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(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  de- 
vices  via  a  wiring  commonly  connected  to  the  plurality 
of  conductive  members,  and  applying  a  potential  to  sec- 
ond  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  por- 
tions  of  the  plurality  of  conductive  members  in  the  wiring 
commonly  connected  to  the  plurality  of  conductive 
members. 

This  method  may  be  included  in  the  manufacture  of 
an  image  forming  apparatus  including  such  an  electron 
source. 

Also  disclosed  is  apparatus  including  circuits  for 
performing  this  method. 
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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 

is  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.  P.  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 
surface-conduction  emission  type  electron-emitting  device  includes  electron-emitting  devices  using  an  Au  thin  film  [G. 
Dittmer,  "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 

35  conductive  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, 

40  typically  the  electron-emitting  portion  3005  is  formed  by  performing  electrification  processing  called  forming  processing 
for  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 

45  thin  film  3004  has  a  fissure.  Upon  application  of  an  appropriate  voltage  to  the  conductive  thin  film  3004  after  the  forming 
processing,  electrons  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 

so  a  lot  of  devices  has  been  studied. 
[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 

55  and  Japanese  Patent  Laid-Open  No.  2-257551  filed  by  the  present  applicant,  an  image  display  apparatus  using  the 
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 
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more  excellent  characteristics  than  other  conventional  image  display  apparatuses.  For  example,  in  comparison  with 
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. 
[0012]  Other  prior  arts  are  disclosed  in  Japanese  Patent  Laid-Open  Nos.  7-176265  and  8-248920.  The  prior  art  also 

5  includes  Japanese  Patent  Laid-Open  No.  9-134666. 

SUMMARY  OF  THE  INVENTION 

[0013]  It  is  an  object  of  the  present  invention  to  realize  a  more  preferable  electron  source  manufacturing  method, 
10  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- 

15  bers,  wherein  the  potential  applied  to  the  second  portions  of  the  plurality  of  conductive  members  is  set  to  relax  a 
difference  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 

20  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 

25  [0016] 

Fig.  1  is  a  block  diagram  showing  an  activation  apparatus  according  to  the  first  embodiment  of  the  present  invention; 
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; 

30  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; 

35  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; 

40  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.  11  is  a  block  diagram  showing  an  activation  apparatus  according  to  the  fourth  embodiment  of  the  present 
invention; 
Fig.  1  2  is  a  circuit  diagram  showing  a  driving  example  of  activating  devices  on  a  given  line  in  the  fourth  embodiment; 

45  Fig.  13  is  a  block  diagram  showing  an  activation  apparatus  according  to  the  fifth  embodiment  of  the  present  in- 
vention; 
Fig.  1  4  is  a  circuit  diagram  showing  a  driving  example  of  activating  devices  on  a  given  line  in  the  fifth  embodiment; 
Fig.  15  is  a  flow  chart  showing  a  control  procedure  when  activation  is  performed  by  a  procedure  of  completing 
activation  in  units  of  lines  and  switching  lines; 

so  Fig.  16  is  a  block  diagram  showing  an  activation  apparatus  according  to  the  sixth  embodiment  of  the  present 
invention; 
Fig.  1  7  is  a  circuit  diagram  showing  a  driving  example  of  activating  devices  on  a  given  line  in  the  sixth  embodiment; 
Fig.  1  8  is  a  block  diagram  showing  an  activation  apparatus  for  a  surface-conduction  emission  type  electron-emitting 
device  according  to  the  seventh  embodiment; 

55  Fig.  1  9  is  a  circuit  diagram  showing  a  line  selection  circuit  used  in  the  activation  apparatus  of  the  seventh  embod- 
iment; 
Figs.  20A  and  20B  are  waveform  charts  each  showing  a  driving  voltage  waveform  applied  to  each  terminal  of  a 
surface-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 
activation  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-con- 

10  duction  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 

is  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  source  used  in  the  embodiment; 
Fig.  32  is  a  sectional  view  showing  part  of  the  substrate  of  the  multi  electron  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; 
Figs.  43A  and  43B  are  a  circuit  diagram  and  a  graph,  respectively,  for  explaining  problems; 
Fig.  44  is  a  block  diagram  showing  the  arrangement  of  an  activation  apparatus  according  to  the  ninth  embodiment 

30  of  the  present  invention; 
Fig.  45  is  a  circuit  diagram  showing  the  arrangement  of  a  line  selection  circuit  according  to  the  ninth  embodiment 
of  the  present  invention; 
Fig.  46  is  a  block  diagram  showing  the  arrangement  of  a  pixel  electrode  driving  circuit  according  to  the  ninth 
embodiment; 

35  Fig.  47  is  a  circuit  diagram  showing  the  state  of  activating  surface-conduction  emission  type  electron-emitting 
devices  connected  to  the  first  row  wiring  in  the  ninth  embodiment; 
Figs.  48A  and  48B  are  graphs  for  explaining  the  driving  voltage  distribution  of  respective  devices  when  the  surface- 
conduction  emission  type  electron-emitting  devices  connected  to  a  given  row  wiring  are  activated  in  the  ninth 
embodiment; 

40  Fig.  49  is  a  flow  chart  showing  activation  processing  in  the  ninth  embodiment  of  the  present  invention; 
Fig.  50  is  a  block  diagram  showing  the  arrangement  of  an  activation  apparatus  according  to  the  10th  embodiment 
of  the  present  invention; 
Fig.  51  is  a  flow  chart  showing  activation  processing  in  the  10th  embodiment  of  the  present  invention; 
Fig.  52  is  a  circuit  diagram  showing  a  driving  example  of  activating  devices  in  the  11th  embodiment; 

45  Fig.  53  is  a  circuit  diagram  for  explaining  the  driving  example  of  activating  devices  that  also  includes  the  wiring 
resistance  in  the  11th  embodiment; 
Fig.  54  is  a  flow  chart  showing  activation  in  the  11th  embodiment; 
Fig.  55  is  a  block  diagram  showing  the  internal  arrangement  of  part  of  the  activation  apparatus  in  Fig.  44; 
Fig.  56  is  a  graph  showing  the  activation  characteristics  of  each  row  wiring  in  simultaneously  driving  row  wirings 

so  in  the  12th  embodiment; 
Fig.  57  is  a  graph  showing  the  voltage  distribution  upon  activation  in  the  12th  embodiment; 
Fig.  58  is  a  flow  chart  showing  activation  processing  in  the  12th  embodiment; 
Fig.  59  is  a  flow  chart  showing  activation  processing  in  the  13th  embodiment; 
Fig.  60  is  a  flow  chart  showing  activation  processing  in  the  14th  embodiment; 

55  Fig.  61  is  a  block  diagram  showing  the  internal  arrangement  of  an  electrification  apparatus  in  the  1  5th  embodiment; 
Fig.  62  is  a  graph  showing  the  activation  current  in  the  15th  embodiment; 
Fig.  63  is  a  histogram  showing  the  activation  current  in  the  15th  embodiment; 
Fig.  64  is  a  flow  chart  showing  the  activation  step  in  the  15th  embodiment; 

4 
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Fig.  65  is  a  flow  chart  showing  the  reactivation  step  in  the  15th  embodiment; 
Fig.  66  is  a  graph  showing  the  activation  current  in  the  16th  embodiment; 
Fig.  67  is  a  flow  chart  showing  the  activation  step  in  the  16th  embodiment; 
Fig.  68  is  a  graph  showing  the  activation  current  in  the  17th  embodiment; 

5  Fig.  69  is  a  flow  chart  showing  the  activation  step  in  the  17th  embodiment; 
Fig.  70  is  a  circuit  diagram  showing  the  state  of  applying  the  activation  voltage  while  simultaneously  compensating 
for  the  potentials  of  two  lines  from  the  column  wiring; 
Fig.  71  is  a  partially  cutaway  perspective  view  showing  a  display  apparatus; 
Fig.  72  is  a  view  showing  the  distribution  of  activation  material  gas  caused  by  the  structural  factor  of  an  airtight 

10  container  in  Fig.  71  ; 
Figs.  73A,  73B,  and  73C  are  graphs,  respectively,  showing  a  potential  distribution  on  the  row  wiring,  a  potential 
distribution  applied  from  the  column  wiring  side,  and  a  voltage  distribution  of  the  device  when  the  activation  voltage 
is  applied  while  simultaneously  compensating  for  the  potentials  of  two  lines  from  the  column  wiring  side; 
Figs.  74A,  74B,  and  74C  are  graphs,  respectively,  showing  a  potential  distribution  on  the  row  wiring,  a  potential 

is  distribution  of  the  column  wiring  side,  and  a  voltage  distribution  of  the  device  when  the  activation  potential  is 
simultaneously  applied  to  two  lines; 
Fig.  75  is  a  block  diagram  showing  the  arrangement  of  an  activation  apparatus  according  to  the  18th  embodiment 
of  the  present  invention; 
Fig.  76  is  a  circuit  diagram  showing  a  line  selection  unit  in  Fig.  75; 

20  Fig.  77  is  a  circuit  diagram  showing  a  current  detection  unit  in  Fig.  75; 
Fig.  78  is  a  circuit  diagram  showing  a  driving  circuit  unit  in  Fig.  75; 
Fig.  79  is  a  circuit  diagram  for  explaining  measurement  of  the  wiring  resistance; 
Fig.  80  is  a  view  for  explaining  a  method  of  combining  simultaneous  selection  lines  in  the  1  8th  embodiment; 
Fig.  81  is  a  block  diagram  showing  the  state  of  correcting  the  potential  distribution  by  the  driving  circuit  unit; 

25  Figs.  82A  and  82B  are  graphs  each  showing  the  potential  distribution  which  changes  during  activation  processing; 
Fig.  83  is  a  circuit  diagram  for  explaining  measurement  of  the  conductive  film  resistance  in  units  of  rows  before 
forming  processing; 
Fig.  84  is  a  view  for  explaining  a  method  of  combining  simultaneous  selection  lines  in  the  1  9th  embodiment; 
Fig.  85  is  a  view  for  explaining  a  method  of  combining  simultaneous  selection  lines  in  the  20th  embodiment; 

30  Fig.  86  is  an  equivalent  circuit  diagram  when  the  activation  voltage  is  applied  to  surface-conduction  emission  type 
electron-emitting  devices  on  the  second  row; 
Figs.  87A  and  87B  are  an  equivalent  circuit  diagram  in  activating  the  second  row  in  Fig.  86,  and  a  graph  showing 
changes  in  device  application  voltage  during  activation,  respectively; 
Fig.  88  is  a  graph  showing  the  device  current  lf  and  emission  current  le  during  activation; 

35  Fig.  89  is  a  block  diagram  showing  the  arrangement  of  an  activation  apparatus  in  the  21st  embodiment; 
Figs.  90A  and  90B  are  views  for  explaining  the  extraction  wiring  pattern; 
Figs.  91  A  and  91  B  are  views  for  explaining  a  method  of  combining  simultaneous  selection  lines  in  the  21st  em- 
bodiment; 
Fig.  92  is  a  block  diagram  showing  the  state  of  correcting  the  voltage  distribution  by  the  driving  circuit  unit; 

40  Figs.  93A  and  93B  are  graphs  each  showing  the  voltage  distribution  which  changes  during  activation  processing; 
Figs.  94A  and  94B  are  views  for  explaining  the  distribution  of  activation  material  gas  in  the  22nd  embodiment;  and 
Figs.  95A  and  95B  are  views  for  explaining  a  method  of  combining  simultaneous  selection  lines  in  the  22nd  em- 
bodiment. 

45  DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

[0017]  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 

so  surface-conduction  emission  type  electron-emitting  device.  Further,  the  present  inventors  have  made  extensive  studies 
on  a  multi  electron  source  having  a  large  number  of  surface-conduction  emission  type  electron-emitting  devices,  and 
an  image  display  apparatus  using  this  multi  electron  source. 
[0019]  The  present  inventors  have  examined  a  multi  electron  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- 

55  sionally  arranged  in  a  matrix  to  obtain  a  multi  electron  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  actually  have  finite  electrical  resistances,  which  are  represented  as  wiring  resistances  4004  and  4005  in  Fig.  37. 
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This  wiring  method  is  called  a  simple  matrix  wiring  method. 
[0021]  For  the  illustrative  convenience,  the  multi  electron  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  source  for  an  image  display  apparatus,  a  number  of  devices 
enough  to  perform  a  desired  image  display  are  arranged  and  wired. 

5  [0022]  In  a  multi  electron  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  and  4003 
to  output  a  desired  electron  beam.  For  example,  to  drive  the  surface-conduction  emission  type  electron-emitting  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  unse- 

10  lected  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  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 

is  desired  intensity  must  be  output  from  only  the  surface-conduction  emission  type  electron-emitting  device  on  the  se- 
lected  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-conduction 
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. 

20  [0023]  A  multi  electron  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  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 
emission  type  electron-emitting  device  to  find  that  activation  processing  is  effectively  performed  during  the  manufacture. 

25  [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- 
emitting  characteristics  can  be  greatly  improved. 
[0026]  In  activation  processing,  the  electron-emitting  portion  formed  by  the  forming  processing  is  electrified  under 

30  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  vacuum  atmosphere  in  which  an  organic  substance  exists  at  an  appropriate  partial  pressure  and  the  total  pressure 
is  10-4  to  10-5  Torr.  These  conditions  are  merely  an  example  and  properly  changed  in  accordance  with  the  material 

35  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- 
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 

40  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 
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. 

45  [0030]  Various  image  forming  panels  to  which  the  surface-conduction  emission  type  electron-emitting  device  is  ap- 
plied  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,  many 
device  lines  having  several  hundred  to  several  thousand  rows  and  columns  are  required,  whereas  the  surface-con- 
duction  emission  type  electron-emitting  devices  are  desired  to  have  uniform  device  characteristics.  To  actually  manu- 

50  facture  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 
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 

55  in  units  of  groups.  That  is,  an  activation  voltage  was  sequentially  applied  to  M  X  N  surface-conduction  emission  type 
electron-emitting  devices  as  shown  in  Fig.  38  in  units  of  rows.  In  Fig.  38,  reference  symbols  EY-,  to  EYN  and  EX-,  to 
EXM  denote  wirings. 
[0032]  Fig.  39  shows  the  case  in  which  an  activation  voltage  is  applied  to  surface-conduction  emission  type  electron- 
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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 

5  or  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. 

10  e.,  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 
surface-conduction  emission  type  electron-emitting  devices  on  one  row  in  principle.  However,  since  the  electrical  re- 

's  sistances  of  the  wirings  EY-,  to  EYN  and  EX-,  to  EXM  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. 
[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 

20  of  each  of  the  wirings  EY-,  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  EY-,  to  EYN  are  generally 
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. 

25  40B,  letting  I  be  a  current  supplied  from  the  activation  potential  source,  and  i-,  to  iN  be  currents  flowing  through  the 
surface-conduction  emission  type  electron-emitting  devices  F-,  to  FN,  the  current  I  is  given  by  the  sum  of  device  currents 
ik  flowing  through  devices  Fk,  i.e., 

30  I  =  2{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, 

irp  =  I  -  2  {k  =  0  to  p-1}ik 

(where  i0  =  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- 

40  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 
F-|  from  the  sum  of  currents  flowing  through  all  surface-conduction  emission  type  electron-emitting  devices.  The  current 
ir1N  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. 

45  [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 
characteristics  when  one  of  surface-conduction  emission  type  electron-emitting  devices  arranged  in  a  matrix  is  acti- 
vated.  As  shown  in  Fig.  41,  when  activation  processing  starts,  the  device  current  (lf  in  Fig.  41)  and  emission  current 
(le  in  Fig.  41)  flowing  through  the  surface-conduction  emission  type  electron-emitting  device  increase  along  with  elec- 

50  trification  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  lf  flowing  through  respective  devices 

55  along  with  the  progress  of  activation,  and  the  potential  drops  are  maximized  at  the  end  of  activation.  At  this  time, 
surface-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 
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device.  Note  that  Eac  on  the  ordinate  represents  the  output  potential  of  the  activation  potential  source.  If  activation 
processing  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 

5  activation  voltage,  and  ideal  activation  shown  in  Fig.  41  fails,  resulting  in  poor  electron-emitting  characteristics  of  the 
surface-conduction  emission  type  electron-emitting  device.  Hence,  when  devices  arranged  in  a  matrix  are  used  for  the 
electron  source  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 

10  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 
from  Figs.  43A  and  43B,  in  electrification  processing  from  electrodes  on  two  sides,  the  characteristics  of  a  surface- 
conduction  emission  type  electron-emitting  device  at  the  center  degrade  due  to  the  same  reason  as  described  in 
electrification  processing  from  one  side. 

is  [0043]  To  solve  this  problem,  a  manufacturing  method  and  apparatus  which  allow  an  electron  source  formed  by 
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  em- 
bodiments. 
[0044]  The  aspects  of  the  present  invention  will  be  described. 

20  [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 
conductive  members,  wherein  the  potential  applied  to  the  second  portions  of  the  plurality  of  conductive  members  is 

25  set  to  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- 

30  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 

35  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 

40  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 
conductive  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. 

45  [0050]  When  the  electron  source  has  pluralities  of  row  and  column  wirings  constituting  a  matrix,  the  voltage  appli- 
cation  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 

so  to  the  first  portion.  Especially  when  the  resistance  value  between  the  first  and  second  portions  of  the  conductive  member 
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 

55  be  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 
portion  are  preferably  applied  as  pulses. 
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[0054]  In  particular,  preferably,  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. 

5  [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 
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. 

10  [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 
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 
column  wiring  are  preferably  set  to  set  the  potential  of  the  unselected  row  wiring  to  a  potential  between  the  maximum 

is  and  minimum  values  of  the  potential  applied  to  the  plurality  of  column  wirings,  e.g.,  to  an  intermediate  value  between 
the  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. 

20  [0059]  The  electron  source  manufacturing  method  preferably  comprises  the  step  of  applying  the  voltage  while  se- 
quentially  switching  row  wirings  to  be  selected,  and  more  preferably  comprises  the  step  of  selecting  a  given  row  wiring 
and  applying  the  voltage  to  conductive  members  connected  to  the  selected  row  wiring  at  a  time  interval,  thereby  ap- 
plying  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. 

25  [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 
electron  source  is  characterized  by  comprising  the  steps  of  manufacturing  the  electron  source  by  the  electron  source 
manufacturing  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 

30  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- 

35  tively  connected  to  the  first  portions  of  the  plurality  of  conductive  members  in  the  wiring  commonly  connected  to  the 
plurality  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- 

40  ber. 
[0064]  The  second  circuit  preferably  controls  the  potential  applied  to  the  second  portion  in  accordance  with  the  ap- 
plication  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. 

45  [0066]  The  second  circuit  may  include  a  circuit  which  generates  potential  differences  which  are  equal  to  potential 
differences  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 

so  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  previously  measured.  The  potentials  to  be  applied  to  the  respective  second  portions  are  obtained  by  superposing 

55  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 
suppressed. 
[0068]  A  voltage  applying  circuit  applying  a  voltage  to  a  plurality  of  conductive  members  connected  with  a  plurality 
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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, 

5  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  resistance  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. 

10  [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]  The  present  invention  includes  the  following  aspects  as  an  electron  source  manufacturing  method.  The  fol- 

15  lowing  aspects  can  be  used  in  combination  with  the  above-described  aspects. 
[0072]  A  method  of  manufacturing  an  electron  source  having  a  plurality  of  electron-emitting  devices  comprises  the 
step  of  applying  a  voltage  to  some  of  a  plurality  of  row  wirings  and  a  plurality  of  conductive  members  serving  at  least 
part  of  the  electron-emitting  devices  connected  to  simultaneously  selected  row  wirings  by  using  a  matrix  wiring  made 
up  of  pluralities  of  row  and  column  wirings  arranged  substantially  along  directions  perpendicular  to  each  other,  wherein 

20  the  voltage  application  step  has  the  step  of  applying  a  potential  to  first  portions  of  the  plurality  of  conductive  members 
via  the  selected  row  wirings,  and  applying  a  potential  to  second  portions  of  the  plurality  of  conductive  members  via  the 
plurality  of  column  wirings,  thereby  applying  a  voltage  by  a  difference  between  potentials  applied  via  the  row  and 
column  wirings,  and  the  potential  applied  to  the  second  portions  of  the  plurality  of  conductive  members  is  set  to  reduce 
differences  between  voltages  applied  to  the  respective  conductive  members  caused  by  differences  between  potentials 

25  at  portions  connected  to  the  first  portions  of  the  respective  conductive  members  on  the  row  wiring. 
[0073]  The  voltage  application  step  is  preferably  repeated  a  plurality  of  number  of  times  until  all  the  row  wirings  are 
selected  at  least  once. 
[0074]  The  voltage  application  step  preferably  comprises  the  step  of  determining  simultaneous  selection  row  wirings. 
[0075]  The  determination  step  preferably  comprises  the  step  of  excluding  a  row  wiring  through  which  a  current  having 

30  a  predetermined  value  flows  upon  selection,  from  selection  target  row  wirings. 
[0076]  The  simultaneous  selection  row  wirings  are  preferably  row  wirings  not  adjacent  to  each  other. 
[0077]  The  simultaneous  selection  row  wirings  are  preferably  row  wirings  having  similar  current  values  upon  selec- 
tion. 
[0078]  The  simultaneous  selection  row  wirings  are  preferably  row  wirings  having  similar  compensation  potentials 

35  applied  from  the  column  wirings  upon  selection. 
[0079]  The  number  of  simultaneous  driving  row  wirings  may  be  changed  to  repeat  the  voltage  application  step  a 
plurality  of  number  of  times. 
[0080]  The  number  of  simultaneous  selection  row  wirings  may  be  determined  based  on  power  applied  to  the  electron 
source  in  the  voltage  application  step. 

40  [0081]  The  simultaneous  selection  row  wirings  may  be  determined  so  that  differences  between  potentials  applied  to 
the  second  portions  of  the  respective  conductive  members  connected  to  a  plurality  of  simultaneously  selected  row 
wirings  and  common  column  wirings  are  set  to  not  more  than  a  predetermined  value. 
[0082]  The  potential  applied  to  the  column  wiring  in  the  voltage  application  step  may  be  determined  so  that  differences 
between  potentials  applied  to  the  second  portions  of  the  respective  conductive  members  connected  to  a  plurality  of 

45  simultaneously  selected  row  wirings  and  common  column  wirings  are  set  to  not  more  than  a  predetermined  value. 
[0083]  The  potential  applied  via  the  column  wiring  may  be  determined  based  on  current  values  flowing  through 
selection  row  wirings. 
[0084]  The  potential  applied  via  the  column  wiring  may  be  determined  based  on  an  average  of  currents  flowing 
through  simultaneous  selection  row  wirings. 

so  [0085]  The  method  may  further  comprise  the  step  of  determining  whether  current  values  flowing  through  simultane- 
ous  selection  row  wirings  are  used  to  calculate  an  average. 
[0086]  Determination  may  be  done  based  on  a  difference  between  a  predetermined  value  and  a  maximum  one  of 
current  values  flowing  through  simultaneous  selection  row  wirings,  or  a  difference  between  a  predetermined  value  and 
a  minimum  one  of  current  values  flowing  through  simultaneous  selection  row  wirings. 

55  [0087]  The  voltage  application  step  preferably  comprises  the  step  of  controlling  the  voltage  applied  to  the  conductive 
member  to  not  less  than  a  predetermined  value. 
[0088]  The  voltage  application  step  preferably  comprises  the  step  of  controlling  the  potential  applied  via  the  column 
wiring  to  not  less  than  a  predetermined  value. 
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[0089]  The  method  may  further  comprise  the  step  of  determining  which  of  the  plurality  of  row  wirings  is  not  selected. 
[0090]  The  unselected  row  wiring  may  be  an  abnormal  row  wiring. 
[0091]  The  unselected  row  wiring  may  be  a  row  wiring  flowing  a  current  value  which  falls  outside  a  predetermined 
range. 

5  [0092]  The  unselected  row  wiring  may  be  a  row  wiring  having  a  rate  of  change  in  a  flowing  current  value  which  falls 
outside  a  predetermined  range. 
[0093]  The  method  preferably  further  comprises  the  further  voltage  application  step  of  applying  a  voltage  to  conduc- 
tive  members  serving  as  at  least  part  of  electron-emitting  devices  connected  to  an  unselected  row  wiring. 
[0094]  The  further  voltage  application  step  preferably  comprises  the  step  of  selecting  an  unselected  row  wiring  to 

10  apply  a  predetermined  potential,  and  applying  a  potential  different  from  a  potential  applied  to  the  first  portions  from  the 
row  wiring  receiving  the  predetermined  potential  via  the  plurality  of  column  wirings,  to  the  second  portions  of  conductive 
members  connected  to  the  row  wiring  receiving  the  predetermined  potential,  thereby  applying  a  voltage. 
[0095]  It  is  preferable  that  the  further  voltage  application  step  comprise  the  step  of  selecting  an  unselected  row  wiring 
to  apply  a  predetermined  potential,  and  applying  a  potential  different  from  a  potential  applied  to  the  first  portions  from 

is  the  row  wiring  receiving  the  predetermined  potential  via  the  plurality  of  column  wirings,  to  the  second  portions  of  con- 
ductive  members  connected  to  the  row  wiring  receiving  the  predetermined  potential,  thereby  applying  a  voltage,  and 
the  potential  applied  to  the  second  portions  of  the  plurality  of  conductive  members  be  set  to  reduce  differences  between 
voltages  applied  to  the  respective  conductive  members  caused  by  differences  between  potentials  at  portions  connected 
to  the  first  portions  of  the  respective  conductive  members  on  the  row  wiring. 

20  [0096]  It  is  preferable  that  the  voltage  application  step  comprise  the  step  of  determining  simultaneous  selection  row 
wirings,  and  the  determination  step  comprise  the  step  of  measuring  wiring  resistances  of  the  plurality  of  row  wirings, 
and  determining  simultaneous  selection  row  wirings  on  the  basis  of  the  resistances. 
[0097]  The  method  may  further  comprise  the  step  of  arranging  conductive  members,  and  the  determination  step 
may  be  done  before  the  conductive  members  are  arranged. 

25  [0098]  The  method  may  further  comprise  the  step  of  forming  gap  portions  serving  as  electron-emitting  portions  in 
conductive  members,  and  the  determination  step  may  be  done  before  the  gap  portions  are  formed.  The  determination 
step  may  be  done  before  the  gap  portions  are  formed  after  the  conductive  members  are  formed. 
[0099]  The  voltage  application  step  preferably  comprises  the  step  of  determining  simultaneous  selection  row  wirings, 
and  the  determination  step  may  comprise  the  step  of  determining  simultaneous  selection  row  wirings  on  the  basis  of 

30  a  structure  of  the  electron  source. 
[0100]  It  is  preferable  that  the  voltage  application  step  comprise  the  step  of  determining  simultaneous  selection  row 
wirings,  and  the  determination  step  comprise  the  step  of  determining  simultaneous  selection  row  wirings  on  the  basis 
of  potential  drops  on  extraction  wirings  respectively  connected  to  the  plurality  of  row  wirings.  In  particular,  row  wirings 
having  similar  potential  drops  are  preferably  simultaneously  selected. 

35  [0101]  It  is  preferable  that  the  voltage  application  step  comprise  the  step  of  determining  simultaneous  selection  row 
wirings,  and  the  determination  step  comprise  the  step  of  determining  simultaneous  selection  row  wirings  on  the  basis 
of  atmospheres  at  positions  of  respective  conductive  members.  In  particular,  row  wirings  having  similar  atmosphere 
distribution  at  the  positions  of  connected  conductive  members  are  preferably  simultaneously  selected. 
[0102]  The  determination  step  preferably  comprises  the  step  of  determining  simultaneous  selection  row  wirings  on 

40  the  basis  of  atmospheric  pressures  at  positions  of  respective  conductive  members.  Especially,  row  wirings  having 
similar  atmosphere  partial  pressures  at  the  positions  of  connected  conductive  members  are  preferably  simultaneously 
selected.  As  described  above,  this  aspect  can  be  suitably  used  in  the  step  of  depositing  a  deposit  on  the  electron- 
emitting  portion,  and  simultaneous  selection  row  wirings  are  suitably  determined  based  on  the  partial  pressure  of  a 
material  as  the  deposit  material. 

45  [0103]  The  present  invention  includes  some  aspects  as  an  electron  source  manufacturing  apparatus. 
[0104]  An  apparatus  for  manufacturing  an  electron  source  having  a  plurality  of  electron-emitting  devices  comprises 
a  device  for  applying  a  voltage  to  some  of  a  plurality  of  row  wirings  and  a  plurality  of  conductive  members  serving  as 
at  least  part  of  the  electron-emitting  devices  connected  to  simultaneously  selected  row  wirings  by  using  a  matrix  wiring 
made  up  of  pluralities  of  row  and  column  wirings  arranged  substantially  along  directions  perpendicular  to  each  other, 

so  the  voltage  application  device  having  means  for  applying  a  potential  to  first  portions  of  the  plurality  of  conductive 
members  via  the  selected  row  wirings,  and  means  for  applying  a  potential  to  second  portions  of  the  plurality  of  con- 
ductive  members  via  the  plurality  of  column  wirings,  wherein  the  potential  applied  to  the  second  portions  of  the  plurality 
of  conductive  members  is  set  to  reduce  differences  between  voltages  applied  to  the  respective  conductive  members 
caused  by  differences  between  potentials  at  portions  connected  to  the  first  portions  of  the  respective  conductive  mem- 

55  bers  on  the  row  wiring. 
[0105]  Detailed  embodiments  will  be  described  below. 
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[First  Embodiment] 

[0106]  An  activation  apparatus  for  a  surface-conduction  emission  type  electron-emitting  device  according  to  an  em- 
bodiment  of  the  present  invention  will  be  described  with  reference  to  Fig.  1  .  First,  the  arrangement  and  manufacturing 

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

(Arrangement  and  Manufacturing  Method  of  Display  Panel) 

[0107]  Fig.  22  is  a  partially  cutaway  perspective  view  of  a  display  panel  101  used  in  the  embodiment  in  Fig.  1  ,  showing 
10  the  internal  structure  of  the  panel. 

[0108]  In  Fig.  22,  reference  numeral  1005  denotes  a  rear  plate;  1006,  a  side  wall;  and  1007,  a  face  plate.  These 
parts  1  005  to  1  007  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 

is  atmosphere,  thus  the  parts  are  seal-connected.  A  method  for  exhausting  air  from  the  inside  of  the  container  will  be 
described  later. 
[0109]  The  rear  plate  1005  has  a  substrate  1001  fixed  thereon,  on  which  n  X  m  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 

20  more.  In  the  first  embodiment,  n  =  3,072  or  more,  m  =  1  ,024.)  The  n  X  m  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  compo- 
nents  denoted  by  references  1001  to  1004  will  be  referred  to  as  a  multi  electron  source.  The  manufacturing  method 
and  structure  of  the  multi  electron  source  will  be  described  in  detail  later. 
[0110]  In  this  embodiment,  the  substrate  1001  of  the  multi  electron  source  is  fixed  to  the  rear  plate  1005  of  the  airtight 

25  container.  If,  however,  the  substrate  1001  of  the  multi  electron  source  has  sufficient  strength,  the  substrate  1001  of  the 
multi  electron  source  may  also  serve  as  the  rear  plate  of  the  airtight  container. 
[0111]  A  fluorescent  film  1008  is  formed  on  the  lower  surface  of  the  face  plate  1007.  As  this  embodiment  is  a  color 
display  apparatus,  the  fluorescent  film  1008  is  coated  with  red,  green,  and  blue  fluorescent  substances,  i.e.,  three 
primary  color  fluorescent  substances  used  in  the  CRT  field.  As  shown  in  Fig.  23A,  the  respective  color  fluorescent 

30  substances  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  1  01  0  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. 
[0112]  Further,  three-primary  colors  of  the  fluorescent  film  is  not  limited  to  the  stripes  as  shown  in  Fig.  23A.  For 
example,  delta  arrangement  as  shown  in  Fig.  23B  or  any  other  arrangement  may  be  employed. 
[0113]  Note  that  when  a  monochrome  display  panel  is  formed,  a  single-color  fluorescent  substance  may  be  applied 
to  the  fluorescent  film  1008,  and  the  black  conductive  member  may  be  omitted. 

40  [0114]  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  conductive 
path  for  electrons  which  excited  the  fluorescent  film  1  008,  and  the  like.  The  metal  back  1  009  is  formed  by  forming  the 

45  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. 
[0115]  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  1007  and  the  fluo- 

50  rescent  film  1008,  although  such  electrodes  are  not  used  in  this  embodiment. 
[0116]  Dx1  to  Dxm,  Dy1  to  Dyn,  and  Hvare  electric  connection  terminals  for  an  airtight  structure  provided  to  electrically 
connect  the  display  panel  to  an  electric  circuit  (not  shown).  Dx1  to  Dxm  are  electrically  connected  to  the  row-direction 
wirings  1  003  of  the  multi  electron  source;  Dy1  to  Dyn,  to  the  column-direction  wirings  1  004  of  the  multi  electron  source; 
and  Hv,  to  the  metal  back  1  009  of  the  face  plate. 

55  [0117]  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  10"7  Torn  Thereafter, 
the  exhaust  pipe  is  sealed.  To  maintain  the  vacuum  in  the  airtight  container,  a  getter  film  (not  shown)  is  formed  at  a 
predetermined  position  in  the  airtight  container  immediately  before/after  the  sealing.  The  getter  film  is  a  film  formed  by 
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heating  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. 
[0118]  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  [0119]  A  method  of  manufacturing  the  multi  electron  source  used  in  the  display  panel  of  this  embodiment  will  be 
described  below.  In  manufacturing  the  multi  electron  source  used  in  the  image  display  apparatus  of  the  present  inven- 
tion,  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  Ml  M  type  devices  can  be  used. 

10  [0120]  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 
manufacture  this  device.  This  poses  a  disadvantageous  factor  in  attaining  a  large  display  area  and  a  low  manufacturing 

is  cost.  According  to  an  MIM  type  device,  the  thicknesses  of  the  insulating  layer  and  the  upper  electrode  must  be  de- 
creased  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  manu- 
facturing  cost  can  be  attained.  The  present  inventors  have  also  found  that  among  the  surface-conduction  emission 

20  type  electron-emitting  devices,  an  electron  beam  source  having  an  electron-emitting  portion  or  its  peripheral  portion 
consisting  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  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  devices  each  having  an  electron-emitting  portion  or  its  peripheral  portion  made  of  a  fine  particle  film  are  used. 

25  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  source  having  many  devices  arranged 
in  a  simple  matrix  will  be  described  later. 

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

[0121]  Typical  examples  of  surface-conduction  emission  type  electron-emitting  devices  each  having  an  electron- 
emitting  portion  or  its  peripheral  portion  made  of  a  fine  particle  film  include  two  types  of  devices,  namely  flat  and  step 
type  devices. 

35 
(Flat  Surface-Conduction  Emission  Type  Electron-Emitting  Device) 

[0122]  First,  the  structure  and  manufacturing  method  of  a  flat  surface-conduction  emission  type  electron-emitting 
device  will  be  described.  Figs.  24A  and  24B  are  a  plan  view  and  a  sectional  view,  respectively,  for  explaining  the 

40  structure  of  the  flat  surface-conduction  emission  type  electron-emitting  device.  Referring  to  Figs.  24A  and  24B,  refer- 
ence  numeral  1101  denotes  a  substrate;  1102  and  1103,  device  electrodes;  1104,  a  conductive  thin  film;  1105,  an 
electron-emitting  portion  formed  by  the  forming  processing;  and  1113,  a  thin  film  formed  by  the  activation  processing. 
[0123]  As  the  substrate  1101,  various  glass  substrates  of,  e.g.,  quartz  glass  and  soda-lime  glass,  various  ceramic 
substrates  of,  e.g.,  alumina,  or  any  of  those  substrates  with  an  insulating  layer  formed  thereon  can  be  employed. 

45  [0124]  The  device  electrodes  1102  and  1103,  provided  in  parallel  to  the  substrate  1101  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  1102  and  11  03  can  be  easily  formed  by  the  combination  of  a  film-forming  technique 
such  as  vacuum-evaporation  and  a  patterning  technique  such  as  photolithography  or  etching,  however,  any  other 

so  method  (e.g.,  printing  technique)  may  be  employed. 
[01  25]  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 
from  several  micrometers  to  ten  micrometers.  As  for  electrode  thickness  d,  an  appropriate  value  is  selected  in  a  range 

55  from  hundreds  angstroms  to  several  micrometers. 
[0126]  The  conductive  thin  film  1104  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 
particles  exist  in  the  film  at  predetermined  intervals,  or  in  adjacent  to  each  other,  or  overlapped  with  each  other. 

13 



EP  0  964  421  A1 

[0127]  One  particle  has  a  diameter  within  a  range  from  several  angstroms  to  thousand  angstroms.  Preferably,  the 
diameter  is  within  a  range  from  1  0  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  electrode 
1102  or  1103,  condition  for  the  forming  processing  to  be  described  later,  condition  for  setting  electrical  resistance  of 

5  the  fine  particle  film  itself  to  an  appropriate  value  to  be  described  later  etc. 
[0128]  Specifically,  the  thickness  of  the  film  is  set  in  a  range  from  several  angstroms  to  thousand  angstroms,  more 
preferably,  10  angstroms  to  500  angstroms. 
[0129]  Materials  used  for  forming  the  fine  particle  film  are,  e.g.,  metals  such  as  Pd,  Pt,  Ru,  Ag,  Au,  Ti,  In,  Cu,  Cr,  Fe, 
Zn,  Sn,  Ta,  W  and  Pb,  oxides  such  as  PdO,  Sn02,  ln203,  PbO  and  Sb203,  borides  such  as  HfB2,  ZrB2,  LaB6,  CeB6, 

10  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. 
[0130]  As  described  above,  the  conductive  thin  film  1104  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/D). 
[0131]  As  it  is  preferable  that  the  conductive  thin  film  1104  is  electrically  connected  to  the  device  electrodes  1102 

is  and  1  1  03,  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 
overlapping  order  may  be,  the  substrate,  the  conductive  thin  film,  and  the  device  electrodes,  from  the  bottom. 
[0132]  The  electron-emitting  portion  1105  is  a  fissured  portion  formed  at  a  part  of  the  conductive  thin  film  1104.  The 
electron-emitting  portion  1105  has  a  resistance  characteristic  higher  than  peripheral  conductive  thin  film.  The  fissure 

20  is  formed  by  the  forming  processing  to  be  described  later  on  the  conductive  thin  film  1104.  In  some  cases,  particles, 
having  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 
fissured  portion  schematically. 
[0133]  The  thin  film  1113,  which  comprises  carbon  or  carbon  compound  material,  covers  the  electron-emitting  portion 

25  1115  and  its  peripheral  portion.  The  thin  film  1113  is  formed  by  the  activation  processing  to  be  described  later  after  the 
forming  processing. 
[0134]  The  thin  film  1113  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. 
[0135]  As  it  is  difficult  to  exactly  illustrate  actual  position  or  shape  of  the  thin  film  1113,  Figs.  24A  and  24B  show  the 

30  film  schematically.  Fig.  24A  shows  the  device  where  a  part  of  the  thin  film  1113  is  removed. 
[0136]  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. 
[0137]  That  is,  the  substrate  1101  comprises  a  soda-lime  glass,  and  the  device  electrodes  1102  and  1103,  an  Ni  thin 
film.  The  electrode  thickness  d  is  1  ,000  angstroms  and  the  electrode  interval  L  is  2  urn. 

35  [0138]  The  main  material  of  the  fine  particle  film  is  Pd  or  PdO.  The  thickness  of  the  fine  particle  film  is  about  100 
angstroms,  and  its  width  W  is  100  urn. 
[0139]  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  surface-conduction  emission  type  electron-emitting  device.  Note  that  reference  numerals  are  the  same  as  those 

40  in  Fig.  24B. 

1)  First,  as  shown  in  Fig.  25A,  the  device  electrodes  1102  and  1103  are  formed  on  the  substrate  1101  . 
In  formation,  first,  the  substrate  1101  is  fully  washed  with  a  detergent,  pure  water  and  an  organic  solvent,  then, 

material  of  the  device  electrodes  is  deposited  there.  (As  a  depositing  method,  a  vacuum  film-forming  technique 
45  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  (1102  and  1103)  shown 
in  Fig.  24A  are  formed. 
2)  Next,  as  shown  in  Fig.  25B,  the  conductive  thin  film  1104  is  formed. 

In  formation,  first,  an  organic  metal  solvent  is  applied  to  the  substrate  in  Fig.  25A,  then  the  applied  solvent  is 
so  dried  and  sintered,  thus  forming  a  fine  particle  film.  Thereafter,  the  fine  particle  film  is  patterned  into  a  predetermined 

shape  by  the  photolithography  etching  method.  The  organic  metal  solvent  means  a  solvent  of  organic  metal  com- 
pound  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  by 
dipping,  however,  any  other  method  such  as  a  spinner  method  and  spraying  method  may  be  employed.) 

55  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. 
3)  Then,  as  shown  in  Fig.  25C,  appropriate  voltage  is  applied  between  the  device  electrodes  1102  and  1103,  from 
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a  power  source  1  1  1  0  for  the  forming  processing,  then  the  forming  processing  is  performed,  thus  forming  the  elec- 
tron-emitting  portion  1105. 

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

5  electron  emission.  In  this  embodiment,  a  fine  particle  film  is  used  as  the  conductive  thin  film  1104.  In  the  conductive 
thin  film  made  of  the  fine  particle  film,  the  portion  changed  for  electron  emission  (i.e.,  electron-emitting  portion 
1105)  has  an  appropriate  fissure  in  the  thin  film.  Comparing  the  thin  film  1104  having  the  electron-emitting  portion 
1  1  05  with  the  thin  film  before  the  forming  processing,  the  electrical  resistance  measured  between  the  device  elec- 
trodes  1102  and  1103  has  greatly  increased. 

10  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 
conductive  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  wave  peak  value  Vpf  of  the  triangular-wave  pulse  is  sequentially  increased.  Further,  a  monitor  pulse  Pm  to 

is  monitor  status  of  forming  the  electron-emitting  portion  1105  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  10_5Torr  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 
been  applied  for  five  pulses,  the  monitor  pulse  Pm  is  inserted.  To  avoid  ill-effecting  the  forming  processing,  a 

20  voltage  Vpm  of  the  monitor  pulse  is  set  to  0.1  V.  When  the  electrical  resistance  between  the  device  electrodes 
1102  and  1103  becomes  1  X  106  Q,  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 
device  of  this  embodiment.  In  case  of  changing  the  design  of  the  surface-conduction  emission  type  electron-emit- 

25  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  1102  and  1103,  and  the  activation  processing  is  performed  to  improve  electron-emitting  char- 
acteristic. 

30  The  activation  processing  here  is  electrification  of  the  electron-emitting  portion,  particularly,  the  electron-emit- 
ting  portion  1105  formed  by  the  forming  processing,  on  appropriate  condition(s),  for  depositing  carbon  or  carbon 
compound  around  the  electron-emitting  portion  1105.  In  Fig.  25D,  the  deposited  material  of  carbon  or  carbon 
compound  is  shown  as  material  1113.  Comparing  the  electron-emitting  portion  1  1  05  with  that  before  the  activation 
processing,  the  emission  current  at  the  same  application  voltage  has  become,  typically  100  times  or  greater. 

35 
[0140]  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  atmosphere. 
The  accumulated  material  1  1  1  3  is  any  of  graphite  monocrystalline,  graphite  polycrystalline,  amorphous  carbon  or  mix- 
ture  thereof.  The  thickness  of  the  accumulated  material  11  1  3  is  500  angstroms  or  less,  more  preferably,  300  angstroms 

40  or  less. 
[0141]  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  1112.  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  above 

45  electrification  conditions  are  preferable  for  the  surface-conduction  emission  type  electron-emitting  device  of  the  em- 
bodiment.  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. 
[0142]  In  Fig.  25D,  reference  numeral  1114  denotes  an  anode  electrode,  connected  to  a  direct-current  (DC)  high- 
voltage  power  source  1115  and  a  galvanometer  1116,  for  capturing  emission  current  le  emitted  from  the  surface-con- 

so  duction  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 
source  1112.  Fig.  27B  shows  an  example  of  the  emission  current  le  measured  by  the  galvanometer  1116.  As  application 

55  of  pulse  voltage  from  the  activation  power  source  1112  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  1  2  is  stopped,  then  the  activation  processing  is  terminated. 
[0143]  Note  that  the  above  electrification  conditions  are  preferable  to  the  surface-conduction  emission  type  electron- 

15 



EP  0  964  421  A1 

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. 
[0144]  As  described  above,  the  surface-conduction  emission  type  electron-emitting  device  as  shown  in  Fig.  25E  is 
manufactured. 

