claim  12,  wherein  one  or  both  of  the  potential  applied  to  the  unselected  row  wiring  and 
the  potential  applied  to  the  column  wiring  are  set  to  set  the  potential  of  the  unselected  row  wiring  to  a  potential 
between  maximum  and  minimum  values  of  the  potential  applied  to  the  plurality  of  column  wirings. 

14.  The  method  according  to  claim  12,  wherein  one  or  both  of  the  potential  applied  to  the  unselected  row  wiring  and 
the  potential  applied  to  the  column  wiring  are  set  to  set  a  ground  potential  between  maximum  and  minimum  values 
of  the  potential  applied  to  the  plurality  of  column  wirings. 

15.  The  method  according  to  any  one  of  claims  11  to  14,  further  comprising  the  step  of  applying  the  voltage  while 
sequentially  switching  row  wirings  to  be  selected. 

16.  The  method  according  to  claim  15,  wherein  row  wirings  to  be  selected  are  switched  upon  completion  of  the  step  of 
applying  the  voltage  to  the  conductive  members  connected  to  the  selected  row  wiring. 

17.  The  method  according  to  claim  15,  further  comprising  the  steps  of:  selecting  a  given  row  wiring  and  applying  the 
voltage  to  conductive  members  connected  to  the  selected  row  wiring  at  a  time  interval,  thereby  applying  the  volt- 
age;  and  selecting  another  row  wiring  during  the  time  interval  and  applying  the  voltage  to  conductive  members  con- 
nected  to  said  another  row  wiring. 

18.  A  method  of  manufacturing  an  image  forming  apparatus  having  an  electron  source  and  an  image  forming  member 
for  forming  an  image  upon  irradiation  of  electrons  emitted  by  the  electron  source,  characterized  by  comprising  the 
steps  of  manufacturing  the  electron  source  by  the  electron  source  manufacturing  method  defined  in  any  one  of 
claims  1  to  17,  and  assembling  the  electron  source  and  the  image  forming  member. 

19.  An  electron  source  manufacturing  apparatus  characterized  by  comprising  a  first  circuit  for  applying  a  potential  to 
first  portions  of  a  plurality  of  conductive  members  serving  as  at  least  part  of  electron-emitting  devices  via  a  wiring 
commonly  connected  to  the  plurality  of  conductive  members,  and  a  second  circuit  for  applying  a  potential  to  second 
portions  of  the  plurality  of  conductive  members,  wherein  said  second  circuit  sets  the  potential  applied  to  the  second 
portions  of  the  plurality  of  conductive  members  so  as  to  relax  a  difference  in  voltage  applied  to  the  plurality  of  con- 
ductive  members  owing  to  a  difference  between  potentials  at  portions  respectively  connected  to  the  first  portions 
of  the  plurality  of  conductive  members  in  the  wiring  commonly  connected  to  the  plurality  of  conductive  members. 

20.  The  apparatus  according  to  claim  19,  wherein  said  second  circuit  comprises  an  equivalent  wiring  resistance  array 
having  a  resistance  substantially  equal  to  a  resistance  of  the  wiring,  and  a  control  current  circuit  for  sinking  or 
sourcing  a  predetermined  current. 

21.  The  apparatus  according  to  claim  19  or  20,  further  comprising  a  current  monitoring  circuit  for  monitoring  a  current 
flowing  through  the  conductive  member. 

22.  The  apparatus  according  to  claim  21  wherein  said  current  monitoring  circuit  monitors  a  current  flowing  through  the 
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wiring. 

23.  The  apparatus  according  to  claim  21  wherein  said  current  monitoring  circuit  monitors  currents  respectively  flowing 
through  the  conductive  members. 

24.  The  apparatus  according  to  any  one  of  claims  19  to  23,  wherein  said  second  circuit  sets  the  potential  on  the  basis 
of  a  current  flowing  through  the  conductive  member. 

25.  The  apparatus  according  to  any  one  of  claims  21  to  24,  wherein  said  second  circuit  comprises  a  latch  circuit  for 
storing  a  digital  value  corresponding  to  a  current  value  flowing  through  the  conductive  member,  and  a  D/A  con- 
verter  for  converting  the  digital  value  stored  in  said  latch  circuit  into  a  current  value. 

26.  The  apparatus  according  to  claim  19,  wherein  said  second  circuit  controls  the  potential  applied  to  the  second  por- 
tion  in  accordance  with  an  application  time  of  the  potential  to  the  second  portion. 

27.  The  apparatus  according  to  any  one  of  claims  19  to  26,  wherein  said  second  circuit  comprises  memory  means 
which  is  referred  to  in  order  to  set  the  potential  applied  to  the  second  portion. 

28.  The  apparatus  according  to  any  one  of  claims  1  9  to  27,  wherein  the  first  circuit  applies  a  potential  from  two  sides 
of  the  wiring. 

29.  A  voltage  applying  circuit  applying  a  voltage  to  a  plurality  of  conductive  members  connected  with  a  plurality  of  row 
wirings  and  a  plurality  of  column  wirings  which  form  a  matrix,  comprising: 

first  circuit  supplying  a  predetermined  potential  to  a  row  wiring  selected  among  the  plurality  of  row  wirings;  and 
second  circuit  supplying  a  predetermined  potential  to  each  of  the  plurality  of  column  wirings, 
wherein  said  second  circuit  includes  a  potential  distribution  generating  circuit  having  an  equivalent  wiring 
resistance  array  and  a  source  of  a  control  current,  wherein  the  equivalent  wiring  resistance  array  has  a  resist- 
ance  substantially  equal  to  the  resistance  of  the  row  wiring,  and  the  source  of  the  control  current  serves  to  sink 
or  supply  a  current  flowing  said  plurality  of  conductive  members. 

30.  A  circuit  according  to  claim  29,  wherein  said  second  circuit  has  a  circuit  for  superposing  the  potential  distribution 
generated  by  said  potential  distribution  generating  circuit  and  an  offset  potential. 
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