5 
(Step  Surface-Conduction  Emission  Type  Electron-Emitting  Device) 

[0145]  Next,  another  typical  structure  of  the  surface-conduction  emission  type  electron-emitting  device  where  an 
electron-emitting  portion  or  its  peripheral  portion  is  formed  of  a  fine  particle  film,  i.e.,  a  stepped  surface-conduction 

10  emission  type  electron-emitting  device  will  be  described. 
[0146]  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, 
device  electrodes;  1  206,  a  step-forming  member  for  making  height  difference  between  the  electrodes  1  202  and  1  203; 
1204,  a  conductive  thin  film  using  a  fine  particle  film;  1205,  an  electron-emitting  portion  formed  by  the  forming  process- 

's  ing;  and  1213,  a  thin  film  formed  by  the  activation  processing. 
[0147]  Difference  between  the  step  device  from  the  above-described  flat  device  is  that  one  of  the  device  electrodes 
(1  202  in  this  example)  is  provided  on  the  step-forming  member  1  206  and  the  conductive  thin  film  1  204  covers  the  side 
surface  of  the  step-forming  member  1  206.  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  1  206.  Note  that  the  substrate  1  201  ,  the  device  electrodes 

20  1202  and  1203,  the  conductive  thin  film  1204  using  the  fine  particle  film  can  comprise  the  materials  given  in  the  ex- 
planation  of  the  flat  surface-conduction  emission  type  electron-emitting  device.  Further,  the  step-forming  member  1  206 
comprises  electrically  insulating  material  such  as  Si02. 
[0148]  Next,  a  method  of  manufacturing  the  stepped  surface-conduction  emission  type  electron-emitting  device  will 
be  described  with  reference  Figs.  29Ato29F  which  are  sectional  views  showing  the  manufacturing  processes.  In  these 

25  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. 
(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 

30  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  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, 

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

40  may  be  performed). 

[0149]  As  described  above,  the  stepped  surface-conduction  emission  type  electron-emitting  device  shown  in  Fig. 
29F  is  manufactured. 

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

[01  50]  The  structure  and  manufacturing  method  of  the  flat  surface-conduction  emission  type  electron-emitting  device 
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. 

so  [0151]  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  lf)  to  (device  application  voltage  Vf)  characteristic  of  the  device  used  in 
the  display  apparatus.  Note  that  compared  with  the  device  current  lf,  the  emission  current  le  is  very  small,  therefore  it 
is  difficult  to  illustrate  the  emission  current  le  by  the  same  measure  of  that  for  the  device  current  lf.  In  addition,  these 
characteristics  change  due  to  change  of  designing  parameters  such  as  the  size  or  shape  of  the  device.  For  these 

55  reasons,  two  lines  in  the  graph  of  Fig.  30  are  respectively  given  in  arbitrary  units. 
[0152]  Regarding  the  emission  current  le,  the  device  used  in  the  display  apparatus  has  three  characteristics  as 
follows: 
[0153]  First,  when  voltage  of  a  predetermined  level  (referred  to  as  "threshold  voltage  Vth")  or  greater  is  applied  to 
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the  device,  the  emission  current  le  drastically  increases,  however,  with  voltage  lower  than  the  threshold  voltage  Vth, 
almost  no  emission  current  le  is  detected. 
[0154]  That  is,  regarding  the  emission  current  le,  the  device  has  a  nonlinear  characteristic  based  on  the  clear  thresh- 
old  voltage  Vth. 

5  [0155]  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. 
[0156]  Third,  the  emission  current  le  is  output  quickly  in  response  to  application  of  the  device  voltage  Vf  to  the  device. 
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. 

10  [0157]  The  surface-conduction  emission  type  electron-emitting  device  with  the  above  three  characteristics  is  pref- 
erably  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 
scanning  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  is  applied  to  an  unselected  device.  In  this  manner,  sequentially  changing  the  driven  devices  enables  display  by  se- 
quential  scanning  of  display  screen. 
[0158]  Further,  emission  luminance  can  be  controlled  by  utilizing  the  second  or  third  characteristic,  which  enables 
multi  -gradation  display. 

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

[0159]  Next,  the  structure  of  the  multi  electron  source  having  the  above-described  surface-conduction  emission  type 
electron-emitting  devices  arranged  on  the  substrate  with  the  simple-matrix  wiring  will  be  described  below. 
[0160]  Fig.  31  is  a  plan  view  of  the  multi  electron  source  used  in  the  display  panel  in  Fig.  22.  There  are  surface- 

25  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 
electrical  insulation. 
[0161]  Fig.  32  shows  a  cross-section  cut  out  along  the  line  A  -  A'  in  Fig.  31  . 

30  [0162]  Note  that  a  multi  electron  source  having  such  a  structure  is  manufactured  by  forming  the  row-  and  column- 
direction  wirings  1003  and  1004,  the  interelectrode  insulating  layers  (not  shown),  and  the  device  electrodes  and  con- 
ductive  thin  films  of  the  surface-conduction  emission  type  electron-emitting  devices  on  the  substrate,  then  supplying 
electricity  to  the  respective  devices  via  the  row-  and  column-direction  wirings  1003  and  1004,  thus  performing  the 
forming  processing  and  the  activation  processing. 

35 
<Arrangement  of  Activation  Apparatus> 

[0163]  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 

40  the  accompanying  drawings. 
[0164]  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  un- 
dergone  forming  processing.  The  substrate  101  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 

45  terminals  Dx1  to  Dxm  and  column-direction  wiring  terminals  Dy1  to  Dyn.  A  line  selection  circuit  102  for  selecting  a  line 
to  be  activated  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  1  04  to  the  selected  row-direction  wiring.  A  current  monitoring  circuit 
103  monitors  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 

so  amplifier  for  measuring  a  potential  difference  generated  across  the  resistance.  With  these  components,  the  current 
monitoring  circuit  103  detects  the  current  lf  and  outputs  it  as  an  activation  current  value  109  to  a  control  circuit  106. 
Note  that  the  resistance  value  of  the  detection  resistance  Rmon  is  set  small  enough  to  prevent  influence  on  an  application 
voltage  to  the  surface-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 

55  source  in  accordance  with  a  command  value  from  the  control  circuit  106. 
[0165]  A  buffer  amplifier  circuit  107  drives  the  column-direction  wiring  terminals  Dy1  to  Dyn  of  the  surface-conduction 
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 
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terminals  Dy1  to  Dyn  is  determined  by  a  potential  distribution  generation  circuit  108. 
[0166]  In  the  first  embodiment,  the  progress  of  activation  is  grasped  by  detecting  a  current  amount  flowing  upon 
activation,  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 

5  devices  in  the  column  direction  that  changes  with  the  progress  of  activation,  as  will  be  described  in  detail  later.  That 
is,  the  control  circuit  106  estimates  a  device  current  flowing  through  each  device  using  an  output  from  the  current 
monitoring  circuit  103,  and  sets  the  estimated  value  as  a  current  setting  value  110  in  the  potential  distribution  generation 
circuit  108.  The  potential  distribution  generation  circuit  108  calculates  a  potential  distribution  generated  in  devices  in 
the  column  direction  in  accordance  with  the  current  setting  value  110  and  generates  this  distribution  as  a  potential. 

10  The  calculated  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  sequen- 
tially  updating  data  of  the  potential  distribution  generation  circuit  108  in  accordance  with  the  progress  of  activation. 

is  <Line  Selection  Circuit> 

[0167]  The  line  selection  circuit  102  will  be  described  with  reference  to  Fig.  2. 
[0168]  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 

20  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  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. 

25 
<Potential  Distribution  Generation  Circuit> 

[0169]  Fig.  3  is  a  circuit  diagram  showing  the  arrangement  of  the  potential  distribution  generation  circuit  108. 
[0170]  The  circuit  108  operates  to  automatically  calculate  a  compensation  potential  amount  to  be  applied  in  the 

30  column  direction  and  output  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,  as  described  above. 
[0171]  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. 

35  [0172]  The  equivalent  wiring  resistance  array  301  is  a  resistance  array  having  a  value  equivalent  to  the  wiring  re- 
sistance  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 
resistances  of  respective  portions  on  the  row  wiring.  Although  a  method  of  forming  an  electrode  on  the  surface-con- 
duction  emission  type  electron-emitting  device  substrate  101  will  be  described  below,  the  electrode  is  designed  to  be 

40  formed  from  a  material  having  a  constant  line  width  and  thickness,  rd1  to  rdn  can  be  considered  to  be  equal  except 
for  variations  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  the  end  of  the  surface-conduction  emission  type  electron-emitting  device  substrate  101  and  extracted  to 
constitute  the  equivalent  wiring  resistance  array  301  . 

45  [0173]  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 
emission  type  electron-emitting  device  substrate  101.  Each  constant  current  circuit  operates  to  sink  a  current  amount: 

(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 

so  as  an  input  potential.  Accordingly,  all  the  constant  current  circuits  operate  to  have  the  same  current  setting  value. 

<Activation  Processing> 

[0174]  Subsequently,  a  procedure  of  activating  the  surface-conduction  emission  type  electron-emitting  device  sub- 
55  strate  101  using  the  apparatus  of  the  first  embodiment  will  be  described  with  reference  to  Figs.  1,  4,  5A  and  5B. 

Activation  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 
performed  while  monitoring  an  output  from  the  current  monitoring  circuit  103  so  as  to  set  the  device  currents  of  re- 
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spective  devices  on  the  surface-conduction  emission  type  electron-emitting  device  substrate  101  to  2  mA  at  last. 
[0175]  An  activation  flow  will  be  explained. 
[0176]  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. 

5  [0177]  The  control  circuit  106  sets  the  current  setting  value  110  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  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. 

10  [0178]  The  first  embodiment  will  exemplify  activation  when  n  devices  on  the  line  of  the  row-direction  wiring  terminal 
Dx1  are  activated. 
[0179]  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  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 

is  to  Fig.  4.  In  Fig.  4,  reference  symbols  F-,  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  Dx1; 
and  Ft  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.  Since  the  row  wiring  is  designed  to  be  formed  from  a  material  having 
a  constant  line  width  and  thickness  in  the  first  embodiment,  r1  to  rN  can  be  considered  to  be  equal  except  for  variations 

20  in  the  manufacture.  Since  the  wirings  are  designed  to  be  uniform,  the  resistances  Fly  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  Ft  and  Fty  is  substantially  negligible  in  the  first  embodiment.  The  equivalent  resistance  value  of 
the  surface-donduction  emission  type  electron-emitting  device  is  designed  higher  than  rl  to  rn. 

25  [0180]  To  activate  the  surface-conduction  emission  type  electron-emitting  device  group  401  ,  the  control  circuit  106 
controls  the  line  selection  circuit  102  via  the  timing  generation  circuit  105,  and  connects  the  power  source  104  for 
outputting  the  activation  potential  Eac  and  the  current  monitoring  circuit  103  to  the  row-direction  wiring  terminal  Dx1. 
Thus,  the  terminal  Dx1  receives  the  activation  potential  Eac. 
[0181]  On  the  other  hand,  the  terminals  Dy1  to  Dyn  as  other  electrode  terminals  of  devices  on  the  line  Dx1  are  driven 

30  by  the  buffer  amplifier  107.  The  buffer  amplifier  107  operates  to  sink  activation  currents  il  to  in  from  the  devices  F1  to 
Fn,  and  the  output  potential  amplitude  is  determined  by  the  potential  distribution  generation  circuit  108. 
[0182]  The  potential  distribution  circuit  108  is  made  up  of  the  equivalent  wiring  resistance  array  301  and  constant 
current  circuit  302,  as  described  above.  The  resistance  values  rdl  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  CI-,  to  Cln 

35  constituting  the  constant  current  circuit  302  correspond  to  the  devices  F1  to  Fn  of  the  surface-conduction  emission  type 
electron-emitting  device  group  401,  and  equivalently  replace  device  currents  flowing  through  the  devices  along  with 
the  progress  of  activation. 
[0183]  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 

40  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 
activation  and  maximizes  at  the  end  of  activation.  For  example,  for  an  activation  current  of  2  mA/device,  r1  to  rn  =  10 
mQ,  and  n  =  1000,  a  potential  change: 

45 
AV=  1/2  X1000  X1001  X  2  mA  X  10m  Q  =  10  V 

occurs  at  the  terminal  Gyn  of  the  device  Fn  farthest  from  the  feeding  terminal. 
[0184]  To  prevent  this,  a  potential  distribution  identical  to  this  potential  distribution  is  generated  by  the  potential 

50  distribution  generation  circuit  1  08,  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. 
[0185]  More  specifically,  the  potential  drop  distribution  at  the  terminals  Gy1  to  Gyn  produced  by  currents  flowing 
through  the  devices  F-,  to  Fn  along  with  the  progress  of  activation  is  reproduced  by  outputs  By,  to  Byn  from  the  potential 
distribution  generation  circuit  108.  If  activation  of  the  devices  F-,  to  Fn  substantially  uniformly  progresses,  the  device 

55  currents  il  to  in  flowing  through  the  respective  devices  are  almost  equal,  and  the  current  value  can  be  given  using  a 
current  amount  I  detected  by  the  current  monitoring  circuit  103: 
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iave  =  (i1=i2=...=  in=)l/n  (D 

[0186]  By  setting  this  iave  as  a  current  setting  value  in  the  potential  distribution  generation  circuit  108,  a  distribution 
5  identical  to  the  potential  drop  distribution  at  the  terminals  Gy1  to  Gyn  produced  by  currents  flowing  through  the  devices 

F-|  to  Fn  is  generated  at  the  outputs  By,  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  acti- 
vation. 

10  [0187]  Figs.  5A  and  5B  show  the  distributions  of  potentials  applied  across  the  devices  F-,  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  F-,  to  Fn,  which  indicate  device  positions.  The  ordinate  represents  terminal  potentials  at  the  two  ter- 
minals  of  each  device.  As  described  above,  currents  flowing  through  respective  devices  are  small  immediately  after 
the  start  of  activation.  Therefore,  the  activation  potential  Eac  =  18  V  is  applied  from  the  power  source  104  to  the 

15  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  By,  to  Byn  of  the  potential  distribution 
generation  circuit  108  and  the  outputs  Sy1  toSynof  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. 
[0188]  Fig.  5B  shows  a  potential  distribution  at  the  end  of  activation.  At  the  end  of  activation,  currents  flowing  through 

20  respective  devices  are  almost  2  mA.  The  activation  potential  Eac  =  1  8  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  generation  circuit  108  is 
set  to  2  mA,  the  outputs  By1  to  Byn  of  the  potential  distribution  generation  circuit  108  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 

25  applied  to  the  respective  devices  to  activate  them. 
[0189]  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 
1  06  obtains  a  device  current  value  in  accordance  with  equation  (1  )  from  a  current  value  detected  by  the  current  mon- 
itoring  circuit  103  along  with  the  progress  of  activation,  and  sets  a  current  value  corresponding  to  the  obtained  value 

30  as  the  current  setting  value  of  the  potential  distribution  generation  circuit  108.  In  this  way,  the  outputs  By,  to  Byn  of  the 
potential  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. 
[0190]  The  outputs  By1  to  Byn  of  the  potential  distribution  generation  circuit  108  described  in  the  first  embodiment 
have  a  very  high  response  speed  in  updating  the  current  setting  value,  so  that  the  distribution  can  be  updated  every 

35  time  a  pulse  voltage  is  applied  from  the  power  source  104. 
[0191]  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.  1  5  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. 
[0192]  In  Fig.  15,  the  control  circuit  106  calculates  the  average  device  current  iavefrom  an  input  value  from  the  current 

40  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  110  in  accordance  with  the  obtained  device  current  value  (step  S3402).  In  this  state,  the  control  circuit 
106  applies  the  activation  potential  to  a  selected  line  (step  S3403).  Upon  completion  of  a  predetermined  activation 
procedure  for  the  selected  line,  activation  for  this  line  ends  (YES  in  step  S3404).  If  a  next  line  exists,  the  control  circuit 

45  1  06  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  1  03,  update  the  current  setting  value,  and  apply  a  next  pulse 
to  the  selected  line.  This  is  repeatedly  executed  until  activation  ends. 
[0193]  The  above  description  is  directed  to  activation  of  devices  on  the  row  wiring  Dx1.  This  procedure  can  similarly 

50  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. 
[0194]  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- 
ing  activation  lines.  In  this  case,  the  progress  of  activation  may  vary  between  lines.  To  prevent  this,  the  average  device 

55  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  108  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 
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in  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. 
[0195]  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 

5  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. 
[0196]  In  the  first  embodiment,  the  power  source  104  has  a  positive  output,  and  activation  is  performed  to  flow  a 
current  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 

10  distribution  is  also  inverted,  the  buffer  amplifier  1  07  is  constituted  as  a  (-1  )-time  inverting  buffer  amplifier  to  source  the 
current,  thereby  obtaining  the  same  effects. 
[0197]  As  described  above,  the  activation  apparatus  of  the  first  embodiment  can  make  the  electron-emitting  char- 
acteristics  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. 

15 
[Second  Embodiment] 

[0198]  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. 

20  [0199]  In  Fig.  6,  a  surface-conduction  emission  type  electron-emitting  device  substrate  601  is  different  from  the 
substrate  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. 
[0200]  The  operation  of  the  whole  apparatus,  the  activation  procedure,  and  the  like  are  the  same  as  in  the  first 

25  embodiment,  and  a  description  thereof  will  be  omitted.  Since  the  wiring  terminal  extraction  method  is  different,  a  po- 
tential  distribution  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. 
[0201]  Fig.  43A  shows  an  equivalent  circuit  when  the  surface-conduction  emission  type  electron-emitting  device 
substrate  601  according  to  the  second  embodiment  is  activated.  Fig.  43B  shows  a  device  application  potential  distri- 

30  bution  when  devices  on  the  second  line  are  activated  in  Fig.  43A.  In  two-side  extraction,  the  distribution  has  a  mirror- 
symmetrical  profile. 
[0202]  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  distribution 
circuit  608  by  1  to  (n/2)  resistance  arrays  and  constant  current  sources.  If  the  output  impedance  of  a  buffer  607  is  set 

35  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_-|  ,  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_-|,...,  and  the  output  Syj  of  the  jth 
column  is  connected  to  the  terminals  Dyjand  Dyn.j+1.  If  n  is  an  odd  number,  the  output  of  the  (n+1)/2  column  is  connected 

40  to  only  the  terminal  Dy(n+1y2. 
[0203]  Fig.  7  shows  the  potential  distribution  of  respective  devices  upon  driving  in  the  second  embodiment.  As  de- 
scribed  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. 

45  [0204]  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] 

so  [0205]  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. 
[0206]  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. 

55  [0207]  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. 
[0208]  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  F-,  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 

5  portions  on  a  row  wiring  Dx1  ;  and  Ft  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. 
[0209]  To  activate  the  surface-conduction  emission  type  electron-emitting  device  group  901,  a  control  circuit  806 
controls  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 

10  terminal  Dx1  is  driven  by  the  activation  potential  Eac. 
[0210]  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  F-,  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. 

is  [0211]  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 

20  an  activation  potential  and  applied  as  the  amplitude  of  the  power  source  804. 
[0212]  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 

30  of  potentials  applied  from  the  column-direction  wiring  terminals  Dy1  to  Dyn,  thereby  driving  the  terminals  Dy1  to  Dyn. 
[0213]  The  offset  potential  value  to  be  added  is  determined  as  follows.  The  difference  between  maximum  and  min- 
imum  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  By,  to  Byn  of  the 
potential  distribution  circuit  808  is  calculated  by 

35 

40 

45 

Potential  Drop  Amount  81  1 

Potential  By1  -  Potential  Byn 

Thus,  the  offset  setting  value  812  is  determined  by 

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. 

50  [0214]  Figs.  1  0A  and  1  0B  show  the  potential  distributions  of  respective  devices  upon  driving  in  the  third  embodiment. 
Fig.  10A  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 

55  profile  like  the  one  shown  in  Fig.  1  0B.  As  shown  in  Fig.  1  0B,  the  potential  distribution  of  respective  devices  is  the  same 
as  in  Fig.  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 

22 



EP  0  964  421  A1 

to  1  8  V  +  Voff  along  with  this. 
[0215]  By  applying  the  potential  added  with  the  offset  potential  used  in  the  third  embodiment,  surface-conduction 
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 

5  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  elec- 
tron-emitting  device  substrate. 

[Fourth  Embodiment] 
10 

[0216]  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.  11  . 
[0217]  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 

is  as  in  the  first  embodiment,  and  a  description  thereof  will  be  omitted. 
[0218]  The  fourth  embodiment  is  slightly  different  from  the  first  embodiment  in  arrangements  of  a  current  monitoring 
circuit  1103  and  a  potential  distribution  circuit  1108,  as  will  be  described.  That  is,  the  current  monitoring  circuit  1103  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. 

20  [0219]  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. 
[0220]  Also  in  the  fourth  embodiment,  a  potential  distribution  produced  along  with  the  progress  of  activation  is  gen- 

25  erated  by  the  potential  distribution  generation  circuit  1108,  and  the  terminals  Dy1  to  Dyn  are  driven  by  outputs  Sy1  to 
Syn  from  the  buffer  amplifier  1107  so  as  to  cancel  the  potential  distribution.  In  this  case,  the  arrangement  of  a  constant 
current  circuit  302  constituting  the  potential  distribution  circuit  1108  is  slightly  different  from  that  in  the  above  embod- 
iments.  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 

30  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  1108  shown  in  Fig.  12. 
[0221]  At  the  same  time,  the  current  monitoring  circuit  1  1  03  is  changed  to  individually  monitor  device  currents  flowing 
through  respective  devices.  The  current  monitoring  circuit  1103  is  made  up  of  detection  resistances  Rmon  and  a  meas- 

35  urement  amplifier  for  measuring  a  voltage  generated  across  each  detection  resistance  Rmon.  With  these  components, 
the  current  monitoring  circuit  103  detects  the  currents  lf  and  outputs  n  detected  activation  current  values  1109.  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  lf. 

40  [0222]  Since  the  arrangement  of  the  constant  current  circuit  302  constituting  the  potential  distribution  circuit  1108  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  1108.  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 

45  the  assumption  that  activation  of  the  devices  F-,  to  Fn  uniformly  progresses  and  the  device  currents  il  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  CI-,  to  Cln  on  each  row  in  the 
potential  distribution  circuit  1108,  and  potentials  in  accordance  with  a  potential  distribution  in  an  activated  line  are 

so  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  measured 
for  each  device.  Consequently,  voltages  applied  between  the  terminals  of  the  devices  F-,  to  Fn  can  be  made  uniform 
regardless  of  the  device  position  and  the  progress  of  activation. 
[0223]  Note  that  when  an  output  from  the  buffer  amplifier  1107  is  not  0  V,  a  current  value  detected  by  the  current 

55  monitoring  circuit  1103  does  not  always  coincide  with  a  device  current  flowing  through  each  device.  This  will  be  ex- 
plained.  Although  not  shown  in  Fig.  1  2,  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  lx  of  the  xth  row  detected 
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by  the  current  monitoring  circuit  1103  is 

I  =  Device  Current  Flowing  Through  Device  Fx  Upon  Application  of  18  V  +  Current  Flowing  Through 

Inactivated  Device  (m-1)  Connected  to  Terminal  D  ̂ Upon  Application  of  Potential 

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  S^. 
(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". 

[0224]  By  these  two  measurements, 

Device  Current  Flowing  Through  Device  Fx  Upon  Application  of  18  V  =  lb  -  1 

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

[Fifth  Embodiment] 

[0225]  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. 
[0226]  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  wiring  terminals  Dy1  to  Dyn  and  a  buffer  amplifier  1  307  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  activation  current  values  flowing  through  devices,  and  transfers  a  digital  output  value  corresponding  to 
the  potential  distribution  obtained  from  the  calculation  result  to  the  potential  distribution  generation  circuit. 
[0227]  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. 
[0228]  Also  in  the  fifth  embodiment,  the  terminals  Dy1  to  Dyn  are  driven  by  outputs  Sy1  to  Syn  from  the  buffer  amplifier 
1307  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 
setting  values  1310  corresponding  to  the  n  D/A  converters  are  externally  supplied  to  individually  drive  the  D/A  con- 
verters.  The  digital  output  setting  value  1310  is  set  as  a  potential  drop  distribution  amount  calculated  by  the  control 
circuit  1306.  Independent  potentials  are  set  in  the  respective  D/A  converters,  and  all  the  outputs  are  simultaneously 
updated  by  a  latch  CLK  1311. 
[0229]  Similar  to  the  fourth  embodiment,  the  current  monitoring  circuit  1  303  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. 
[0230]  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 
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1308  are  calculated  using  the  wiring  resistance  values  r1  to  rn: 

By1  =  -r1  X  2{k=  1  to  n}ik 

By2  =  -r2  X  2{k  =  2  to  n}ik  +  By1 

Bvn  =  -rn  X  in  +  Bvn  ,  +  Bvn  „+...+  Bv1 70  yn  yn-1  yn-̂   yl 

[0231]  Device  currents  flowing  along  with  the  progress  of  activation  are  measured.  The  control  circuit  1  306  sequen- 
tially  updates  the  output  potentials  By1  to  Byn  by  the  above  equations,  and  transfers  corresponding  digital  output  data 
to  the  latch  circuits  1  403  of  the  potential  distribution  circuit  1  308.  Upon  completion  of  a  series  of  operations:  measure- 

's  ment  of  the  device  current  ->  calculation  of  output  data  ->  transfer  of  data  to  the  latch  circuit,  the  control  circuit  1  306 
applies  the  latch  clock  1311  to  all  the  latch  circuits  1403  in  order  to  update  D/A  data,  and  updates  the  data  in  synchronism 
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  F-,  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 

20  of  output  data  ->  data  transfer.  This  time  can  be  shortened  by  parallel  processing  for  respective  devices. 
[0232]  By  compensating  an  activation  potential  distribution  generated  in  devices  upon  activation  by  the  above-de- 
scribed  method,  the  electron-emitting  characteristics  of  all  devices  can  be  made  uniform.  Further,  in  the  fifth  embodi- 
ment,  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 

25  difference  between  a  wiring  resistance  distribution  on  a  line  to  be  activated  and  a  resistance  value  distribution  in  the 
equivalent  wiring  resistance  array. 

[Sixth  Embodiment] 

30  [0233]  Activation  for  the  surface-conduction  emission  type  electron-emitting  device  according  to  the  sixth  embodi- 
ment  of  the  present  invention  will  be  described  with  reference  to  Fig.  16. 
[0234]  Also  in  Fig.  1  6,  a  surface-conduction  emission  type  electron-emitting  device  substrate  1  01  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 

35  1  608  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  1606  outputs  a 
latch  clock  111  to  the  potential  distribution  generation  circuit  1608.  The  remaining  arrangement  is  the  same  as  in  the 
first  embodiment. 
[0235]  In  the  sixth  embodiment,  the  control  circuit  1606  detects  the  progress  of  activation  by  a  current  amount  flowing 

40  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 
monitoring  circuit  103,  and  calculates  a  potential  distribution  generated  in  devices  in  the  column  direction  from  the 

45  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  sequentially  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. 

50  <Potential  Distribution  Generation  Circuit> 

[0236]  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. 
[0237]  The  potential  distribution  generation  circuit  1608  generates  a  compensation  potential  amount  to  be  applied 

55  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. 
[0238]  In  the  sixth  embodiment,  terminals  Dy1  to  Dyn  of  the  surface-conduction  emission  type  electron-emitting  device 
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substrate  101  are  driven  by  outputs  (Sy1  to  Syn)  from  the  buffer  amplifier  107  so  as  to  cancel  a  potential  distribution 
generated  along  with  the  progress  of  activation. 
[0239]  The  potential  distribution  generation  circuit  1608  is  constituted  by  n  D/A  converters  302  and  n  latch  circuits 
303.  Digital  output  setting  values  110  corresponding  to  then  D/A  converters  are  externally  set.  More  specifically,  the 

5  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. 

<Activation  Processing> 
10 

[0240]  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,  17,  5A  and  5B. 
Activation  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 

is  while  monitoring  an  output  from  the  current  monitoring  circuit  1  03  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. 
[0241]  An  activation  flow  will  be  explained. 
[0242]  When  the  control  circuit  1  606  receives  an  activation  start  command,  it  controls  a  timing  generation  circuit  1  05 
and  a  power  source  104  in  order  to  perform  electrification  processing  in  units  of  rows. 

20  [0243]  The  control  circuit  1606  sets  the  current  setting  value  110  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. 

25  [0244]  The  sixth  embodiment  will  exemplify  activation  when  n  devices  on  the  line  of  the  row-direction  wiring  terminal 
Dx1  are  activated. 
[0245]  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  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 

30  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 
EX-,  ;  and  Fty,  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.  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 

35  in  the  manufacture.  Since  the  wirings  are  designed  to  be  uniform,  the  resistances  Fly  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  Fty,  and  the  influence  of  Ry  is  substantially  negligible.  The  equivalent  resistance  value  of  the 
surface-conduction  emission  type  electron-emitting  device  is  designed  higher  than  r1  to  rN. 

40  [0246]  To  activate  the  surface-conduction  emission  type  electron-emitting  device  group  301  ,  the  control  circuit  1  606 
controls  a  line  selection  circuit  1  02  via  the  timing  generation  circuit  1  05,  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. 
[0247]  On  the  other  hand,  the  terminals  Dy1  to  Dyn  as  other  electrode  terminals  of  devices  on  the  line  Dx1  are  driven 

45  by  the  buffer  amplifier  107.  The  buffer  amplifier  107  operates  to  sink  activation  currents  i1  to  in  from  the  devices  F-,  to 
Fn  or  use  them  as  a  current  source,  and  the  output  potential  amplitude  is  determined  by  the  potential  distribution 
generation  circuit  1608. 
[0248]  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 

so  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 
activation  and  maximizes  at  the  end  of  activation.  For  example,  for  an  activation  current  of  2  mA/device,  r1  to  rn  =  5 
mQ,  and  n  =  1000,  a  potential  change: 

55 
AV=  1/2  X  1000  X  1001  X2  m A X 5 m Q = 5 V  

occurs  at  the  terminal  Gyn  of  the  device  Fn  farthest  from  the  feeding  terminal. 
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[0249]  To  prevent  this,  a  potential  distribution  identical  to  this  potential  distribution  is  generated  by  the  potential 
distribution  generation  circuit  1  608,  and  the  terminals  Dy1  to  Dyn  are  driven  by  outputs  Sy1  to  Syn  from  the  buffer  amplifier 
107  so  as  to  cancel  the  potential  distribution  produced  in  respective  devices. 
[0250]  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  potential 
distribution  generation  circuit  1608.  If  activation  of  the  devices  F1  to  Fn  substantially  uniformly  progresses,  the  device 
currents  il  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: 

i  =  (L  =  L  =...=i_  =)  l/n 

(n  is  the  number  of  column-direction  devices) 
[0251]  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 
F-|  to  Fn  is  realized  at  the  outputs  By,  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  acti- 
vation. 
[0252]  In  the  sixth  embodiment,  the  potential  distribution  at  device  terminals  produced  along  with  the  progress  of 
activation  is  calculated  as  follows. 
[0253]  Assuming  that  activation  substantially  simultaneously  progresses  for  respective  devices,  the  device  currents 
i1  to  in  flowing  through  the  devices  F-,  to  Fn  are  estimated  from  the  activation  current  I  (109)  detected  by  the  current 
monitoring  circuit  103: 

Uve  =  (h  =  i2  =.-=  in  =)  l/n  (1) 

[0254]  At  this  time,  the  potentials  By,  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: 

Byl  =  - r l   X  Z{k  =  1  to  n } i k  

=̂   - r   X  n  X  iave 

=  - r   X  i  

By2  =  - r2   X  2{k  =  2  to  n} ik   +  Byl 

=  - r   X  (n  -  l ) / n   X  I  +  (  - r   X  I )  

Byn  =  - r n   X  in  +  Byn-i  +  Byn-2  + . . . +   Byi 

^  - r   X  l / n   X  I  + . . . - r   X  ( n - l ) / n   X  i  +  (  - r   X 

I )  

^  - 1 / 2   X  r  X  (n  +  1)  X  i  ( 2 )  

[0255]  Along  with  the  progress  of  activation,  the  control  circuit  1  606  measures  the  activation  current,  and  sequentially 
calculates  the  output  potentials  By,  to  Byn  from  equation  (2).  The  control  circuit  1306  transfers  digital  output  data 
corresponding  to  the  output  potentials  By1  to  Byn  to  the  latch  circuits  303  of  the  potential  distribution  circuit  1  608.  Upon 
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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  110  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  1  608  generates 
a  potential  distribution  corresponding  to  a  potential  distribution  amount  generated  at  the  terminals  Gy1  to  Gyn  of  the 

5  devices  F1  to  Fn. 
[0256]  Similar  to  the  first  embodiment,  Figs.  5A  and  5B  show  the  distributions  of  potentials  applied  across  the  devices 
F-|  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  F-,  to  Fn,  which  indicate  device  positions.  The 
ordinate  represents  terminal  potentials  at  the  two  terminals  of  each  device.  As  described  above,  currents  flowing 

10  through  respective  devices  are  small  immediately  after  the  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  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  Sy,  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 

is  progress  activation. 
[0257]  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  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 

20  generation  circuit  1608  is  set  to  2  mA,  the  outputs  By,  to  Byn  of  the  potential  distribution  generation  circuit  1608  and 
the  outputs  Sy1  to  Syn  of  the  buffer  107  have  the  same  distribution  as  Gy1  to  Gyn.  Asa  result,  a  predetermined  application 
voltage  up  to  18  V  is  applied  to  the  respective  devices  to  activate  them. 
[0258]  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 

25  circuit  1606  calculates  the  outputs  By,  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  1  03  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  DD-,  to  DDn  of  the  latch  circuits  303  included  in  the  potential  distribution  generation  circuit  1608. 
In  this  fashion,  all  devices  are  activated  by  a  constant  voltage  from  the  start  to  end  of  activation.  When  the  device 

30  current  of  each  device  reaches  2  mA,  activation  ends. 
[0259]  Fig.  21  shows  an  example  of  a  control  procedure  by  the  control  circuit  1606  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  By,  to  Byn  from  an  input 

35  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 
distribution  generation  circuit  (step  S2703).  This  is  repeatedly  executed  until  the  above-described  activation  end  con- 
ditions  are  satisfied.  If  the  conditions  are  satisfied,  activation  for  this  line  ends  (YES  in  step  S2704).  If  a  next  line  exists, 
the  control  circuit  1  606  outputs  a  line  switching  signal  to  select  the  next  line.  If  activation  for  the  selected  line  has  not 

40  been  completed  yet,  the  control  circuit  1606  returns  to  step  S2701  to  read  an  activation  current  value  with  respect  to 
the  activation  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. 
[0260]  By  this  method,  an  activation  voltage  distribution  generated  upon  activation  can  be  corrected  to  make  the 

45  electron-emitting  characteristics  of  all  devices  uniform. 
[0261]  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. 
[0262]  When  a  plurality  of  lines  are  activated,  after  activation  of  devices  on  a  given  line  is  completed,  the  line  selection 

so  circuit  102  is  switched  to  activate  another  activation  line  (activation  is  performed  in  units  of  lines).  Alternatively,  a 
plurality  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  gen- 
eration  circuit  1608  at  a  high  speed  using  the  average  device  current  stored  in  the  memory  in  switching  lines.  At  this 

55  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  distribution  is  updated,  appropriately  read  out  together  with  the 
average  device  current  value  of  each  line  and  used  for  calculation. 
[0263]  When  the  number  n  of  devices  is  large,  a  long  time  may  be  spent  for  a  series  of  operations:  measurement  of 
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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 
electron-emitting  device  substrate  101.  Since  the  compensation  potential  distribution  profile  changes  gradually,  as 

5  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. 
[0264]  In  the  sixth  embodiment,  the  power  source  104  has  a  positive  output,  and  activation  is  performed  to  flow  a 
current  from  the  terminal  Dx1  to  the  terminals  Dy1  to  Dyn.  Alternatively,  the  polarity  may  be  inverted,  and  activation  may 

10  be  performed  to  flow  a  current  from  the  terminals  Dy1  to  Dyn  to  the  terminal  Dx1.  In  this  case,  since  the  potential 
distribution  is  also  inverted,  the  buffer  amplifier  1  07  is  constituted  as  a  (-1  )-time  inverting  buffer  amplifier  to  source  the 
current,  thereby  obtaining  the  same  effects. 
[0265]  In  the  sixth  embodiment,  the  influence  of  the  column-direction  wiring  resistance  Ry  in  Fig.  17  is  ignored  when 
the  resistance  of  the  column-direction  wiring  is  much  lower  than  the  equivalent  resistance  of  the  surface-conduction 

is  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. 
[0266]  As  described  above,  the  activation  apparatus  of  the  sixth  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- 

20  ratus  almost  free  from  variations  in  luminance  or  density. 

[Seventh  Embodiment] 

[0267]  An  activation  apparatus  for  the  surface-conduction  emission  type  electron-emitting  device  according  to  the 
25  seventh  embodiment  of  -the  present  invention  will  be  described  with  reference  to  Fig.  18. 

[0268]  Also  in  Fig.  1  8,  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. 
[0269]  The  seventh  embodiment  is  different  from  the  sixth  embodiment  in  method  of  driving  a  line  selection  circuit 

30  502  of  the  surface-conduction  emission  type  electron-emitting  device  substrate  501  ,  as  will  be  described. 
[0270]  The  method  of  driving  the  line  selection  circuit  502  will  be  explained. 
[0271]  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 

35  type  electron-emitting  device  substrate  501  .  Each  switching  element  operates  based  on  a  control  signal  Vscan  output 
from  a  timing  generation  circuit  105.  In  practice,  the  switching  elements  can  be  easily  constituted  by  a  combination  of 
switching  elements  such  as  FETs  or  relays. 
[0272]  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 

40  power  source  513.  The  output  potential  of  the  variable  power  source  513  is  set  by  a  non-selection  potential  setting 
value  512  output  from  a  control  circuit  506. 
[0273]  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. 
[0274]  According  to  the  electron  source  manufacturing  method  of  the  seventh  embodiment,  when  activation  is  per- 

45  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  inactivated 
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 

so  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 
51  2  is  applied  to  the  grouped  lines  so  as  to  minimize  the  absolute  values  of  voltages  applied  across  devices  connected 
to  these  lines. 
[0275]  The  non-selection  potential  setting  value  51  2  is  determined  by  the  control  circuit  506  as  follows.  The  difference 

55  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 
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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:  V  ff  =  1/2  X  Maximum  Potential  Distribution  Amount 

[0276]  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  resistance 
values  r1  to  rn  =  r: 

Byl  =  - r l   X  2{k  =  1  to  n } i k  

^  - r   X  n  X  iave 

=  - r   X  I  

25  Byn  =  - r n   X  in   +  Byn-i  +  Byn-2  + . . . +   Byl 

^  - r   X  l / n   X  I  + . . . - r   X  ( n - l ) / n   X  I  +  ( - r   X  i )  

^  - 1 / 2   X  r  X  (n  +  1)  X  i  

[0277]  Hence,  the  non-selection  potential  setting  value  512  is  calculated  by 

V0ff  =  - 1 / 2   X  Maximum  P o t e n t i a l   D i s t r i b u t i o n   A m o u n t  

=  -  1/2  (  P o t e n t i a l   Byi  -  P o t e n t i a l   Byn) 

=  - 1 / 4   X  r  X  (n  -  1)  X  i  

[0278]  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. 
[0279]  When  the  non-selection  potential  setting  value  512  is  the  ground  level,  voltages: 

(Voff-By1)to  (Voff-Byn) 
that  is, 

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 
unselected  line,  the  absolute  values  of  voltages  applied  across  devices  connected  to  the  unselected  line  can  be  sub- 
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stantially  halved  (in  general,  n  is  as  large  as  1  ,000  or  more). 
[0280]  Figs.  20A  and  20B  show  changes  in  driving  potential  waveforms  applied  to  each  terminal  of  the  surface- 
conduction  emission  type  electron-emitting  device  substrate  501  at  the  start  and  end  of  activation. 
[0281]  Fig.  20A  shows  the  driving  potential  waveform  of  each  terminal  immediately  after  the  start  of  activation,  and 

5  Fig.  20B  shows  the  driving  potential  waveform  at  the  end  of  activation. 
[0282]  As  described  above,  each  device  is  driven  by  a  pulse  having  a  driving  potential  of  18  V  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 
waveform  to  the  terminals  Dx2  to  Dxm  on  unselected  lines  which  are  not  activated,  which  is  driven  by  the  variable  power 

10  source  513  set  by  the  non-selection  potential  setting  value  512.  The  non-selection  potential  setting  value  512  is  rep- 
resented  by  Voff.  Waveforms  (c)  and  (d)  represent  driving  waveforms  to  the  column-direction  terminals  of  the  surface- 
conduction  emission  type  electron-emitting  device  substrate  501  ,  which  are  driven  by  a  buffer  amplifier  507.  The  wave- 
form  (c)  represents  a  driving  waveform  to  the  terminal  Dy1  exhibiting  the  minimum  potential  drop,  and  the  waveform 
(d)  represents  a  driving  waveform  to  the  terminal  Dyn  exhibiting  the  maximum  potential  drop. 

is  [0283]  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  po- 
tential  setting  value  Voff  are  also  small.  Activation  progresses,  and  a  large  activation  current  flows  at  the  end  of  acti- 
vation.  Accordingly,  the  potential  drop  amount  caused  by  the  wiring  resistance  increases,  and  the  compensation  po- 
tential  amount  and  non-selection  potential  setting  value  Voff  also  increase,  as  shown  in  Fig.  20B.  That  is,  the  compen- 

20  sation  potential  distribution  changes  with  the  progress  of  activation  to  always  apply  the  set  voltage  =  1  8  V  to  each  device. 
[0284]  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  dis- 
tribution,  and  ends  before  a  change  in  pulse  output  from  the  buffer  amplifier  507.  This  will  be  explained.  This  time 
difference  is  represented  by  At  in  Figs.  20A  and  20B.  At  is  about  several  u.sec. 

25  [0285]  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 

30  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  non-uniform. 
[0286]  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 

35  from  the  buffer  amplifier  507.  With  this  setting,  the  influence  of  variations  in  output  timing  of  the  buffer  amplifier  can  be 
avoided. 
[0287]  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, 

40  and  the  offset  potential  may  be  determined  to  minimize  the  power  value  applied  to  the  entire  surface-conduction  emis- 
sion  type  electron-emitting  device  substrate. 
[0288]  As  described  above,  the  activation  apparatus  of  the  seventh  embodiment  can  make  the  electron-emitting 
characteristics  of  all  devices  uniform  by  monitoring  activation  currents  and  correcting  the  distribution  of  activation  volt- 
ages  to  respective  devices  on  one  line.  This  electron  source  substrate  is  used  to  realize  a  high-quality  image  display 

45  apparatus  almost  free  from  variations  in  luminance  or  density. 
[0289]  Since  a  predetermined  non-selection  potential  is  applied  to  an  inactivated  line,  an  increase  in  power  con- 
sumption  by  application  of  potentials  to  devices  on  an  inactivated  line  can  be  reduced. 
[0290]  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 

so  amplifier.  Even  if  the  output  timing  of  the  buffer  amplifier  varies,  the  influence  can  be  avoided. 

[Eighth  Embodiment] 

[0291]  An  activation  apparatus  for  the  surface-conduction  emission  type  electron-emitting  device  according  to  the 
55  eighth  embodiment  of  the  present  invention  will  be  described  with  reference  to  Fig.  33. 

[0292]  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. 
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[0293]  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 

5  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. 
[0294]  As  is  apparent  from  changes  in  activation  time  and  current  in  Figs.  27B,  5A,  and  5B,  the  device  current  in- 
creases  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 

10  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. 

is  [0295]  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 
activation. 
[0296]  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 

20  was  performed  for  30  min  in  order  to  obtain  an  activation  device  current  of  2  mA/device. 
[0297]  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. 

25  [0298]  The  distribution  value  correction  memory  71  2  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. 

30  [0299]  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 
activation  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  Vto  -0.3  V  are  generated  after  1  min,  and  compensation 
potentials  from  -0.5  Vto  -3.0  V  are  generated  after  29  min.  That  is,  compensation  potential  data  for  the  column-direction 

35  wiring  number  n  X  30  min  are  stored  in  the  distribution  value  correction  memory  712. 
[0300]  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  F-,  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 

40  devices  are  small  immediately  after  the  start  of  activation,  as  described  above.  Therefore,  the  activation  potential  Eac 
=  1  8  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  By,  to  Byn  of  the  potential  distri- 
bution  generation  circuit  708  and  outputs  Sy1  to  Syn  of  a  buffer  amplifier  707  are  also  almost  0  V.  With  the  lapse  of  the 

45  activation  time  of  29  min  shown  in  Fig.  35C,  respective  values  in  the  distribution  value  correction  memory  712  generate 
the  largest  compensation  potentials.  Then,  a  predetermined  application  voltage  up  to  18  V  is  applied  to  respective 
devices  to  progress  activation. 
[0301]  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 

so  constant  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  distribution  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 

55  memory  712  is  set  large.  With  this  setting,  the  memory  capacity  can  be  saved  to  realize  potential  compensation  with 
high  controllability. 
[0302]  According  to  the  above  embodiments,  when  a  surface-conduction  emission  type  electron-emitting  device 
substrate  on  which  surface-conduction  emission  type  electron-emitting  devices  are  arranged  in  a  matrix  is  manufac- 
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tured  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 
characteristics  by  preventing  variations  in  characteristics  due  to  non-uniform  voltages  applied  to  the  devices  under  the 
influence  of  a  potential  drop  caused  by  the  wiring  resistance  and  activation  current.  This  electron  source  substrate  is 

5  used  to  realize  a  high-quality  image  display  apparatus  almost  free  from  variations  in  luminance  or  density. 
[0303]  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. 
[0304]  Since  output  of  the  line  selection  pulse  potential  starts  after  a  change  in  pulse  output  of  the  column  wiring 

10  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. 
[0305]  As  has  been  described  above,  according  to  the  present  invention,  a  preferable  electron-emitting  device  can 
be  obtained. 
[0306]  The  following  embodiments  are  particularly  effective  when  a  plurality  of  lines  are  simultaneously  selected  to 

is  simultaneously  electrify  a  plurality  of  devices  connected  to  these  lines  will  be  described. 

[Ninth  Embodiment] 

[0307]  Fig.  44  is  a  block  diagram  showing  the  arrangement  of  an  activation  apparatus  for  the  surface-conduction 
20  emission  type  electron-emitting  device  in  the  ninth  embodiment  of  the  present  invention. 

[0308]  In  Fig.  44,  reference  numeral  44101  denotes  a  surface-conduction  emission  type  electron-emitting  device 
substrate  to  be  activated  (on  the  substrate  44101  in  the  ninth  embodiment,  a  plurality  of  surface-conduction  emission 
type  electron-emitting  devices  are  arranged  in  a  matrix  and  have  already  undergone  forming  processing).  The  substrate 
441  01  is  stored  in  a  container  connected  to  an  evacuation  device  (not  shown),  and  the  container  is  evacuated  to  about 

25  10"4  to  10"5  Torn  The  substrate  44101  is  further  connected  to  an  external  electric  circuit  via  row  wiring  terminals  Dx1 
to  Dxm  and  column  wiring  terminals  Dy1  to  Dyn.  Reference  numeral  44102  denotes  a  line  selection  circuit  for  selecting 
a  row  wiring  to  be  activated  on  the  substrate  44101.  The  line  selection  circuit  44102  simultaneously  selects  two  or 
more  row-direction  wirings  in  accordance  with  a  line  select  signal  from  a  timing  generation  circuit  44105,  and  applies 
the  potential  of  a  power  source  441  04  to  the  selected  row  wirings.  Reference  numeral  441  03  denotes  a  current  detection 

30  circuit  for  individually  monitoring  currents  flowing  through  respective  selected  row  wirings  upon  applying  the  voltage 
to  the  selected  row  wirings.  The  current  detection  circuit  44103  is  made  up  of  a  detection  resistance  Rmon,  a  sample/ 
hold  circuit  for  sampling/holding  a  voltage  generated  across  the  detection  resistance,  and  a  voltage  measurement 
device  for  measuring  the  voltage  generated  across  the  detection  resistance.  With  these  components,  the  current  de- 
tection  circuit  441  03  detects  the  currents  If  flowing  from  the  power  source  441  04  through  the  selected  row  wirings,  and 

35  outputs  the  detected  current  values  as  activation  current  values  44109  to  a  control  circuit  44106.  The  detection  resist- 
ance  Rmon  is  set  to  a  small  resistance  value  enough  not  to  influence  the  application  voltage  to  the  surface-conduction 
emission  type  electron-emitting  device  by  a  potential  drop  caused  by  the  flowing  current  lf.  The  power  source  44104 
generates  a  potential  to  be  applied  to  the  row  wiring  of  the  surface-conduction  emission  type  electron-emitting  device 
substrate  44101  in  accordance  with  a  command  value  from  the  control  circuit  44106. 

40  [0309]  Reference  numeral  44107  denotes  a  buffer  amplifier  circuit  for  applying  the  potential  to  the  column  wiring 
terminals  Dy1  to  Dyn  of  the  surface-conduction  emission  type  electron-emitting  device  substrate  44101  at  a  timing 
synchronized  with  a  control  clock  signal  Hscan  from  the  timing  generation  circuit  44105.  An  input  value  to  the  buffer 
amplifier  circuit  44107,  i.e.,  a  potential  value  to  be  applied  to  the  column  wiring  terminals  Dy1  to  Dyn  is  determined  by 
a  pixel  electrode  driving  circuit  44108. 

45  [0310]  In  the  ninth  embodiment,  the  progress  of  activation  is  grasped  by  the  current  amount  flowing  upon  activation 
(the  activation  current  441  09  detected  by  the  current  detection  circuit  441  03).  The  control  circuit  441  06  starts  activating 
the  surface-conduction  emission  type  electron-emitting  devices  of  the  substrate  44101  upon  reception  of  an  activation 
start  command,  and  sequentially  corrects  the  distribution  of  driving  voltage  values  of  devices  in  the  column  direction 
that  change  with  the  progress  of  activation,  as  will  be  described  in  detail  later.  That  is,  the  control  circuit  441  06  calculates 

so  a  potential  value  for  compensating  for  the  characteristics  of  each  device  during  activation  with  reference  to  wiring 
resistance  value  data  stored  in  a  memory  44111  and  the  activation  current  value  44109  from  the  current  detection 
circuit  44103,  and  sets  this  potential  value  as  an  output  setting  value  44110  in  the  pixel  electrode  driving  circuit  44108. 
The  pixel  electrode  driving  circuit  441  08  generates  a  driving  potential  corresponding  to  the  output  setting  value  4411  0, 
and  applies  it  to  the  column  wiring  of  the  substrate  441  01  via  the  buffer  amplifier  441  07.  Thus,  the  voltage  distribution 

55  generated  by  device  currents  and  wiring  resistances  on  activated  devices  is  corrected  (the  difference  in  voltage  is 
suppressed)  to  always  apply  a  constant  voltage  to  the  activated  devices.  The  output  setting  value  44110  set  in  the 
pixel  electrode  driving  circuit  44108  is  sequentially  updated  with  the  progress  of  activation  to  correct  the  voltage  dis- 
tribution  of  devices  on  the  activated  row  till  the  end  of  activation. 
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[0311]  The  control  circuit  44106  monitors  the  progress  of  activation  based  on  the  activation  current  value  44109 
detected  by  the  current  detection  circuit  441  03,  and  selects  a  row  wiring  to  which  the  potential  is  applied  from  the  power 
source  441  04  via  the  line  selection  circuit  441  02.  This  operation  will  also  be  described  in  detail  later.  The  control  circuit 
44106  outputs  a  driving  line  setting  signal  to  the  timing  generation  circuit  44105  to  set  row  wirings  to  be  driven  (acti- 

5  vated).  The  timing  generation  circuit  44105  sets  which  of  m  row  wirings  is  to  be  connected  to  the  power  source  44104 
in  accordance  with  a  line  select  signal,  and  applies  the  potential  of  the  power  source  44104  to  surface-conduction 
emission  type  electron-emitting  devices  to  be  activated  on  the  surface-conduction  emission  type  electron-emitting 
device  substrate  44101.  Note  that  an  activation  current  value  and  wiring  resistance  value  are  stored  in  the  memory 
44111  in  order  to  correct  the  driving  voltage  value  distribution  of  devices  in  the  column  direction  which  changes  with 

10  the  progress  of  activation,  and  are  referred  to  by  the  control  circuit  44106  as  needed. 
[0312]  The  line  selection  circuit  44102  will  be  described  with  reference  to  Fig.  45. 
[0313]  The  line  selection  circuit  44102  incorporates  m  switching  elements  (SWx1  to  SWxm)  in  accordance  with  the 
number  m  of  row  wirings  on  the  substrate  441  01  .  Each  switching  element  selects  either  one  of  an  output  potential  from 
the  power  source  44104  and  0  V  (ground  level)  to  apply  the  selected  potential  to  the  row  wiring  terminals  Dx1  to  Dxm 

is  of  the  surface-conduction  emission  type  electron-emitting  device  substrate  44101.  Each  switching  element  operates 
based  on  a  line  select  signal  output  from  the  timing  generation  circuit  44105.  The  switching  element  can  be  easily 
constituted  by  a  combination  of  switching  elements  such  as  FETs  or  relays.  In  Fig.  45,  the  first  and  second  row  wirings 
(Sx1)  and  (Sx2)  are  selected.  Only  the  row  wiring  terminals  Dx1  and  Dx2  of  the  substrate  44101  receive  an  output 
potential  from  the  power  source  44104,  while  the  remaining  row  wirings  are  grounded. 

20  [0314]  Fig.  46  is  a  circuit  diagram  showing  the  arrangement  of  the  pixel  electrode  driving  circuit  44108. 
[0315]  The  pixel  electrode  driving  circuit  44108  comprises  n  latch  circuits  44301  and  n  D/A  converters  44302,  and 
generates  a  driving  signal  for  driving  n  column  wirings  on  the  surface-conduction  emission  type  electron-emitting  device 
substrate  44101.  The  control  circuit  44106  sequentially  updates  the  driving  potential  values  By1  to  Byn  for  driving  re- 
spective  column  wirings  on  the  basis  of  the  activation  current  value  44109  by  the  following  procedure.  The  control 

25  circuit  44106  transfers  the  output  setting  value  44110  (DD-,  to  DDn)  corresponding  to  the  driving  potential  to  the  latch 
circuits  44301  of  the  pixel  electrode  driving  circuit  44108. 
[0316]  Upon  completion  of  a  series  of  operations:  measurement  of  the  activation  current  value  44109  -»  calculation 
of  the  output  setting  value  44110  -»  data  transfer  to  the  latch  circuit  44301,  the  control  circuit  44106  outputs  a  latch 
clock  to  all  the  latch  circuits  44301  to  update  the  driving  potentials  By1  to  Byn  output  from  the  D/A  converters  44302. 

30  [0317]  The  procedure  of  activating  the  surface-conduction  emission  type  electron-emitting  device  substrate  44101 
using  the  apparatus  of  the  ninth  embodiment  will  be  explained  with  reference  to  Figs.  44,  47,  48A,  and  48B. 
[0318]  Activation  is  performed  to  set  the  device  currents  lf  of  all  devices  to  a  target  value.  The  target  current  value 
is  determined  by  a  necessary  electron  emission  amount  and  the  like.  In  the  ninth  embodiment,  activation  processing 
is  done  while  monitoring  an  output  from  the  current  detection  circuit  441  03  so  as  to  set  the  device  currents  of  respective 

35  devices  on  the  surface-conduction  emission  type  electron-emitting  device  substrate  44101  to  2  mA  at  last. 
[0319]  The  flow  of  activation  processing  will  be  described. 
[0320]  When  the  control  circuit  44106  receives  an  activation  start  command,  it  controls  the  timing  generation  circuit 
44105  and  power  source  44104  in  order  to  activate  the  devices  of  the  substrate  44101  in  units  of  rows. 
[0321]  The  control  circuit  44106  sets  the  output  setting  value  44110  in  the  pixel  electrode  driving  circuit  44108  so  as 

40  to  set  the  column  wiring  terminals  Dy1  to  Dyn  of  the  substrate  44101  to  ground  potential.  The  control  circuit  44106 
sequentially  applies  pulses  (e.g.,  a  pulse  width  of  1  msec  and  a  pulse  height  of  18  V)  of  the  activation  potential  Eac  to 
the  row  wiring  terminals  Dx1  to  Dxm.  Then,  the  surface-conduction  emission  type  electron-emitting  device  substrate 
44101  sequentially  receives  the  pulse  voltage  in  units  of  rows  to  activate  the  devices  of  the  substrate  44101  in  units 
of  rows.  In  the  ninth  embodiment,  two  rows  are  simultaneously  activated  as  a  unit  in  order  to  shorten  the  time,  which 

45  will  be  described  in  detail  later. 
[0322]  The  following  description  is  directed  to  a  method  used  in  the  ninth  embodiment  in  order  to  correct  variations 
in  device  characteristics  arising  from  the  distance  from  the  feeding  terminal  when  electrification  processing  is  done  in 
units  of  rows.  In  the  ninth  embodiment,  in  simultaneously  driving  surface-conduction  emission  type  electron-emitting 
devices  connected  to  two  row  wirings  of  the  two  row  wiring  terminals  Dx1  and  Dx2,  attention  is  paid  to  one  of  the  two 

so  row  wirings  to  activate  n  devices  connected  to  the  first  row  wiring  connected  to  the  row  wiring  terminal  Dx1  . 
[0323]  Attention  is  given  to  a  surface-conduction  emission  type  device  group  connected  to  the  first  row  wiring  (ter- 
minal  Dx1)  to  which  the  activation  voltage  is  applied.  Fig.  47  shows  a  surface-conduction  emission  type  electron-emitting 
device  group  44401  by  a  model  including  the  wiring  resistances  of  respective  devices.  The  state  of  activating  this 
device  group  will  be  explained  with  reference  to  Fig.  47. 

55  [0324]  In  Fig.  47,  reference  symbols  F-,  to  Fn  denote  surface-conduction  emission  type  electron-emitting  devices 
connected  to  the  first  row  wiring  connected  to  the  row  wiring  terminal  Dx1;  r1  to  rn,  wiring  resistances  at  respective 
portions  on  the  first  row  wiring;  and  Ry,  a  wiring  resistance  from  the  feeding  terminal  (output  terminal  of  the  buffer 
amplifier  4107)  of  each  of  the  column  wirings  Dy1  to  Dyn  to  a  corresponding  surface-conduction  emission  type  electron- 
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emitting  device.  Since  the  row  wiring  is  designed  to  be  formed  with  a  constant  line  width,  thickness,  and  material,  the 
wiring  resistances  r1  to  rn  are  considered  to  be  almost  equal  except  for  variations  in  the  manufacture.  Since  the  column 
wirings  are  designed  uniform,  they  are  considered  to  have  almost  the  same  wiring  resistance  Ry.  Although  the  equiv- 
alent  resistance  value  of  the  surface-conduction  emission  type  electron-emitting  device  changes  (decreases)  before 

5  and  after  activation,  the  equivalent  resistance  of  each  device  is  much  higher  than  the  wiring  resistance  value  Ry  of 
each  column  wiring.  Even  if  two  row  wirings  are  simultaneously  driven  and  activated  as  in  the  ninth  embodiment,  the 
voltage  drop  amount  across  the  wiring  resistance  Ry  is  small  enough  to  neglect  the  influence  by  the  wiring  resistance 
Ry.  The  equivalent  resistance  values  of  the  surface-conduction  emission  type  electron-emitting  devices  F-,  to  Fn  are 
designed  higher  than  the  wiring  resistances  r1  to  rn  on  the  row  wiring. 

10  [0325]  To  activate  the  surface-conduction  emission  type  electron-emitting  device  group  44401  in  Fig.  47,  the  control 
circuit  44106  controls  the  line  selection  circuit  44102  via  the  timing  generation  circuit  44105,  and  connects  the  power 
source  441  04  for  outputting  the  activation  potential  Eac  and  the  current  detection  circuit  441  03  to  the  row  wiring  terminal 
Dx1.  Then,  the  activation  potential  Eac  drives  surface-conduction  emission  type  electron-emitting  devices  connected 
to  the  first  row  wiring  connected  to  the  terminal  Dx1  . 

is  [0326]  On  the  other  hand,  the  potential  from  the  buffer  amplifier  441  07  is  applied  to  the  column  wiring  terminals  Dy1 
to  Dyn  as  other  electrode  terminals  of  devices  on  the  row  wiring  connected  to  the  row  wiring  terminal  Dx1.  The  buffer 
amplifier  44107  operates  to  sink  activation  currents  i1  to  in  from  the  devices  F1  to  Fn.  The  output  potential  value  is 
determined  by  the  pixel  electrode  driving  circuit  44108. 
[0327]  The  driving  voltage  distribution  to  respective  devices  in  activation  will  be  described  to  explain  a  method  of 

20  setting  the  output  from  the  pixel  electrode  driving  circuit  44108. 
[0328]  In  activation,  the  device  current  flowing  through  each  device  changes  as  shown  in  Fig.  41  .  That  is,  the  device 
current  does  not  substantially  flow  at  the  start  of  activation,  starts  flowing  with  the  lapse  of  electrification  time,  and 
saturates.  At  this  time,  the  terminal  potentials  Gy1  to  Gyn  of  respective  devices  connected  to  the  first  row  wiring  con- 
nected  to  the  row  wiring  terminal  Dx1  are  monitored  to  find  changes  in  terminal  potentials  Gy1  to  Gyn  under  the  influence 

25  of  the  wiring  resistances  rl  to  rn  of  the  row  wiring,  as  shown  in  Figs.  48A  and  48B.  These  terminal  potentials  more 
greatly  change  with  the  progress  of  activation  of  respective  devices,  and  maximize  at  the  end  of  activation.  For  example, 
for  an  activation  current  of  2  mA/device,  the  wiring  resistances  r1  to  rn  =  1  0  mfl,  and  the  number  n  of  devices  =  1  000, 
a  potential  drop: 

30 
AV  =  {(1/2)  X  1000  X  1001  X  2mAX  10mQ}-2mAX  1000  X  10mQ  =  10  V 

occurs  at  the  terminal  potential  Gyn  of  the  device  Fn  farthest  from  the  feeding  terminal,  compared  to  the  most  left  device 
Ft  

35  [0329]  To  prevent  this,  the  pixel  electrode  driving  circuit  44108  generates  a  potential  distribution  identical  to  this 
potential  drop  distribution  to  drive  the  column  wiring  terminals  Dy1  to  Dyn  by  driving  signals  Sy1  to  Syn  output  from  the 
buffer  amplifier  44107  so  as  to  cancel  the  potential  differences  generated  at  respective  devices. 
[0330]  More  specifically,  the  control  circuit  441  06  calculates  the  potential  drop  distribution  generated  at  the  terminal 
potentials  Gy1  to  Gyn  by  activation  currents  flowing  through  the  devices  F1  to  Fn  and  the  wiring  resistances  r1  to  rn 

40  along  with  the  progress  of  activation.  The  latch  circuits  44301  of  the  pixel  electrode  driving  circuit  44108  latch  output 
setting  values  for  correcting  this  distribution  to  set  the  output  values  of  the  D/A  converters  44302.  In  this  way,  the 
potential  drop  compensation  distribution  can  be  reproduced  at  the  driving  potentials  By,  to  Byn.  Assuming  that  activation 
of  the  devices  F1  to  Fn  substantially  uniformly  progresses,  the  device  currents  i1  to  in  flowing  through  respective  devices 
are  almost  equal,  and  the  current  values  can  be  given  using  a  current  amount  I  detected  by  the  current  detection  circuit 

45  44103: 

iave  =  i1  =i2  =-=  'n  =  l/n 

50  [0331]  At  this  time,  the  potential  drop  distribution  generated  at  the  terminal  potentials  Gy1  to  Gyn  by  currents  flowing 
through  the  devices  F-,  to  Fn  and  the  wiring  resistances  r1  to  rn,  i.e.,  the  driving  potentials  By,  to  Byn  output  from  the 
pixel  electrode  driving  circuit  44108,  is  calculated  using  the  wiring  resistance  values  rl  to  rn  and  iave: 

55 
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Byl  =  - r l   x  n  x  iave 

By2  =  - r2   x  (n  -  1)  x  iave  +  Byl 
5 

10  Byn  =  - r n   x  iave  +  By,,.!  +  Byn_2  +  . . .   +  Byl  . . . ( 3 )  

[0332]  The  control  circuit  44106  measures  the  activation  current  which  changes  with  the  progress  of  activation  of 
respective  devices,  sequentially  calculates  the  output  potentials  By,  to  Byn  by  equation  (3)  to  obtain  the  output  setting 

is  value  44110,  and  transfers  it  to  the  latch  circuit  44301  of  the  pixel  electrode  driving  circuit  44108  to  latch  the  output 
setting  value  44110.  Upon  completion  of  a  series  of  operations:  measurement  of  the  activation  current  44109  -»  cal- 
culation  of  the  output  setting  value  441  1  0  -»  transfer  of  the  output  setting  value  to  the  latch  circuit  44301  ,  the  control 
circuit  44106  applies  a  latch  clock  to  all  the  latch  circuits  44301  to  update  D/A  data.  The  pixel  electrode  driving  circuit 
44108  generates  a  potential  distribution  identical  to  the  potential  distribution  generated  at  the  terminals  Gy1  to  Gyn  of 

20  the  devices  F-,  to  Fn.  Accordingly,  voltages  applied  between  the  terminals  of  the  devices  F-,  to  Fn  can  be  made  almost 
uniform  regardless  of  the  device  position  and  the  progress  of  activation. 
[0333]  Figs.  48A  and  48B  show  voltage  distributions  applied  across  the  devices  F-,  to  Fn  at  the  start  and  end  of 
activation,  respectively. 
[0334]  Fig.  48A  shows  the  voltage  distribution  immediately  after  the  start  of  activation.  In  Figs.  48A  and  48B,  the 

25  abscissa  represents  device  numbers  F-,  to  Fn,  which  correspond  to  device  positions.  The  ordinate  represents  the  ter- 
minal  voltage  applied  across  the  device.  As  described  above,  currents  flowing  through  respective  devices  are  small 
immediately  after  the  start  of  activation  shown  in  Fig.  48A.  Therefore,  the  activation  potential  Eac  =  18  V  is  applied 
from  the  power  source  44104  to  the  terminals  Gy1  to  Gyn  of  respective  devices.  Since  almost  no  activation  current 
flows,  the  current  setting  value  of  the  pixel  electrode  driving  circuit  441  08  is  almost  "0",  and  the  driving  output  potentials 

30  By1  to  Byn  from  the  pixel  electrode  driving  circuit  44108  and  the  outputs  Sy1  to  Syn  from  the  buffer  amplifier  44107  are 
also  almost  0  V.  For  this  reason,  a  predetermined  voltage  (about  18  V)  is  applied  to  respective  devices  to  progress 
activation. 
[0335]  Fig.  48B  shows  the  voltage  distribution  at  the  end  of  activation.  At  the  end  of  activation,  currents  flowing 
through  respective  devices  become  almost  2  mA.  The  activation  potential  Eac  =  18  V  applied  from  the  power  source 

35  44~\  04  decreases  under  the  influence  of  a  potential  drop  caused  by  the  wiring  resistance  upon  application  to  the  ter- 
minals  Gy1  to  Gyn  of  respective  devices.  At  this  time,  by  setting  the  output  setting  value  of  the  pixel  electrode  driving 
circuit  44108  to  2  mA,  the  driving  potentials  By,  to  Byn  output  from  the  pixel  electrode  driving  circuit  44108  and  the 
driving  potentials  Sy1  to  Syn  output  from  the  buffer  amplifier  441  07  have  the  same  distribution  as  the  potential  distribution 
at  the  terminals  Gy1  to  Gyn.  As  a  result,  an  almost  constant  voltage  (about  18  V)  is  applied  to  respective  devices  to 

40  activate  them. 
[0336]  More  specifically,  when  the  device  current  increases  with  the  progress  of  activation,  the  voltage  distribution 
applied  to  devices  always  changes  under  the  influence  of  the  wiring  resistance.  At  this  time,  the  potential  distribution 
amount  is  calculated  and  set  as  the  output  setting  value  44110  of  the  pixel  electrode  driving  circuit  44108.  The  driving 
potentials  By1  to  Byn  from  the  pixel  electrode  driving  circuit  44108  are  sequentially  updated  to  activate  all  devices  by 

45  a  constant  voltage  from  the  start  to  end  of  activation.  When  the  average  device  current  iave  of  respective  devices 
reaches  2  mA,  activation  ends. 
[0337]  In  the  above  description,  devices  on  the  first  row  wiring  connected  to  the  row  wiring  terminal  Dx1  are  activated. 
The  ninth  embodiment  can  be  similarly  applied  to  activation  of  devices  connected  to  another  row  wiring.  In  the  ninth 
embodiment,  a  plurality  of  rows  are  simultaneously  activated  while  sequentially  switching  row  wirings  to  be  activated. 

so  In  the  ninth  embodiment,  since  devices  connected  to  two  row  wirings  are  simultaneously  activated,  selection  of  simul- 
taneous  activation  row  wirings  must  be  considered.  This  will  be  explained. 
[0338]  To  shorten  the  activation  time,  the  ninth  embodiment  simultaneously  selects  and  activates  a  plurality  of  row 
wirings.  In  other  words,  the  ninth  embodiment  simultaneously  selects  and  drives  two  row  wirings  while  activating  them. 
[0339]  As  described  above,  the  ninth  embodiment  compensates  for  non-uniform  application  voltages  of  respective 

55  devices  generated  by  the  activation  current  and  wiring  resistance  by  controlling  the  potential  output  from  the  pixel 
electrode  driving  circuit  44108.  On  the  substrate  44101  of  the  ninth  embodiment,  a  plurality  of  surface-conduction 
emission  type  electron-emitting  devices  are  connected  in  a  simple  matrix.  In  simultaneously  activating  surface-con- 
duction  emission  type  electron-emitting  devices  on  two  lines,  the  pixel  electrode  driving  circuit  44108  outputs  a  com- 
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pensation  potential  common  to  the  two  row  wirings  to  apply  the  same  compensation  voltage  to  these  row  wirings.  If 
the  surface-conduction  emission  type  electron-emitting  devices  on  the  two  lines  exhibit  the  same  activation  character- 
istics,  nonuniform  voltages  can  be  compensated  for  by  applying  the  same  compensation  voltage.  In  practice,  however, 
the  wiring  resistance  values  of  respective  row  wirings  vary  due  to  variations  in  the  manufacture,  and  the  activation 

5  speed  changes  between  respective  row  wirings.  Hence,  different  compensation  voltages  must  be  applied  to  the  two 
row  wirings. 
[0340]  When  surface-conduction  emission  type  electron-emitting  devices  connected  to  a  plurality  of  row  wirings  are 
simultaneously  activated,  the  ninth  embodiment  sequentially  changes  simultaneous  activation  row  wirings  along  with 
the  progress  of  activation  to  simultaneously  drive  two  row  wirings  having  the  same  activation  speed  in  order  to  cope 

10  with  different  compensation  voltages  to  be  applied.  This  will  be  explained  in  detail  with  reference  to  the  flow  chart  in 
Fig.  49.  For  descriptive  convenience,  the  number  m  of  row  wirings  on  the  device  substrate  44101  is  "480". 
[0341]  Fig.  49  is  a  flow  chart  showing  the  control  step  of  activation  processing  by  the  control  circuit  44106  of  the 
ninth  embodiment. 
[0342]  In  step  S1  ,  the  control  circuit  441  06  starts  activation  processing  upon  reception  of  an  activation  start  command. 

is  The  control  circuit  44106  sets  initial  driving  conditions  at  the  start  of  activation.  Two  items  are  set  as  initial  driving 
conditions:  setting  of  the  output  setting  value  44110  to  the  pixel  electrode  driving  circuit  44108,  and  setting  of  simulta- 
neous  driving  row  wirings  designated  to  the  timing  generation  circuit  44105. 
[0343]  The  initial  potential  value  of  the  pixel  electrode  driving  circuit  441  08  is  set  as  follows.  Since  activation  currents 
flowing  through  respective  devices  are  not  so  much  at  the  start  of  activation  processing,  no  nonuniform  application 

20  voltages  are  generated  on  the  devices  by  the  activation  currents  and  wiring  resistances.  Therefore,  all  compensation 
potentials  output  from  the  pixel  electrode  driving  circuit  441  08  are  set  toO  V.  To  simultaneously  electrify  two  row  wirings, 
the  480  row  wirings  are  classified  into  240  blocks  as  electrification  units.  Assignment  of  the  240  blocks  is  done  by 
"setting  of  simultaneous  driving  lines".  Note  that  any  row  wirings  are  at  the  same  voltage  at  the  start  of  activation 
processing,  and  thus  any  two  row  wirings  can  be  combined.  In  step  S1  ,  a  combination  of  row  wirings  is  set  as  follows 

25  so  as  to  uniformly  apply  power  to  the  device  substrate  441  01  upon  application  of  the  activation  voltage. 

Block  1  :  first  and  241  st  row  wirings 
Block  2:  second  and  242nd  row  wirings 

30 
Block  240:  240th  and  480th  row  wirings 

[0344]  In  step  S2,  driving  conditions  are  set  based  on  the  settings  in  step  S1  to  start  activation  processing.  In  step 
S2,  row  wirings  are  driven  in  units  of  two.  Driving  row  wirings  are  selected  based  on  the  simultaneous  driving  line 

35  setting  value  in  step  S1  ,  and  a  driving  line  setting  signal  based  on  this  setting  value  is  output  to  the  timing  generation 
circuit  44105.  The  timing  generation  circuit  44105  outputs  a  line  select  signal  to  the  line  selection  circuit  44102  based 
on  the  setting  signal  to  simultaneously  apply  an  output  potential  from  the  power  source  44104  to  two  row  wirings 
selected  by  the  line  selection  circuit  441  02.  At  this  time,  the  progress  of  activation  of  devices  connected  to  the  selected 
row  wirings  on  the  substrate  44101  is  monitored  to  calculate  a  compensation  amount  for  a  potential  drop  caused  by 

40  the  activation  current  of  each  device  and  the  wiring  resistance  of  each  row  wiring.  For  this  purpose,  the  activation 
current  value  441  09  flowing  through  each  row  wiring  that  is  detected  by  the  current  detection  circuit  441  03  is  input  and 
stored  in  the  memory  441  1  1  . 
[0345]  The  flow  advances  to  step  S3  to  checks  for  the  240  blocks  whether  two  row  lines  (one  block)  are  activated 
and  their  currents  are  detected.  If  NO  in  step  S3,  the  flow  returns  to  step  S2  to  perform  activation  processing  for  the 

45  next  block  and  current  detection  on  each  row  wiring. 
[0346]  If  YES  in  step  S3,  the  flow  advances  to  step  S4  to  calculate  a  compensation  potential  for  a  potential  drop 
caused  by  the  activation  current  and  wiring  resistance  along  with  the  progress  of  activation  of  each  device.  In  step  S4, 
the  compensation  potential  value  can  be  calculated  by  equation  (3)  from  the  activation  current  and  wiring  resistance 
of  each  row  wiring.  Since  the  wiring  resistances  r1  to  rn  on  each  row  wiring  can  be  considered  to  be  almost  equal,  the 

so  wiring  resistance  value  of  each  row  wiring  is  measured  in  advance  and  stored  in  the  memory  44111  in  order  to  correct 
only  variations  on  each  row  wiring.  Even  while  two  row  wirings  are  simultaneously  driven,  the  activation  current  of  each 
row  wiring  is  detected  by  the  current  detection  circuit  44103  to  calculate  in  step  S2  the  compensation  potential  value 
for  each  line  using  the  activation  current  value  and  wiring  resistance  value  of  each  line  stored  in  the  memory  44111  . 
[0347]  The  flow  advances  to  step  S5.  Since  the  compensation  potential  value  to  be  applied  changes  between  row 

55  wirings  along  with  the  progress  of  activation,  a  combination  of  row  wirings  to  be  simultaneously  selected  to  apply 
voltage  must  be  sequentially  updated.  In  step  S4,  a  combination  of  row  wirings  to  be  simultaneously  selected  is  set 
up.  A  row  wiring  flowing  an  activation  current  which  has  reached  a  target  value  (2  mA/device)  has  been  activated  and 
is  excluded  from  row  wirings  to  be  selected  next.  To  select  row  wirings  to  be  activated  next,  row  wirings  are  aligned  in 
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the  order  from  a  larger  one  of  compensation  potential  values  calculated  in  step  S2,  and  row  wirings  having  similar 
compensation  potential  values  are  simultaneously  selected  in  units  of  two.  If  adjacent  two  row  wirings  are  selected, 
power  may  concentrate  at  part  of  the  surface-conduction  emission  type  electron-emitting  device  substrate.  To  avoid 
this,  the  first  to  240th  row  wirings  out  of  the  first  to  480th  row  wirings  are  grouped  as  a  block  A,  the  241st  to  480th  row 

5  wirings  are  grouped  as  a  block  B,  and  two  simultaneous  selection  row  wirings  are  respectively  selected  from  the  blocks 
A  and  B. 
[0348]  The  flow  advances  to  step  S6  to  check  whether  devices  connected  to  all  the  row  wirings  on  the  substrate 
441  01  have  been  activated.  If  it  is  determined  that  current  values  flowing  through  respective  row  wirings  have  reached 
the  target  value  to  activate  all  devices,  activation  ends.  If  NO  in  step  S6,  the  flow  returns  to  step  S2  to  start  scroll  driving 

10  again.  The  values  set  in  steps  S3  and  S4  are  used  for  a  combination  of  simultaneous  selection  row  wirings  and  the 
compensation  potential  value  from  the  pixel  electrode  driving  circuit  44108. 
[0349]  In  this  manner,  activation  of  devices  on  the  substrate  44101  is  complete.  Since  the  outputs  By1  to  Byn  from 
the  pixel  electrode  driving  circuit  44108  are  sequentially  updated  to  compensate  for  a  potential  drop  caused  by  the 
activation  current  and  wiring  resistance,  all  devices  can  be  uniformly  activated  by  an  almost  constant  voltage  from  the 

is  start  to  end  of  activation.  Since  two  row  wirings  are  simultaneously  selected  and  driven,  activation  processing  can  be 
completed  within  half  the  processing  time  required  to  drive  row  wirings  one  by  one. 
[0350]  In  the  ninth  embodiment,  the  power  source  44104  applies  a  positive  output  to  flow  the  current  from  the  row 
wiring  terminal  Dx1  to  the  column  wiring  terminals  Dy1  to  Dyn,  thereby  activating  devices.  Alternatively,  the  power  source 
44104  may  apply  a  negative  output  to  flow  the  current  from  the  column  wiring  terminals  Dy1  to  Dyn  to  the  row  wiring 

20  terminal  Dx1,  thereby  activating  devices.  In  this  case,  the  potential  distribution  is  also  inverted,  so  that  the  buffer  amplifier 
441  07  is  constituted  as  an  inverting  buffer  amplifier  (Gain  =-1  )  to  source  the  current,  thereby  obtaining  the  same  effects. 
[0351]  In  the  ninth  embodiment,  the  pixel  electrode  driving  circuit  44108  comprises  D/A  converters  equal  in  number 
to  the  number  n  of  column  wirings  on  the  substrate  44101  .  Instead,  the  number  of  D/A  converters  may  be  decreased 
to  define  a  potential  value  to  be  applied  to  the  decreased  number  of  column  wiring  terminals  by  resistance  division 

25  because  the  compensation  potential  distribution  changes  gradually,  as  shown  in  Figs.  48A  and  48B.  A  smaller  number 
of  D/A  converters  of  the  pixel  electrode  driving  circuit  44108  lead  to  cost  reduction. 
[0352]  If  the  number  n  of  devices  in  the  column  wiring  direction  increases,  a  long  time  may  be  spent  by  a  series  of 
operations:  current  measurement  by  the  current  detection  circuit  441  03  -»  calculation  of  the  output  setting  value  44110 
-»  data  transfer  to  the  pixel  electrode  driving  circuit  441  08.  However,  the  time  can  be  shortened  by  parallel-processing 

30  respective  devices  or  using  a  look-up  table  (LUT)  storing  data  for  generating  the  output  setting  value  44110  from  the 
activation  current  value,  wiring  resistance  value,  and  position  of  each  device. 
[0353]  The  update  time  interval  of  the  output  setting  value  44110  may  be  appropriately  set  in  accordance  with  the 
activation  speed,  without  being  set  with  every  scroll  timing  in  the  ninth  embodiment. 
[0354]  As  described  above,  the  activation  apparatus  of  the  ninth  embodiment  can  make  the  electron-emitting  char- 

ts  acteristics  of  all  devices  uniform.  This  electron  source  substrate  44101  can  be  used  to  realize  a  high-quality  image 
display  apparatus  almost  free  from  variations  in  luminance  or  density. 

[10th  Embodiment] 

40  [0355]  Fig.  50  is  a  block  diagram  showing  the  arrangement  of  an  activation  apparatus  for  the  surface-conduction 
emission  type  electron-emitting  device  in  the  1  0th  embodiment  of  the  present  invention.  The  same  reference  numerals 
as  in  the  ninth  embodiment  denote  the  same  parts,  and  a  description  thereof  will  be  omitted.  The  10th  embodiment  is 
different  from  the  ninth  embodiment  by  a  method  of  selecting  simultaneous  electrification/driving  row  wirings  in  acti- 
vation.  This  method  can  further  shorten  the  electrification  time,  as  will  be  described  below. 

45  [0356]  In  the  10th  embodiment,  the  number  of  simultaneous  electrification/driving  row  wirings  is  not  constant  but  is 
sequentially  changed  from  the  start  to  end  of  activation  processing.  To  realize  this,  the  activation  apparatus  comprises 
a  number-of-simultaneous-selection-lines  determination  circuit  44112.  The  electrification  time  can  be  shortened  by 
increasing  the  number  of  simultaneous  selection  row  wirings  in  activation.  However,  the  number  of  simultaneous  se- 
lection  row  wirings  can  only  be  increased  with  the  following  limitations. 

50 
(1)  Influence  of  Potential  Drop  at  Wiring  Resistance  Ry 

[0357]  In  the  equivalent  circuit  in  Fig.  47,  the  influence  of  the  wiring  resistance  Ry  of  the  column  wiring  is  negligibly 
small.  However,  as  the  number  of  simultaneous  electrification/driving  row  wirings  increases,  the  influence  of  a  potential 

55  drop  at  the  wiring  resistance  Ry  increases  to  a  non-negligible  degree,  impairing  the  above-described  effect  of  com- 
pensating  the  potential  drop. 
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(2)  Application  Power  to  Surface-Conduction  Emission  Type  Electron-Emitting  Device  Substrate 

[0358]  When  a  plurality  of  row  wirings  are  simultaneously  electrified  and  driven,  a  larger  power  is  applied  to  a  surface- 
conduction  emission  type  electron-emitting  device  substrate  441  01  ,  compared  to  the  case  of  driving  row  wirings  one 

5  by  one.  In  general,  the  surface-conduction  emission  type  electron-emitting  device  substrate  441  01  is  made  of  a  material 
having  a  low  thermal  conductivity  such  as  glass.  An  excessively  large  amount  of  power  may  thermally  destruct  the 
surface-conduction  emission  type  electron-emitting  device  substrate  44101. 
[0359]  Considering  these  limitations,  the  number-of-simultaneous-selection-lines  determination  circuit  44112  deter- 
mines  an  optimum  number  of  simultaneous  selection  row  wirings  in  accordance  with  the  progress  of  activation  of  each 

10  device. 
[0360]  In  the  10th  embodiment,  since  the  limitation  on  application  power  is  the  severer,  the  number-of-simultaneous- 
selection-lines  determination  circuit  44112  changes  the  number  of  simultaneous  selection  row  wirings  between  10  at 
maximum  and  2  at  minimum  along  with  the  progress  of  activation  on  the  basis  of  application  power. 
[0361]  This  will  be  explained  in  detail  with  reference  to  the  flow  chart  in  Fig.  51.  For  descriptive  convenience,  the 

is  number  m  of  row  wirings  on  the  surface-conduction  emission  type  electron-emitting  device  substrate  44101  is  240. 
[0362]  In  step  S11,  a  control  circuit  44106  starts  activation  upon  reception  of  an  activation  start  command.  In  step 
S11  ,  the  control  circuit  44106  sets  initial  driving  conditions  at  the  start  of  activation.  Two  items  are  set  as  initial  driving 
conditions:  setting  of  an  initial  potential  value  to  a  pixel  electrode  driving  circuit  44108,  and  setting  of  simultaneous 
selection/driving  row  wirings. 

20  [0363]  The  initial  potential  value  in  the  pixel  electrode  driving  circuit  441  08  is  set  as  follows.  Since  no  large  activation 
currents  flow  at  the  start  of  driving,  no  nonuniform  voltages  applied  to  the  devices  are  generated  by  the  activation 
currents  and  wiring  resistances.  Therefore,  all  compensation  potentials  output  from  the  pixel  electrode  driving  circuit 
44108  are  set  to  0  V.  Since  10  row  wirings  are  simultaneously  electrified,  the  240  row  wirings  are  classified  into  24 
blocks  as  electrification  units  in  electrification  processing.  In  step  S11,  a  combination  of  row  wirings  is  set  as  follows 

25  so  as  to  uniformly  apply  power  to  the  surface-conduction  emission  type  electron-emitting  device  substrate  441  01  upon 
application  of  the  activation  voltage. 

Block  1:  first,  25th,  49th,...,  217th  row  wirings 

30 
Block  24:  24th,  48th,  72nd,....  240th  row  wirings 

[0364]  The  flow  advances  to  step  S1  2  to  set  driving  conditions  based  on  the  settings  in  step  S11  ,  and  starts  activation. 
In  step  S12,  row  wirings  determined  by  the  number-of-simultaneous-selection-lines  determination  circuit  44112  are 

35  simultaneously  selected  and  driven.  Driving  row  wirings  are  selected  based  on  the  simultaneous  driving  line  setting 
value  set  instep  S11  ,  and  a  driving  line  setting  signal  is  output  to  a  timing  generation  circuit  44105.  The  timing  generation 
circuit  44105  outputs  a  line  select  signal  in  accordance  with  the  line  select  setting  signal  to  simultaneously  apply  the 
potential  from  a  power  source  441  04  to  the  row  wirings  by  a  line  selection  circuit  44102.  At  this  time,  a  current  detection 
circuit  44103  monitors  the  progress  of  activation  on  the  basis  of  a  current  value.  In  other  words,  the  current  detection 

40  circuit  44103  detects  a  current  value  flowing  through  each  row  wiring  to  store  the  detected  value  in  a  memory  44111  . 
Based  on  the  stored  value,  a  compensation  amount  for  a  potential  drop  caused  by  the  activation  current  and  wiring 
resistance  is  calculated  in  step  S14. 
[0365]  The  flow  advances  to  step  S1  3  to  perform  activation  processing  for  all  blocks  and  current  detection  on  each 
row  wiring. 

45  [0366]  The  flow  advances  to  step  S14  to  calculate  a  compensation  potential  for  a  potential  drop  caused  by  the 
activation  current  and  wiring  resistance  along  with  the  progress  of  activation.  In  step  S14,  the  compensation  potential 
value  can  be  calculated  by  equation  (3)  from  the  activation  current  and  wiring  resistance  of  each  row  wiring.  Since  the 
wiring  resistances  rl  to  rn  on  each  row  wiring  can  be  considered  to  be  almost  equal,  the  wiring  resistance  value  of  each 
row  wiring  is  measured  in  advance  and  stored  in  the  memory  44111  in  order  to  correct  only  variations  on  each  row 

so  wiring.  Even  while  a  plurality  of  row  wirings  are  simultaneously  driven,  the  activation  current  of  each  row  wiring  is 
detected  by  the  current  detection  circuit  441  03  to  calculate  in  step  S1  2  the  compensation  potential  value  for  each  row 
wiring  using  the  activation  current  value  and  wiring  resistance  value  of  each  row  wiring  stored  in  the  memory  44111  . 
[0367]  The  flow  advances  to  step  S15.  Since  the  compensation  potential  value  to  be  applied  changes  between  row 
wirings  along  with  the  progress  of  activation,  a  combination  of  simultaneous  selection  row  wirings  must  be  sequentially 

55  updated.  Simultaneously  driving  row  wirings  are  set.  Since  devices  connected  to  a  row  wiring  whose  activation  current 
has  reached  a  target  value  (2  mA/device)  have  been  activated,  they  need  not  be  selected  and  are  removed  from 
selection  row  wirings.  The  number-of-simultaneous-selection-lines  determination  circuit  441  1  2  determines  the  number 
(to  be  referred  to  as  "X")  of  simultaneous  driving  row  wirings  between  "2"  and  "10"  on  the  basis  of  the  panel  application 
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power  amount.  Row  wirings  to  be  activated  next  are  aligned  in  the  order  from  a  larger  one  of  compensation  potential 
values  calculated  in  step  S12,  and  row  wirings  having  similar  compensation  potential  values  are  simultaneously  se- 
lected  in  units  of  X. 
[0368]  The  flow  advances  to  step  S1  6  to  check  whether  the  activation  current  values  of  all  row  wirings  have  reached 

5  the  target  value.  If  YES  in  step  S1  6,  activation  ends;  if  NO  in  step  S1  6,  the  flow  returns  to  step  S1  2  to  start  scroll  driving 
again.  "Scroll  driving"  means  processing  of  applying  the  pulse  potential  to  a  given  row  wiring  and  (sequentially)  to 
another  row  wiring  before  application  of  the  next  pulse  in  applying  the  pulse  potential  to  row  wirings.  The  values  set 
in  steps  S1  3  and  S1  4  are  used  for  a  combination  of  simultaneous  selection  row  wirings  and  the  compensation  potential 
value  from  the  pixel  electrode  driving  circuit  44108. 

10  [0369]  In  this  way,  activation  of  the  surface-conduction  emission  type  electron-emitting  device  substrate  44101  is 
complete.  Since  the  output  potentials  By1  to  Byn  from  the  pixel  electrode  driving  circuit  441  08  are  sequentially  updated 
to  compensate  for  a  potential  drop  caused  by  the  activation  current  and  wiring  resistance,  all  devices  can  be  uniformly 
activated  by  an  almost  constant  voltage  from  the  start  to  end  of  activation.  Since  a  plurality  of  row  wirings  are  simul- 
taneously  selected  and  driven,  activation  processing  can  be  completed  within  about  1/4  or  less  of  the  processing  time 

is  required  to  select  and  drive  row  wirings  one  by  one. 
[0370]  In  the  10th  embodiment,  the  number  of  simultaneous  selection/driving  row  wirings  is  changed  between  "2" 
and  "10".  However,  the  present  invention  is  not  limited  to  this,  and  the  number  of  row  wirings  can  be  greatly  changed 
within  the  above-mentioned  range. 
[0371]  The  above  and  other  embodiments  may  be  applied  to  a  system  constituted  by  a  plurality  of  devices  (e.g.,  a 

20  host  computer,  interface  device,  reader,  and  printer)  or  an  apparatus  comprising  a  single  device  (e.g.,  a  copying  ma- 
chine  or  facsimile  apparatus). 
[0372]  The  object  of  the  above  and  other  embodiments  is  realized  even  by  supplying  a  storage  medium  storing 
software  program  codes  for  realizing  the  functions  of  the  above-described  embodiments  to  a  system  or  apparatus,  and 
causing  the  computer  (or  a  CPU  or  MPU)  of  the  system  or  the  apparatus  to  read  out  and  execute  the  program  codes 

25  stored  in  the  storage  medium. 
[0373]  In  this  case,  the  program  codes  read  out  from  the  storage  medium  realize  the  functions  of  the  above-described 
embodiments  by  themselves,  and  the  storage  medium  storing  the  program  codes  constitutes  the  present  invention. 
[0374]  As  a  storage  medium  for  supplying  the  program  codes,  a  floppy  disk,  hard  disk,  optical  disk,  magnetooptical 
disk,  CD-ROM,  CD-R,  magnetic  tape,  nonvolatile  memory  card,  ROM,  or  the  like  can  be  used. 

30  [0375]  The  functions  of  the  above-described  embodiments  are  realized  not  only  when  the  readout  program  codes 
are  executed  by  the  computer  but  also  when  the  OS  (Operating  System)  running  on  the  computer  performs  part  or  all 
of  actual  processing  on  the  basis  of  the  instructions  of  the  program  codes. 
[0376]  The  functions  of  the  above-described  embodiments  are  also  realized  when  the  program  codes  read  out  from 
the  storage  medium  are  written  in  the  memory  of  a  function  expansion  board  inserted  into  the  computer  or  a  function 

35  expansion  unit  connected  to  the  computer,  and  the  CPU  of  the  function  expansion  board  or  function  expansion  unit 
performs  part  or  all  of  actual  processing  on  the  basis  of  the  instructions  of  the  program  codes. 
[0377]  In  the  10th  embodiment,  a  predetermined  number  of  row  wirings  are  selected  from  a  plurality  of  row  wirings 
to  apply  a  potential,  a  potential  for  correcting  the  potential  distribution  is  applied  to  all  column  wirings,  and  current 
values  flowing  through  the  selected  row  wirings  are  detected.  The  present  invention  is  not  limited  to  this.  The  column 

40  and  row  wirings  may  be  replaced  with  each  other,  and  the  potential  may  be  applied  to  selected  ones  of  the  column 
wirings  to  correct  the  potential  distribution  by  the  potential  applied  to  all  row  wirings. 
[0378]  The  1  0th  embodiment  prevents  variations  in  characteristics  by  nonuniform  voltages  applied  to  devices  under 
the  influence  of  a  potential  drop  caused  by  the  wiring  resistance  and  activation  current  upon  activation  in  manufacturing 
by  activation  a  surface-conduction  emission  type  electron-emitting  device  substrate  having  surface-conduction  emis- 

45  sion  type  electron-emitting  devices  arranged  in  a  matrix.  This  embodiment  can  realize  activation  which  allows  an  elec- 
tron  source  having  many  surface-conduction  emission  type  electron-emitting  devices  arranged  in  a  simple  matrix  to 
obtain  uniform  electron-emitting  characteristics. 
[0379]  At  the  same  time,  this  embodiment  can  shorten  the  processing  time  required  to  electrify  a  surface-conduction 
emission  type  electron-emitting  device  substrate  having  many  devices,  realizing  a  short  processing  time. 

so  [0380]  As  described  above,  the  1  0th  embodiment  can  make  uniform  the  electron-emitting  characteristics  of  an  elec- 
tron  source  having  many  electron-emitting  devices  arranged  in  a  matrix,  and  can  shorten  the  time  necessary  for  acti- 
vation. 
[0381]  The  electron-emitting  characteristics  of  respective  electron-emitting  devices  can  be  made  uniform  without 
any  influence  of  the  resistance  of  a  wiring  connected  to  the  electron-emitting  devices  and/or  any  influence  of  a  current 

55  flowing  through  an  activated  device. 
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[11th  Embodiment] 

[0382]  An  activation  apparatus  in  the  11th  embodiment  has  the  same  arrangement  as  in  the  ninth  embodiment. 
[0383]  The  11th  embodiment  is  different  by  a  method  of  selecting  simultaneous  driving  lines  in  activation.  This  method 

5  can  shorten  the  electrification  time  and  can  make  the  electron-emitting  characteristics  of  the  device  more  uniform,  as 
will  be  described  below. 
[0384]  The  11th  embodiment  optimizes  the  simultaneous  driving  line  selection  method  to  set  the  compensation  po- 
tential  so  as  to  eliminate  the  influence  of  a  potential  drop  caused  by  the  column-direction  wiring  resistance  Ry  that  is 
negligibly  small  in  the  ninth  embodiment. 

10  [0385]  In  the  ninth  embodiment,  the  influence  of  the  wiring  resistance  Ry  is  negligibly  small  in  the  equivalent  circuit 
of  Fig.  47.  Strictly  speaking,  however,  the  influence  of  a  potential  drop  across  Ry  increases  to  a  non-negligible  degree 
depending  on  the  simultaneous  driving  line  selection  method.  The  compensation  potential  value  output  from  a  buffer 
amplifier  441  07  changes  depending  on  the  positions  of  simultaneous  selection  lines,  impairing  the  potential  drop  com- 
pensation  effect.  The  11th  embodiment  relates  to  a  driving  example  of  minimizing  the  influence  of  the  column-direction 

is  wiring  resistance  Ry. 
[0386]  The  step  of  activating  a  surface-conduction  emission  type  electron-emitting  device  substrate  44101  by  the 
apparatus  of  this  embodiment  will  be  described.  Also  in  the  11th  embodiment,  activation  is  performed  to  set  the  values 
lf  of  all  devices  to  a  target  value.  The  target  current  value  is  determined  by  a  necessary  electron  emission  amount  and 
the  like.  In  the  11th  embodiment,  activation  processing  is  done  while  monitoring  an  output  from  a  current  detection 

20  circuit  44103  so  as  to  set  the  device  currents  of  respective  devices  on  the  surface-conduction  emission  type  electron- 
emitting  device  substrate  44101  to  2  mA  at  last.  Similar  to  the  ninth  embodiment,  activation  is  done  by  applying  a 
waveform  having  a  pulse  width  of  1  msec  and  a  pulse  height  of  18  V.  To  shorten  the  time,  activation  is  simultaneously 
performed  in  units  of  two  lines. 
[0387]  The  influence  and  reduction  method  of  a  potential  drop  by  the  column-direction  wiring  resistance  in  simulta- 

25  neously  selecting  and  activating  a  plurality  of  lines  will  be  explained. 
[0388]  Fig.  52  is  a  circuit  diagram  showing  the  state  of  simultaneously  selecting  and  activating  two  lines  of  row- 
direction  wiring  terminals  Dx2  and  Dxm_-|  on  the  surface-conduction  emission  type  electron-emitting  device  substrate. 
[0389]  In  this  case,  devices  connected  to  the  row-direction  wiring  terminals  Dx2  and  Dxm_-|  exhibit  almost  the  same 
potential  drop  distribution  by  the  activation  current  and  row-direction  wiring  resistance.  Accordingly,  the  two  wirings 

30  are  simultaneously  selected  and  driven  by  an  activation  power  source  44104,  and  corresponding  column-direction 
wiring  terminals  Dy1  to  Dyn  receive  a  potential  waveform  for  compensating  for  the  potential  drop  from  the  buffer  amplifier 
44107  (driving  waveform  in  Fig.  48B). 
[0390]  Fig.  53  shows  a  model  of  surface-conduction  emission  type  electron-emitting  devices  connected  to  the  nth 
column  wiring  that  also  includes  the  wiring  resistance  while  paying  attention  to  the  output  Syn  of  the  buffer  amplifier 

35  441  07  and  the  column-direction  wiring  terminal  Dyn  in  Fig.  52  in  order  to  examine  the  influence  of  the  column-direction 
wiring  resistance.  Estimation  of  a  potential  drop  amount  generated  by  the  column-direction  wiring  resistance  in  simul- 
taneously  selecting  and  activating  a  plurality  of  lines,  and  the  compensation  method  of  the  11th  embodiment  will  be 
described  with  reference  to  Fig.  53. 
[0391]  In  Fig.  53,  reference  symbols  F-,  to  Fm  denote  surface-conduction  emission  type  electron-emitting  devices  on 

40  the  line  of  the  column-direction  wiring  terminal  Dyn;  and  Rx1  to  Rxm,  wiring  resistances  at  respective  portions  on  a 
column  wiring  Dyn. 
[0392]  Devices  connected  to  the  row-direction  wiring  terminals  Dx2  and  Dxm.1  are  activated  in  Fig.  52,  whereas  the 
devices  F2  and  Fm_1  are  activated  in  Fig.  53  and  respectively  flow  activation  currents  i2  and  im_-|  .  The  remaining  devices 
receive  the  output  potential  Syn  from  the  buffer  amplifier  44107  and  GND  potential.  The  difference  between  these 

45  potentials  is  generally  small,  and  almost  no  current  flows  through  the  devices. 
[0393]  A  potential  drop  generated  at  Gx1  to  Gxm  on  the  column-direction  wiring  by  the  influence  of  the  column  wiring 
resistance  is  estimated.  Using  the  potential  Gxm  as  a  reference, 

50 
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Gxm-i  P o t e n t i a l   =  P o t e n t i a l   +  Rxm  X  im  l  =  Gxm  P o t e n t i a l  

•  •  •  (A: )  

G^.,  P o t e n t i a l   =  P o t e n t i a l   +  RB.,  X  im 

=  G^  P o t e n t i a l   +  R^.,  X  im  l 

•  •  - (A2)  

Gx2  P o t e n t i a l   =  G^  P o t e n t i a l   +  ( R ^ ,   +Rm.2  + . . . +   Rx3)  X  i ^  

Gxl  P o t e n t i a l   =  Gx2  P o t e n t i a l   +  Rx2  X  (im  l  +  ±2) 

=  G^  P o t e n t i a l   +  (R^. ,   +  R ^   + . . . +   Rx3  +  rx2) 

X  i - i   +  Rx2  x  i2  . . . ( A ^ J  

P o t e n t i a l   of  T e r m i n a l   Dyn  =  Gxl  P o t e n t i a l   +  Rxl  X  (im  l+  i 2 )  

=  G^  P o t e n t i a l   +  ( R ^   +  R ^   + . . . +   rx2  +  Rja) 

x  i - !   +  (Rx2  +  Rxi)  x  i2  • • • ( A B )  

[0394]  From  these  results,  the  potential  drop  amounts  A  of  the  Gx2  and  Gxm_i  potentials  are  given  using  the  output 
potential  Syn  from  the  buffer  amplifier  44107  as  a  reference: 

AGx2  =  (Rx2  +  Rx1)X(i2  +  im.1) 

AGxm-1  =  (Rxm-1  +  Rxm-2  +  -  Rx2  +  Rx1  )  ><  L-1  +  <Rx2  +  Rx1  )  ><  j2 

These  potential  drop  amounts  are  generated  at  Gx1  to  Gxm  on  the  column-direction  wiring  by  the  influence  of  the  column 
wiring  resistance  in  simultaneously  activating  the  row  wiring  terminals  Dx2  and  Dxm_-|.  The  potential  drop  amount  A  V 
is  determined  by 

Column  wiring  resistance  value 
Activation  current  amount 
Specific  device  selected  on  column  wiring 

[0395]  Of  these  conditions,  a  specific  device  selected  on  the  column  wiring  substantially  determines  the  influence 
of  a  potential  drop  generated  at  Gx1  to  Gxm  on  the  column-direction  wiring  by  the  influence  of  the  column  wiring  resist- 
ance  because  the  column  wiring  resistance  values  Rx1  to  Rxm  are  almost  equal  and  the  activation  current  amount  is 
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almost  constant. 
[0396]  That  is,  for  Rx1  to  Rxm  =  Rx  and  i2  =  im.-|  =  i, 

AGx2'  =  4  •  Rx  •  i 

AGxm-i,  =  (m-1)-Rx- i+2.Rx. i=(m+D-Rx-i  

[0397]  From  these  results,  AV  is  calculated  by 

AV=IGx2,-Gxm-i'l  =  (m-3).Rx.i  (B) 

and  defined  as  the  influence  evaluation  amount  of  the  column-direction  wiring  resistance. 
[0398]  AV  is  the  difference  between  potential  drop  amounts  generated  at  Gx2  and  Gxm_-|  by  the  column-direction 
wiring  resistance. 
[0399]  In  Fig.  53,  the  potential  drop  amount  is  estimated  by  paying  attention  to  the  output  Syn  from  the  buffer  amplifier 
44107.  The  relationship  between  AGx2'  and  AGxm_-|'  and  the  value  AVare  the  same  with  any  outputs  Sy1  to  Syn  so  long 
as  the  activation  current  value  and  wiring  resistance  value  are  kept  unchanged. 
[0400]  More  specifically,  the  influence  of  the  column-direction  wiring  resistance  can  be  calculated  from  AV.  If  AV  is 
large,  whether  to  simultaneously  select  two  lines  of  Dx2  and  Dxm_i  is  determined.  That  is,  AV  is  compared  with  a 
predetermined  allowable  setting  voltage  value,  and  if  the  allowable  setting  voltage  value  <  AV,  other  lines  are  selected 
as  a  combination  of  simultaneous  selection  lines. 
[0401]  The  influence  of  a  potential  drop  generated  at  Gx1  to  Gxm  on  the  column-direction  wiring  by  the  influence  of 
the  column  wiring  resistance  can  be  reduced  by  adding  an  offset  value  AVoffset  to  an  output  from  the  buffer  amplifier 
44107. 
[0402]  In  this  case,  the  value: 

AVoffse,  =  1/2(AGx2'  +  AGxm-1  ')  =  1/2  •  (m+S)  -i  (C) 

is  subtracted  as  an  offset  amount  from  the  outputs  Sy1  to  Syn  from  the  buffer  amplifier  44107,  thereby  reducing  the 
influence  of  a  potential  drop  generated  by  the  influence  of  the  column  wiring  resistance  in  simultaneously  activating 
devices  connected  to  the  row-direction  wiring  terminals  Dx2  to  Dxm_-|. 
[0403]  In  the  11th  embodiment  as  well  as  the  ninth  embodiment,  simultaneous  driving  lines  are  sequentially  changed 
with  the  progress  of  activation,  and  two  lines  having  the  same  activation  speed  are  driven  at  once.  At  this  time,  the 
11th  embodiment  considers  the  influence  of  the  column-direction  wiring  resistance  to  select  and  drive  two  lines  which 
minimize  the  influence. 
[0404]  This  will  be  explained  in  detail  with  reference  to  the  flow  chart  in  Fig.  54.  For  descriptive  convenience,  the 
number  n  of  row-direction  wirings  in  the  surface-conduction  emission  type  electron-emitting  device  substrate  44101  is 
480. 

(Step  S21)  Setting  of  Initial  Driving  Conditions 

[0405]  A  control  circuit  44106  starts  activation  upon  reception  of  an  activation  start  command.  The  control  circuit 
44106  sets  initial  driving  conditions  at  the  start  of  activation.  Two  items  are  set  as  initial  driving  conditions:  setting  of 
the  initial  potential  value  of  an  output  potential  from  a  pixel  electrode  driving  circuit  44108,  and  setting  of  simultaneous 
selection  lines. 
[0406]  The  initial  potential  value  of  the  pixel  electrode  driving  circuit  441  08  is  set  as  follows.  Since  no  large  activation 
currents  flow  at  the  start  of  driving,  no  nonuniform  device  application  voltages  are  generated  by  the  activation  currents 
and  wiring  resistances.  Therefore,  all  compensation  potential  amounts  applied  by  the  pixel  electrode  driving  circuit 
441  08  are  set  to  0  V.  To  simultaneously  drive  two  lines,  the  480  row-direction  wirings  are  classified  into  240  blocks  as 
electrification  units  in  electrification.  Assignment  of  the  240  blocks  is  done  by  "setting  of  simultaneous  selection  lines 
".  Any  lines  are  at  the  same  voltage  at  the  start  of  activation,  and  thus  any  two  lines  can  be  combined.  In  step  S21  ,  a 
combination  is  set  as  follows  so  as  to  uniformly  apply  power  to  the  surface-conduction  emission  type  electron-emitting 
device  substrate  44101  upon  application  of  the  activation  voltage. 
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Block  1:  row-direction  wirings  ch1  and  ch241 
Block  2:  row-direction  wirings  ch2  and  ch242 

5  Block  240:  row-direction  wirings  ch240  and  ch480 

(Step  S22)  Start  of  Scroll  Driving 

[0407]  Driving  conditions  are  set  based  on  the  settings  in  step  S21  to  start  activation.  In  step  S22,  row-direction 
10  wirings  are  driven  in  units  of  two.  Driving  lines  are  selected  based  on  the  simultaneous  selection  line  setting  value  in 

step  S21  ,  and  a  driving  line  setting  signal  is  output  to  a  timing  generation  circuit  441  05.  The  timing  generation  circuit 
44105  outputs  a  line  select  signal,  and  a  line  selection  circuit  44102  simultaneously  drives  the  two  lines  by  a  power 
source  44104.  At  this  time,  the  progress  of  activation  is  monitored  to  calculate  a  compensation  amount  for  a  potential 
drop  caused  by  the  activation  current  and  row-direction  wiring  resistance.  For  this  purpose,  a  current  value  flowing 

is  through  each  row-direction  wiring  is  detected  by  the  current  detection  circuit  44103  and  stored  in  a  memory  44111  . 

(Step  S23)  Detection  of  Completion  of  One  Scroll 

[0408]  The  flow  waits  for  completion  of  activation  processing  for  the  240  blocks  and  current  detection  on  each  line. 
20 

(Step  S24)  Calculation  of  Distribution  Voltage  Value 

[0409]  The  potential  drop  generated  by  the  activation  current  and  wiring  resistance  along  with  the  progress  of  acti- 
vation  is  calculated.  The  potential  distribution  amount  generated  on  the  row-direction  wiring  resistance  can  be  calcu- 

25  lated  by  equation  (3)  in  the  ninth  embodiment  from  the  activation  current  and  wiring  resistance  of  each  line.  Since  the 
wiring  resistances  rl  to  rn  on  each  line  can  be  considered  to  be  almost  equal,  the  wiring  resistance  value  of  each  line 
is  measured  in  advance  and  stored  in  the  memory  44111  in  order  to  correct  only  variations  on  each  line.  Even  while 
two  lines  are  simultaneously  driven,  the  activation  current  of  each  line  is  detected  by  the  current  detection  circuit  441  03 
to  calculate  in  step  S22  the  distributed  potential  value  for  each  line  using  the  activation  current  value  and  row-direction 

30  wiring  resistance  value  of  each  line  and  store  it  in  the  memory  4411  1  . 

(Step  S25)  Setting  of  Simultaneous  Selection  Lines 

[0410]  Since  the  compensation  potential  value  to  be  applied  changes  between  lines  along  with  the  progress  of  ac- 
35  tivation,  a  combination  of  simultaneous  selection  lines  must  be  sequentially  updated.  In  step  S24,  simultaneous  se- 

lection/driving  lines  are  set.  A  line  whose  activation  current  has  reached  a  target  value  (2  mA/device)  has  been  activated 
and  is  removed  from  selection  lines.  Lines  to  be  activated  next  are  arranged  in  the  order  from  a  larger  one  of  distributed 
potential  values  calculated  in  step  S24,  and  lines  having  similar  potential  values  are  provisionally  set  as  simultaneous 
selection  lines  in  units  of  two. 

40  [0411]  If  adjacent  two  lines  are  selected,  power  may  concentrate  at  part  of  the  surface-conduction  emission  type 
electron-emitting  device  substrate.  To  avoid  this,  the  first  to  480th  row  wirings  are  divided  into  a  block  A  including  the 
first  to  240th  lines  and  a  block  B  including  the  241  st  to  480th  lines,  and  two  simultaneous  selection  lines  are  respectively 
selected  from  the  blocks  A  and  B. 
[0412]  The  influence  of  a  potential  drop  by  the  column  wiring  resistance  is  evaluated  in  accordance  with  equations 

45  (A-,)  to  (Am)  and  (B).  As  a  result,  if  the  influence  amount  A  V  of  the  potential  drop  by  the  column  wiring  resistance 
exceeds  an  allowable  setting  value  of  1  00  mV,  simultaneous  selection  lines  are  reset.  In  resetting  lines,  a  combination 
is  changed  to  select  two  close  lines,  and  AV  is  calculated  again  in  accordance  with  equations  (A-,)  to  (Am)  and  (B). 
[0413]  Simultaneous  selection  lines  are  set  to  make  AV  equal  to  or  smaller  than  the  allowable  value  or  close  to  the 
allowable  value  for  all  the  240  blocks. 

so  [0414]  The  offset  value  AVoffset  that  can  minimize  the  influence  AV  is  calculated  for  the  240  blocks  in  accordance 
with  equation  (C)  and  stored  in  the  memory. 

(Step  S26)  Calculation  of  Compensation  Potential 

55  [0415]  The  offset  values  AVoffset  for  the  240  blocks  in  step  S25  are  added  to  the  distribution  compensation  potential 
calculated  in  step  S24  to  calculate  compensation  potential  values  and  store  them  in  the  memory. 
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(Step  S27)  Determination  of  Completion  of  Activation 

[0416]  Whether  the  activation  currents  of  all  lines  have  reached  the  target  value  is  checked.  If  YES  in  step  S27, 
activation  ends;  if  NO  in  step  S27,  the  flow  returns  to  step  S22  to  start  scroll  driving  again.  The  values  set  in  step  S26 

5  are  used  for  a  combination  of  simultaneous  selection  lines  and  the  compensation  potential  value  from  the  pixel  electrode 
driving  circuit  44108. 
[0417]  In  this  manner,  activation  of  the  surface-conduction  emission  type  electron-emitting  device  substrate  44101 
is  complete.  Since  the  outputs  By1  to  Byn  from  the  pixel  electrode  driving  circuit  441  08  for  compensating  for  a  potential 
drop  caused  by  the  activation  current  and  wiring  resistance  are  sequentially  updated,  all  devices  can  be  uniformly 

10  activated  by  an  almost  constant  voltage  from  the  start  to  end  of  activation.  Since  two  lines  are  simultaneously  driven, 
activation  processing  can  be  completed  within  half  the  processing  time  required  to  drive  row  wirings  one  by  one. 
[0418]  As  described  above,  the  activation  apparatus  of  the  11th  embodiment  can  make  the  electron-emitting  char- 
acteristics  of  all  devices  uniform.  This  electron  source  substrate  can  be  used  to  realize  a  high-quality  image  display 
apparatus  almost  free  from  variations  in  luminance  or  density. 

15 
[12th  Embodiment] 

[0419]  An  energization  apparatus  in  the  12th  embodiment  has  the  same  arrangement  as  in  the  ninth  embodiment 
(Fig.  44).  In  this  embodiment,  the  potential  is  not  applied  to  the  row  wirings  from  one  side,  but  is  applied  to  them  from 

20  the  two  sides,  unlike  in  Fig.  44. 
[0420]  Fig.  55  is  a  block  diagram  showing  a  model  including  the  wiring  resistance  of  each  surface-conduction  emis- 
sion  type  electron-emitting  device  while  paying  attention  to  Dx1  of  three  row  wirings  (Dx1,  Dx161,  and  Dx321)  to  which 
the  activation  voltage  is  applied.  Activation  of  the  surface-conduction  emission  type  electron-emitting  device  group  will 
be  described. 

25  [0421]  In  Fig.  55,  reference  symbols  F-,  to  Fn  denote  surface-conduction  emission  type  electron-emitting  devices  on 
the  line  of  the  row  wiring  terminal  Dx1  ;  r1  to  rn,  wiring  resistances  of  the  row  wiring  terminal  Dx1  ;  Ry0,  wiring  resistances 
from  the  feeding  terminals  of  the  column  wirings  Dy1  to  Dyn  to  corresponding  surface-conduction  emission  type  electron- 
emitting  devices;  Ry1,  a  column  wiring  resistance  between  the  lines  Dx1  and  Dx161;  and  Ry2,  a  column  wiring  resistance 
between  the  lines  Dx161  and  Dx321. 

30  [0422]  Since  both  the  row  and  column  wirings  are  designed  with  the  same  line  width,  thickness,  and  material,  r1  to 
rn  are  considered  to  be  almost  equal  except  for  variations  in  the  manufacture.  In  addition  Ry0,  Ry1,  and  RY2  are  also 
considered  to  be  formed  with  almost  the  same  resistance  value. 
[0423]  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  surface-conduction  emission  type 

35  electron-emitting  device  is  much  higher  than  the  values  Ry0,  Ry1  ,  and  Ry2,  and  the  influence  of  a  voltage  drop  by  the 
column  wiring  is  ignored.  The  equivalent  resistance  values  of  the  surface-conduction  emission  type  electron-emitting 
devices  F-,  to  Fn  are  designed  higher  than  r1  to  rn. 
[0424]  A  line  selection  circuit  44102  is  controlled  to  simultaneously  activate  the  three  row  wirings  Dx1,  Dx161,  and 
Dx321.  More  specifically,  a  timing  generation  circuit  44105  (Fig.  44)  generates  a  line  select  signal  in  response  to  a 

40  driving  line  setting  signal  and  CLK  signal  output  from  a  control  circuit  441  06  (Fig.  44).  Upon  reception  of  the  line  select 
signal,  the  line  selection  circuit  44102  connects  a  power  source  44104  for  outputting  the  activation  potential  Eac  and 
a  current  detection  circuit  44103  to  the  row  wiring  terminals  Dx1,  Dx161,  and  Dx321.  Thus,  these  three  lines  are  driven 
by  the  activation  potential  Eac. 
[0425]  A  buffer  amplifier  441  07  operates  to  sink  activation  currents  i-,  to  in  from  the  devices  F-,  to  Fn  on  the  row  wiring 

45  Dx1  and  the  activation  currents  of  the  lines  Dx161  and  Dx321.  The  amplification  factor  of  the  buffer  amplifier  44107  is 
determined  by  the  pixel  electrode  driving  circuit  44108. 
[0426]  Fig.  56  shows  device  currents  lf1,  lf161,  and  lf321  respectively  flowing  through  the  row  wirings  Dx1,  Dx161,  and 
Dx321  .  As  is  apparent  from  Fig.  56,  the  three  lines  do  not  flow  any  currents  in  the  initial  state  of  activation,  and  gradually 
flow  currents  along  with  the  progress  of  activation. 

so  [0427]  If  activation  progresses  to  a  certain  degree,  the  device  currents  lf1,  lf161,  and  lf321  exhibit  different  activation 
current  values.  Variations  in  activation  current  are  caused  by  variations  upon  forming  the  surface-conduction  emission 
type  electron-emitting  devices  with  a  larger  substrate  area,  variations  in  fissures  formed  by  forming  processing,  and 
the  like. 
[0428]  Fig.  57  is  a  graph  showing  the  voltage  distribution  in  activating  surface-conduction  emission  type  electron- 

's  emitting  devices  on  the  row  wiring  Dx1  .  In  Fig.  57,  the  ordinate  represents  the  terminal  potential  across  the  device,  and 
the  abscissa  represents  the  positions  of  the  surface-conduction  emission  type  electron-emitting  devices  F-,  to  Fn.  Note 
that  the  power  source  44104  applies  an  activation  potential  Eac  of,  e.g.,  16  Vto  the  row  wirings  Dx1,  Dx161  and  Dx321. 
[0429]  Fig.  57  shows  the  distribution  when  activation  progresses  to  a  certain  degree.  The  voltages  of  surface-con- 

45 
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duction  emission  type  electron-emitting  devices  near  the  center  drop  on  the  row  wiring  side  under  the  influence  of  the 
wiring  resistance.  Since  no  activation  current  flows  in  the  initial  state  of  activation,  as  shown  in  Fig.  56,  the  compensation 
voltage  is  set  around  0  V. 
[0430]  Next,  the  procedure  of  activating  the  surface-conduction  emission  type  electron-emitting  device  substrate 

5  44101  by  the  activation  apparatus  of  the  12th  embodiment  will  be  described  with  reference  to  Figs.  44  and  55  to  57. 
[0431]  In  the  12th  embodiment,  three  row  wirings  are  simultaneously  electrified  to  shorten  the  activation  time.  As- 
suming  that  the  number  of  row  wiring  lines  on  the  surface-conduction  emission  type  electron-emitting  device  substrate 
44101  is  480,  three  row  wiring  terminals  Dx1,  Dx161,  and  Dx321  are  used  as  start  lines  to  be  simultaneously  driven,  and 
the  compensation  potential  to  be  applied  to  the  column  wiring  is  determined  by  the  average  of  the  activation  currents 

10  of  three  lines. 
[0432]  As  shown  in  Fig.  44,  when  the  control  circuit  44106  receives  an  activation  start  command  from  a  user,  it 
controls  the  timing  generation  circuit  44105,  power  source  44104,  and  pixel  electrode  driving  circuit  44108  in  order  to 
perform  electrification  processing  in  units  of  rows.  The  control  circuit  44106  sets  an  output  setting  value  44110  to  set 
the  column  wiring  terminals  Dy1  to  Dyn  to  ground  potential.  The  control  circuit  441  06  sequentially  applies  a  pulse  wave 

is  of  the  activation  potential  Eac  having  a  pulse  width  of  1  msec  and  a  pulse  height  of  18  V  to  the  row  wiring  terminals 
Dx1  to  Dxm.  Then,  the  pulse  voltage  is  sequentially  applied  to  the  surface-conduction  emission  type  electron-emitting 
device  substrate  44101  in  units  of  row  wirings  to  start  activation  in  units  of  lines. 
[0433]  A  method  of  setting  the  compensation  potential  output  from  the  pixel  electrode  driving  circuit  44108  will  be 
explained. 

20  [0434]  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  with  the  lapse  of  electrification  time,  and  saturates. 
At  this  time,  the  terminal  potentials  of  surface-conduction  emission  type  electron-emitting  devices  on  the  row  wiring 
Dx1  are  monitored  to  find  changes  in  potentials  v1  to  vn  under  the  influence  of  the  wiring  resistances  r1  to  rn,  as  shown 
in  Fig.  55.  The  potentials  more  greatly  change  with  the  progress  of  activation. 

25  [0435]  For  example,  for  an  activation  current  of  2  mA/device,  r1  to  rn  =  1  0  mQ,  and  n  =  1  000,  when  power  is  supplied 
from  the  power  source  441  04  from  only  one  side  (F-,  side),  a  potential  drop  of  1  0  V  at  maximum: 

AV=  1/2  X  1000  X  1001  X  2  mA  X  10  mQ  (4) 
30 

occurs  at  the  terminal  vn  of  the  surface-conduction  emission  type  electron-emitting  device  Fn  farthest  from  the  feeding 
terminal. 
[0436]  To  prevent  this,  the  pixel  electrode  driving  circuit  44108  generates  a  potential  distribution  identical  to  this 
potential  distribution  to  apply  the  potential  to  the  terminals  Dy1  to  Dyn  via  the  buffer  amplifier  441  07  so  as  to  cancel  the 

35  potential  distribution  generated  at  respective  surface-conduction  emission  type  electron-emitting  devices. 
[0437]  More  specifically,  the  control  circuit  44106  calculates  a  potential  drop  distribution  generated  at  the  terminals 
v1  to  vn  by  currents  flowing  through  the  surface-conduction  emission  type  electron-emitting  devices  F1  to  Fn  and  the 
wiring  resistances  rl  to  rn  along  with  the  progress  of  activation.  The  output  value  of  the  D/A  converter  of  the  pixel 
electrode  driving  circuit  441  08  is  set  to  realize  setting  of  the  compensation  potential  for  the  potential  drop  on  the  column 

40  wiring  side. 
[0438]  The  12th  embodiment  adopts  a  method  (to  be  referred  to  multiline  driving)  of  simultaneously  selecting  a 
plurality  of  row  wirings  and  applying  the  potential.  Three  row  wirings  Dx1,  Dx161,  and  Dx321  are  simultaneously  driven. 
The  activation  potential  is  applied  to  the  row  wiring  from  the  two  sides  of  the  wiring  for  F1  to  Fn. 
[0439]  When  a  predetermined  potential  is  applied  from  the  power  source  44104  to  the  two  sides  of  each  of  row 

45  wirings  selected  by  the  line  selection  circuit  44102,  the  activation  currents  lf1,  lf161,  and  lf321  flow  through  the  row  wirings 
Dx1,  Dx161  and  Dx321. 
[0440]  The  12th  embodiment  employs  a  method  of  calculating  the  average  activation  current  lfave  of  multiline-driven 
row  wirings,  and  calculating  and  applying  a  corresponding  compensation  potential  on  the  column  wiring  side.  The 
average  activation  current  lfave  is  calculated  by  the  control  circuit  44106  by  sequentially  detecting  the  current  values 

50  of  multiline-driven  lines,  and  inputting  the  detected  current  values  as  activation  currents  441  09  from  the  current  detec- 
tion  circuit  44103  to  the  control  circuit  44106.  The  compensation  potential  is  calculated  from  the  calculated  average 
activation  current  lfave. 
[0441]  In  the  12th  embodiment,  since  the  activation  potential  is  applied  to  the  row  wiring  from  its  two  sides,  a  potential 
drop  by  the  wiring  resistance  is  maximized  around  the  center.  In  applying  the  potential  from  the  two  sides  of  the  row 

55  wiring,  the  power  source  44104  shown  in  Fig.  55  is  connected  between  a  and  a'  for  the  row  wiring  Dx1,  b  and  b'  for  the 
row  wiring  Dx161,  and  c  and  c'  for  the  row  wiring  Dx321. 
[0442]  By  the  above  application  method,  the  compensation  potential  output  is  obtained  as  follows.  Letting  iave  be 
the  average  of  a  device  current  flowing  through  one  electron-emitting  device,  iave  =  ifave/n. 
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Dyn  =  -1 /2XrnXnX(n  +  1)Xiave  (5) 

n  =  F,  to  Fn/2 
[0443]  Note  that  Fn/2  and  subsequent  pixel  numbers  are  n  =  Fn_n,  (n'  is  calculated  as  a  pixel  number  from  Fn/2  up  to  Fn). 
[0444]  By  this  calculation  method,  the  compensation  potential  on  the  column  wiring  side  is  determined  on  the  basis 
of  the  average  device  current  If  of  activation  current  values  flowing  through  multiline-driven  row  wirings.  The  compen- 
sation  potential  is  output  from  the  pixel  electrode  driving  circuit  441  08  to  the  terminals  of  the  column  wirings  Dy1  to  Dyn 
via  the  buffer  amplifier  441  07.  Setting  of  the  compensation  potential  is  continuously  performed  till  the  end  of  activation 
processing. 
[0445]  Activation  ends  when  the  average  device  current  If  of  each  device  reaches  a  predetermined  value  (for  exam- 
ple,  each  device  reaches  2  mA)  from  the  activation  current  of  each  multiline-driven  row  wiring,  or  by  controlling  the 
time  after  the  activation  current  flows  to  a  certain  degree. 
[0446]  As  described  above,  the  12th  embodiment  simultaneously  drives  and  activates  three  row  wirings  to  shorten 
the  processing  time.  In  the  12th  embodiment,  since  the  surface-conduction  emission  type  electron-emitting  device 
substrate  441  01  is  formed  by  arranging  surface-conduction  emission  type  electron-emitting  devices  in  a  simple  matrix, 
the  compensation  potential  is  common  to  multiline-driven  row  wirings. 
[0447]  However,  activation  characteristics  (activation  currents)  flowing  through  respective  row  wirings  are  not  always 
uniform  and  vary.  Compensation  potentials  calculated  for  respective  row  wirings  have  potential  differences.  For  this 
reason,  setting  of  the  potential  applied  to  the  column  wiring  side  is  important  in  multiline  driving. 
[0448]  The  compensation  potential  must  be  set  to  reduce  variations  in  voltage  applied  to  devices  to  be  actually 
activated.  If  the  compensation  potential  is  set  in  accordance  with  the  activation  current  of  a  specific  row  wiring,  the 
application  voltage  may  greatly  vary. 
[0449]  In  the  12th  embodiment,  to  more  uniformly  activate  devices  against  variations  in  characteristics  of  row  wiring 
lines,  the  compensation  potential  output  to  the  column  wiring  is  calculated  from  the  average  activation  current  of  mul- 
tiline-driven  row  wirings,  thereby  minimizing  variations  in  device  characteristics  between  row  wirings. 
[0450]  Fig.  58  is  a  flow  chart  for  realizing  activation.  The  flow  for  realizing  activation  will  be  described  with  reference 
to  Fig.  58. 
[0451]  In  step  S31  ,  when  the  user  inputs  an  activation  start  command,  the  control  circuit  44106  sets  selection  con- 
ditions  of  simultaneous  driving  row  wirings  at  the  start  of  activation.  This  setting  includes  three  settings,  i.e.,  the  number 
of  simultaneous  driving  row  wirings  in  multiline  driving,  the  line  interval  between  driving  row  wirings,  and  the  thinning 
interval.  In  multiline  driving  in  the  1  2th  embodiment,  a  plurality  of  selected  row  wirings  are  grouped  as  one  block,  and 
the  voltage  is  sequentially  applied  in  units  of  blocks. 
[0452]  In  the  12th  embodiment,  the  number  of  simultaneously  driving  row  wirings  is  set  to  three,  the  line  interval 
between  simultaneous  driving  row  wirings  is  set  to  160  wirings,  and  the  thinning  interval  is  set  to  10  wirings.  The  number 
of  simultaneous  driving  row  wirings  is  optimized  in  consideration  of  the  power  amount  supplied  to  the  surface-conduc- 
tion  emission  type  electron-emitting  device  substrate  44101  and  heat  generated  upon  electrification  in  driving  in  units 
of  blocks. 
[0453]  The  driving  line  interval  means  the  interval  between,  e.g.,  the  lines  Dx1,  Dx161,  and  Dx321  in  simultaneously 
driving  three  row  wirings.  In  the  12th  embodiment,  the  driving  line  interval  is  set  to  160  wirings,  as  described  above. 
The  driving  line  interval  must  be  uniformly  designated  over  the  surface-conduction  emission  type  electron-emitting 
device  substrate  441  01  in  consideration  of  concentration  of  the  heat  distribution  by  electrification  power  on  the  surface- 
conduction  emission  type  electron-emitting  device  substrate  44101. 
[0454]  The  thinning  interval  means  the  interval  between  blocks  in  simultaneous  driving.  In  the  1  2th  embodiment,  the 
row  wirings  Dx1,  Dx161,  and  Dx321  are  first  driven.  Row  wirings  to  be  selected  next  are  Dx11,  Dx171,  and  Dx331  because 
the  thinning  interval  is  set  to  10  wirings.  In  other  words,  3  wirings  X  10  units  =  30  wirings  are  set  as  one  block,  and 
activation  is  sequentially  done  for  each  unit  from  the  first  to  1  0th  units.  Line  selection  conditions  set  as  one  block  are 

55 

Unit  Selection  Row  Wirings 
1  Dx1  Dx161  Dx321 
2  Dx11  Dx171  Dx331 
3  Dx21  Dx181  Dx341 

10  Dx91  Dx251  Dx411 
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Upon  completion  of  these  settings,  the  flow  shifts  to  step  S32. 
[0455]  In  step  S32,  surface-conduction  emission  type  electron-emitting  devices  are  activated.  To  simultaneously 
drive  three  row  wirings  in  multiline  driving,  the  control  circuit  44106  sets  a  setting  signal  for  setting  the  row  wiring 
selection  conditions  in  step  S31  in  the  timing  generation  circuit  44105.  The  timing  generation  circuit  44105  recognizes 

5  driving  row  wirings,  and  outputs  a  line  select  signal  to  the  line  selection  circuit  441  02. 
[0456]  The  line  select  signal  turns  on  the  FET  relays  of  the  predetermined  row  wirings  to  connect  the  row  wirings  to 
the  power  source  44104,  thereby  driving  the  selected  row  wirings.  After  activation  starts  in  units  of  blocks,  the  current 
detection  circuit  441  03  detects  the  activation  currents  of  the  driven  row  wirings  to  store  the  current  values  in  a  memory 
44111. 

10  [0457]  In  step  S33,  it  is  checked  whether  activation  of  one  block  (30  wirings  in  the  12th  embodiment)  and  detection 
of  the  activation  current  are  completed.  If  YES  in  step  S33,  the  flow  shifts  to  step  S34. 
[0458]  In  step  S34,  the  compensation  potential  is  calculated.  The  average  activation  current  lfave  is  calculated  from 
the  activation  currents  stored  in  the  memory  44111  in  step  S33.  The  average  activation  current  lfave  is  calculated  in 
units  of  multiline-driven  row  wirings. 

is  [0459]  Since  selected  row  wirings  are  sequentially  activated  in  units  of  blocks,  and  the  thinning  interval  is  set  to  10 
wirings,  as  described  in  step  S31,  the  average  activation  current  lfave  from  the  first  to  10th  units  can  be  calculated  in 
simultaneously  activating  three  row  wirings.  Sampling  setting  of  current  detection  is  done  for  the  average  activation 
current  lfave  during  activation.  By  this  setting,  the  currents  of  multiline-driven  row  wirings  are  detected  every  predeter- 
mined  time  to  store  the  latest  average  activation  current  lfave  in  the  memory  44111  . 

20  [0460]  Then,  the  control  circuit  44106  calculates  the  compensation  potential  on  the  column  wiring  side  from  the 
obtained  average  activation  current  lfave.  The  compensation  potential  can  be  calculated  using  equation  (5).  The  wiring 
resistances  r1  to  m-1  of  respective  column  wirings  are  measured  in  advance  and  stored  in  the  memory  44111.  The 
compensation  potential  is  also  measured  every  update  of  the  average  activation  current  lfave.  If  necessary,  the  com- 
pensation  potential  value  can  also  be  stored  in  the  memory  44111  because  it  changes  with  the  progress  of  processing. 

25  [0461]  In  step  S35,  the  compensation  potential  value  calculated  every  multiline  driving  in  step  S34  is  sequentially 
applied  to  the  column  wirings  by  the  pixel  electrode  driving  circuit  441  08  and  buffer  amplifier  441  07.  In  the  1  2th  em- 
bodiment,  since  multiline  driving  is  performed  in  units  of  blocks,  the  number  of  lines  for  one  activation  processing  is 
30  lines. 
[0462]  In  activation  processing,  setting  for  one  processing  unit  is  not  limited  to  one  block,  and  a  plurality  of  blocks 

30  may  be  set  in  advance. 
[0463]  In  step  S36,  it  is  checked  whether  activation  processing  progresses  to  complete  activation  of  the  multiline- 
driven  lines.  If  NO  in  step  S36,  the  flow  returns  to  step  S32  to  perform  activation  in  units  of  blocks  again. 
[0464]  Activation  ends  when  the  activation  current  of  each  surface-conduction  emission  type  electron-emitting  device 
reaches  a  predetermined  value  while  detecting  the  activation  current,  or  by  defining  the  end  time  from  the  start  of 

35  activation.  To  complete  activation  when  the  current  value  of  each  surface-conduction  emission  type  electron-emitting 
device  reaches  a  predetermined  value,  the  progress  of  activation  must  be  grasped  in  units  of  row  wirings  by  the  control 
circuit  44106  or  the  like.  If  activation  is  controlled  by  the  activation  time,  the  time  must  be  set  to  unify  activation.  In  the 
12th  embodiment,  activation  ends  under  the  latter  condition. 
[0465]  In  this  manner,  activation  of  the  surface-conduction  emission  type  electron-emitting  device  substrate  44101  . 

40  is  completed.  By  executing  this  procedure,  activation  can  be  completed  within  1/3  the  processing  time  required  to  drive 
row  wirings  one  by  one. 
[0466]  Note  that  in  the  12th  embodiment,  three  row  wirings  are  multiline-driven.  However,  the  number  of  simultaneous 
driving  row  wirings  is  not  limited  to  this,  and  can  be  increased  in  consideration  of  heat  generated  within  the  surface- 
conduction  emission  type  electron-emitting  device  substrate  441  01  in  order  to  further  shorten  the  activation  time. 

45  [0467]  Although  the  power  source  441  04  applies  a  positive  output  in  the  1  2th  embodiment,  the  application  potential 
may  be  negative.  In  this  case,  the  direction  of  current  flowing  through  the  column  wiring  is  also  inverted,  so  that  the 
polarity  of  the  compensation  potential  from  the  buffer  amplifier  44107  is  also  inverted. 
[0468]  In  addition,  the  pixel  electrode  driving  circuit  44108  comprises  D/A  converters  equal  in  number  to  the  number 
of  column  wirings.  However,  since  the  compensation  potential  distribution  changes  gradually,  as  shown  in  Fig.  57,  the 

so  number  of  D/A  converters  may  be  decreased  to  divide  and  define  the  application  potential  by  the  resistance  or  the  like. 
[0469]  In  activation  processing,  the  compensation  potential  value  need  not  be  updated  for  each  block,  unlike  in  the 
12th  embodiment,  but  may  be  appropriately  updated  in  accordance  with  the  progress  of  activation. 
[0470]  As  described  above,  the  activation  processing  of  the  12th  embodiment  can  form  relatively  uniform  surface- 
conduction  emission  type  electron-emitting  devices  almost  free  from  variations  in  electron-emitting  characteristics. 

55  This  surface-conduction  emission  type  electron-emitting  device  substrate  44101  can  be  used  to  form  a  high-quality 
display  panel  almost  free  from  variations.  If  the  number  of  simultaneous  driving  lines  in  multiline  driving  is  increased, 
the  activation  time  can  be  greatly  shortened. 
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[13th  Embodiment] 

[0471]  The  13th  embodiment  will  be  described.  The  activation  apparatus  and  circuit  arrangement  in  activation 
processing  of  the  13th  embodiment  are  the  same  as  in  Fig.  44. 

5  [0472]  Similar  to  the  1  2th  embodiment,  the  1  3th  embodiment  uses  the  average  device  current  lf  in  order  to  calculate 
the  compensation  potential.  Further,  the  13th  embodiment  selects  simultaneous  driving  row  wirings  having  similar 
characteristics  in  order  to  increase  the  reliability  of  the  average  of  the  device  current  lf  and  the  calculation  precision  of 
the  compensation  potential. 
[0473]  When  a  plurality  of  row  wirings  are  driven  by  multiline  driving,  the  activation  current  values  lf  of  respective 

10  row  wirings  vary  owing  to  the  following  factors. 
[0474]  As  described  in  the  12th  embodiment,  the  activation  current  values  vary  owing  to  variations  in  performing 
forming  processing  for  surface-conduction  emission  type  electron-emitting  devices,  variations  in  forming  surface-con- 
duction  emission  type  electron-emitting  devices,  and  physical  defects  (disconnection/short-circuiting)  on  the  matrix 
wiring.  In  actually  forming  the  panel,  the  activation  current  values  vary  owing  to  variations  in  characteristics  of  surface- 

's  conduction  emission  type  electron-emitting  devices. 
[0475]  If  multiline-driven  lines  include  a  line  having  an  activation  current  much  larger  or  smaller  than  those  of  the 
remaining  row  wirings,  the  average  of  the  device  currents  lf  of  the  simultaneously  driven  row  wirings  is  influenced  by 
the  row  wiring  having  a  larger  or  smaller  activation  current.  As  a  result,  the  calculated  compensation  potential  value 
cannot  be  optimized. 

20  [0476]  To  solve  this  problem,  in  the  13th  embodiment,  the  average  activation  current  lfave  is  temporarily  calculated 
after  the  activation  current  is  obtained  for  respective  multiline-driven  row  wirings.  Then,  the  values  MAX  and  MIN  of 
the  activation  currents  of  these  multiline-driven  row  wirings  are  obtained.  Row  wirings  having  corresponding  values 
are  extracted  to  obtain  their  differences  from  the  average  activation  current  lfave  calculated  in  advance. 
[0477]  The  differences  between  the  average  activation  current  lfave,  and  the  current  values  of  the  row  wirings  corre- 

25  sponding  to  the  values  MAX  and  MIN  that  are  detected  and  extracted  in  step  S32  are  calculated  to  check  based  on 
the  differences  whether  the  extracted  row  wirings  are  suitable  for  target  lines  for  calculating  the  compensation  potential. 
After  this  processing,  the  average  activation  current  lfave  for  calculating  the  compensation  potential  is  newly  obtained 
to  calculate  the  compensation  potential  on  the  column  wiring  side. 
[0478]  Fig.  59  is  a  flow  chart  for  realizing  activation  in  the  13th  embodiment.  Activation  will  be  explained  with  reference 

30  to  Fig.  59.  For  descriptive  convenience,  the  number  of  row  wirings  on  a  surface-conduction  emission  type  electron- 
emitting  device  substrate  44101  and  multiline  driving  lines  are  the  same  as  in  the  12th  embodiment. 
[0479]  In  step  S41  ,  when  the  user  inputs  an  activation  start  command,  a  control  circuit  441  06  sets  row  wiring  selection 
conditions  at  the  start  of  activation,  similar  to  the  12th  embodiment.  This  setting  includes  three  settings,  i.e.,  the  number 
of  simultaneous  driving  row  wirings  in  multiline  driving,  the  line  interval  between  driving  row  wirings,  and  the  thinning 

35  interval. 
[0480]  Activation  performed  in  the  13th  embodiment  also  employs  a  method  of  sequentially  applying  the  potential 
to  selected  row  wirings  in  units  of  blocks.  Similar  to  the  12th  embodiment,  the  thinning  interval  is  set  to  10  wirings. 
Three  row  wirings  are  simultaneously  activated  in  units  of  blocks  each  including  3  wirings  X  10  units  =  30  wirings.  The 
number  of  simultaneous  driving  wirings  is  optimized  in  consideration  of  the  power  amount  supplied  to  the  surface- 

40  conduction  emission  type  electron-emitting  device  substrate  44101  and  heat  generated  in  driving  in  units  of  blocks. 
[0481]  Also  in  the  13th  embodiment,  the  driving  line  interval  is  set  to  160  wirings.  Similar  to  the  12th  embodiment, 
the  driving  line  interval  must  be  uniformly  set  over  the  surface-conduction  emission  type  electron-emitting  device  sub- 
strate  441  01  in  consideration  of  concentration  of  the  heat  distribution  by  electrification  power  on  the  surface-conduction 
emission  type  electron-emitting  device  substrate  44101. 

45  [0482]  Similar  to  the  12th  embodiment,  the  thinning  interval  is  set  to  10  wirings.  Hence,  the  driving  pattern  of  one 
block  is  the  same  as  in  the  12th  embodiment.  Upon  completion  of  these  settings,  the  flow  proceeds  to  step  S42. 
[0483]  In  step  S42,  activation  of  surface-conduction  emission  type  electron-emitting  devices  starts.  To  simultaneously 
drive  three  row  wirings  in  multiline  driving,  the  control  circuit  441  06  outputs  a  driving  row  wiring  setting  signal  to  a  timing 
generation  circuit  441  05.  The  timing  generation  circuit  441  05  recognizes  driving  row  wirings,  and  outputs  a  line  select 

so  signal  to  a  line  selection  circuit  44102. 
[0484]  The  line  select  signal  turns  on  the  FET  relays  of  the  predetermined  row  wirings  to  connect  the  row  wirings  to 
a  power  source  44104,  thereby  driving  the  selected  row  wirings.  After  activation  starts  in  units  of  blocks,  a  current 
detection  circuit  441  03  detects  the  activation  currents  of  the  driven  row  wirings  to  store  the  current  values  in  a  memory 
44111. 

55  [0485]  In  step  S43,  it  is  checked  whether  activation  of  one  block  (30  wirings  in  the  1  3th  embodiment)  and  detection 
of  the  activation  current  are  completed.  If  YES  in  step  S43,  the  flow  shifts  to  step  S44. 
[0486]  In  step  S44,  the  compensation  potential  is  calculated.  For  this  purpose,  the  control  circuit  44106  selects  a 
target  line  for  calculating  the  compensation  potential  from  multiline-driven  row  wirings. 
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[0487]  As  shown  in  Fig.  56,  the  average  lfave|  of  the  activation  currents  of  row  wirings  Dx1,  Dx161,  and  Dx321  is  cal- 
culated  from  the  activation  current  values  stored  in  the  memory  44111.  The  values  MAX  and  MIN  of  the  activation 
current  values  of  these  row  wirings  are  detected.  The  current  values  to  be  detected  are  the  latest  values  updated  upon 
measurement.  Since  the  13th  embodiment  multiline-drives  three  row  wirings,  two  of  them  are  selected  as  the  values 

5  MAX  and  MIN. 
[0488]  The  following  calculation  is  done  for  the  selected  values  MAX  and  MIN  on  the  basis  of  the  average  activation 
current  lfave|  calculated  in  advance: 

w  Value  MAX  -lfave|  =  Alfa 

lfave|-  Value  MIN  =  Alfb 

15  [0489]  Whether  a  row  wiring  having  the  extracted  value  MAX  and  a  row  wiring  having  the  extracted  value  MIN  cor- 
respond  to  target  lines  for  calculating  the  compensation  potential  is  checked  from  Alfa  and  Alfb  obtained  by  this  calcu- 
lation.  In  this  determination,  Alfaand  Alfb  are  compared  with  a  predetermined  allowable  value  in  order  to  check  whether 
characteristics  are  greatly  different  during  multiline  driving. 
[0490]  In  the  13th  embodiment,  a  current  value  serving  as  the  allowable  value  is  set  to,  e.g.,  1  A,  and  a  row  wiring 

20  having  a  current  difference  of  1  A  or  more  from  the  average  activation  current  lfave|  is  excluded  from  target  lines.  By 
this  procedure,  variations  in  compensation  potential  by  the  above-described  variations  can  be  reduced.  The  1  3th  em- 
bodiment  is  effective  for  a  relatively  large  number  of  multiline-driven  lines,  whereas  the  procedure  described  in  the 
12th  embodiment  is  suitable  for  multiline  driving  of,  e.g.,  two  lines. 
[0491]  In  the  1  3th  embodiment,  the  number  of  lines  to  be  multiline-driven  is  three.  When  the  number  of  simultaneous 

25  driving  lines  is  increased,  if  the  current  values  of  row  wirings  except  for  ones  corresponding  to  the  values  MAX  and 
MIN  are  equal  to  or  more  than  the  allowable  value,  variations  in  compensation  potential  value  can  also  be  reduced  for 
these  row  wirings  by  the  following  procedure. 
[0492]  Target  lines  for  calculating  the  compensation  potential  are  checked.  For  example,  if  a  row  wiring  corresponding 
to  the  value  MAX  is  excluded  from  target  lines  because  an  activation  current  value  is  equal  to  or  more  than  the  allowable 

30  value,  a  row  wiring  which  flows  the  second  largest  activation  current  to  the  row  wiring  corresponding  to  the  value  MAX 
is  extracted  to  check  whether  the  current  value  of  the  activation  current  flowing  through  this  row  wiring  is  equal  to  or 
more  than  the  allowable  value. 
[0493]  If  the  current  value  is  less  than  the  allowable  value,  the  row  line  is  set  as  a  target  line.  If  the  current  value  is 
equal  to  or  more  than  the  allowable  line,  a  row  wiring  which  flows  the  third  largest  activation  current  to  the  row  wiring 

35  is  selected  to  perform  this  determination.  Determination  for  the  value  MIN  is  also  similarly  performed. 
[0494]  By  repetitively  executing  this  procedure,  a  target  line  can  be  selected  even  for  a  large  number  of  simultaneous 
driving  row  wirings,  similarly  to  a  small  number  of  simultaneous  driving  row  wirings. 
[0495]  In  step  S45,  the  average  activation  current  lfave  for  calculating  the  compensation  potential  is  obtained  upon 
completion  of  the  above  processing,  and  the  compensation  potential  to  be  applied  to  the  column  wiring  is  calculated 

40  from  the  average  activation  current  lfave.  Sampling  setting  of  current  detection  is  done  for  the  average  activation  current 
lfave  during  activation  to  detect  the  currents  of  multiline-driven  row  wirings  every  predetermined  time,  and  the  latest 
average  activation  current  lfave  is  stored  in  the  memory  44111  . 
[0496]  Then,  the  compensation  potential  on  the  column  wiring  side  is  calculated  from  the  obtained  average  activation 
current  lfave.  The  compensation  potential  can  be  calculated  using  equation  (5)  described  in  the  12th  embodiment.  The 

45  wiring  resistance  r  is  stored  in  the  memory  44111  by  measuring  the  wiring  resistance  of  each  row  wiring  in  advance. 
The  compensation  potential  value  is  also  updated  every  update  of  the  average  activation  current  lfave,  and  if  necessary, 
can  also  be  stored  in  the  memory  441  1  1  . 
[0497]  In  step  S46,  it  is  checked  whether  activation  processing  progresses  to  complete  activation  of  the  multiline- 
driven  lines.  If  NO  in  step  S46,  the  flow  returns  to  step  S42  to  perform  activation  in  units  of  block  again. 

50  [0498]  Similar  to  the  12th  embodiment,  activation  ends  when  the  activation  current  of  each  surface-conduction  emis- 
sion  type  electron-emitting  device  reaches  a  predetermined  value  while  detecting  the  activation  current,  or  by  defining 
the  end  time  from  the  start  of  activation.  To  complete  activation  when  the  current  value  of  each  surface-conduction 
emission  type  electron-emitting  device  reaches  a  predetermined  value,  the  progress  of  activation  must  be  grasped  in 
units  of  row  wirings  by  the  control  circuit  441  06  or  the  like.  If  activation  is  controlled  by  the  activation  time,  the  activation 

55  time  must  be  set  to  unify  activation.  In  the  1  3th  embodiment,  activation  is  completed  under  the  latter  condition. 
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[14th  Embodiment] 

[0499]  Fig.  60  is  a  flow  chart  for  realizing  activation  in  the  14th  embodiment.  In  the  14th  embodiment,  the  apparatus 
and  driving  circuit  in  activation  processing  and  the  structure  of  the  surface-conduction  emission  type  electron-emitting 

5  device  substrate  are  the  same  as  in  the  12th  embodiment. 
[0500]  In  the  14th  embodiment,  the  minimum  value  of  the  activation  voltage  applied  to  respective  surface-conduction 
emission  type  electron-emitting  devices  is  compensated  for.  That  is,  an  activation  potential  equal  to  or  higher  than  a 
predetermined  minimum  activation  potential  value  is  applied  to  surface-conduction  emission  type  electron-emitting 
devices  on  all  multiline-driven  row  wirings. 

10  [0501]  On  a  row  wiring  exhibiting  the  largest  potential  drop,  since  the  potential  drop  is  maximized  at  the  center  of 
the  row  wiring,  the  voltage  value  actually  applied  to  surface-conduction  emission  type  electron-emitting  devices  is  low. 
Since  the  compensation  potential  is  calculated  from  a  plurality  of  average  activation  currents  lf,  an  activation  voltage 
lower  than  an  activation  voltage  which  should  be  originally  applied  is  applied  to  surface-conduction  emission  type 
electron-emitting  devices  on  the  row  wiring  exhibiting  the  largest  potential  drop. 

is  [0502]  For  this  reason,  an  activation  voltage  equal  to  or  higher  than  the  minimum  activation  voltage  value  is  applied 
to  surface-conduction  emission  type  electron-emitting  devices  on  all  multiline-driven  row  wirings. 
[0503]  More  specifically,  a  row  wiring  exhibiting  the  largest  potential  drop  caused  by  the  activation  current  lf  flowing 
through  the  surface-conduction  emission  type  electron-emitting  device  and  the  row  wiring  resistance  is  selected  in 
activation  processing,  and  the  difference  (Alf)  of  the  device  current  lf  of  the  row  wiring  from  a  predetermined  threshold 

20  is  calculated. 
[0504]  That  is,  Alf  is  calculated  when  a  row  wiring  having  the  largest  activation  current  out  of  multiline-driven  row 
wirings  exceeds  a  predetermined  threshold  current.  From  A  lf,  the  minimum  value  of  an  activation  voltage  to  be  com- 
pensated  for  is  calculated. 
[0505]  The  compensation  potential  value  AX  on  the  column  wiring  side  is  obtained  from  the  calculated  Alf,  and  added 

25  to  the  compensation  potential  of  a  line  exhibiting  the  largest  potential  drop,  thereby  ensuring  the  activation  voltage 
applied  to  surface-conduction  emission  type  electron-emitting  devices  on  the  row  wiring  as  the  minimum  activation 
voltage.  In  this  way,  an  activation  voltage  equal  to  or  higher  than  the  minimum  activation  voltage  value  is  applied  to 
surface-conduction  emission  type  electron-emitting  devices. 
[0506]  When  row  wirings  are  driven  one  by  one  in  processing  steps  subsequent  to  the  activation  step,  a  device 

30  voltage  equal  to  or  higher  than  the  activation  voltage  may  be  applied  to  surface-conduction  emission  type  electron- 
emitting  devices  activated  by  a  low  activation  voltage  like  the  above-described  one.  In  this  case,  no  device  character- 
istics  are  guaranteed  by  the  activation  step,  resulting  in  a  panel  varying  in  characteristics  between  row  wirings  or 
surface-conduction  emission  type  electron-emitting  devices. 
[0507]  To  solve  this  problem,  in  the  14th  embodiment,  a  row  wiring  corresponding  to  the  value  MAX  of  multiline- 

35  driven  row  wirings  is  selected,  and  the  compensation  potential  on  the  column  wiring  side  is  determined  to  compensate 
for  the  minimum  activation  voltage  using  the  selected  row  wiring  as  a  reference. 
[0508]  This  will  be  explained  with  reference  to  the  flow  chart  in  Fig.  60. 
[0509]  In  step  S51,  row  wiring  selection  conditions  are  set  similarly  to  the  12th  embodiment.  When  the  user  inputs 
an  activation  start  command,  a  control  circuit  441  06  starts  activation.  First,  the  control  circuit  441  06  sets  simultaneous 

40  driving  row  wirings  at  the  start  of  activation.  This  setting  includes  setting  of  the  number  of  simultaneous  driving  wirings 
in  multiline  driving,  setting  of  the  line  interval  between  driving  row  wirings,  and  setting  of  the  thinning  interval. 
[0510]  Activation  performed  in  the  14th  embodiment  also  employs  a  method  of  sequentially  applying  the  potential 
to  row  wirings  in  units  of  blocks.  Similar  to  the  12th  embodiment,  the  thinning  interval  is  set  to  10  wirings,  and  three 
row  wirings  are  simultaneously  activated  in  units  of  blocks  each  including  3  wirings  X  1  0  units  =  30  wirings.  The  number 

45  of  simultaneous  driving  wirings  is  optimized  in  consideration  of  the  power  amount  supplied  to  a  surface-conduction 
emission  type  electron-emitting  device  substrate  44101  and  heat  generated  in  driving  in  units  of  blocks. 
[0511]  Also  in  the  14th  embodiment,  the  driving  line  interval  is  set  to  160  wirings.  Similar  to  the  12th  embodiment, 
the  driving  line  interval  must  be  uniformly  designated  over  the  surface-conduction  emission  type  electron-emitting 
device  substrate  441  01  in  consideration  of  concentration  of  the  heat  distribution  by  electrification  power  on  the  surface- 

so  conduction  emission  type  electron-emitting  device  substrate  441  01  . 
[0512]  Similar  to  the  12th  embodiment,  the  thinning  interval  is  set  to  10  wirings.  Hence,  the  driving  pattern  of  one 
block  is  the  same  as  in  the  12th  embodiment.  Upon  completion  of  these  settings,  the  flow  shifts  to  step  S52. 
[0513]  In  step  S52,  activation  of  surface-conduction  emission  type  electron-emitting  devices  starts.  To  simultaneously 
drive  three  row  wirings  in  multiline  driving,  the  control  circuit  441  06  outputs  a  driving  row  wiring  setting  signal  to  a  timing 

55  generation  circuit  441  05.  The  timing  generation  circuit  441  05  recognizes  driving  row  wirings,  and  outputs  a  line  select 
signal  to  a  line  selection  circuit  44102. 
[0514]  The  line  select  signal  turns  on  the  FET  relays  of  the  predetermined  row  wirings  to  connect  the  row  wirings  to 
a  power  source  44104.  After  activation  starts,  a  current  detection  circuit  44103  detects  the  activation  currents  of  the 
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driven  row  wirings  to  store  the  current  values  in  a  memory  44111  . 
[0515]  In  step  S53,  it  is  checked  whether  driving  of  one  block  (30  wirings  in  the  14th  embodiment)  and  detection  of 
the  activation  current  are  completed.  If  YES  in  step  S53,  the  flow  proceeds  to  step  S54. 
[0516]  In  step  S54,  target  lines  are  selected  from  the  multiline-driven  row  wirings  in  order  to  ensure  the  minimum 

5  activation  voltage.  In  Fig.  56,  activation  currents  lf1,  lfa61  and  lf132  are  obtained  for  row  wirings  Dx1,  Dx161,  and  Dx321 
and  stored  in  the  memory  441  1  1  . 
[0517]  Then,  the  value  MAX  is  detected  from  the  activation  current  values  stored  in  the  memory  44111  .  The  current 
values  to  be  detected  are  the  latest  values  updated  upon  measurement. 
[0518]  As  shown  in  Fig.  56,  lfmax  for  simultaneously  activating  three  row  wirings  selects  the  row  wiring  Dx1.  The 

10  device  current  lf  of  the  selected  row  wiring  Dx1  is  compared  with  a  specified  value  for  compensating  for  the  activation 
potential. 
[0519]  This  specified  value  is  a  line  current  criterion  value  for  checking  whether  the  application  voltage  value  is 
compensated  for  the  minimum  activation  voltage  or  more  when  the  activation  voltage  to  the  device  decreases  owing 
to  the  potential  drop  of  the  wiring  resistance  by  lfmax.  Therefore,  the  minimum  activation  potential  is  set  lower  than  the 

is  activation  potential  applied  when  a  potential  drop  occurs  due  to  the  wiring  resistance  and  individual  device  current  of 
the  row  wiring. 
[0520]  More  specifically,  assuming  that  Va  is  the  minimum  activation  voltage,  and  the  difference  Eac-Va  =  AVd  upon 
application  of  the  activation  voltage  Eac  is  the  maximum  voltage  drop  value,  the  individual  device  current  lfn  is  given  by 

20 
AVd  =  1/2  X  n  X  (n+1)  X  rn  X  lfn  (6) 

(where  rn  is  the  wiring  resistance  value  between  devices,  lfn  is  the  individual  device  current,  and  n  is  the  number 
of  devices) 
lfn  X  n  (individual  current  X  the  number  of  devices)  is  calculated  and  determined  as  a  specified  value  serving  as  a  line 
current  criterion  value. 
[0521]  If  Alf  >  0  for  lfmax  -  specified  value  lf  =  Alf,  surface-conduction  emission  type  electron-emitting  devices  on  the 
row  wiring  Dx1  are  determined  not  to  reach  the  minimum  activation  voltage  owing  to  a  voltage  drop  or  the  like.  If  Alf  0, 
at  least  the  minimum  activation  voltage  is  determined  to  be  applied. 
[0522]  In  the  14th  embodiment,  since  activation  currents  flowing  through  respective  row  wirings  are  sequentially 
detected  by  the  current  detection  circuit  441  03  during  the  activation  step,  the  minimum  activation  voltage  Va  is  changed 
every  detection  period  to  change  the  specified  value  in  accordance  with  the  progress  of  activation.  In  particular,  since 
almost  no  activation  current  flows  at  an  initial  activation  value  (Fig.  41),  the  influence  of  voltage  attenuation  by  a  potential 
drop  can  be  substantially  ignored,  and  the  minimum  activation  voltage  Va  becomes  almost  equal  to  the  activation 
voltage  Eac/2. 
[0523]  In  setting  the  specified  value,  the  factor  of  the  potential  drop  is  considered  as  a  change  in  device  current,  and 
the  wiring  resistance  values  of  respective  row  wirings  within  the  panel  are  desirably  the  same.  Since  the  potential  drop 
of  the  row  wiring  is  determined  by  equation  (6),  lfn  is  dominant  in  the  potential  drop  so  long  as  respective  row  wirings 
have  the  same  rn. 
[0524]  If  the  wiring  resistance  values  vary  between  row  wirings,  the  specified  value  must  be  individually  set  every 
multiline  driving.  In  this  case,  the  wiring  resistance  value  is  set  in  the  memory  44111  in  advance  for  each  multiline- 
driving  row  wiring.  The  wiring  resistance  value  of  a  row  wiring  having  the  activation  current  lfmax  that  is  selected  in 
multiline  driving  is  read  out  from  the  memory  44111  to  determine  the  specified  value  using  the  readout  value. 
[0525]  In  step  S54,  it  is  checked  whether  the  value  Alf  is  calculated  and  the  minimum  activation  voltage  is  ensured 
from  the  value  Alf. 
[0526]  In  step  S55,  the  compensation  potential  is  calculated.  The  compensation  potential  value  changes  depending 
on  the  determination  result  of  Alf  in  step  S54.  For  Alf  >  0,  no  minimum  voltage  is  determined  to  be  applied.  Thus,  the 
compensation  voltage  AX  for  Alf  is  calculated.  AX  is  calculated  by  the  same  method  as  in  the  1  2th  embodiment. 
[0527]  Then,  the  compensation  potential  for  a  predetermined  specified  value  is  calculated.  The  compensation  po- 
tential  for  the  specified  value  may  be  calculated  in  advance.  In  this  case,  the  compensation  potential  value  is  stored 
in  the  memory  44111. 
[0528]  The  calculated  compensation  voltage  AX  is  added  to  the  compensation  potential  for  the  specified  value.  The 
compensation  potential  obtained  by  this  processing  can  set  the  application  potential  from  the  column  wiring  side  for 
ensuring  the  minimum  activation  voltage  for  the  line  of  the  activation  current  lfmax  in  multiline  driving. 
[0529]  The  remaining  row  wirings  (Dx161  and  Dx321  shown  in  Fig.  56)  flow  smaller  activation  currents  than  the  row 
wiring  Dx1.  By  applying  the  obtained  compensation  potential,  a  voltage  equal  to  or  higher  than  the  minimum  activation 
voltage  is  applied  to  these  row  wirings  with  a  sufficient  voltage  value. 
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[0530]  For  Alf  0,  at  least  a  potential  necessary  for  the  minimum  activation  voltage  is  determined  to  be  applied  to  the 
line  of  the  activation  current  lfmax.  Thus,  no  processing  for  Alf  >  0  is  required.  The  compensation  potential  on  the  column 
wiring  side  may  be  calculated  by  obtaining  the  average  device  current  of  multiline-driven  row  wirings. 
[0531]  Also  in  this  case,  the  compensation  voltage  value  determined  by  the  average  device  current  can  ensure  a 

5  satisfactory  activation  voltage  for  the  lfmax  line. 
[0532]  In  step  S56,  the  compensation  potential  value  calculated  every  multiline  driving  in  step  S55  is  sequentially 
applied  to  column  wirings  by  a  pixel  electrode  driving  circuit  441  08  and  buffer  amplifier  441  07.  Since  the  1  4th  embod- 
iment  performs  multiline  driving  in  units  of  blocks,  the  number  of  lines  in  one  activation  processing  is  30. 
[0533]  In  activation  processing,  setting  for  one  processing  unit  is  not  limited  to  one  block,  and  a  plurality  of  blocks 

10  may  be  set  in  advance. 
[0534]  In  step  S57,  it  is  checked  whether  activation  processing  progresses  to  complete  activation  of  the  multiline- 
driven  lines.  If  NO  in  step  S57,  the  flow  returns  to  step  S52  to  perform  activation  in  units  of  blocks  again. 
[0535]  Activation  ends  when  the  activation  current  of  each  surface-conduction  emission  type  electron-emitting  device 
reaches  a  predetermined  value  while  detecting  the  activation  current,  or  by  defining  the  end  time  from  the  start  of 

is  activation.  To  complete  activation  when  the  current  value  of  each  surface-conduction  emission  type  electron-emitting 
device  reaches  a  predetermined  value,  the  progress  of  activation  must  be  grasped  in  units  of  row  wirings  by  the  control 
circuit  441  06  or  the  like.  If  activation  is  controlled  by  the  activation  time,  the  activation  time  must  be  set  to  unify  activation. 
In  the  14th  embodiment  as  well  as  the  12th  embodiment,  activation  is  completed  by  setting  the  activation  time. 
[0536]  As  described  above,  by  performing  the  activation  step  described  in  the  14th  embodiment,  the  minimum  acti- 

20  vation  voltage  can  be  applied  to  all  surface-conduction  emission  type  electron-emitting  devices  to  ensure  the  voltage 
of  a  specified  value.  Consequently,  a  panel  in  which  characteristics  are  relatively  compensated  for  by  suppressing 
changes  in  characteristics  of  the  surface-conduction  emission  type  electron-emitting  devices  by  the  compensation 
voltage  applied  in  the  driving  step  subsequent  to  the  activation  step  can  be  formed. 
[0537]  Also  in  the  14th  embodiment,  three  row  wirings  are  multiline-driven.  However,  the  number  of  simultaneous 

25  driving  row  wirings  is  not  limited  to  this,  and  can  be  increased  in  consideration  of  heat  generated  within  the  surface- 
conduction  emission  type  electron-emitting  device  substrate  441  01  in  order  to  further  shorten  the  activation  time. 
[0538]  Although  the  power  source  441  04  applies  a  positive  output  similarly  to  the  1  2th  embodiment,  the  application 
potential  may  be  negative.  In  this  case,  the  direction  of  current  flowing  through  the  column  wiring  is  also  inverted,  so 
that  the  polarity  of  the  compensation  potential  from  the  buffer  amplifier  44107  is  also  inverted. 

30  [0539]  In  addition,  the  pixel  electrode  driving  circuit  44108  comprises  D/A  converters  equal  in  number  to  the  number 
of  column  wirings.  However,  since  the  compensation  potential  distribution  changes  gradually,  as  shown  in  Fig.  57,  the 
number  of  D/A  converters  may  be  decreased  to  divide  and  define  the  application  potential  by  the  resistance  or  the  like. 
[0540]  According  to  the  14th  embodiment,  a  plurality  of  electron-emitting  devices  are  arranged  in  a  matrix,  and  a 
plurality  of  predetermined  row  wirings  are  selected  from  a  plurality  of  row  wirings.  The  current  values  of  activation 

35  currents  flowing  through  the  selected  row  wirings  are  detected  in  units  of  row  wirings.  The  potential  value  of  a  com- 
pensation  potential  to  be  applied  to  a  plurality  of  column  wirings  is  calculated  from  the  current  values  of  the  activation 
currents  and  the  resistance  values  of  the  respective  row  wirings.  Then,  the  calculated  potential  value  is  applied. 
[0541]  In  the  electron-emitting  device  activation  step,  the  voltage  applied  to  electron-emitting  devices  can  be  unified 
by  the  influence  of  a  potential  drop  by  the  wiring  resistance  and  activation  current  of  the  row  wiring.  As  a  result,  electron- 

ic1  emitting  devices  having  uniform  electron-emitting  device  characteristics  can  be  provided. 

[15th  Embodiment] 

[0542]  In  the  15th  embodiment,  the  whole  electrification  apparatus  has  the  same  arrangement  as  in  the  ninth  and 
45  12th  embodiments  except  that  the  positions  of  a  line  selection  circuit  44102  and  current  detection  circuit  44103  are 

replaced  with  each  other,  as  shown  in  Fig.  61  corresponding  to  Fig.  47. 
[0543]  In  addition,  the  15th  embodiment  employs  an  arrangement  of  applying  the  potential  to  the  row  wiring  from  its 
two  sides. 
[0544]  A  method  of  setting  the  compensation  potential  output  from  a  pixel  electrode  driving  circuit  441  08  in  the  1  5th 

so  embodiment  will  be  explained. 
[0545]  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  with  the  lapse  of  electrification  time,  and  saturates. 
At  this  time,  the  terminal  potentials  of  surface-conduction  emission  type  electron-emitting  devices  on  the  row  wiring 
Dx1  are  monitored  to  find  changes  in  potentials  v1  to  vn  under  the  influence  of  the  wiring  resistances  rl  to  rn,  as  shown 

55  in  Fig.  61  .  The  potentials  more  greatly  change  with  the  progress  of  activation. 
[0546]  For  example,  for  an  activation  current  of  2  mA/device,  r1  to  rn  =  1  0  mQ,  and  n  =  1  000,  when  power  is  supplied 
from  a  power  source  44104  from  only  one  side  (F-,  side),  a  potential  drop  of  10  V  at  maximum: 
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AV=  1/2  X  1000  X  1001  X  2  mA  X  10  mQ  (7) 

occurs  at  the  terminal  vn  of  the  surface-conduction  emission  type  electron-emitting  device  Fn  farthest  from  the  feeding 
5  terminal. 

[0547]  To  prevent  this,  the  pixel  electrode  driving  circuit  44108  generates  a  potential  distribution  identical  to  this 
potential  distribution  to  apply  the  voltage  to  the  terminals  Dy1  to  Dyn  via  a  buffer  amplifier  44107  so  as  to  cancel  the 
potential  distribution  generated  at  respective  surface-conduction  emission  type  electron-emitting  devices. 
[0548]  More  specifically,  a  control  circuit  44106  calculates  a  potential  drop  distribution  generated  at  the  terminals  v, 

10  to  vn  by  currents  flowing  through  the  surface-conduction  emission  type  electron-emitting  devices  F-,  to  Fn  and  the  wiring 
resistances  r1  to  rn  along  with  the  progress  of  activation.  The  output  value  of  the  D/A  converter  of  the  pixel  electrode 
driving  circuit  44108  is  set  to  realize  setting  of  the  compensation  potential  for  the  potential  drop  on  the  column  wiring 
side. 
[0549]  The  1  5th  embodiment  adopts  a  method  (to  be  referred  to  multiline  driving)  of  simultaneously  driving  a  plurality 

15  of  row  wirings.  The  activation  potential  is  applied  to  the  row  wiring  from  the  two  sides  of  the  wiring  for  F1  to  Fn,  as 
shown  in  Fig.  70.  When  a  predetermined  potential  is  applied  from  the  power  source  44104  to  the  two  sides  of  a  row 
wiring  selected  by  the  line  selection  circuit  44102,  the  activation  current  lf  flows  through  an  arbitrary  row  wiring.  As 
shown  in  Fig.  41  ,  the  current  If  does  not  flow  in  the  initial  state  of  activation,  and  gradually  increases  with  the  progress 
of  activation. 

20  [0550]  As  a  method  of  calculating  the  compensation  potential  on  the  column  wiring  side,  the  15th  embodiment  em- 
ploys  a  method  of  calculating  the  average  activation  current  lfave  of  multiline-driven  row  wirings  and  calculating  a  cor- 
responding  compensation  potential  on  the  column  wiring  side,  or  a  method  of  giving  attention  to  a  specific  one  of 
multiline-driven  row  wirings  and  calculating  the  compensation  potential  on  the  column  wiring  side  using  the  average 
activation  current  lfave  of  the  target  row. 

25  [0551]  The  average  activation  current  lfave  is  calculated  by  the  control  circuit  44106  by  sequentially  detecting  the 
current  values  of  multiline-driven  lines,  and  inputting  the  detected  current  values  as  activation  currents  441  09  from  the 
current  detection  circuit  441  03  to  the  control  circuit  44106.  The  compensation  potential  is  calculated  from  the  calculated 
average  activation  current  lfave. 
[0552]  In  the  15th  embodiment,  since  the  activation  potential  is  applied  to  the  row  wiring  from  its  two  sides,  a  potential 

30  drop  by  the  wiring  resistance  is  maximized  around  the  center.  In  applying  the  potential  from  the  two  sides  of  the  row 
wiring,  the  power  source  44104  shown  in  Fig.  61  is  connected  between  a  and  a'. 
[0553]  By  applying  the  compensation  potential  calculated  by  the  above  calculation  method,  the  compensation  po- 
tential  output  using  the  average  activation  current  lfave  is  obtained  as  follows.  Letting  iave  be  the  average  of  a  device 
current  flowing  through  one  electron-emitting  device, 

35 

Dyn  =  -1 /2XrnXnX(n  +  1)Xiave  (8) 

n  =  F,  to  Fn/2 
40  [0554]  Note  that  Fn/2  and  subsequent  pixel  numbers  are  n  =  Fn_n,  (n'  is  calculated  as  a  pixel  number  from  Fn/2  up  to  Fn). 

[0555]  By  this  calculation  method,  the  compensation  potential  on  the  column  wiring  side  is  determined  on  the  basis 
of  the  average  device  current  lfave  of  activation  current  values  flowing  through  multiline-driven  row  wirings.  The  com- 
pensation  potential  is  output  from  the  pixel  electrode  driving  circuit  44108  to  the  terminals  of  the  column  wirings  Dy1 
to  Dyn  via  the  buffer  amplifier  44107.  Setting  of  the  compensation  potential  is  continuously  performed  till  the  end  of 

45  activation  processing. 
[0556]  Activation  ends  when  the  average  device  current  lf  of  each  device  reaches  a  predetermined  value  (for  exam- 
ple,  each  device  reaches  2  mA)  from  the  activation  current  of  each  multiline-driven  row  wiring,  or  by  controlling  the 
time  after  the  activation  current  flows  to  a  certain  degree.  The  basic  compensation  potential  application  method  in 
multiline  driving  has  been  described. 

50  [0557]  In  the  15th  embodiment,  a  plurality  of  multiline-driving  row  wirings  are  selected  from  the  row  wirings  Dx1  to 
Dxm,  and  sequentially  driven  as  one  unit. 
[0558]  Fig.  62  is  a  graph  showing  a  change  in  activation  current  with  respect  to  the  activation  time  of  a  plurality  of 
multiline-driven  row  wirings  as  one  unit. 
[0559]  Of  all  row  wirings  multiline-driven  during  the  activation  step,  driving  of  a  row  wiring  A  having  a  greatly  different 

55  activation  current  from  those  of  the  remaining  multiline-driven  row  wirings  in  Fig.  62  is  stopped  (chkl). 
[0560]  At  a  time  interval  of  25  min  to  5  min  (T2),  the  average  of  the  activation  current  value  is  calculated  to  specify 
a  row  wiring  subjected  to  driving  stop  out  of  a  plurality  of  multiline-driven  row  wirings  (chk2). 
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[0561]  The  activation  voltage  is  set  to  rise  from  about  10  Vto  16  V.  The  activation  voltage  is  set  to  rise  to  16  V  about 
30  min  after  the  start  of  activation,  and  to  keep  a  constant  value. 
[0562]  Whether  the  row  wiring  meets  conditions  during  the  activation  step  is  determined  by  executing  a  check  (chkl) 
T1  =  20  min  after  the  start  of  activation,  chkl  means  to  specify  a  row  wiring  having  a  greatly  different  activation  current 

5  from  those  of  the  remaining  multiline-driven  row  wirings  and  to  stop  driving  the  specified  row  wiring,  chkl  is  done  to 
exclude  degraded  surface-conduction  emission  type  electron-emitting  devices  and  the  like  from  the  activation  step  in 
advance. 
[0563]  More  specifically,  the  activation  current  values  and  average  of  all  the  multiline-driven  row  wirings  Dx1  to  Dxm 
are  obtained.  Driving  of  a  row  wiring  whose  activation  current  value  is  different  from  the  average  by  a  predetermined 

10  threshold  or  more  is  stopped. 
[0564]  In  the  activation  step  performed  in  the  15th  embodiment,  the  compensation  potential  is  calculated  from  the 
current  value  of  the  average  device  current  lfave  of  multiline-driven  row  wirings.  The  current  value  of  the  average  device 
current  lfave  desirably  falls  within  a  predetermined  range.  In  chkl  ,  if  a  given  row  wiring  has  a  greatly  different  current 
value  of  the  activation  current  from  the  current  values  of  the  activation  currents  flowing  through  the  remaining  row 

is  wirings,  the  current  value  of  the  activation  current  flowing  through  the  given  row  wiring  is  not  used  to  calculate  the 
average. 
[0565]  The  time  T1  is  desirably  set  when  activation  progresses  to  a  certain  degree.  In  the  15th  embodiment,  the  time 
T1  is  determined  in  consideration  of  a  time  required  for  the  activation  current  to  reach  about  several  A  on  each  line 
with  an  activation  time  of  60  min  and  a  voltage  rise  ratio.  Therefore,  the  time  T1  is  not  particularly  limited. 

20  [0566]  Fig.  63  is  a  histogram  showing  the  activation  currents  of  all  the  multiline-driving  row  wirings  Dx1  to  Dxm.  The 
total  number  of  row  wirings  is  100. 
[0567]  The  activation  current  values,  average,  and  standard  deviation  of  all  the  multiline-driven  row  wirings  Dx1  to 
Dxm  are  calculated.  In  chkl  ,  driving  of  a  row  wiring  which  does  not  meet  the  following  condition  is  stopped.  The  condition 
is  to  stop  driving  a  row  wiring  which  flows  a  current  value  falling  outside  the  range  double  the  reference  value  /lfave 

25  calculated  from  the  average  current  value  lfave  and  standard  deviation  a  of  the  activation  currents  flowing  through  all 
the  multiline-driven  row  wirings  Dx1  to  Dxm. 
[0568]  Since  the  stop  condition  is  based  on  the  reference  value  o/lfave,  the  reference  is  set  for  a  row  wiring  whose 
driving  is  to  be  stopped,  every  surface-conduction  emission  type  electron-emitting  device  substrate.  The  stop  condition 
range  is  set  double  the  reference  value  in  order  to  roughly  exclude  degraded  surface-conduction  emission  type  electron- 

ic1  emitting  devices. 
[0569]  From  histogram  data  shown  in  Fig.  63,  the  average  activation  current  lfave  is  3.54  A,  the  standard  deviation 
a  is  1  .48,  and  the  reference  value  is  0.42.  Accordingly,  an  activation  current  value  corresponding  to  the  stop  condition 
in  chkl  is  0.42  X  2  =  0.84  A.  A  row  wiring  having  an  activation  current  of  2.7  A  or  less  or  4.38  A  or  more,  which  falls 
outside  the  range  of  +0.84  A  for  the  average  activation  current  value  lave  is  defined  as  a  driving  stop  line. 

35  [0570]  From  the  histogram  in  Fig.  63,  there  are  lines  which  fall  outside  the  range  of  -2  X  o/lfave.  From  Fig.  62,  of 
multiline-driven  lines,  the  row  wiring  A  has  lf  =  2.2  A  which  exceeds  the  threshold  of  the  range  calculated  in  chkl,  and 
thus  is  defined  as  a  driving  stop  line. 
[0571]  Upon  completion  of  chkl  ,  chk2  is  executed.  chk2  is  done  to  further  match  the  average  current  value  of  the 
activation  current  after  activation  progresses  to  a  certain  degree.  chk2  can  further  optimize  the  compensation  potential 

40  value  applied  to  the  column  wiring.  In  chk2,  before  the  activation  step  ends  after  the  execution  time  T1,  the  current 
allowable  values  of  the  upper  and  lower  limits  are  set  for  the  average  activation  current  lfave  of  multiline-driven  row 
wirings,  and  a  row  wiring  falling  outside  the  range  is  defined  as  a  driving  stop  line. 
[0572]  More  specifically,  as  shown  in  Fig.  62,  the  current  value  of  the  average  activation  current  lfave  of  multiline- 
driven  row  wirings  is  calculated  every  execution  time  T2.  The  calculated  values  are  represented  by  O.  The  potential 

45  applied  to  a  plurality  of  row  wirings  selected  for  multiline  driving  has  a  waveform  with  a  pulse  width  of  1  msec  and  a 
duty  of  10%. 
[0573]  The  threshold  is  set  to,  e.g.,  +10%  for  the  average  activation  current  lfave.  If  there  is  a  row  wiring  having  an 
activation  current  exceeding  the  range  of  ±10%  as  the  threshold  from  the  average  activation  current  lfave  calculated 
by  multiline  driving  every  5  min  (T2),  driving  of  the  row  wiring  is  immediately  stopped.  For  example,  at  an  activation 

so  time  of  50  min,  an  activation  current  flowing  through  a  row  wiring  B  is  smaller  than  an  average  activation  current  lfave 
of  -10%,  and  thus  driving  of  the  row  wiring  B  is  immediately  stopped. 
[0574]  If  the  threshold  is  set  low,  activation  currents  flowing  through  row  wirings  can  be  unified,  but  the  number  of 
row  wirings  subjected  to  driving  stop  increases.  In  the  15th  embodiment,  since  the  threshold  is  set  to  ±10%,  variations 
in  compensation  potential  value  do  not  greatly  influence  variations  in  activation  current. 

55  [0575]  In  the  15th  embodiment,  the  execution  time  T2  is  set  to  5  min.  However,  the  execution  time  is  not  limited  to 
T2,  and  suffices  to  be  longer  than  the  application  cycle  of  the  compensation  potential.  The  application  timing  of  the 
compensation  potential  can  be  set  separately  from  the  execution  time  T2.  The  current  values  of  a  plurality  of  multiline- 
driven  row  wirings  and  the  current  value  of  the  average  activation  current  lfave  are  obtained  to  set  the  application  cycle 

55 



EP  0  964  421  A1 

of  the  compensation  potential  in  units  of  several  sec. 
[0576]  In  the  15th  embodiment,  the  activation  time  is  set  to  60  min.  For  an  activation  time  of  60  min,  the  activation 
current  is  about  5  A.  The  activation  step  may  be  completed  when  the  activation  current  reaches  a  desired  current  value 
without  setting  any  activation  time.  In  this  case,  the  activation  time  changes  for  each  row  wiring.  The  activation  method 

5  of  the  15th  embodiment  has  been  explained  with  reference  to  Figs.  62  and  63. 
[0577]  The  execution  time  T1  and  threshold  are  set  in  the  control  circuit  44106  in  advance  before  multiline  driving. 
An  activation  current  flowing  through  each  multiline-driven  row  wiring  is  output  from  the  control  circuit  44106  to  a 
memory  44111  . 
[0578]  Fig.  64  is  a  flow  chart  showing  the  procedure  of  the  activation  step  in  the  15th  embodiment.  The  procedure 

10  of  the  activation  step  in  the  15th  embodiment  will  be  described  with  reference  to  Fig.  64. 
[0579]  In  step  S61  ,  when  the  user  inputs  an  activation  start  command,  the  control  circuit  44106  starts  activation.  The 
control  circuit  441  06  sets  conditions  for  specifying  a  row  wiring  subjected  to  driving  stop  out  of  a  plurality  of  multiline- 
driven  row  wirings.  As  described  above,  the  stop  conditions  are  the  execution  time  T1  and  threshold  in  chkl  and  the 
execution  time  T2  in  chk2. 

is  [0580]  In  step  S62,  the  control  circuit  441  06  sets  selection  conditions  of  simultaneous  driving  row  wirings.  This  setting 
includes  three  settings,  i.e.,  the  number  of  simultaneous  driving  row  wirings  in  multiline  driving,  the  line  interval  between 
driving  row  wirings,  and  the  thinning  interval.  In  multiline  driving  in  the  15th  embodiment,  a  plurality  of  selected  row 
wirings  are  grouped  as  one  unit,  and  the  potential  is  sequentially  applied  for  respective  units. 
[0581]  As  described  above,  in  the  15th  embodiment,  the  thinning  interval  is  set  to  10  wirings.  The  number  of  simul- 

20  taneous  driving  row  wirings  is  optimized  in  consideration  of  the  power  amount  supplied  to  a  surface-conduction  emis- 
sion  type  electron-emitting  device  substrate  44101  and  heat  generated  upon  electrification  in  driving  for  each  unit. 
[0582]  In  the  15th  embodiment,  the  line  interval  is  desirably  set  to  uniformly  divide  the  number  of  multiline-driven 
row  wirings  for  all  the  row  wirings  Dx1  to  Dxm,  thereby  unifying  heat  generated  upon  electrification  within  the  substrate. 
[0583]  In  step  S63,  surface-conduction  emission  type  electron-emitting  devices  are  activated.  To  perform  multiline 

25  driving,  the  control  circuit  44106  sets  a  setting  signal  for  setting  the  row  wiring  selection  conditions  in  step  S62  in  a 
timing  generation  circuit  441  05.  The  timing  generation  circuit  441  05  recognizes  driving  row  wirings,  and  outputs  a  line 
select  signal  to  the  line  selection  circuit  441  02. 
[0584]  The  line  select  signal  turns  on  the  FET  relays  of  the  predetermined  row  wirings  to  connect  the  row  wirings  to 
the  power  source  44104,  thereby  driving  the  selected  row  wirings.  After  activation  starts  in  units  of  blocks,  the  current 

30  detection  circuit  441  03  detects  the  activation  currents  of  the  driven  row  wirings  to  store  the  current  values  in  the  memory 
44111. 
[0585]  In  step  S64,  the  compensation  potential  is  calculated.  The  average  activation  current  lfave  is  calculated  from 
the  activation  currents  stored  in  the  memory  44111  in  step  S63.  The  average  activation  current  lfave  is  calculated  in 
units  of  multiline-driven  row  wirings. 

35  [0586]  Sampling  setting  of  current  detection  is  done  for  the  average  activation  current  lfave  along  with  the  progress 
of  the  activation  step.  By  this  setting,  the  currents  of  multiline-driven  row  wirings  are  detected  every  predetermined 
time  to  store  the  latest  average  activation  current  lfave  in  the  memory  44111  . 
[0587]  Then,  the  control  circuit  44106  calculates  the  compensation  potential  on  the  column  wiring  side  from  the 
obtained  average  activation  current  lfave.  The  compensation  potential  can  be  calculated  using  equation  (8).  The  wiring 

40  resistance  on  the  row  wiring  side  is  measured  in  advance  and  stored  in  the  memory  44111  .  The  compensation  potential 
is  also  measured  every  update  of  the  average  activation  current  lfave.  If  necessary,  the  compensation  potential  value 
can  also  be  stored  in  the  memory  44111  because  it  changes  with  the  progress  of  the  activation  step. 
[0588]  In  step  S65,  the  compensation  potential  value  calculated  every  multiline  driving  in  step  S64  is  sequentially 
applied  to  the  column  wirings  by  the  pixel  electrode  driving  circuit  441  08  and  buffer  amplifier  441  07. 

45  [0589]  In  step  S66,  whether  the  activation  time  has  reached  the  execution  time  T1  is  checked.  In  the  15th  embodi- 
ment,  the  time  T1  for  executing  chkl  is  set  to  20  min.  If  YES  in  step  S66,  the  flow  shifts  to  step  S67;  if  NO  in  step  S66, 
returns  to  step  S63. 
[0590]  In  step  S67,  if  the  activation  time  has  reached  the  execution  time,  chkl  is  executed  for  all  multiline-driven  row 
wirings.  First,  the  control  circuit  44106  reads  out  the  activation  current  values  of  all  multiline-driven  row  wirings  from 

so  the  memory  441  1  1  .  The  control  circuit  441  06  calculates  the  following  values  from  the  activation  current  values: 

1  .  Current  value  lfave  of  average  activation  current 
2.  Standard  deviation  a  from  current  value  lfave  of  average  activation  current 
3.  Reference  value  o/lfave  from  current  value  lfave  of  average  activation  current  and  standard  deviation  a 

55 
[0591]  From  the  calculated  values,  the  control  circuit  44106  calculates  2o/lfave  serving  as  a  condition  for  stopping 
driving  in  chkl. 
[0592]  In  step  S68,  the  control  circuit  44106  checks  which  of  a  plurality  of  multiline-driven  row  wirings  meets  the 
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driving  stop  condition.  If  there  is  a  row  wiring  which  meets  the  stop  condition,  the  control  circuit  44106  outputs  a  stop 
signal  to  the  timing  generation  circuit  441  05  so  as  to  stop  driving  the  row  wiring. 
[0593]  The  timing  generation  circuit  44105  outputs  a  line  select  signal  to  the  line  selection  circuit  44102  in  accordance 
with  the  stop  signal.  This  line  select  signal  is  a  signal  for  stopping  supply  of  potential  for  progressing  activation  that  is 

5  applied  to  the  row  wiring  subjected  to  driving  stop.  By  steps  S66  to  S68,  chkl  is  executed  to  stop  driving  the  row  wiring 
which  meets  the  stop  condition,  and  then  the  activation  step  starts  again. 
[0594]  In  step  S69,  selected  row  wirings  are  activated  by  the  same  procedure  as  in  step  S63.  The  current  values  of 
the  activation  currents  of  a  plurality  of  multiline-driven  row  wirings  are  detected  and  stored  in  the  memory  44111  . 
[0595]  In  step  S70,  the  potential  value  of  the  compensation  potential  is  calculated.  To  execute  chk2,  the  current  value 

10  'fave  °f  tne  average  activation  current  of  a  plurality  of  multiline-driven  row  wirings  is  calculated.  The  current  value  lfave 
of  the  average  activation  current  is  calculated  by  the  same  procedure  as  in  step  S64. 
[0596]  In  step  S71,  the  compensation  potential  value  calculated  every  multiline  driving  in  step  S70  is  sequentially 
applied  to  column  wirings  by  the  pixel  electrode  driving  circuit  44108  and  buffer  amplifier  44107  via  the  control  circuit 
44106. 

is  [0597]  In  step  S72,  if  activation  has  reached  end  conditions,  it  ends.  If  NO  in  step  S72,  the  flow  shifts  to  step  S73. 
[0598]  In  step  S73,  to  execute  chk2,  whether  the  activation  time  has  reached  the  execution  time  T2  after  the  execution 
time  T1  is  checked.  If  YES  in  step  S73,  the  flow  shifts  to  step  S74;  if  NO  in  step  S73,  returns  to  S69. 
[0599]  In  step  S74,  chk2  is  executed.  As  described  above,  chk2  is  executed  after  activation  progresses  to  a  certain 
degree.  More  specifically,  if  the  activation  time  has  reached  the  execution  time  T2  (5  min)  after  the  execution  time  T1 

20  (20  min),  the  current  value  lfave  of  the  surface-conduction  emission  type  electron-emitting  device  current  of  multiline- 
driven  row  wirings  is  calculated.  The  average  activation  current  value  lfave  is  calculated  from  the  activation  currents  of 
respective  row  wirings  stored  in  the  memory  44111  .  The  current  values  of  multiline-driven  lines  are  read  out  to  perform 
the  following  processing. 
[0600]  The  current  values  of  multiline-driven  row  wirings  are  compared  one  by  one  to  obtain  the  stop  condition  from 

25  the  calculated  average  activation  current  value  lfave  and  a  threshold  of  +10%  set  in  the  control  circuit  44106  in  advance. 
Note  that  the  stop  condition  is  lfave  ±  10%,  as  described  above. 
[0601]  In  step  S75,  whether  the  activation  current  values  of  a  plurality  of  multiline-driven  row  wirings  fall  within  the 
stop  condition  range  obtained  in  step  S74  is  checked.  If  no  activation  current  value  meets  the  stop  condition,  the 
activation  step  continues.  If  an  activation  current  value  meets  the  stop  condition,  activation  of  a  corresponding  row 

30  wiring  is  stopped  by  the  same  procedure  as  in  step  S68. 
[0602]  By  executing  the  procedure  from  steps  S61  to  S75,  the  current  value  of  the  activation  current  for  calculating 
the  potential  value  of  the  compensation  potential  becomes  close  to  an  activation  current  value  which  should  be  originally 
detected.  Consequently,  a  uniform  compensation  voltage  can  be  applied  to  surface-conduction  emission  type  electron- 
emitting  devices. 

35  [0603]  Fig.  65  is  a  flow  chart  showing  the  procedure  of  reactivating  a  row  wiring  which  has  stopped  activating.  The 
procedure  of  reactivating  a  row  wiring  which  has  stopped  activating  by  chkl  or  chk2  will  be  explained  with  reference 
to  Fig.  65. 
[0604]  In  step  S81  ,  conditions  for  driving  a  row  wiring  to  be  reactivated,  and  conditions  for  completing  the  reactivation 
step  are  set  before  reactivation. 

40  [0605]  The  driving  conditions  will  be  explained.  The  driving  conditions  mean  whether  the  reactivation  step  is  done 
by  multiline  driving  or  for  each  row  wiring.  The  driving  conditions  are  determined  by  the  number  of  row  wirings  which 
have  stopped  driving  and  their  positions  in  the  control  circuit  44106. 
[0606]  For  example,  assume  that  row  wirings  which  have  stopped  driving  concentrate  at  a  point  on  the  surface- 
conduction  emission  type  electron-emitting  device  substrate  44101  .  If  these  row  wirings  are  multiline-driven,  currents 

45  flowing  through  them  concentrate  at  the  point  on  the  substrate  44101  to  locally  generate  heat  or  destruct  the  surface- 
conduction  emission  type  electron-emitting  device  substrate  44101  by  the  generated  heat. 
[0607]  Hence,  these  row  wirings  are  desirably  driven  one  by  one  to  avoid  this  problem.  In  multiline  driving,  the  number 
of  simultaneous  driving  row  wirings,  the  driving  line  interval,  the  thinning  interval,  and  the  like  are  set. 
[0608]  In  driving  row  wirings  one  by  one,  the  driving  interval  and  thinning  interval  are  set  equal  to  those  in  multiline 

so  driving.  Therefore,  in  driving  row  wirings  one  by  one,  concentration  of  the  current  on  the  surface-conduction  emission 
type  electron-emitting  device  substrate  44101  can  be  reduced  to  avoid  the  problem  such  as  heat  generation. 
[0609]  If  row  wirings  which  have  stopped  driving  are  distributed  over  the  surface-conduction  emission  type  electron- 
emitting  device  substrate  441  01  ,  they  are  desirably  multiline-driven  to  shorten  the  reactivation  time  spent  for  the  re- 
activation  step. 

55  [0610]  The  end  conditions  of  the  reactivation  step  will  be  explained.  Reactivation  ends  when  the  activation  current 
reaches  an  activation  current  value  set  as  an  end  condition  in  order  to  obtain  an  activation  current  almost  equal  to  that 
of  a  line  which  has  normally  activated,  or  at  an  activation  time  set  in  advance.  This  determination  may  be  done  by 
checking  which  of  chkl  and  chk2  stops  driving  a  row  wiring. 
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[0611]  For  example,  since  a  row  wiring  (row  wiring  A  shown  in  Fig.  62)  which  has  stopped  driving  as  a  result  of 
execution  of  chkl  has  a  low  increase  rate  of  the  activation  current  value  with  respect  to  the  activation  time,  this  row 
wiring  is  determined  to  be  difficult  to  obtain  even  by  reactivation  an  activation  current  value  equal  to  that  of  a  line  which 
has  normally  activated.  Therefore,  if  the  row  wiring  which  has  stopped  driving  by  execution  of  chkl  reaches  a  set 

5  activation  time,  the  reactivation  step  ends.  The  final  activation  current  value  is  determined  at  the  end  of  the  activation 
time. 
[0612]  On  the  other  hand,  since  a  row  wiring  (row  wiring  B  shown  in  Fig.  62)  which  has  stopped  activation  as  a  result 
of  execution  of  chk2  flows  the  activation  current  to  a  certain  degree,  this  row  wiring  is  determined  to  reach  by  reactivation 
processing  an  activation  current  value  almost  equal  to  that  of  a  line  which  has  normally  activated.  Therefore,  the  row 

10  wiring  which  has  stopped  activation  by  execution  of  chk2  is  reactivated  until  the  activation  current  reaches  a  desired 
activation  current  value. 
[0613]  In  step  S82,  the  reactivation  step  starts  to  drive  row  wirings  selected  by  the  above  driving  conditions.  Also  in 
the  reactivation  step,  the  current  values  of  activation  currents  flowing  through  a  plurality  of  multiline-driven  row  wirings 
are  detected  by  the  current  detection  circuit  441  03.  The  detected  values  are  output  to  the  memory  441  1  1  via  the  control 

15  circuit  44106. 
[0614]  In  step  S83,  the  potential  value  of  the  compensation  potential  to  be  applied  is  calculated.  Also  in  the  reacti- 
vation  step,  the  compensation  potential  is  calculated  based  on  the  average  activation  current  value  lfave  as  the  average 
of  activation  currents  flowing  through  a  plurality  of  multiline-driven  row  wirings.  The  average  activation  current  value 
lfave  is  obtained  by  outputting  the  activation  current  values  of  respective  row  wirings  stored  in  the  memory  44111  and 

20  performing  a  predetermined  calculation  by  the  control  circuit  44106. 
[0615]  When  row  wirings  are  reactivated  one  by  one  in  accordance  with  the  driving  conditions  of  the  reactivation 
step,  the  activation  current  values  of  selected  row  wirings  are  directly  used  to  calculate  the  potential  value  of  the 
compensation  potential. 
[0616]  In  step  S84,  the  compensation  potential  value  calculated  by  the  control  circuit  44106  is  sequentially  applied 

25  to  column  wirings  on  the  surface-conduction  emission  type  electron-emitting  device  substrate  441  01  via  the  pixel  elec- 
trode  driving  circuit  44108  and  buffer  amplifier  44107. 
[0617]  In  step  S85,  whether  the  reactivation  step  meets  the  end  conditions  is  checked.  If  YES  in  step  S85,  the 
reactivation  step  ends;  if  NO  in  step  S85,  the  flow  returns  to  step  S82. 
[0618]  In  this  way,  activation  of  the  surface-conduction  emission  type  electron-emitting  device  substrate  44101  is 

30  completed.  By  this  procedure,  activation  can  be  completed  within  a  fraction  of  the  time  required  to  drive  row  wirings 
one  by  one. 
[0619]  By  executing  chkl  and  chk2,  the  average  activation  current  value  for  calculating  the  compensation  potential 
value  can  be  unified  to  drive  row  wirings  with  a  compensation  potential  value  close  to  the  optimum  value. 
[0620]  In  multiline  driving  in  the  15th  embodiment,  the  number  of  simultaneous  driving  row  wirings  can  be  increased 

35  in  consideration  of  heat  generated  within  the  surface-conduction  emission  type  electron-emitting  device  substrate 
441  01  in  order  to  further  shorten  the  activation  time. 
[0621]  Although  the  power  source  44104  applies  a  positive  output  potential  in  the  15th  embodiment,  the  application 
potential  may  be  negative.  In  this  case,  the  direction  of  current  flowing  through  the  column  wiring  is  also  inverted,  so 
that  the  polarity  of  the  compensation  potential  from  the  buffer  amplifier  44107  is  also  inverted. 

40  [0622]  In  addition,  the  pixel  electrode  driving  circuit  44108  comprises  D/A  converters  equal  in  number  to  the  number 
of  column  wirings.  However,  since  the  compensation  potential  distribution  changes  gradually,  as  shown  in  Fig.  62,  the 
number  of  D/A  converters  may  be  decreased  to  divide  and  define  the  application  potential  by  the  resistance  or  the  like. 
[0623]  In  the  activation  step,  the  compensation  potential  value  need  not  be  updated  for  each  unit,  unlike  in  the  15th 
embodiment,  but  may  be  appropriately  updated  in  accordance  with  the  progress  of  the  activation  step. 

45  [0624]  As  described  above,  the  activation  step  described  in  the  15th  embodiment  can  reduce  variations  in  electron- 
emitting  characteristics  of  surface-conduction  emission  type  electron-emitting  devices.  A  display  panel  can  be  formed 
using  the  surface-conduction  emission  type  electron-emitting  device  substrate  44101  to  realize  a  high-quality  image 
display  apparatus  almost  free  from  variations. 
[0625]  If  the  number  of  simultaneous  driving  row  wirings  in  multiline  driving  is  increased,  the  activation  time  can  be 

so  greatly  shortened. 

[16th  Embodiment] 

[0626]  Fig.  66  is  a  graph  showing  a  change  in  activation  current  with  respect  to  the  activation  time  of  a  plurality  of 
55  multiline-driven  row  wirings.  The  apparatus  and  driving  circuit  used  in  the  activation  step  of  the  1  6th  embodiment,  and 

the  surface-conduction  emission  type  electron-emitting  device  substrate  are  the  same  as  shown  in  Fig.  44. 
[0627]  The  16th  embodiment  stops  driving  a  row  wiring  which  does  not  flow  any  predetermined  activation  current 
during  a  predetermined  activation  time.  More  specifically,  chk3  is  executed  20  min  after  the  start  of  activation,  as  shown 
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in  Fig.  66.  In  chk3,  whether  the  activation  current  value  of  each  of  multiline-driven  row  wirings  has  reached  3  A  is 
checked.  Driving  of  a  row  wiring  C  which  has  not  reached  3  A  is  stopped. 
[0628]  Fig.  67  is  a  flow  chart  showing  the  procedure  of  the  activation  step  in  the  16th  embodiment.  The  procedure 
of  the  activation  step  in  the  16th  embodiment  will  be  described  with  reference  to  Fig.  67. 

5  [0629]  Before  executing  activation  in  step  S91  ,  conditions  for  specifying  a  row  wiring  subjected  to  driving  stop  out 
of  a  plurality  of  multiline-driven  row  wirings  are  set.  As  the  stop  conditions,  the  execution  time  T3  and  activation  current 
value  in  chk3  are  set  in  a  control  circuit  44106  in  order  to  execute  chk3. 
[0630]  In  step  S92,  when  the  user  inputs  an  activation  start  command,  the  control  circuit  44106  starts  activation. 
Similar  to  the  1  5th  embodiment,  the  control  circuit  441  06  sets  selection  conditions  of  simultaneous  driving  row  wirings. 

10  [0631]  This  setting  includes  three  settings,  i.e.,  the  number  of  simultaneous  driving  row  wirings  in  multiline  driving, 
the  line  interval  between  driving  row  wirings,  and  the  thinning  interval.  Also  in  multiline  driving  in  the  1  6th  embodiment, 
a  plurality  of  selected  row  wirings  are  grouped  as  one  unit,  and  the  activation  potential  is  sequentially  applied  for 
respective  units. 
[0632]  In  the  16th  embodiment  as  well  as  the  15th  embodiment,  the  thinning  interval  is  set  to  10  wirings.  The  number 

is  of  simultaneous  driving  row  wirings  is  optimized  in  consideration  of  the  power  amount  supplied  to  a  surface-conduction 
emission  type  electron-emitting  device  substrate  441  01  and  heat  generated  upon  electrification  in  driving  for  each  unit. 
[0633]  In  the  16th  embodiment,  the  line  interval  is  desirably  set  to  uniformly  divide  the  number  of  multiline-driven 
row  wirings  for  all  the  row  wirings  Dx1  to  Dxm,  thereby  unifying  heat  generated  upon  electrification  within  the  substrate. 
[0634]  These  settings  are  performed  by  the  control  circuit  44106  and  set  in  a  line  selection  circuit  44102. 

20  [0635]  In  step  S93,  surface-conduction  emission  type  electron-emitting  devices  are  activated.  To  perform  multiline 
driving,  the  control  circuit  44106  sets  a  setting  signal  for  setting  the  row  wiring  selection  conditions  in  step  S92  in  a 
timing  generation  circuit  441  05.  The  timing  generation  circuit  441  05  recognizes  driving  row  wirings,  and  outputs  a  line 
select  signal  to  the  line  selection  circuit  441  02. 
[0636]  The  line  select  signal  turns  on  the  FET  relays  of  the  predetermined  row  wirings  to  connect  the  row  wirings  to 

25  a  power  source  441  04,  thereby  driving  the  selected  row  wirings.  After  activation  starts  for  each  unit,  a  current  detection 
circuit  44103  detects  the  activation  currents  of  the  driven  row  wirings  to  store  the  current  values  in  a  memory  44111  . 
[0637]  In  step  S94,  the  compensation  potential  is  calculated.  The  average  activation  current  lfave  is  calculated  from 
the  activation  currents  stored  in  the  memory  44111  in  step  S93.  The  average  activation  current  lfave  is  calculated  in 
units  of  multiline-driven  row  wirings. 

30  [0638]  Sampling  setting  of  current  detection  is  done  for  the  average  activation  current  lfave  along  with  the  progress 
of  activation.  By  this  setting,  the  currents  of  multiline-driven  row  wirings  are  detected  every  predetermined  time  to  store 
the  latest  average  activation  current  lfave  in  the  memory  44111  . 
[0639]  Then,  the  control  circuit  44106  calculates  the  compensation  potential  on  the  column  wiring  side  from  the 
obtained  average  activation  current  lfave.  The  compensation  potential  can  be  calculated  using  equation  (8).  The  wiring 

35  resistance  of  each  row  wiring  is  measured  in  advance  and  stored  in  the  memory  44111  .  The  compensation  potential 
is  also  measured  every  update  of  the  average  activation  current  lfave.  If  necessary,  the  compensation  potential  value 
can  also  be  stored  in  the  memory  44111  because  it  changes  with  the  progress  of  the  activation  step. 
[0640]  In  step  S95,  the  compensation  potential  value  calculated  every  multiline  driving  in  step  S94  is  sequentially 
applied  to  the  column  wirings  by  a  pixel  electrode  driving  circuit  44108  and  buffer  amplifier  44107.  Since  the  16th 

40  embodiment  performs  multiline  driving  for  each  unit,  the  number  of  activation  row  wirings  in  one  activation  step  is  10. 
[0641]  In  the  activation  step,  setting  for  one  processing  unit  is  not  limited  to  one  unit,  and  a  plurality  of  units  may  be 
set  in  advance. 
[0642]  In  step  S96,  whether  the  activation  time  has  reached  the  execution  time  T3  is  checked.  In  the  16th  embodi- 
ment,  the  time  T3  for  executing  chk3  is  set  to  20  min.  If  YES  in  step  S96,  the  flow  shifts  to  step  S97;  if  NO  in  step  S96, 

45  returns  to  step  S93. 
[0643]  In  step  S97,  chk3  is  executed  for  a  plurality  of  multiline-driven  row  wirings.  The  control  circuit  44106  receives 
the  latest  current  value  for  chk3  from  the  memory  44111  and  compares  it  with  the  set  current  value. 
[0644]  In  step  S98,  the  control  circuit  44106  detects  a  row  wiring  having  an  activation  current  value  which  has  not 
reached  the  set  current  value,  and  outputs  a  stop  signal  to  the  timing  generation  circuit  44105  so  as  to  stop  driving  the 

so  row  wiring. 
[0645]  The  timing  generation  circuit  44105  outputs  a  line  select  signal  to  the  line  selection  circuit  44102  in  accordance 
with  the  stop  signal.  This  line  select  signal  is  a  signal  for  stopping  application  of  the  voltage  to  the  row  wiring  subjected 
to  driving  stop. 
[0646]  In  step  S99,  if  activation  has  reached  end  conditions,  it  ends.  If  NO  in  step  S99,  the  flow  shifts  to  step  S93. 

55  Activation  ends  when  the  device  current  of  each  surface-conduction  emission  type  electron-emitting  device  reaches 
a  predetermined  value  while  detecting  the  activation  current,  or  by  setting  the  activation  time. 
[0647]  To  complete  activation  when  the  current  value  of  each  surface-conduction  emission  type  electron-emitting 
device  reaches  a  predetermined  value,  the  progress  of  activation  must  be  grasped  in  units  of  row  wirings  by  the  control 
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circuit  44106  or  the  like.  If  activation  is  controlled  by  the  activation  time,  the  time  must  be  set  to  unify  activation.  In  the 
16th  embodiment,  activation  ends  by  setting  the  activation  time. 
[0648]  After  that,  row  wirings  which  have  stopped  driving  are  reactivated.  The  reactivation  step  is  the  same  as  in  the 
15th  embodiment. 

5  [0649]  In  this  way,  activation  of  the  surface-conduction  emission  type  electron-emitting  device  substrate  44101  is 
completed.  By  this  procedure,  activation  can  be  completed  within  a  fraction  of  the  time  required  to  drive  row  wirings 
one  by  one. 
[0650]  By  executing  chk3,  the  average  activation  current  value  for  calculating  the  compensation  potential  value  can 
be  unified  to  drive  row  wirings  with  a  compensation  potential  value  close  to  the  optimum  value. 

10  [0651]  In  multiline  driving  in  the  16th  embodiment,  the  number  of  simultaneous  driving  row  wirings  can  be  increased 
in  consideration  of  heat  generated  within  the  surface-conduction  emission  type  electron-emitting  device  substrate 
441  01  in  order  to  further  shorten  the  activation  time. 

[17th  Embodiment] 
15 

[0652]  Fig.  68  is  a  graph  showing  a  change  in  activation  current  with  respect  to  the  activation  time  of  a  plurality  of 
multiline-driven  row  wirings.  The  apparatus  and  driving  circuit  used  in  the  activation  step  of  the  1  7th  embodiment,  and 
the  surface-conduction  emission  type  electron-emitting  device  substrate  are  the  same  as  shown  in  Fig.  44.  In  the  17th 
embodiment,  the  activation  current  value  is  detected  at  two  arbitrary  times  within  the  activation  time.  The  change 

20  amount  of  the  detection  time  and  the  change  amount  of  the  activation  current  value  are  calculated  to  obtain 
Change  Amount  of  Activation  Current  Value/  Change  Amount  of  Activation  Time 

If  the  result  does  not  exceed  a  predetermined  threshold,  driving  of  the  row  wiring  is  stopped. 
[0653]  More  specifically,  when  the  activation  time  reaches  the  detection  time  T4,  the  activation  current  values  of 
multiline-driven  row  wirings  are  detected.  Before  the  detection  time  T5,  normal  activation  driving  is  done.  The  difference 

25  between  detected  activation  current  values  is  obtained  to  calculate  the  change  amount  of  the  detection  time  and  the 
change  amount  of  the  activation  current  amount,  thereby  calculating 

Change  Amount  of  Activation  Current  Value/  Detection  Time  T5  -  Detection  Time  T4 
[0654]  The  change  amount  of  the  activation  current  value  is  desirably  detected  while  the  activation  voltage  rises. 
This  is  because  the  activation  current  value  typically  changes,  like  Alf1  in  Fig.  68,  and  is  suitable  for  determining  the 

30  activation  state.  In  the  17th  embodiment,  therefore,  the  detection  times  T4  and  T5  are  set  at  relatively  earlier  times 
after  the  start  of  the  activation  step. 
[0655]  The  current  change  amount  serving  as  a  driving  stop  condition  may  be  set  as  a  fixed  value  in  advance.  In 
practice,  the  current  change  amounts  of  respective  row  wirings  may  be  calculated  by  multiline  driving,  and  driving  of 
a  row  wiring  having  a  greatly  small  current  change  amount  out  of  these  row  wirings  may  be  stopped. 

35  [0656]  For  example,  the  driving  stop  conditions  may  be  set  on  the  basis  of  the  average  of  the  current  change  amounts 
of  a  plurality  of  multiline-driven  row  wirings,  or  on  the  basis  of  the  change  amount  of  a  specific  row  wiring. 
[0657]  In  the  17th  embodiment,  the  threshold  for  stopping  driving  the  row  wiring  is  set  to  1  A  from  the  average  of  the 
current  change  amounts  of  a  plurality  of  multiline-driven  row  wirings.  Driving  of  a  row  wiring  having  a  current  change 
amount  of  1  A  or  less  is  stopped. 

40  [0658]  As  for  the  row  wiring  designated  to  driving  stop,  the  change  amount  of  the  activation  current  value  between 
the  measurement  times  T5  and  T4  is  compared  with  the  set  value  of  1  A.  Then,  Alf1  exhibits  an  increase  of  1  A  or 
more,  whereas  a  row  wiring  corresponding  to  Al̂   is  defined  as  a  driving  stop  line. 
[0659]  Fig.  69  is  a  flow  chart  showing  the  procedure  of  the  activation  step  in  the  17th  embodiment.  The  procedure 
of  the  activation  step  in  the  17th  embodiment  will  be  described  with  reference  to  Fig.  69. 

45  [0660]  Before  the  activation  step  in  step  S101  ,  driving  stop  conditions  are  set  for  a  plurality  of  multiline-driven  row 
wirings.  As  described  above,  the  stop  conditions  are  the  detection  times  T4  and  t5,  and  the  change  amount  of  the 
detection  time  vs.  the  change  amount  of  the  activation  current  value.  The  settings  are  done  for  a  control  circuit  44106. 
[0661]  In  step  S102,  when  the  user  inputs  an  activation  start  command,  the  control  circuit  44106  starts  activation. 
Similar  to  the  1  5th  embodiment,  the  control  circuit  441  06  sets  selection  conditions  of  simultaneous  driving  row  wirings. 

so  [0662]  This  setting  includes  three  settings,  i.e.,  the  number  of  simultaneous  driving  row  wirings  in  multiline  driving, 
the  line  interval  between  driving  row  wirings,  and  the  thinning  interval.  Also  in  multiline  driving  in  the  1  7th  embodiment, 
a  plurality  of  selected  row  wirings  are  grouped  as  one  unit,  and  the  activation  potential  is  sequentially  applied  for 
respective  units. 
[0663]  In  the  17th  embodiment  as  in  the  15th  embodiment,  the  thinning  interval  is  set  to  10  wirings.  The  number  of 

55  simultaneous  driving  row  wirings  is  optimized  in  consideration  of  the  power  amount  supplied  to  a  surface-conduction 
emission  type  electron-emitting  device  substrate  441  01  and  heat  generated  upon  electrification  in  driving  for  each  unit. 
[0664]  In  the  17th  embodiment,  the  line  interval  is  desirably  set  to  uniformly  divide  the  number  of  multiline-driven 
row  wirings  which  simultaneously  receive  the  activation  potential  for  all  the  row  wirings  Dx1  to  Dxm,  thereby  unifying 
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heat  generated  upon  electrification  within  the  substrate. 
[0665]  These  settings  are  performed  by  the  control  circuit  44106  and  set  in  a  line  selection  circuit  44102. 
[0666]  In  step  S1  03,  surface-conduction  emission  type  electron-emitting  devices  are  activated.  To  perform  multiline 
driving,  the  control  circuit  44106  sets  a  setting  signal  for  setting  the  row  wiring  selection  conditions  in  step  S102  in  a 

5  timing  generation  circuit  441  05.  The  timing  generation  circuit  441  05  recognizes  driving  row  wirings,  and  outputs  a  line 
select  signal  to  the  line  selection  circuit  441  02. 
[0667]  The  line  select  signal  turns  on  the  FET  relays  of  the  predetermined  row  wirings  to  connect  the  row  wirings  to 
a  power  source  44104,  thereby  driving  the  selected  row  wirings.  After  activation  starts  in  units  of  blocks,  a  current 
detection  circuit  441  03  detects  the  activation  currents  of  the  driven  row  wirings  to  store  the  current  values  in  a  memory 

10  44111. 
[0668]  In  step  S104,  the  compensation  potential  is  calculated.  The  average  activation  current  lfave  is  calculated  from 
the  activation  currents  stored  in  the  memory  44111  in  step  S103.  The  average  activation  current  lfave  is  calculated  in 
units  of  multiline-driven  row  wirings. 
[0669]  Sampling  setting  of  current  detection  is  done  for  the  average  activation  current  lfave  along  with  the  progress 

is  of  activation.  By  this  setting,  the  currents  of  multiline-driven  row  wirings  are  detected  every  predetermined  time  to  store 
the  latest  average  activation  current  lfave  in  the  memory  44111  . 
[0670]  Then,  the  control  circuit  44106  calculates  the  compensation  potential  on  the  column  wiring  side  from  the 
obtained  average  activation  current  lfave.  The  compensation  potential  can  be  calculated  using  equation  (8).  The  wiring 
resistance  of  each  row  wiring  is  measured  in  advance  and  stored  in  the  memory  44111.  The  compensation  potential 

20  is  also  measured  every  update  of  the  average  activation  current  lfave.  If  necessary,  the  compensation  potential  value 
can  also  be  stored  in  the  memory  44111  because  it  changes  with  the  progress  of  the  activation  step. 
[0671]  In  step  S105,  the  compensation  potential  value  calculated  every  multiline  driving  in  step  S104  is  sequentially 
applied  to  the  column  wirings  by  a  pixel  electrode  driving  circuit  44108  and  buffer  amplifier  44107.  Since  the  17th 
embodiment  performs  multiline  driving  in  units  of  blocks,  the  number  of  activation  row  wirings  in  one  activation  step  is  10. 

25  [0672]  In  the  activation  step,  setting  for  one  unit  is  not  limited  to  one  unit,  and  a  plurality  of  units  may  be  set  in  advance. 
[0673]  In  step  S106,  whether  the  activation  time  has  reached  the  detection  time  T4  is  checked.  If  YES  in  step  S106, 
the  flow  shifts  to  step  S107;  if  NO  in  step  S106,  returns  to  step  S108. 
[0674]  In  step  S107,  the  activation  current  of  a  row  wiring  driven  in  the  activation  step  is  detected.  Similar  to  step 
S103,  the  activation  current  value  of  a  row  wiring  selected  by  the  line  selection  circuit  44102  is  detected  by  the  current 

30  detection  circuit  44103.  The  detected  value  is  stored  in  the  memory  44111.  After  detecting  the  activation  current,  the 
flow  returns  to  step  S103. 
[0675]  In  step  S108,  whether  the  activation  time  has  reached  the  detection  time  T5  is  checked.  If  YES  in  step  S108, 
the  flow  proceeds  to  step  S109;  if  NO  in  step  S108,  returns  to  step  S111  . 
[0676]  In  step  S109,  the  activation  current  value  of  a  row  wiring  driven  in  the  activation  step  is  detected.  Similar  to 

35  step  S107,  the  activation  current  value  of  a  row  wiring  selected  by  the  line  selection  circuit  44102  is  detected  by  the 
current  detection  circuit  44103.  The  detected  value  is  stored  in  the  memory  44111  .  After  detecting  the  activation  current 
value,  the  flow  returns  to  step  S110. 
[0677]  In  step  S110,  the  control  circuit  44106  reads  out  the  activation  current  values  detected  at  the  detection  times 
T4  and  T5  from  the  memory  44111,  and  calculates  the  change  amount  between  the  activation  current  values.  Of  a 

40  plurality  of  multiline-driven  row  wirings,  driving  of  a  row  wiring  which  has  not  reached  a  predetermined  current  change 
amount  (increase  amount)  is  stopped.  More  specifically,  the  timing  generation  circuit  441  05  outputs  a  line  select  signal 
to  the  line  selection  circuit  44102  to  specify  a  row  wiring  subjected  to  driving  stop.  After  specifying  the  row  wiring 
subjected  to  driving  stop,  the  flow  returns  to  step  S103. 
[0678]  By  the  procedure  from  steps  S105  to  S110,  if  the  activation  step  has  reached  end  conditions,  it  ends.  If  NO 

45  in  step  S111,  the  flow  proceeds  to  step  S103.  Activation  ends  when  the  device  current  of  each  surface-conduction 
emission  type  electron-emitting  device  reaches  a  predetermined  value  while  detecting  the  activation  current,  or  by 
setting  the  activation  time. 
[0679]  To  complete  activation  when  the  current  value  of  each  surface-conduction  emission  type  electron-emitting 
device  reaches  a  predetermined  value,  the  progress  of  activation  must  be  grasped  in  units  of  row  wirings  by  the  control 

so  circuit  44106  or  the  like.  If  activation  is  controlled  by  the  activation  time,  the  time  must  be  set  to  unify  activation.  In  the 
17th  embodiment,  activation  ends  by  setting  the  activation  time. 
[0680]  After  that,  row  wirings  which  have  stopped  activating  are  reactivated.  The  reactivation  step  is  the  same  as  in 
the  15th  embodiment. 
[0681]  In  this  fashion,  activation  of  the  surface-conduction  emission  type  electron-emitting  device  substrate  44101 

55  is  completed.  By  this  procedure,  activation  can  be  completed  within  a  fraction  of  the  time  required  to  drive  row  wirings 
one  by  one. 
[0682]  By  calculating  the  change  amount  of  the  activation  current  value,  the  average  activation  current  value  for 
calculating  the  compensation  potential  value  can  be  unified  to  drive  row  wirings  with  a  compensation  potential  value 
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close  to  the  optimum  value. 
[0683]  In  multiline  driving  in  the  17th  embodiment,  the  number  of  simultaneous  driving  row  wirings  is  not  limited  to 
5,  and  can  be  increased  in  consideration  of  heat  generated  within  the  surface-conduction  emission  type  electron- 
emitting  device  substrate  441  01  in  order  to  further  shorten  the  activation  time. 

5  [0684]  According  to  the  present  invention,  a  plurality  of  electron-emitting  devices  are  arranged  in  a  matrix.  A  prede- 
termined  number  of  row  wirings  are  selected  from  a  plurality  of  row  wirings,  and  the  current  values  of  activation  currents 
flowing  through  the  selected  row  wirings  are  detected  for  respective  row  wirings.  Of  the  selected  row  wirings,  activation 
of  a  row  wiring  which  cannot  attain  a  desired  activation  current  is  stopped. 
[0685]  The  potential  value  of  the  compensation  potential  applied  to  a  plurality  of  column  wirings  is  calculated  from 

10  the  current  values  of  the  activation  currents  of  row  wirings  not  subjected  to  activation  stop,  and  the  resistance  values 
of  the  respective  row  wirings.  The  calculated  potential  value  of  the  compensation  potential  is  applied. 
[0686]  For  this  reason,  even  if  a  potential  drop  occurs  owing  to  the  wiring  resistance  and  activation  current  of  the 
row  wiring  in  the  electron-emitting  device  activation  step,  a  uniform  compensation  potential  can  be  applied  to  electron- 
emitting  devices.  Therefore,  electron-emitting  devices  having  uniform  electron-emitting  device  characteristics  can  be 

is  provided. 

[18th  Embodiment] 

[0687]  The  following  embodiments  adopt  an  arrangement  partially  different  from  that  in  each  of  the  above-described 
20  embodiments.  Prior  to  a  description  of  the  1  8th  embodiment,  problems  which  may  arise  in  simultaneously  selecting  a 

plurality  of  row  wirings  and  applying  voltage  will  be  explained. 
[0688]  The  following  description  concerns  the  case  in  which  the  extraction  wiring  is  connected  from  two  sides.  Fig. 
70  schematically  shows  the  state  of  applying  the  activation  voltage  while  simultaneously  compensating  for  the  voltages 
of  two  lines  from  the  column  wiring.  In  this  case,  the  second  and  (M-3)th  row  wirings  are  selected  and  receive  the 

25  compensation  voltage  from  the  column  wiring.  The  first  example  of  the  voltage  distribution  on  the  row  wiring  will  be 
explained  with  reference  to  Figs.  73A  to  73C.  As  shown  in  Fig.  73A,  the  potential  distribution  on  the  row  wiring  is 
different  between  the  second  and  (M-3)th  rows.  This  is  because  the  potential  drop  changes  due  to  the  difference  in 
wiring  resistance,  and  particularly,  row  wiring  resistance,  variations  in  fissures  formed  by  forming  processing,  the  dif- 
ference  in  generated  activation  current,  and  the  like.  When  an  airtight  container  like  the  one  shown  in  Fig.  71  is  used 

30  (the  arrangement,  manufacturing  method,  reference  numerals  in  Fig.  71  will  be  described  below),  activation  material 
gas  exhibits  a  distribution  as  shown  in  Fig.  72  because  of  a  structural  factor.  Thus,  the  activation  current  changes, 
resulting  in  different  potential  drops.  A  voltage  distribution  applied  from  the  column  wiring  side  is  adjusted  to  the  potential 
distribution  on  the  second  row,  as  shown  in  Fig.  73B.  In  this  case,  the  voltage  distribution  applied  to  devices  becomes 
uniform  for  devices  on  the  second  row,  as  shown  in  Fig.  73C.  However,  the  voltage  drops  at  the  center  on  the  (M-3) 

35  th  row,  which  distributes  device  characteristics.  Although  not  shown,  if  the  compensation  potential  on  the  column  wiring 
side  is  determined  based  on  the  (M-3)th  row,  the  voltage  rises  at  the  center  on  devices  on  the  second  row,  which  also 
distributes  device  characteristics. 
[0689]  The  second  example  of  the  voltage  distribution  will  be  explained  with  reference  to  Figs.  74Ato74C.  As  shown 
in  Fig.  74A,  the  potential  distributions  on  the  second  and  (M-3)th  row  wirings  have  the  same  shape  but  offset  from 

40  each  other.  This  is  because  the  extraction  wiring  resistance  is  different  between  respective  rows  to  change  the  potential 
drop  amount  on  the  extraction  wiring.  If  a  potential  distribution  applied  from  the  column  wiring  side  is  adjusted  to  the 
potential  drop  on  the  second  row,  a  voltage  as  shown  in  Fig.  74B  can  be  attained.  A  voltage  distribution  applied  to 
devices  at  this  time  is  shown  in  Fig.  74C.  The  voltage  is  lower  as  a  whole  than  the  voltage  to  devices  on  the  second 
row.  Consequently,  the  second  and  (M-3)th  rows  exhibit  different  characteristics,  resulting  in  a  lateral-striped  image. 

45  [0690]  The  influence  of  the  difference  in  potential  drop  between  extraction  wirings  arranged  for  respective  row  wirings 
to  connect  them  to  an  external  circuit  will  be  described. 
[0691]  Fig.  86  shows  an  equivalent  circuit  when  the  second  row  is  activated  in  the  activation  step  for  m  X  n  surface- 
conduction  emission  type  electron-emitting  devices  arranged  in  a  simple  matrix.  Fig.  87A  shows  an  equivalent  circuit 
when  attention  is  paid  to  only  the  second  row  to  which  the  voltage  is  applied.  In  a  simple  matrix  arrangement,  as  shown 

so  in  Figs.  86  and  87A,  wiring  resistances  r1  to  m-1  exist  between  devices,  and  an  extraction  wiring  resistance  rd2  for 
feeding  each  row  wiring  is  connected  to  the  wiring  resistances  r1  to  m-1.  Fig.  88  shows  the  device  current  lf  and 
emission  current  le  which  increase  with  the  progress  of  activation  of  the  second  row.  As  shown  in  Fig.  88,  both  the 
current  value  lf  flowing  through  one  row  and  the  emission  current  le  increase  upon  activation.  That  is,  almost  no  lf  flows 
in  the  initial  state  of  activation,  so  almost  no  potential  drop  occurs.  Therefore,  the  voltage  distribution  applied  to  devices 

55  on  one  row  has  a  shape  (a)  shown  in  Fig.  87B.  However,  lf  starts  flowing  with  the  progress  of  activation  to  cause  a 
potential  drop,  and  the  voltage  distribution  changes  to  a  shape  (b)  shown  in  Fig.  87B  at  the  end  of  activation.  This 
potential  drop  is  caused  by  the  extraction  wiring  or  device  wiring.  In  many  cases,  the  extraction  wiring  pattern  is  flexibly 
designed  in  accordance  with  the  wiring  to  be  connected,  the  pitch  of,  e.g.,  the  probe,  the  shape,  and  the  like,  and 
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changes  for  each  row  number.  This  becomes  more  prominent  in  higher-precision  image  forming  apparatuses  having 
a  larger  number  of  pixels,  so  that  rd1  ,  rd2,...,  rdm  have  different  values.  In  this  case,  a  line  having  an  extraction  wiring 
resistance  larger  than  rd2  exhibits  a  voltage  distribution  (c)  shown  in  Fig.  87B  at  the  end  of  activation.  The  device 
application  voltage  upon  activation  becomes  different  between  respective  lines  (rows)  owing  to  different  extraction 

5  wiring  resistances,  and  thus  lines  have  different  device  characteristics  at  the  end  of  activation.  This  causes  variations 
in  luminance  between  lines. 
[0692]  As  described  above,  a  plurality  of  lines  are  simultaneously  selected  and  activated  when  the  potential  distri- 
bution  on  the  row  wiring  is  compensated  for  from  the  column  wiring.  If  the  simultaneously  driven  lines  exhibit  different 
potential  distributions,  the  activation  voltage  shifts  from  a  target  value  to  distribute  the  device  characteristics  or  generate 

10  the  difference  between  lines. 
[0693]  In  this  description  of  the  potential  distribution,  the  potential  is  supplied  from  the  two  sides  of  the  row.  Even  if 
the  potential  is  supplied  from  one  side,  the  same  problems  arise  (though  the  potential  only  drops  toward  one  side). 
[0694]  In  the  following  embodiments,  electron-emitting  devices  are  arranged  in  a  matrix  by  a  plurality  of  row  wirings 
and  a  plurality  of  column  wirings  perpendicular  to  them,  and  activated  by  selecting  predetermined  row  wirings  from  the 

is  plurality  of  row  wirings  and  applying  compensation  potentials  corresponding  to  the  potential  distributions  of  the  selected 
row  wirings  from  the  column  wirings  perpendicular  to  the  selected  row  wirings.  Selection  row  wirings  are  determined 
in  accordance  with  the  resistance  values  of  wiring  resistances  obtained  by  measuring  the  wiring  resistances  of  the 
respective  row  wirings  before  arranging  the  electron-emitting  devices. 
[0695]  Further,  electron-emitting  devices  are  arranged  in  a  matrix  by  a  plurality  of  row  wirings  and  a  plurality  of  column 

20  wirings  perpendicular  to  them,  and  activated  by  selecting  predetermined  row  wirings  from  the  plurality  of  row  wirings 
and  applying  compensation  potentials  corresponding  to  the  potential  distributions  of  the  selected  row  wirings  from  the 
column  wirings  perpendicular  to  the  selected  row  wirings.  Selection  row  wirings  are  determined  in  accordance  with  the 
resistance  values  obtained  by  measuring  the  wiring  resistances  of  respective  conductive  films  before  performing  form- 
ing  processing  for  the  conductive  films  after  forming  a  plurality  of  conductive  films  constituting  part  of  the  electron- 

's  emitting  devices. 
[0696]  An  apparatus  for  manufacturing  a  plurality  of  electron-emitting  devices  arranged  in  a  matrix  by  a  plurality  of 
row  wirings  and  a  plurality  of  column  wirings  perpendicular  to  them  comprises  a  selection  means  for  selecting  prede- 
termined  row  wirings  from  the  plurality  of  row  wirings,  a  power  supply  means  for  applying  a  potential  for  activating  the 
electron-emitting  devices  to  the  plurality  of  row  wirings,  a  detection  means  for  detecting  the  first  current  values  of 

30  currents  flowing  through  the  plurality  of  row  wirings  in  units  of  row  wirings,  a  driving  means  for  applying  the  compen- 
sation  potential  to  the  plurality  of  column  wirings  on  the  basis  of  the  first  current  values,  and  a  memory  means  for 
storing  the  selected  row  wirings.  The  power  supply  means  applies  the  potential  to  each  row  wiring  before  arranging 
the  electron-emitting  devices.  The  detection  means  detects  the  second  current  values  of  currents  flowing  through  the 
plurality  of  row  wirings  in  units  of  row  wirings.  The  selection  means  selects  a  plurality  of  row  wirings  in  accordance  with 

35  the  second  current  values. 
[0697]  An  apparatus  for  manufacturing  a  plurality  of  electron-emitting  devices  arranged  in  a  matrix  by  a  plurality  of 
row  wirings  and  a  plurality  of  column  wirings  perpendicular  to  them  comprises  a  selection  means  for  selecting  prede- 
termined  row  wirings  from  the  plurality  of  row  wirings,  a  power  supply  means  for  applying  a  potential  for  activating  the 
electron-emitting  devices  to  the  plurality  of  row  wirings,  a  detection  means  for  detecting  the  first  current  values  of 

40  currents  flowing  through  the  plurality  of  row  wirings  in  units  of  row  wirings,  a  driving  means  for  applying  the  compen- 
sation  potential  to  the  plurality  of  column  wirings  on  the  basis  of  the  first  current  values,  and  a  memory  means  for 
storing  the  selected  row  wirings.  The  power  supply  means  applies  the  potential  to  each  row  wiring  before  performing 
forming  processing  for  conductive  films  after  forming  a  plurality  of  conductive  films  constituting  part  of  the  electron- 
emitting  devices.  The  detection  means  detects  the  third  current  values  of  currents  flowing  through  the  plurality  of  row 

45  wirings  in  units  of  row  wirings.  The  selection  means  selects  a  plurality  of  row  wirings  in  accordance  with  the  third  current 
values. 
[0698]  In  a  method  of  manufacturing  electron-emitting  devices  which  are  arranged  in  a  matrix  by  a  plurality  of  row 
wirings  and  a  plurality  of  column  wirings  perpendicular  to  them,  and  activated  by  selecting  predetermined  row  wirings 
from  the  plurality  of  row  wirings  and  applying  compensation  potentials  corresponding  to  the  potential  distributions  of 

so  the  selected  row  wirings  from  the  column  wirings  perpendicular  to  the  selected  row  wirings,  selection  row  wirings  are 
determined  in  accordance  with  the  resistance  values  of  wiring  resistances  obtained  by  measuring  the  wiring  resistances 
of  the  respective  row  wirings  before  arranging  the  electron-emitting  devices. 
[0699]  An  image  forming  apparatus  comprises  the  above  electron-emitting  devices,  and  a  fluorescent  substance 
which  emits  light  by  electrons  emitted  from  the  electron-emitting  devices. 

55  [0700]  Moreover,  a  method  of  manufacturing  an  electron  source  having  a  plurality  of  row  wirings  and  electron-emitting 
devices  connected  to  the  plurality  of  row  wirings  comprises  the  step  of  selecting  predetermined  row  wirings  from  the 
plurality  of  row  wirings  to  apply  the  potential  to  the  selected  row  wirings.  This  step  selects  row  wirings  in  accordance 
with  device  resistance  values  in  units  of  rows. 
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[0701]  The  18th  embodiment  will  be  described  in  more  detail. 
[0702]  Fig.  75  is  a  block  diagram  showing  an  activation  apparatus  for  the  surface-conduction  emission  type  electron- 
emitting  device  in  the  18th  embodiment  of  the  present  invention. 
[0703]  In  Fig.  75,  reference  numeral  75101  denotes  a  surface-conduction  emission  type  electron-emitting  device 

5  substrate  to  be  activated.  On  the  substrate  75101  in  the  18th  embodiment,  a  plurality  of  surface-conduction  emission 
type  electron-emitting  devices  are  arranged  in  a  matrix  and  have  already  undergone  forming  processing.  The  surface- 
conduction  emission  type  electron-emitting  device  substrate  75101  is  connected  to  an  evacuation  device  (not  shown), 
and  evacuated  to  about  10"4  to  10"5  Torn  The  substrate  75101  is  further  connected  to  an  external  electric  circuit  via 
row  wiring  terminals  Dx1  to  Dxm  and  column  wiring  terminals  Dy1  to  Dyn. 

10  [0704]  Reference  numeral  751  02  denotes  a  line  selection  unit  for  selecting  a  row  to  be  activated.  The  line  selection 
unit  75102  simultaneously  selects  two  or  more  row  wirings  in  accordance  with  a  command  output  from  a  control  unit 
75105  on  the  basis  of  information  stored  in  a  selection  line  memory  unit  75107.  The  selected  row  wirings  receive  a 
potential  output  from  a  power  source  751  04.  Reference  numeral  751  03  denotes  a  current  detection  unit  for  individually 
monitoring  currents  If  flowing  through  selected  rows  upon  applying  the  potential  to  the  selected  row  wirings. 

is  [0705]  As  will  be  described  below,  the  current  detection  unit  75103  is  made  up  of  a  detection  resistance  Rmon,  and 
a  measurement  amplifier  for  measuring  a  voltage  generated  across  the  detection  resistance.  With  these  components, 
the  current  detection  unit  75103  detects  currents  flowing  through  the  selected  row  wirings,  and  outputs  the  detected 
current  values  as  activation  currents  to  a  control  unit  75105.  The  detection  resistance  Rmon  is  set  to  a  small  resistance 
value  enough  to  suppress  a  potential  drop  caused  by  the  device  current  flowing  through  each  selected  line.  The  power 

20  source  75104  generates  a  potential  to  be  applied  to  the  row  wiring  terminal  of  the  surface-conduction  emission  type 
electron-emitting  device  substrate  75101  in  accordance  with  a  command  value  output  from  the  control  unit  75105. 
[0706]  Reference  numeral  751  06  denotes  a  driving  circuit  unit  for  applying  the  potential  to  the  column  wiring  terminals 
Dy1  to  Dyn  of  the  surface-conduction  emission  type  electron-emitting  device  substrate  75101  at  a  timing  synchronized 
with  a  control  clock  signal  Hscan  output  from  the  control  unit  75105. 

25  [0707]  In  the  18th  embodiment,  the  progress  of  activation  is  grasped  by  the  current  amount  flowing  upon  activation, 
e.g.  ,  the  activation  current  value.  The  control  unit  751  05  starts  activating  the  surface-conduction  emission  type  electron- 
emitting  devices  of  the  substrate  upon  reception  of  an  activation  start  command  input  from  the  user.  Although  not 
described  in  detail,  the  control  unit  75105  sequentially  corrects  the  driving  voltage  values  of  surface-conduction  emis- 
sion  type  electron-emitting  devices  on  the  column  that  change  with  the  progress  of  activation. 

30  [0708]  That  is,  the  control  unit  751  05  calculates  a  potential  amount  for  compensating  for  the  voltage  applied  to  each 
surface-conduction  emission  type  electron-emitting  device  with  reference  to  wiring  resistance  value  data  stored  in  a 
wiring  resistance  memory  unit  75108  and  an  output  current  from  the  current  detection  unit  75103,  and  stores  this 
potential  amount  as  an  output  setting  value  in  the  latch  circuit  of  the  driving  circuit  unit  75106. 
[0709]  The  driving  circuit  unit  75106  generates  a  driving  potential  corresponding  to  the  output  setting  value  and 

35  applies  it  to  the  column  wiring  terminals  Dy1  to  Dyn  of  surface-conduction  emission  type  electron-emitting  devices. 
Thus,  the  potential  distribution  generated  by  device  currents  and  wiring  resistances  on  surface-conduction  emission 
type  electron-emitting  devices  is  compensated  for  to  always  apply  a  constant  voltage  to  respective  surface-conduction 
emission  type  electron-emitting  devices.  The  driving  potential  value  of  the  driving  circuit  unit  75106  is  sequentially 
updated  with  the  progress  of  activation  to  correct  the  voltage  distribution  till  the  end  of  activation. 

40  [0710]  The  control  unit  75105  monitors  the  progress  of  activation  based  on  the  activation  current  value,  and  outputs 
a  driving  line  setting  signal  for  determining  a  driving  line  to  the  line  selection  unit  75102.  Then,  the  line  selection  unit 
75102  sets  a  row  wiring.  The  control  unit  75105  sequentially  updates  driving  potential  values  By1  to  Byn  applied  to 
respective  column  wirings,  and  outputs  digital  output  data  (Data)  corresponding  to  these  driving  potential  values  to  the 
driving  circuit  unit  75106. 

45  [0711]  Fig.  76  is  a  circuit  diagram  showing  the  arrangement  of  the  line  selection  unit  75102.  The  line  selection  unit 
75102  incorporates  m  switching  elements  (SW-,  to  SWm).  Each  of  the  switching  elements  SW-,  to  SWm  selects  either 
one  of  an  output  voltage  from  the  power  source  751  04  and  0  V  (ground  level)  to  select  whether  to  electrically  connect 
the  terminals  Dx1  to  Dxm  of  the  surface-conduction  emission  type  electron-emitting  device  substrate  75101. 
[0712]  The  switching  elements  SW-,  to  SWm  operate  based  on  a  control  signal  output  from  the  control  unit  75105. 

so  The  switching  elements  can  be  easily  constituted  by  a  combination  of  switching  elements  such  as  FETs  or  relays.  In 
Fig.  76,  the  first  (Sx1)  and  third  (Sx3)  lines  are  selected.  Only  the  row  wiring  terminals  Dx1  and  Dx3  receive  an  output 
potential  from  the  power  source  75104,  while  the  remaining  row  wirings  are  connected  to  ground  as  a  non-selection 
potential. 
[071  3]  Fig.  77  is  a  circuit  diagram  showing  the  arrangement  of  the  current  detection  unit  751  03.  The  current  detection 

55  unit  75103  receives  an  activation  potential  output  from  the  line  selection  unit  75102  via  the  wirings  to  Sxm.  The 
current  detection  unit  75103  is  made  up  of  the  detection  resistance  Rmon  and  a  voltmeter  for  measuring  the  voltage 
across  the  resistance  Rmon.  As  shown  in  Fig.  76,  when  the  first  and  third  row  wirings  are  selected,  no  current  flows 
through  the  remaining  row  wirings. 
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[0714]  Currents  flowing  through  the  first  and  third  row  wirings  can  be  calculated  by 

11  -V1/Rmon 
I3-V3/Rm0n 

5 
Rmon  is  set  to  a  small  resistance  value  enough  not  to  influence  the  application  voltage  to  the  surface-conduction  emis- 
sion  type  electron-emitting  device  substrate  75101  by  a  potential  drop  caused  by  the  flowing  current  lf.  The  voltmeter 
can  output  a  detected  value  to  the  control  unit  via  an  A/D  converter. 
[0715]  Fig.  78  is  a  circuit  diagram  showing  the  arrangement  of  the  driving  circuit  unit  75106.  The  driving  circuit  unit 

10  75106  comprises  n  latch  (Latch)  circuits  75401,  n  D/A  converters  75402,  and  n  buffer  amplifiers  75403.  The  driving 
circuit  unit  75106  generates  a  driving  signal  for  driving  n  column  wirings  Dy1  to  Dyn  on  the  surface-conduction  emission 
type  electron-emitting  device  substrate  75101. 
[0716]  The  driving  circuit  unit  75106  inputs  digital  output  data  (Data)  output  from  the  control  unit  75105  to  the  latch 
circuits  75401.  Upon  completion  of  a  series  of  operations:  measurement  of  the  activation  current  -»  calculation  of 

is  output  data->  data  transfer  to  the  latch  circuit  75401  ,  the  control  unit  751  05  applies  a  latch  clock  (T|atch)  for  updating 
output  data  from  the  D/A  converters  75402  to  all  the  latch  circuits  75401  .  Accordingly,  the  latch  circuits  75401  update 
data  in  synchronism  with  the  latch  clock. 
[0717]  Fig.  79  is  an  equivalent  circuit  diagram  showing  a  substrate  having  m  X  n  surface-conduction  emission  type 
electron-emitting  devices  when  the  wiring  resistance  of  the  row  wiring  is  measured.  Fig.  80  is  a  view  for  explaining  a 

20  method  of  pairing  simultaneously  selection  lines  on  the  basis  of  measured  wiring  resistance  values  R-,,  R2,  R3,  Rm. 
The  method  of  determining  selection  lines  will  be  explained  with  reference  to  Figs.  79  and  80.  In  the  18th  embodiment, 
two  lines  are  simultaneously  selected.  One  of  causes  of  the  difference  in  potential  drop  during  activation  is  variations 
in  wiring  resistance.  The  18th  embodiment  relates  to  a  method  of  reducing  these  variations. 
[0718]  The  wiring  resistances  of  row  wirings  on  the  surface-conduction  emission  type  electron-emitting  device  sub- 

25  strate  are  measured.  Since  activation  is  done  in  units  of  row  wirings  in  the  18th  embodiment,  the  wiring  resistances  of 
row  wirings  are  measured.  The  wiring  resistance  is  desirably  measured  before  conductive  thin  films  for  forming  surface- 
conduction  emission  type  electron-emitting  devices  are  formed  on  the  surface-conduction  emission  type  electron-emit- 
ting  device  substrate.  This  is  because,  after  forming  the  conductive  thin  films,  a  current  for  measuring  the  wiring  re- 
sistance  leaks  to  the  conductive  thin  films,  failing  in  accurate  measurement. 

30  [0719]  The  wiring  resistance  is  measured  by  connecting  a  measurement  probe  to  the  two  ends  of  the  row  wiring  Dx1, 
as  shown  in  Fig.  79.  The  wiring  resistance  is  sequentially  measured  up  to  the  mth  row  wiring.  The  measured  wiring 
resistance  values  are  directly  stored  as  R-,,  R2,  R3,  Rm  in  the  wiring  resistance  memory  unit. 
[0720]  In  the  wiring  resistance  memory  unit  75108,  the  wiring  resistance  values  are  aligned  in  the  order  from  a  larger 
one,  as  shown  in  Fig.  80.  Pairs  of  row  wirings  are  formed  in  the  aligned  order.  Each  pair  is  numbered  and  stored  in 

35  the  selection  line  memory  unit  751  07.  This  method  can  combine  the  first  to  mth  row  wirings  into  m/2  pairs  each  having 
similar  wiring  resistances.  In  this  way,  a  pair  of  selection  lines  are  determined. 
[0721]  The  procedure  of  activating  surface-conduction  emission  type  electron-emitting  devices  will  be  described  with 
reference  to  Figs.  75,  78,  and  79.  Activation  is  performed  to  set  the  current  values  of  currents  flowing  through  all 
surface-conduction  emission  type  electron-emitting  devices  to  a  target  value.  The  target  current  value  is  determined 

40  by  a  necessary  electron  emission  amount  and  the  like.  In  the  18th  embodiment,  activation  processing  is  done  while 
monitoring  an  output  from  the  current  detection  unit  75103  so  as  to  set  the  device  currents  of  respective  surface- 
conduction  emission  type  electron-emitting  devices  on  the  surface-conduction  emission  type  electron-emitting  device 
substrate  75101  to  2  mA  at  last. 
[0722]  When  the  control  unit  75105  receives  an  activation  start  command  from  the  user,  it  controls  the  line  select 

45  unit  75102  and  power  source  75104  in  order  to  perform  electrification  processing  in  units  of  rows. 
[0723]  The  control  unit  75105  sets  the  output  setting  value  of  the  driving  circuit  unit  75106  so  as  to  set  the  column 
wiring  terminals  Dy1  to  Dyn  to  the  ground  potential.  The  control  unit  75105  sequentially  applies  pulses  of  the  activation 
potential  Eac  to  the  row  wiring  terminals  Dx1  to  Dxm. 
[0724]  The  activation  potential  Eac  has  a  pulse  waveform  with,  e.g.,  a  pulse  width  of  1  msec  and  a  pulse  height  of 

so  18  V.  Then,  the  surface-conduction  emission  type  electron-emitting  device  substrate  75101  sequentially  receives  the 
pulse  potential  in  units  of  rows  to  start  activation  in  units  of  lines.  Note  that  two  lines  are  simultaneously  activated  as 
a  unit  based  on  the  pairs  stored  in  the  selection  line  memory  unit  751  07  in  order  to  shorten  the  time. 
[0725]  The  following  description  is  directed  to  a  method  for  correcting  variations  in  device  characteristics  arising  from 
the  distance  from  the  feeding  terminal  when  electrification  processing  is  done  in  units  of  lines.  In  the  18th  embodiment, 

55  in  simultaneously  driving  the  two  row  wiring  terminals  Dx1  and  Dx241  ,  attention  is  paid  to  one  of  the  two  row  wirings  to 
activate  n  devices  on  the  line  of  the  row  wiring  terminal  Dx1. 
[0726]  Fig.  81  is  a  block  diagram  showing  the  state  of  activating  a  surface-conduction  emission  type  electron-emitting 
device  group  75701  on  the  first  row(Dx1  line).  In  Fig.  81  ,  reference  symbols  F-,  to  Fn  denote  surface-conduction  emission 
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type  electron-emitting  devices  connected  to  the  row  wiring  terminal  Dx1;  r1  to  rn,  wiring  resistances  on  the  row  wiring 
Dx1;  and  Ry,  a  wiring  resistance  from  the  feeding  terminal  (output  terminal  of  the  buffer  amplifier  4107)  of  each  of  the 
column  wirings  Dy1  to  Dyn  to  a  corresponding  one  of  the  surface-conduction  emission  type  electron-emitting  devices 
Fi  to  Fn. 

5  [0727]  Since  the  row  wiring  is  designed  to  be  formed  with  a  constant  line  width,  thickness,  and  material,  r1  to  rn  are 
considered  to  be  almost  equal  except  for  variations  in  the  manufacture.  Since  the  column  wirings  are  designed  uniform, 
they  are  considered  to  have  the  same  Ry. 
[0728]  Although  the  equivalent  resistance  values  of  the  surface-conduction  emission  type  electron-emitting  devices 
F-|  to  Fn  change  (decrease)  before  and  after  activation,  the  equivalent  resistance  of  each  surface-conduction  emission 

10  type  electron-emitting  device  is  much  higher  than  the  value  Ry.  Even  if  two  lines  are  simultaneously  driven  as  in  the 
1  8th  embodiment,  the  potential  drop  amount  across  Ry  is  small  to  a  negligible  degree.  The  equivalent  resistance  values 
of  the  surface-conduction  emission  type  electron-emitting  devices  F1  to  Fn  are  designed  higher  than  rl  to  rn. 
[0729]  To  activate  the  surface-conduction  emission  type  electron-emitting  device  group  75701  ,  the  control  unit  751  05 
controls  the  line  selection  unit  75102  to  connect  the  power  source  75104  for  outputting  the  activation  potential  Eac 

is  and  the  current  detection  unit  75103  to  the  row  wiring  terminal  Dx1,  thereby  applying  the  activation  potential  Eac  to  the 
terminal  Dx1. 
[0730]  On  the  other  hand,  the  voltage  from  the  driving  circuit  unit  75106  is  applied  to  the  column  wiring  terminals 
Dy1  to  Dyn  of  surface-conduction  emission  type  electron-emitting  devices  on  the  row  wiring  Dx1.  The  driving  circuit  unit 
751  06  operates  to  sink  activation  currents  i-,  to  in  from  the  surface-conduction  emission  type  electron-emitting  devices 

20  Fl  to  Fn. 
[0731]  The  driving  voltage  distribution  to  respective  devices  in  activation  will  be  described  to  explain  a  method  of 
setting  the  output  voltage  value  of  the  driving  circuit  unit  75106. 
[0732]  In  activation,  the  electrical  characteristics  of  the  surface-conduction  emission  type  electron-emitting  device 
change  as  shown  in  Fig.  41.  That  is,  the  device  current  does  not  substantially  flow  at  the  start  of  activation,  starts 

25  flowing  along  with  the  progress  of  electrification,  and  saturates.  At  this  time,  the  potentials  of  the  surface-conduction 
emission  type  electron-emitting  device  group  on  the  row  wiring  Dx1  are  monitored  to  find  changes  in  potentials  Gy1  to 
Gyn  under  the  influence  of  the  wiring  resistances  r1  to  rn.  The  potential  difference  increases  with  the  progress  of 
activation  and  maximizes  at  the  end  of  activation.  For  example,  for  an  activation  current  of  2  mA/device,  r1  to  rn  =  10 
mQ,  and  n  =  1000,  a  potential  drop  up  to  about  2.5  V: 

30 

AV=  1/2  X  500  X  501  X  2  mA  X  10m  Q 

occurs  at  the  terminal  Gyn  of  the  device  Fn/2  farthest  from  the  feeding  terminal. 
35  [0733]  To  prevent  this,  the  driving  circuit  unit  751  06  generates  a  potential  distribution  identical  to  this  potential  drop 

distribution  to  apply  the  potential  to  the  terminals  Dy1  to  Dyn  so  as  to  cancel  the  potential  distribution  generated  on 
respective  surface-conduction  emission  type  electron-emitting  devices.  More  specifically,  the  control  unit  75105  cal- 
culates  the  potential  drop  distribution  generated  at  the  terminals  Gy1  to  Gyn  by  currents  flowing  through  the  surface- 
conduction  emission  type  electron-emitting  devices  F1  to  Fn  and  the  wiring  resistances  rl  to  rn  along  with  the  progress 

40  of  activation.  In  this  way,  the  output  value  of  the  D/A  converter  75402  of  the  driving  circuit  unit  75106  is  set  to  reproduce 
the  potential  drop  distribution  at  output  voltages  By,  to  Byn. 
[0734]  Assuming  that  activation  of  the  devices  F-,  to  Fn  substantially  uniformly  progresses,  the  device  currents  i-,  to 
in  flowing  through  respective  surface-conduction  emission  type  electron-emitting  devices  are  almost  equal,  and  the 
current  values  can  be  given  using  a  current  amount  I  detected  by  the  current  detection  unit  75103: 

45 

'aveMh  =i2=...=  in=)l/n 

[0735]  At  this  time,  the  potential  drop  distribution  generated  at  the  terminals  Gy1  to  Gyn  by  currents  flowing  through 
50  the  surface-conduction  emission  type  electron-emitting  devices  F-,  to  Fn  and  the  wiring  resistances  rl  to  rn,  i.e.,  the 

voltage  values  By1  to  Byn  to  be  output  to  the  output  terminals  of  the  driving  circuit  unit  75106  are  calculated  using  the 
wiring  resistance  values  r1  to  rn  and  iave: 

55 
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Byl  =  - r l   x  n  x  iave 

By2  =  - r2   x  (n  -  1)  x  iave  +  Byl 

Byn/2  =  - r n / 2   x  ±ave  +  By,,.!  +  Byn.2  + . . . +   Byl 

. . .   ( 9 )  

10  [0736]  Since  the  wiring  resistances  rl  to  rn  are  designed  to  the  same  value  and  actually  have  almost  the  same  value, 
r  =  R-j/n  is  effective  (R1  is  the  row  wiring  resistance  value  of  the  first  row  measured  in  advance).  Equation  (9)  is  gen- 
eralized  into 

75  Byk  =  -X  •  rx  iave  x  ( n / 2   -  k  +  1)  . . .   ( 1 0 )  

( w h e r e   k  <  n / 2 ,   and  2  shows  t he   sum  of  k=l   to  k )  

20  =  2  •  rx  iave  x  (k  -  n / 2 )   . . . ( 1 1 )  

( w h e r e   k  =  n /2   or   >  n / 2 ,   and  2  shows   t h e   sum  of  k = n  

to  k )  

25 
[0737]  The  control  unit  75105  measures  the  activation  current  which  changes  with  the  progress  of  activation,  se- 
quentially  calculates  the  output  voltage  values  By,  to  Byn  by  equation  (11),  and  outputs  digital  output  data  to  the  latch 
circuit  75401  of  the  driving  circuit  unit  75106.  Upon  completion  of  a  series  of  operations:  current  measurement  -> 
calculation  of  output  data  ->  output  of  digital  output  data  to  the  latch  circuit  75401,  the  control  unit  75105  applies  a 

30  latch  clock  to  all  the  latch  circuits  75401  to  update  D/A  data. 
[0738]  The  latch  circuits  75401  update  data  in  synchronism  with  the  latch  clock.  Then,  the  driving  circuit  unit  75106 
generates  a  potential  distribution  identical  to  the  potential  distribution  amount  generated  at  the  terminals  Gy1  to  Gyn  of 
the  surface-conduction  emission  type  electron-emitting  devices  F-,  to  Fn.  Accordingly,  voltages  applied  between  the 
terminals  of  the  surface-conduction  emission  type  electron-emitting  devices  F-,  to  Fn  can  be  made  uniform  regardless 

35  of  the  device  number  and  the  progress  of  activation. 
[0739]  Fig.  82A  is  a  graph  showing  the  voltage  distribution  immediately  after  the  start  of  activation.  The  abscissa 
represents  the  positions  of  surface-conduction  emission  type  electron-emitting  devices.  The  ordinate  represents  the 
device  potential  across  the  surface-conduction  emission  type  electron-emitting  device. 
[0740]  The  activation  potential  Eac  =  1  8  V  is  applied  from  the  power  source  751  04.  Since  almost  no  activation  current 

40  flows,  the  current  setting  value  of  the  driving  circuit  unit  75106  is  almost  "0",  and  the  output  voltage  values  By-,  to  Byn 
from  the  driving  circuit  unit  751  06  and  the  output  potentials  Sy1  to  Syn  from  the  buffer  amplifier  75403  (Fig.  78)  are  also 
almost  0  V.  For  this  reason,  a  predetermined  application  voltage  of  18  V  is  applied  to  respective  surface-conduction 
emission  type  electron-emitting  devices  to  progress  activation. 
[0741]  Fig.  82B  is  a  graph  showing  the  potential  distribution  at  the  end  of  activation.  At  the  end  of  activation,  currents 

45  flowing  through  respective  surface-conduction  emission  type  electron-emitting  devices  become  almost  2  mA.  The  ac- 
tivation  potential  Eac  =  18  V  applied  from  the  power  source  75104  decreases  under  the  influence  of  a  potential  drop 
by  the  wiring  resistance  during  application  to  the  terminals  Gy1  to  Gyn  of  respective  surface-conduction  emission  type 
electron-emitting  devices. 
[0742]  At  this  time,  if  the  current  setting  value  of  the  driving  circuit  unit  751  06  is  set  to  2  mA,  the  output  voltage  values 

so  By1  to  Byn  from  the  driving  circuit  unit  75106  and  the  output  voltages  Sy,  to  Syn  from  the  buffer  amplifier  75403  have 
the  same  distribution  as  that  of  Gy1  to  Gyn.  As  a  result,  a  constant  application  voltage  of  18  V  is  applied  to  respective 
surface-conduction  emission  type  electron-emitting  devices  to  activate  them. 
[0743]  More  specifically,  when  the  device  current  increases  with  the  progress  of  activation,  the  voltage  distribution 
applied  to  surface-conduction  emission  type  electron-emitting  devices  always  changes  under  the  influence  of  the  wiring 

55  resistance.  At  this  time,  the  voltage  distribution  amount  is  calculated  and  set  as  the  output  setting  value  of  the  driving 
circuit  unit  75106.  The  output  potential  values  By,  to  Byn  from  the  driving  circuit  unit  75106  are  sequentially  updated 
to  activate  all  devices  by  a  constant  voltage  from  the  start  to  end  of  activation.  When  the  average  device  current  iave 
of  respective  surface-conduction  emission  type  electron-emitting  devices  reaches  2  mA,  activation  ends. 
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[0744]  In  the  above  description,  surface-conduction  emission  type  electron-emitting  devices  on  the  row  wiring  Dx1 
are  activated.  The  1  8th  embodiment  can  be  similarly  applied  to  activation  of  surface-conduction  emission  type  electron- 
emitting  devices  on  another  line.  In  the  18th  embodiment,  a  plurality  of  activation  lines  are  simultaneously  activated 
while  sequentially  switching  them. 

5  [0745]  In  the  18th  embodiment,  since  two  lines  are  simultaneously  activated,  selection  of  simultaneous  activation 
lines  must  be  considered.  However,  wirings  having  paired  row  numbers  stored  in  the  selection  line  memory  unit  751  07 
in  advance  are  selected,  as  described  above.  These  wirings  have  similar  potential  drop  amounts  (i.e.,  similar  potential 
distribution  amounts  in  the  driving  circuit  unit  751  06),  and  no  shift  in  device  application  voltage  by  simultaneous  driving 
occurs. 

10  [0746]  In  this  manner,  activation  of  the  surface-conduction  emission  type  electron-emitting  device  substrate  75101 
is  complete.  Since  the  output  potential  values  By1  to  Byn  from  the  driving  circuit  unit  75106  are  sequentially  updated 
to  compensate  for  a  potential  drop  caused  by  the  activation  current  and  wiring  resistance,  all  surface-conduction  emis- 
sion  type  electron-emitting  devices  can  be  uniformly  activated  by  a  constant  potential  from  the  start  to  end  of  activation. 
Since  two  lines  are  simultaneously  driven,  activation  processing  can  be  completed  within  half  the  processing  time 

is  required  to  drive  lines  one  by  one. 
[0747]  In  the  18th  embodiment,  the  power  source  75104  applies  a  positive  output  to  flow  the  current  from  the  Dx1  to 
the  terminals  Dy1  to  Dyn,  thereby  activating  devices.  Alternatively,  the  power  source  751  04  may  apply  a  negative  output 
toflowthe  current  from  the  terminals  Dy1  to  Dyn  to  the  terminal  Dx1,  thereby  activating  devices.  In  this  case,  the  potential 
distribution  is  also  inverted,  so  that  the  buffer  amplifier  75403  is  constituted  as  a  (-1  )-time  inverting  buffer  amplifier  to 

20  source  the  current,  thereby  obtaining  the  same  effects. 
[0748]  In  the  18th  embodiment,  the  driving  circuit  unit  75106  is  made  up  of  the  D/A  converters  75402  equal  in  number 
to  the  number  n  of  column  wirings  on  the  surface-conduction  emission  type  electron-emitting  device  substrate  751  01  . 
Instead,  the  number  of  D/A  converters  75402  may  be  decreased  to  define  the  potential  value  applied  to  the  decreased 
number  of  column  wiring  terminals  by  resistance  division  because  the  compensation  voltage  distribution  changes  grad- 

es  ually,  as  shown  in  Figs.  82A  and  82B.  A  smaller  number  of  D/A  converters  75402  lead  to  cost  reduction. 
[0749]  If  the  number  n  of  surface-conduction  emission  type  electron-emitting  devices  on  the  column  wiring  increases, 
a  long  time  may  be  spent  by  a  series  of  operations:  measurement  of  the  device  current  -»  calculation  of  output  data 
-»  data  transfer.  However,  the  time  can  be  shortened  by  parallel-processing  respective  surface-conduction  emission 
type  electron-emitting  devices  or  using  a  look-up  table  (LUT)  for  generating  a  compensation  potential  value  from  the 

30  current  value,  wiring  resistance  value,  and  position  on  the  column  wiring. 
[0750]  As  described  above,  the  activation  apparatus  described  in  the  1  8th  embodiment  can  make  the  electron-emit- 
ting  characteristics  of  all  devices  uniform.  The  electron  source  substrate  can  be  used  to  realize  a  high-quality  image 
display  apparatus  almost  free  from  variations  in  luminance  or  density. 

35  [19th  Embodiment] 

[0751]  An  activation  apparatus  according  to  the  19th  embodiment  has  the  same  arrangement  as  in  the  18th  embod- 
iment.  The  19th  embodiment  is  difference  from  the  18th  embodiment  by  the  number  of  simultaneous  selection  row 
wirings  and  a  combination  of  selection  row  wirings. 

40  [0752]  As  described  above,  when  simultaneous  selection  rows  have  different  activation  currents  in  units  of  activation 
rows,  the  device  application  voltage  shifts  to  vary  device  characteristics.  Different  activation  currents  arise  from  vari- 
ations  in  fissures  formed  by  forming  processing.  The  variations  may  result  from  variations  in  resistances  of  the  con- 
ductive  thin  films  before  forming  processing,  i.e.  ,  the  correlation  between  the  thin  film  resistance  value  and  the  activation 
current. 

45  [0753]  In  the  1  9th  embodiment,  the  thin  film  resistance  value  is  measured  for  respective  row  wirings  in  advance,  and 
simultaneous  driving  lines  in  activation  are  grouped  based  on  the  measured  values. 
[0754]  Fig.  83  is  an  equivalent  circuit  diagram  showing  a  surface-conduction  emission  type  electron-emitting  device 
substrate  when  the  conductive  thin  film  resistance  is  measured  for  respective  row  wirings.  In  Fig.  83,  reference  numeral 
75901  denotes  a  conductive  thin  film  before  forming  processing.  This  conductive  thin  film  has  a  resistance  of  several 

so  hundred  Q  to  several  kQ  per  device.  If  the  number  n  of  columns  is  several  hundred  to  several  thousand  as  in  the  1  9th 
embodiment,  the  resistance  of  the  conductive  thin  film  is  influenced  by  the  wiring  resistance  and  cannot  be  accurately 
measured. 
[0755]  However,  this  does  not  pose  any  problem  because  the  19th  embodiment  groups  row  wirings  having  not  ac- 
curate  absolute  values  but  relatively  similar  values.  The  resistance  values  measured  for  the  row  wirings  Dx1  to  Dxm 

55  are  defined  as  Rs1  to  Rsm.  Note  that  the  wiring  resistance  is  measured  by  the  same  method  as  in  the  1  8th  embodiment. 
[0756]  Fig.  84  is  a  view  for  explaining  a  combination  of  selected  row  wirings.  The  measured  resistance  values  F̂ -, 
to  Rsm  are  aligned  in  the  order  from  a  larger  one,  and  three  each  of  them  are  combined.  Each  combination  is  numbered 
and  stored  in  a  selection  line  memory  unit  751  07.  As  a  result,  m/3  groups  each  including  three  row  wirings  are  formed. 
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[0757]  The  numbers  of  the  grouped  row  wirings  are  simultaneously  selected  and  activated.  The  activation  apparatus 
according  to  the  1  9th  embodiment  can  make  the  electron-emitting  characteristics  of  all  devices  uniform.  The  electron 
source  substrate  can  be  used  to  realize  a  high-quality  image  display  apparatus  almost  free  from  variations  in  luminance 
or  density. 

5 
[20th  Embodiment] 

[0758]  An  activation  apparatus  according  to  the  20th  embodiment  has  the  same  arrangement  as  in  the  1  8th  embod- 
iment.  The  20th  embodiment  is  difference  from  the  18th  embodiment  in  a  combination  of  selected  row  wirings. 

10  [0759]  Fig.  85  is  a  view  for  explaining  a  combination  of  simultaneously  selected  lines.  Similar  to  the  18th  embodiment, 
row  wiring  resistances  are  measured  and  defined  as  R-,  to  Rm.  After  conductive  thin  films  75901  are  formed  similarly 
to  the  19th  embodiment,  resistances  for  respective  rows  are  measured  and  defined  as  Rs1  to  Rsm.  R1  to  Rm  are  aligned 
in  the  order  from  a  larger  one,  and  pairs  of  them  are  formed  (steps  S121  and  S122). 
[0760]  The  paired  wiring  resistances  are  compared  with  each  other.  A  pair  (group)  having  a  difference  of  0.1  Q  or 

is  less  is  canceled.  Cancelled  wiring  resistances  are  aligned  in  the  order  from  a  larger  one  of  the  resistances  (R.-,  to  Rsm) 
of  the  conductive  film  (step  S123).  In  Fig.  85,  groups  Nos.  1  to  3  set  in  step  S122  are  canceled  and  realigned.  A  group 
having  a  difference  of  0.1  Q  or  more  from  preceding  and  subsequent  groups  is  kept  unchanged  (in  Fig.  85,  groups 
Nos.  m/2-1  and  m/2). 
[0761]  Pairs  of  the  realigned  wiring  resistances  are  formed  in  the  order  from  a  larger  one.  Finally,  selection  rows 

20  having  similar  wiring  resistances  are  paired  and  written  in  a  selection  line  memory  unit  75107  (step  S124). 
[0762]  The  reason  for  realigning  wiring  resistance  values  with  reference  to  0.1  Q  will  be  explained.  In  this  example, 
for  n  =  1000  and  r  =  10  mQ,  the  maximum  potential  drop  on  the  row  wiring  is  about  2.5  V.  The  difference  of  0.1  Q  in 
wiring  resistance  is  converted  in  r  into  0.1  mQ  for  1  .0/1000.  This  difference  causes  a  potential  drop  shift  of  0.025  V  at 
maximum.  This  shift  amount  is  about  0.14%  with  respect  to  an  activation  application  voltage  of  18  V,  which  can  be 

25  substantially  ignored. 
[0763]  For  this  reason,  grouping  is  more  effectively  done  by  giving  priority  to  not  the  difference  in  wiring  resistance 
but  the  difference  in  activation  current.  Row  wirings  are  therefore  grouped  again  depending  on  the  conductive  film 
resistance. 
[0764]  Note  that  the  value  0.1  Q  is  merely  an  example.  The  difference  in  wiring  resistance  is  not  limited  to  0.1Q  and 

30  can  be  properly  set  in  accordance  with  the  number  n,  the  absolute  value  of  the  wiring  resistance,  and  the  like. 
[0765]  As  described  above,  the  activation  apparatus  according  to  the  20th  embodiment  can  make  the  electron-emit- 
ting  characteristics  of  all  surface-conduction  emission  type  electron-emitting  devices  uniform.  The  electron  source 
substrate  can  be  used  to  realize  a  high-quality  image  display  apparatus  almost  free  from  variations  in  luminance  or 
density. 

35  [0766]  The  18th  to  20th  embodiments  have  exemplified  the  wiring  resistance  and  conductive  film  resistance,  and 
their  combinations  as  measurement  values  for  setting  in  advance  row  wirings  selected  in  activation.  However,  the 
measurement  value  is  not  limited  to  them,  and  a  newly  found  correlation  may  be  added  as  far  as  the  difference  in 
voltage  distribution  in  activation  can  be  predicted.  In  each  embodiment,  the  number  of  simultaneous  driving  lines  is 
two  or  three.  However,  the  number  of  row  wirings  is  not  limited  to  them,  and  the  maximum  number  of  lines  is  determined 

40  by  the  thermal  strength  of  the  multi  surface-conduction  emission  type  electron-emitting  device  substrate,  or  the  like. 
[0767]  In  the  embodiments  of  the  present  invention,  the  compensation  potential  applied  to  the  column  wiring  is  de- 
termined  based  on  the  device  current  flowing  through  the  row  wiring.  Instead,  the  compensation  potential  applied  to 
the  row  wiring  may  be  determined  based  on  the  device  current  flowing  through  the  column  wiring. 
[0768]  According  to  the  present  invention,  in  activating  electron-emitting  devices  arranged  in  a  matrix,  the  wiring 

45  resistances  of  a  plurality  of  row  wirings  are  measured  before  arranging  electron-emitting  devices.  Predetermined  row 
wirings  are  selected  in  accordance  with  the  resistance  values  of  the  wiring  resistances.  A  compensation  potential 
corresponding  to  the  potential  distribution  on  each  selected  row  wiring  is  applied  from  a  column  wiring  perpendicular 
to  this  row  wiring,  thereby  activating  the  row  wiring. 
[0769]  As  a  result,  the  electron-emitting  characteristics  of  all  electron-emitting  devices  can  be  made  uniform.  These 

so  electron-emitting  devices  can  be  used  to  realize  a  high-quality  image  display  apparatus  free  from  variations  in  lumi- 
nance  or  density. 

[21st  Embodiment] 

55  [0770]  In  the  following  embodiments,  a  multi  electron-emitting  device  has  the  following  arrangement. 
[0771]  That  is,  the  multi  electron-emitting  device  is  obtained  by  connecting  a  plurality  of  electron-emitting  devices  in 
a  matrix  by  row  wirings  and  column  wirings  perpendicular  to  them,  activating  the  electron-emitting  devices  in  units  of 
rows  or  columns,  and  applying  a  compensation  potential  corresponding  to  the  potential  distribution  on  activation  unit 

69 



EP  0  964  421  A1 

wirings  from  wirings  perpendicular  to  the  activation  unit  wirings.  The  voltage  application  unit  is  a  plurality  of  columns 
or  rows,  and  a  combination  of  application  rows  or  columns  is  determined  by  the  design  value  of  the  multi  electron- 
emitting  device. 
[0772]  To  activate  the  multi  surface-conduction  emission  type  electron-emitting  device  obtained  by  connecting  a 

5  plurality  of  surface-conduction  emission  type  electron-emitting  devices  in  a  matrix  by  row  wirings  and  column  wirings 
perpendicular  to  them,  the  activation  apparatus  comprises  a  line  selection  means  and  power  supply  means  for  selecting 
row  or  column  wirings  to  simultaneously  activate  a  plurality  of  lines,  a  current  detection  means  for  measuring  currents 
flowing  through  devices  upon  activation  in  units  of  lines,  a  driving  means  connected  to  column  or  row  wirings  perpen- 
dicular  to  row  or  column  wirings  connected  to  the  line  selection  means  for  determining  the  potential  based  on  the 

10  detected  values  of  the  current  detection  means,  a  selection  line  memory  means  for  storing  simultaneous  selection  line 
numbers  that  are  determined  by  measuring  the  multi  surface-conduction  emission  type  electron-emitting  device,  and 
a  control  means  for  controlling  the  line  selection  means,  power  supply  means,  and  driving  means  on  the  basis  of  the 
selection  line  memory  means  which  stores  selection  lines  corresponding  to  the  detected  values  of  the  current  detection 
means. 

is  [0773]  The  21st  embodiment  according  to  the  present  invention  will  be  described  in  detail  with  reference  to  the 
accompanying  drawings. 
[0774]  An  example  of  an  activation  apparatus  for  the  surface-conduction  emission  type  electron-emitting  device 
according  to  the  21st  embodiment  will  be  explained  with  reference  to  Fig.  89. 
[0775]  In  Fig.  89,  reference  numeral  75101  denotes  a  surface-conduction  emission  type  electron-emitting  device 

20  substrate  to  be  activated.  (On  the  substrate  75101  in  the  21st  embodiment,  a  plurality  of  surface-conduction  emission 
type  electron-emitting  devices  are  arranged  in  a  matrix  and  have  already  undergone  forming  processing.)  The  substrate 
75101  is  connected  to  an  evacuation  device  (not  shown),  and  evacuated  to  about  1  0"4  to  1  0"5  Torr.  The  substrate  751  01 
is  further  connected  to  an  external  electric  circuit  via  row-direction  wiring  terminals  Dx1  to  Dxm  and  column-direction 
wiring  terminals  Dy1  to  Dyn.  Reference  numeral  75102  denotes  a  line  selection  unit  for  selecting  a  line  to  be  activated, 

25  as  shown  in  Fig.  76.  The  line  selection  unit  751  02  simultaneously  selects  two  or  more  row-direction  wirings  and  applies 
the  potential  of  a  power  source  751  04  to  them  in  accordance  with  a  command  output  from  a  control  unit  751  05  which 
refers  to  a  selection  line  memory  unit  751  07  for  storing  combinations  determined  in  advance  on  the  basis  of  the  design 
value  of  the  surface-conduction  emission  type  electron-emitting  device  substrate,  as  will  be  described  later.  Reference 
numeral  751  03  denotes  a  current  detection  unit  for  individually  monitoring  currents  flowing  through  selected  rows  upon 

30  applying  the  voltage  to  the  selected  row-direction  wirings.  As  shown  in  Fig.  77,  the  current  detection  unit  751  03  com- 
prises  a  detection  resistance  Rmon,  and  a  measurement  amplifier  for  measuring  the  voltage  generated  across  this 
resistance.  With  these  components,  the  current  detection  unit  75103  detects  currents  lf  flowing  from  a  power  source 
751  04  into  the  selected  row  wirings,  and  outputs  the  detected  current  values  to  the  control  unit  751  05.  The  detection 
resistance  Rmon  is  set  to  a  small  resistance  value  enough  to  prevent  the  influence  of  the  application  voltage  to  the 

35  surface-conduction  emission  type  electron-emitting  device  by  a  potential  drop  caused  by  the  flowing  device  current  lf. 
The  power  source  75104  generates  a  potential  to  be  applied  to  the  row-direction  wiring  terminal  of  the  surface-con- 
duction  emission  type  electron-emitting  device  substrate  in  accordance  with  a  command  value  from  the  control  unit 
75105. 
[0776]  Reference  numeral  75106  denotes  a  driving  circuit  unit  for  driving  the  column-direction  wiring  terminals  Dy1 

40  to  Dyn  of  the  surface-conduction  emission  type  electron-emitting  device  substrate  751  01  at  a  timing  synchronized  with 
a  control  clock  signal  T|atch  from  the  control  unit  75105. 
[0777]  In  the  21st  embodiment,  the  progress  of  activation  is  grasped  by  the  current  amount  flowing  upon  activation, 
e.g.,  the  activation  current.  The  control  unit  75105  starts  activation  upon  reception  of  an  activation  start  command. 
Although  not  described  in  detail,  the  control  unit  751  05  sequentially  corrects  the  driving  potential  distribution  on  column- 

45  direction  devices  that  changes  with  the  progress  of  activation.  That  is,  the  control  unit  75105  calculates  a  potential 
amount  for  compensating  for  each  device  using  wiring  resistance  value  data  stored  in  a  wiring  resistance  memory  unit 
75108,  extraction  wiring  resistance  value  data  stored  in  an  extraction  wiring  memory  unit  75109,  and  an  output  from 
the  current  detection  unit  75103,  and  sets  this  potential  amount  as  an  output  setting  value  in  the  driving  circuit  unit 
751  06.  The  driving  circuit  unit  751  06  generates  a  driving  potential  corresponding  to  the  output  setting  value  and  applies 

so  it  to  the  column-direction  electrode  of  the  device.  Thus,  the  potential  distribution  generated  by  device  currents  and  row- 
direction  wiring  resistances  on  respective  devices  is  corrected  to  always  apply  a  constant  voltage  to  respective  devices. 
Data  of  the  driving  circuit  unit  75106  is  sequentially  updated  with  the  progress  of  activation  to  correct  the  potential 
distribution  till  the  end  of  activation.  The  control  unit  75105  monitors  the  progress  of  activation  based  on  the  activation 
current  value,  and  selects  simultaneous  driving  row-direction  wirings  by  the  power  source  751  04  via  the  line  selection 

55  unit  75102.  This  operation  will  also  be  described  in  detail.  The  control  unit  75105  transmits  a  driving  line  setting  signal 
to  the  line  selection  unit  75102  to  set  driving  row-direction  wirings. 
[0778]  The  line  selection  unit  75102  will  be  described  with  reference  to  Fig.  76. 
[0779]  The  line  selection  unit  75102  incorporates  m  switching  elements  (SWx1  to  SWxm).  Each  switching  element 
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selects  either  one  of  an  output  potential  from  the  power  source  75104  and  0  V  (ground  level)  to  electrically  connect 
the  selected  one  to  the  terminals  Dx1  to  Dxm  of  the  surface-conduction  emission  type  electron-emitting  device  substrate 
751  01  .  Each  switching  element  operates  based  on  a  control  signal  output  from  the  control  unit  751  05.  The  switching 
element  can  be  easily  constituted  by  a  combination  of  switching  elements  such  as  FETs  or  relays.  In  Fig.  76,  the  first 

5  (Sx1)  and  third  (Sx3)  lines  are  selected.  Only  the  row-direction  wirings  Dx1  and  Dx3  receive  an  output  potential  from  the 
power  source  75104,  while  the  remaining  row-direction  wirings  are  grounded. 
[0780]  Fig.  78  is  a  circuit  diagram  showing  the  arrangement  of  the  driving  circuit  unit  75106. 
[0781]  The  driving  circuit  unit  75106  comprises  n  latch  (Latch)  circuits  75401  ,  n  D/A  converters  75402,  and  n  buffer 
amplifiers  75403.  The  driving  circuit  unit  751  06  generates  a  driving  signal  for  driving  n  column-direction  wirings  on  the 

10  surface-conduction  emission  type  electron-emitting  device  substrate  75101.  The  control  unit  75105  sequentially  up- 
dates  driving  potential  values  By1  to  Byn  for  driving  respective  column-direction  wirings  on  the  basis  of  the  activation 
current  value  by  the  following  procedure.  The  control  unit  751  05  transfers  digital  output  data  (Data)  corresponding  to 
the  driving  potential  amount  to  the  latch  circuit  75401  of  the  driving  circuit  unit  751  06.  Upon  completion  of  a  series  of 
operations:  measurement  of  the  activation  current  -»  calculation  of  output  data->  data  transfer  to  the  latch  circuit,  the 

is  control  unit  75105  applies  a  latch  clock  (T|atch)  for  updating  output  data  from  the  D/A  converters  75402  to  all  the  latch 
circuits  75401  . 
[0782]  A  method  of  determining  simultaneous  selection  lines  (a  pair  of  lines  because  two  lines  are  simultaneously 
activated  in  the  21st  embodiment)  in  the  21st  embodiment  will  be  described.  As  described  above,  the  first  cause  of 
the  difference  in  potential  drop  during  activation  is  variations  in  extraction  wiring  resistance.  The  21st  embodiment 

20  relates  to  a  method  of  reducing  the  variations. 
[0783]  An  example  of  different  extraction  wiring  resistances  between  row  wirings  will  be  explained  with  reference  to 
Figs.  90A  and  90B.  Fig.  90A  schematically  shows  the  outline  of  the  entire  row  wiring  pattern  on  the  surface-conduction 
emission  type  electron-emitting  device  substrate.  This  pattern  can  be  roughly  divided  into  a  device  wiring  portion  and 
extraction  wiring  portion.  The  pattern  of  the  extraction  portion  is  narrowed  in  units  of  a  predetermined  number  of  row 

25  wirings,  and  connected  to  the  connection  portion.  Fig.  90B  shows  the  P  portion  in  detail.  This  pattern  is  designed  to 
contact-bond  a  so-called  flexible  wiring  and  the  like.  In  general,  the  width  of  the  flexible  wiring  which  can  be  contact- 
bonded  with  the  connection  portion  shown  in  Fig.  90B  is  limited  because  of  the  dimensional  accuracy  of  the  flexible 
wiring  or  the  like.  The  flexible  wiring  requires  dead  spaces  on  its  two  sides  for  each  width.  Fig.  91  A  shows  the  resistance 
of  the  extraction  portion  plotted  for  each  row  wiring  number.  In  the  following  description,  the  number  m  of  row  wirings 

30  is  480,  and  the  flexible  wiring  unit  is  80.  The  extraction  wiring  resistance  repeats  every  80  rows,  similar  to  the  wiring 
pattern.  The  combination  numbers  1  to  40  and  41  to  80  are  respectively  symmetrical  in  flexible  units.  The  resistance 
values  shown  in  Fig.  91  A  can  be  easily  calculated  from  the  wiring  pattern  if  the  wiring  material  and  wiring  film  thickness 
are  determined,  and  therefore  can  be  obtained  after  the  pattern  design  is  determined.  Extraction  wiring  resistances 
obtained  in  this  manner  are  stored  as  Rd1,  Rd2,  R,j3,...,  Rd4so  'n  tne  extraction  wiring  resistance  memory  unit  75109. 

35  A  combination  of  simultaneous  selection  rows  is  determined  based  on  the  obtained  extraction  wiring  resistances,  as 
shown  in  Fig.  91  B.  That  is,  row  wirings  symmetrical  in  the  wiring  pattern  are  combined  to  set  240  simultaneous  driving 
row  numbers  and  store  them  in  the  selection  line  memory  unit. 
[0784]  The  procedure  of  activating  the  surface-conduction  emission  type  electron-emitting  device  substrate  75101 
will  be  described  with  reference  to  Figs.  89  and  78.  Activation  is  performed  such  that  the  values  lf  of  all  devices  exceed 

40  a  target  current  value.  The  target  current  value  is  determined  by  a  necessary  electron  emission  amount  and  the  like. 
In  the  21st  embodiment,  activation  processing  is  done  while  monitoring  an  output  from  the  current  detection  unit  75103 
so  as  to  set  the  device  currents  of  respective  devices  on  the  surface-conduction  emission  type  electron-emitting  device 
substrate  75101  to  2  mA  at  last. 
[0785]  The  flow  of  activation  will  be  explained. 

45  [0786]  When  the  control  unit  75105  receives  an  activation  start  command  (externally  input  by  the  operator),  it  controls 
the  line  select  unit  75102  and  power  source  75104  in  order  to  perform  electrification  processing  in  units  of  rows. 
[0787]  The  control  unit  75105  sets  the  signal  value  Data  so  as  to  set  the  column-direction  wiring  terminals  Dy1  to 
Dyn  to  the  ground  potential.  The  control  unit  75105  sequentially  applies  activation  potential  pulses  to  the  row-direction 
wiring  terminals  Dx1  to  Dxm.  (For  example,  the  pulse  width  is  1  msec  and  the  pulse  height  is  18  V:  this  potential  will  be 

so  referred  to  as  Eac).  Then,  the  surface-conduction  emission  type  electron-emitting  device  substrate  751  01  sequentially 
receives  the  pulse  potential  in  units  of  row-direction  wirings  to  start  activation  in  units  of  lines.  Note  that  two  lines  are 
simultaneously  activated  as  a  unit  based  on  the  pairs  stored  in  the  selection  line  memory  unit  in  orderto  shorten  the  time. 
[0788]  The  following  description  is  directed  to  a  method  used  in  the  21st  embodiment  in  order  to  correct  variations 
in  device  characteristics  arising  from  the  distance  from  the  feeding  terminal  when  electrification  processing  is  done  in 

55  units  of  lines.  In  the  21st  embodiment,  in  simultaneously  driving  the  two  row-direction  wiring  terminals  Dx1  and  Dx80, 
attention  is  paid  to  one  of  the  two  row-direction  wirings  to  activate  n  devices  on  the  line  of  the  row  wiring  terminal  Dx1. 
[0789]  Attention  is  given  to  a  surface-conduction  emission  type  device  group  on  the  first  row  (line  Dx1)  to  which  the 
activation  voltage  is  applied.  A  surface-conduction  emission  type  electron-emitting  device  group  75701  is  represented 
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by  a  model  including  the  wiring  resistances  of  respective  devices.  The  state  of  activating  this  device  group  will  be 
explained  with  reference  to  Fig.  92.  In  Fig.  92,  reference  symbols  F-,  to  Fn  denote  surface-conduction  emission  type 
electron-emitting  devices  on  the  line  of  the  row-direction  wiring  terminal  Dx1  ;  r1  to  rn+1  ,  wiring  resistances  at  respective 
portions  on  the  row  wiring  Dx1;  rd1  ,  an  extraction  wiring  resistance  on  the  row  wiring  Dx1;  and  Fty,  a  wiring  resistance 

5  from  the  feeding  terminal  of  each  of  the  wirings  Dy1  to  Dyn  to  a  corresponding  surface-conduction  emission  type  electron- 
emitting  device. 
[0790]  Since  the  row  wiring  except  for  the  extraction  wiring  is  designed  to  be  formed  with  a  constant  line  width, 
thickness,  and  material,  r1  to  rn+1  are  considered  to  be  equal  except  for  variations  in  the  manufacture.  Since  the 
column  wirings  are  designed  uniform,  they  are  considered  to  have  the  same  Ry.  Although  the  equivalent  resistance 

10  value  of  each  surface-conduction  emission  type  electron-emitting  device  changes  (decreases)  before  and  after  acti- 
vation,  the  equivalent  resistance  of  the  device  is  much  higher  than  the  value  Ry.  Even  if  two  lines  are  simultaneously 
driven  as  in  the  21  st  embodiment,  the  potential  drop  amount  across  Ry  is  small  to  a  negligible  degree.  The  equivalent 
resistance  values  of  the  surface-conduction  emission  type  electron-emitting  devices  F-,  to  Fn  are  designed  higher  than 
r1  to  rn+1  . 

is  [0791]  To  activate  the  surface-conduction  emission  type  electron-emitting  device  group  75701  ,  the  control  unit  75105 
controls  the  line  selection  unit  75102  to  connect  the  power  source  75104  for  outputting  the  activation  potential  Eac 
and  the  current  detection  unit  75103  to  the  row-direction  wiring  terminal  Dx1.  Then,  the  terminal  Dx1  is  driven  by  the 
activation  potential  Eac. 
[0792]  On  the  other  hand,  the  terminals  Dy1  to  Dyn  as  other  electrode  terminals  on  the  line  Dx1  are  driven  by  the 

20  driving  circuit  unit  751  06.  The  driving  circuit  unit  751  06  operates  to  sink  activation  currents  i,  to  in  from  the  devices  F-, 
to  Fn. 
[0793]  The  driving  voltage  distribution  to  respective  devices  in  activation  will  be  described  to  explain  a  method  of 
setting  an  output  from  the  driving  circuit  unit  75106. 
[0794]  In  activation,  the  electrical  characteristics  of  the  device  change  as  shown  in  Fig.  41  .  That  is,  the  device  current 

25  does  not  substantially  flow  at  the  start  of  activation,  starts  flowing  along  with  the  progress  of  electrification,  and  satu- 
rates.  At  this  time,  potentials  Gy0  and  Gy0'  on  the  row  wiring  Dx1  gradually  decrease  owing  to  the  extraction  wiring 
resistance  rd1  .  Letting  AV1  be  the  potential  drop  amount,  AV1  can  be  given  by 

30  AV1  =  rd1  X  I/2 

(where  I  is  the  current  flowing  from  the  feeding  terminal  to  the  row  wiring  Dx1  as  shown  in  Fig.  92.) 
[0795]  Further,  the  potential  of  the  device  group  on  the  row  wiring  Dx1  is  monitored  to  find  that  the  potentials  Gy1  to 
Gyn  drop  under  the  influence  of  the  wiring  resistances  rl  to  rn.  The  potential  drop  increases  with  the  progress  of  activation 

35  and  maximizes  at  the  end  of  activation.  For  example,  for  an  activation  current  of  2  mA/device,  rl  to  rn+1  =  10  mQ,  and 
n  =  1000,  a  potential  drop  up  to  about  2.5  V: 

AV2  =  1/2  X  500  X  501  X  2  mA  X  10m  Q 
40 

occurs  at  the  terminal  Gyn/2  of  the  device  Fn/2  farthest  from  the  feeding  terminal.  At  this  time,  for  rdl  =  1  Q,  AV1  is  given  by 

AV1  =  1  Q  X  mA  X  1000/2  =  1  V 

45 
The  sum  of  AV1  and  AV2,  i.e.,  a  total  potential  drop  of  about  3.5  V  occurs. 
[0796]  To  prevent  this,  the  driving  circuit  unit  75106  generates  a  potential  distribution  identical  to  this  potential  dis- 
tribution  to  drive  the  terminals  Dy1  to  Dyn  so  as  to  cancel  the  potential  distribution  generated  on  respective  devices. 
[0797]  More  specifically,  the  control  unit  75105  calculates  the  potential  drop  distribution  generated  at  the  terminals 

50  Gy1  to  Gyn  by  a  potential  drop  at  the  extraction  wiring  resistance  rdl,  currents  flowing  through  the  devices  F1  to  Fn,  and 
the  wiring  resistances  r1  to  rn  along  with  the  progress  of  activation.  In  this  way,  the  output  value  of  the  D/A  converter 
of  the  driving  circuit  unit  75106  is  set  to  reproduce  the  potential  drop  distribution  at  the  outputs  By,  to  Byn.  Assuming 
that  activation  of  the  devices  F-,  to  Fn  substantially  uniformly  progresses,  the  device  currents  i-,  to  in  flowing  through 
respective  devices  are  almost  equal,  and  the  current  values  can  be  given  using  a  current  amount  I  detected  by  the 

55  current  detection  unit  75103: 

'ave  =  ('1  =  '2  =-='n  =)l/n 
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[0798]  At  this  time,  the  sum  of  AV1  and  the  potential  drop  distribution  generated  at  the  terminals  Gy1  to  Gyn  by 
currents  flowing  through  the  devices  F-,  to  Fn  and  the  wiring  resistances  r1  to  rn+1  ,  i.e.,  the  potentials  By1  to  Byn  to  be 
output  to  the  output  terminals  of  the  driving  circuit  unit  75106  are  calculated  using  the  wiring  resistance  values  r1  to 
rn  and  L,0: 

Byl  =  - r l   x  n  x  ±ave  -  A V I  

By2  =  - r2   x  (n  -  1)  *  iave  +  Byl  -  A  VI  

Byn/2  =  - r n / 2   x  iave  +  B ^   +  Byn.2  +  . . . +   Byl  -  A  VI  

. . .   ( 1 2 )  

20  [0799]  Since  the  wiring  resistances  r1  to  rn  are  designed  to  the  same  value  and  actually  have  almost  the  same  value, 
r  =  R-|/n  is  effective  (R-,  is  the  row  wiring  resistance  value  of  the  first  row  measured  in  advance).  Equations  (12)  are 
generalized  into 

Byk  =  Z { r   x  iave  x  ( n / 2   -  k  +  1)}  -  A  V I  

( w h e r e   2  i s   t h e   sum  of  k  =  1,  2 , . . . ,   n /2   +  1 )  

30  Byk  =  £ { r   x  iave  x  (k  -  n / 2 ) }   -  A v i   . . . ( 1 3 )  

( w h e r e   X  i s   t h e   sum  of  k  =  n,  n - 1 , . . . ,   n / 2 )  

[0800]  The  control  unit  75105  measures  the  activation  current  which  changes  with  the  progress  of  activation,  se- 
35  quentially  calculates  the  output  potentials  By1  to  Byn,  and  outputs  digital  output  data  to  the  latch  circuit  75401  of  the 

driving  circuit  unit  75106.  Upon  completion  of  a  series  of  operations:  current  measurement  -»  calculation  of  output  data 
-»  data  transfer  to  the  latch  unit,  the  control  unit  75105  applies  a  latch  clock  to  all  the  latch  circuits  75401  to  update 
data  in  synchronism  with  the  latch  clock.  Then,  the  driving  circuit  unit  75106  generates  a  potential  distribution  identical 
to  the  potential  drop  distribution  generated  at  the  terminals  Gy1  to  Gyn  of  the  devices  F-,  to  Fn.  Accordingly,  voltages 

40  applied  between  the  terminals  of  the  devices  F-,  to  Fn  can  be  made  uniform  regardless  of  the  device  number  and  the 
progress  of  activation. 
[0801]  Figs.  93A  and  93B  show  potential  distributions  applied  across  the  devices  F1  to  Fn  at  the  start  and  end  of 
activation,  respectively.  Fig.  93A  shows  the  potential  distribution  immediately  after  the  start  of  activation.  The  abscissa 
represents  device  numbers  F-,  to  Fn,  which  correspond  to  device  positions.  The  ordinate  represents  the  terminal  po- 

45  tential  across  the  device.  As  described  above,  currents  flowing  through  respective  devices  are  small  immediately  after 
the  start  of  activation.  Therefore,  the  activation  potential  Eac  =  18  V  from  the  power  source  44104  is  applied  to  the 
terminals  Gy1  to  Gyn  of  respective  devices.  Since  almost  no  activation  current  flows,  the  potential  setting  value  of  the 
driving  circuit  unit  75106  is  almost  "0",  and  the  outputs  By1  to  Byn  from  the  driving  circuit  unit  75106  and  the  output 
from  the  buffer  amplifier  75403  are  also  almost  0  V.  For  this  reason,  a  predetermined  voltage  up  to  about  18  V  is  applied 

so  to  respective  devices  to  progress  activation. 
[0802]  Fig.  93B  shows  the  voltage  distribution  at  the  end  of  activation.  At  the  end  of  activation,  currents  flowing 
through  respective  devices  become  almost  2  mA.  The  activation  potential  Eac  =  18  V  applied  from  the  power  source 
75104  decreases  under  the  influence  of  a  potential  drop  by  the  wiring  resistance  during  voltage  application  to  the 
terminals  Gy1  to  Gyn  of  respective  devices.  At  this  time,  the  output  setting  value  of  the  driving  circuit  unit  751  06  can  be 

55  calculated  by  the  control  unit  751  05  on  the  basis  of  equations  (1  3).  The  distributions  of  the  outputs  By,  to  Byn  from  the 
driving  circuit  unit  75106  and  output  from  the  buffer  amplifier  75403  are  made  equal  to  that  of  Gy1  to  Gyn.  Therefore, 
a  constant  voltage  of  18  V  at  maximum  is  applied  to  the  respective  elements,  thereby  performing  activation. 
[0803]  More  specifically,  when  the  device  current  increases  with  the  progress  of  activation,  the  voltage  distribution 
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applied  to  devices  always  changes  under  the  influence  of  the  wiring  resistance.  At  this  time,  the  potential  distribution 
amount  is  calculated  and  set  as  the  output  setting  value  of  the  driving  circuit  unit  75106.  The  output  potential  values 
By1  to  Byn  from  the  driving  circuit  unit  751  06  are  sequentially  updated  to  activate  all  devices  by  a  constant  voltage  from 
the  start  to  end  of  activation.  When  the  average  device  current  iave  of  respective  devices  reaches  2  mA,  activation  ends. 

5  [0804]  In  the  above  description,  devices  on  the  row  wiring  Dx1  are  activated.  The  21st  embodiment  can  be  similarly 
applied  to  activation  of  devices  on  another  line.  In  the  21  st  embodiment,  a  plurality  of  activation  lines  are  simultaneously 
activated  while  sequentially  switching  them.  In  the  21st  embodiment,  since  two  lines  are  simultaneously  activated, 
selection  of  simultaneous  activation  lines  must  be  considered.  However,  wirings  having  paired  row  numbers  stored  in 
the  selection  line  memory  unit  751  07  in  advance  are  selected,  as  described  above.  These  wrings  have  similar  potential 

10  drop  amounts  (i.e.,  similar  potential  distribution  amounts  in  the  driving  circuit  unit  75106),  and  no  shift  in  device  appli- 
cation  voltage  by  simultaneous  driving  occurs. 
[0805]  In  this  manner,  activation  of  the  surface-conduction  emission  type  electron-emitting  device  substrate  75101 
is  complete.  Since  the  outputs  By,  to  Byn  from  the  driving  circuit  unit  75106  are  sequentially  updated  to  compensate 
for  a  potential  drop  caused  by  the  activation  current  and  wiring  resistance,  all  devices  can  be  uniformly  activated  by  a 

is  constant  voltage  from  the  start  to  end  of  activation.  Since  two  lines  are  simultaneously  driven,  activation  processing 
can  be  completed  within  half  the  processing  time  required  to  drive  lines  one  by  one. 
[0806]  In  the  21st  embodiment,  the  power  source  75104  applies  a  positive  output  to  flow  the  current  from  the  Dx1  to 
the  terminals  Dy1  to  Dyn,  thereby  activating  devices.  Alternatively,  the  power  source  751  04  may  apply  a  negative  output 
toflowthe  current  from  the  terminals  Dy1  to  Dyn  to  the  terminal  Dx1,  thereby  activating  devices.  In  this  case,  the  potential 

20  distribution  is  also  inverted,  so  that  the  buffer  amplifier  75403  is  constituted  as  a  (-1  )-time  inverting  buffer  amplifier  to 
source  the  current,  thereby  obtaining  the  same  effects. 
[0807]  In  the  21  st  embodiment,  the  driving  circuit  unit  751  06  comprises  D/A  converters  equal  in  number  to  the  number 
n  of  column-direction  wirings  on  the  surface-conduction  emission  type  electron-emitting  device  substrate  75101.  In- 
stead,  the  number  of  D/A  converters  may  be  decreased  to  define  the  potential  value  applied  to  the  decreased  number 

25  of  column-direction  wiring  terminals  by  resistance  division  because  the  compensation  potential  distribution  changes 
gradually,  as  shown  in  Figs.  93A  and  93B.  A  smaller  number  of  D/A  converters  lead  to  cost  reduction. 
[0808]  If  the  number  n  of  devices  in  the  column  wiring  direction  increases,  a  long  time  may  be  spent  by  a  series  of 
operations:  measurement  of  the  device  current  -»  calculation  of  output  data  -»  data  transfer.  However,  the  time  can 
be  shortened  by  parallel-processing  respective  devices  or  using  a  look-up  table  (LUT)  for  generating  a  compensation 

30  potential  value  from  the  current  value,  wiring  resistance  value,  and  position  on  the  column-direction  wiring. 
[0809]  As  described  above,  the  activation  apparatus  of  the  21st  embodiment  can  make  the  electron-emitting  char- 
acteristics  of  all  devices  uniform.  The  electron  source  substrate  can  be  used  to  realize  a  high-quality  image  display 
apparatus  almost  free  from  variations  in  luminance  or  density. 

35  [22nd  Embodiment] 

[0810]  An  activation  apparatus  in  the  22nd  embodiment  of  the  present  invention  has  the  same  arrangement  as  in 
the  21st  embodiment,  and  a  description  thereof  will  be  omitted.  The  22nd  embodiment  is  different  from  the  21st  em- 
bodiment  by  a  selection/combination  method,  which  will  be  described. 

40  [0811]  As  described  above,  when  simultaneously  selected  units  have  different  activation  currents  in  activation  units 
(rows  in  the  22nd  embodiment),  the  device  application  voltage  shifts  to  vary  characteristics.  Different  activation  currents 
result  from  the  pressure  distribution  of  material  gas  upon  activation  caused  by  the  structural  factor  of  an  airtight  container 
containing  an  exhaust  pipe.  In  the  22nd  embodiment,  simultaneous  driving  row  wirings  are  determined  in  design  on 
the  basis  of  the  activation  material  gas  distribution  caused  by  the  structural  factor. 

45  [0812]  The  airtight  container  in  the  22nd  embodiment  has  the  same  structure  as  that  shown  in  Fig.  71  ,  and  is  con- 
nected  to  an  evacuation  device  and  activation  material  gas  supply  source  via  four  exhaust  pipes.  The  material  gas 
exhibits  a  pressure  distribution  in  Fig.  72.  This  distribution  will  be  explained  with  reference  to  Figs.  94Aand  94B.  Fig. 
94A  shows  the  device  matrix  on  the  material  gas  distribution.  The  pressure  distribution  of  the  device  matrix  in  Fig.  94A 
actually  influences  the  activation  current.  Fig.  94B  schematically  shows  the  pressure  distribution  of  this  device  matrix 

so  taken  along  the  line  A  -  A'.  In  Fig.  94B,  the  abscissa  represents  the  row  wiring  number  of  the  matrix,  and  m  =  480 
similarly  to  the  21st  embodiment.  As  shown  in  Figs.  94A  and  94B,  the  pressure  distribution  is  symmetrical  about  the 
center  along  the  row  wiring  number  for  a  symmetrical  structure.  This  pressure  distribution  is  determined  by  the  structure 
of  the  airtight  container,  the  type  of  activation  material  gas,  the  supply  pressure,  and  the  like,  and  can  be  predicted. 
[0813]  A  method  of  combining  selection  lines  will  be  described  with  reference  to  Figs.  95A  and  95B.  Fig.  95A  shows 

55  the  activation  material  gas  distribution  along  the  row  wiring  number  that  is  plotted  for  some  wiring  numbers.  Fig.  95B 
shows  a  combination  of  two  row  wirings  in  correspondence  with  the  activation  material  gas  distribution  and  row  wiring 
number.  As  shown  in  Figs.  95A  and  95B,  row  wirings  having  the  same  activation  gas  pressure  value  are  combined. 
More  specifically,  row  wirings  1  and  480,  2  and  479,...,  n  and  481  -n  (n  is  an  integer  of  1  to  240),....  239  and  240  are 
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combined  to  obtain  240  pairs.  The  table  in  Fig.  95B  is  stored  in  a  selection  line  memory  unit.  In  the  22nd  embodiment 
as  well  as  the  21st  embodiment,  two  row  lines  are  simultaneously  driven. 
[0814]  After  that,  the  activation  apparatus  operates  in  accordance  with  this  table.  The  procedure  of  compensating 
for  a  potential  drop  and  activating  devices,  and  the  like  are  the  same  as  in  the  21st  embodiment,  and  a  description 

5  thereof  will  be  omitted. 
[0815]  As  described  above,  grouped  row  wiring  numbers  are  simultaneously  selected  and  activation.  The  activation 
apparatus  of  the  22nd  embodiment  can  make  the  electron-emitting  characteristics  of  all  devices  uniform.  The  electron 
source  substrate  can  be  used  to  realize  a  high-quality  image  display  apparatus  almost  free  from  variations  in  luminance 
or  density. 

10  [0816]  The  21st  to  22nd  embodiments  have  exemplified  the  extraction  wiring  resistance,  and  the  activation  gas 
distribution  caused  by  the  structure  design  of  the  airtight  container  as  design  values  for  setting  simultaneous  selection 
row  wirings  in  activation  in  advance.  However,  the  design  value  is  not  limited  to  them,  and  a  newly  found  correlation 
may  be  added  as  far  as  the  difference  in  voltage  distribution  in  activation  can  be  predicted.  In  the  21st  and  22nd 
embodiments,  the  number  of  simultaneous  driving  lines  is  two.  However,  the  number  of  row  wirings  is  not  limited  to 

is  them,  and  the  maximum  number  of  lines  is  determined  by  the  thermal  strength  of  the  multi  surface-conduction  emission 
type  electron-emitting  device  substrate,  or  the  like.  In  addition,  not  only  row  wirings  having  the  same  extraction  wiring 
resistance  and  gas  pressure,  but  also  row  wirings  having  a  negligible  error  on  the  voltage  potential  distribution  can  be 
combined. 
[0817]  According  to  the  21st  and  22nd  embodiments,  in  activating  a  multi  surface-conduction  emission  type  electron- 

ic1  emitting  device  obtained  by  connecting  a  plurality  of  surface-conduction  emission  type  electron-emitting  devices  in  a 
matrix  by  row  wirings  and  column  wirings  perpendicular  to  them,  row  or  column  wirings  are  simultaneously  selected 
to  activate  a  plurality  of  lines,  and  voltage  distributions  generated  on  the  given  wirings  upon  activation  are  compensated 
for  from  column  or  row  wirings  perpendicular  to  the  given  wirings.  In  this  activation  method,  a  combination  of  simulta- 
neous  selection  lines  is  set  in  advance  from  the  design  value  of  the  surface-conduction  emission  type  electron-emitting 

25  device  substrate.  As  a  result,  the  electron-emitting  characteristics  of  all  devices  can  be  made  uniform.  The  electron 
source  substrate  can  be  used  to  realize  a  high-quality  image  display  apparatus  free  from  variations  in  luminance  or 
density. 
[0818]  As  has  been  described  above,  the  present  invention  can  reduce  particularly  variations  in  electron-emitting 
characteristics  of  respective  electron-emitting  devices  connected  in  a  matrix. 

30  [0819]  As  many  apparently  widely  different  embodiments  of  the  present  invention  can  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. 

35  Claims 

1.  An  electron  source  manufacturing  method, 
characterised  by  comprising  the  step  of: 

40  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, 
wherein  the  potential  applied  to  the  second  portions  of  the  plurality  of  conductive  members  is  set  to  relax  a 

45  difference  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. 

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

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

4.  The  method  according  to  claim  3,  characterised  in  that  the  potential  applied  to  the  first  portion  is  estimated  by 
55  measuring  a  current  flowing  through  the  wiring. 

5.  The  method  according  to  claim  3,  characterised  in  that  the  potential  applied  to  the  first  portion  is  estimated  by 
measuring  a  current  flowing  through  a  wiring  connected  to  the  second  portion. 
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6.  The  method  according  to  claim  3,  characterised  in  that  the  potential  applied  to  the  first  portion  is  estimated  based 
on  stored  data. 

7.  The  method  according  to  any  one  of  claims  1-6,  characterised  in  that  the  potential  to  be  applied  to  the  second 
5  portion  is  determined  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,  characterised  in  that  the  potential  to  be  applied  to  the  second  portion  is  deter- 
mined  by  sinking  a  predetermined  current  amount  or  using  the  predetermined  current  amount  as  a  current  source 

10  from  portions  of  the  equivalent  wiring  resistance  array  respectively  connected  to  the  second  portions. 

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

is  10.  The  method  according  to  any  one  of  claims  1-8,  characterised  in  that  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  mem- 
bers  is  applied  after  the  pulse-like  potential  applied  to  the  second  portion. 

20  11.  The  method  according  to  any  one  of  claims  1-10,  characterised  in  that  the  conductive  member  is  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  comprises  the  step  of  applying  a  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 

25  the  plurality  of  column  wirings. 

12.  The  method  according  to  claim  11  ,  characterised  in  that  the  voltage  application  step  comprises  the  step  of  applying, 
to  an  unselected  row  wiring  out  of  the  plurality  of  row  wirings,  a  potential  for  suppressing  a  current  flowing  through 
the  unselected  row  wiring  owing  to  a  potential  difference  from  the  potential  applied  to  the  column  wiring. 

30 
13.  The  method  according  to  claim  12,  characterised  in  that  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. 

35  14.  The  method  according  to  claim  12,  characterised  in  that  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  11-14,  characterised  by  further  comprising  the  step  of  applying  the 
40  voltage  while  sequentially  switching  row  wirings  to  be  selected. 

16.  The  method  according  to  claim  15,  characterised  in  that  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. 

45  17.  The  method  according  to  claim  15,  characterised  by  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  voltage;  and  selecting  another  row  wiring  during  the  time  interval  and  applying  the  voltage  to  conduc- 
tive  members  connected  to  said  another  row  wiring. 

so  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,  characterised  by  comprising  the 
steps  of: 

manufacturing  the  electron  source  by  the  electron  source  manufacturing  method  defined  in  claim  1;  and 
55  assembling  the  electron  source  and  the  image  forming  member. 

19.  An  electron  source  manufacturing  apparatus,  characterised  by  comprising: 
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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 

5  members  so  as  to  relax  a  difference  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  conduc- 
tive  members  in  the  wiring  commonly  connected  to  the  plurality  of  conductive  members. 

20.  The  apparatus  according  to  claim  19,  characterised  in  that  said  second  circuit  comprises  an  equivalent  wiring 
10  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,  characterised  by  further  comprising  a  current  monitoring  circuit  for 
monitoring  a  current  flowing  through  the  conductive  member. 

15 
22.  The  apparatus  according  to  claim  21  ,  characterised  in  that  said  current  monitoring  circuit  monitors  a  current  flowing 

through  the  wiring. 

23.  The  apparatus  according  to  claim  21,  characterised  in  that  said  current  monitoring  circuit  monitors  currents  re- 
20  spectively  flowing  through  the  conductive  members. 

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

25  25.  The  apparatus  according  to  any  one  of  claims  21-24,  characterised  in  that  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  converter  for  converting  the  digital  value  stored  in  said  latch  circuit  into  a  current  value. 

26.  The  apparatus  according  to  claim  1  9,  characterised  in  that  said  second  circuit  controls  the  potential  applied  to  the 
30  second  portion  in  accordance  with  an  application  time  of  the  potential  to  the  second  portion. 

27.  The  apparatus  according  to  any  one  of  claims  1  9-26,  characterised  in  that  said  second  circuit  comprises  memory 
means  which  is  referred  to  in  order  to  set  the  potential  applied  to  the  second  portion. 

35  28.  The  apparatus  according  to  any  one  of  claims  1  9-27,  characterised  in  that  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,  characterised  by  comprising: 

40 
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- 

45  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,  characterised  in  that  said  second  circuit  has  a  circuit  for  superposing  the  potential 
distribution  generated  by  said  potential  distribution  generating  circuit  and  an  offset  potential. 

50 

55 

31.  A  method  of  manufacturing  an  electron  source  having  a  plurality  of  electron-emitting  devices,  characterised  by 
comprising  the  step  of  applying  a  voltage  to  a  plurality  of  conductive  members  serving  at  least  part  of  the  electron- 
emitting  devices  connected  to  simultaneously  selected  row  wirings  by  using  a  matrix  wiring  made  up  of  pluralities 
of  row  and  column  wirings  arranged  substantially  along  directions  which  cross  each  other, 

wherein  the  voltage  application  step  has  the  step  of  applying  a  potential  to  first  portions  of  the  plurality  of 
conductive  members  via  the  selected  row  wirings,  and  applying  a  potential  to  second  portions  of  the  plurality 
of  conductive  members  via  the  plurality  of  column  wirings,  thereby  applying  a  voltage  by  a  difference  between 
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potentials  applied  via  the  row  and  column  wirings,  and  the  potential  applied  to  the  second  portions  of  the 
plurality  of  conductive  members  is  set  to  reduce  differences  between  voltages  applied  to  the  respective  con- 
ductive  members  caused  by  differences  between  potentials  at  portions  connected  to  the  first  portions  of  the 
respective  conductive  members  on  the  row  wiring. 

5 
32.  The  method  according  to  claim  31,  characterised  in  that  the  voltage  application  step  is  repeated  a  plurality  of 

number  of  times  until  all  the  row  wirings  are  selected  at  least  once. 

33.  The  method  according  to  claim  31  or  32,  characterised  by  further  comprising  the  step  of  determining  simultaneous 
10  selection  row  wirings  which  select  simultaneously  in  said  voltage  application  step. 

34.  The  method  according  to  claim  33,  characterised  in  that  the  determination  step  comprises  the  step  of  excluding  a 
row  wiring  through  which  a  current  having  a  predetermined  value  flows  upon  selection,  from  selection  target  row 
wirings. 

15 
35.  The  method  according  to  any  one  of  claims  31-34,  characterised  in  that  the  simultaneous  selection  row  wirings 

are  row  wirings  not  adjacent  to  each  other. 

36.  The  method  according  to  any  one  of  claims  31-35,  characterised  in  that  the  simultaneous  selection  row  wirings 
20  are  row  wirings  having  similar  current  values  upon  selection. 

37.  The  method  according  to  any  one  of  claims  31-36,  characterised  in  that  the  simultaneous  selection  row  wirings 
are  row  wirings  having  similar  compensation  potentials  applied  from  the  column  wirings  upon  selection. 

25  38.  The  method  according  to  any  one  of  claims  31  -37,  characterised  in  that  the  number  of  simultaneous  selection  row 
wirings  is  changed  to  repeat  the  voltage  application  step  a  plurality  of  number  of  times. 

39.  The  method  according  to  any  one  of  claims  31  -38,  characterised  in  that  the  number  of  simultaneous  selection  row 
wirings  is  determined  based  on  power  applied  to  the  electron  source  in  the  voltage  application  step. 

30 
40.  The  method  according  to  any  one  of  claims  31-39,  characterised  in  that  the  simultaneous  selection  row  wirings 

are  determined  so  that  differences  between  potentials  applied  to  the  second  portions  of  the  respective  conductive 
members  connected  to  a  plurality  of  simultaneously  selected  row  wirings  and  common  column  wirings  are  set  to 
not  more  than  a  predetermined  value. 

35 
41  .  The  method  according  to  any  one  of  claims  31  -40,  characterised  in  that  the  potential  applied  to  the  column  wiring 

in  the  voltage  application  step  is  determined  so  that  differences  between  potentials  applied  to  the  second  portions 
of  the  respective  conductive  members  connected  to  a  plurality  of  simultaneously  selected  row  wirings  and  common 
column  wirings  are  set  to  not  more  than  a  predetermined  value. 

40 
42.  The  method  according  to  any  one  of  claims  31  -41  ,  characterised  in  that  the  potential  applied  via  the  column  wiring 

is  determined  based  on  current  values  flowing  through  selection  row  wirings. 

43.  The  method  according  to  any  one  of  claims  31  -42,  characterised  in  that  the  potential  applied  via  the  column  wiring 
45  is  determined  based  on  an  average  of  currents  flowing  through  simultaneous  selection  row  wirings. 

44.  The  method  according  to  claim  43,  characterised  by  further  comprising  the  step  of  determining  whether  current 
values  flowing  through  simultaneous  selection  row  wirings  are  used  to  calculate  an  average. 

so  45.  The  method  according  to  claim  44,  characterised  in  that  determination  is  done  based  on  a  difference  between  a 
predetermined  value  and  a  maximum  one  of  current  values  flowing  through  simultaneous  selection  row  wirings. 

46.  The  method  according  to  claim  44  or  45,  characterised  in  that  determination  is  done  based  on  a  difference  between 
a  predetermined  value  and  a  minimum  one  of  current  values  flowing  through  simultaneous  selection  row  wirings. 

55 
47.  The  method  according  to  any  one  of  claims  31-46,  characterised  in  that  the  voltage  application  step  comprises 

the  step  of  controlling  the  voltage  applied  to  the  conductive  member  to  not  less  than  a  predetermined  value. 
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48.  The  method  according  to  any  one  of  claims  31-47,  characterised  in  that  the  voltage  application  step  comprises 
the  step  of  controlling  the  potential  applied  via  the  column  wiring  to  not  less  than  a  predetermined  value. 

49.  The  method  according  to  any  one  of  claims  31-48,  characterised  by  further  comprising  the  step  of  determining 
5  which  of  the  plurality  of  row  wirings  is  not  selected. 

50.  The  method  according  to  claim  49,  characterised  in  that  the  unselected  row  wiring  is  an  abnormal  row  wiring. 

51.  The  method  according  to  claim  49  or  50,  characterised  in  that  the  unselected  row  wiring  is  a  row  wiring  flowing  a 
10  current  value  which  falls  outside  a  predetermined  range. 

52.  The  method  according  to  any  one  of  claims  49-51  ,  characterised  in  that  the  unselected  row  wiring  is  a  row  wiring 
having  a  rate  of  change  in  a  flowing  current  value  which  falls  outside  a  predetermined  range. 

is  53.  The  method  according  to  any  one  of  claims  49-52,  characterised  by  further  comprising  the  further  voltage  appli- 
cation  step  of  applying  a  voltage  to  conductive  members  serving  as  at  least  part  of  electron-emitting  devices  con- 
nected  to  an  unselected  row  wiring. 

54.  The  method  according  to  claim  53,  characterised  in  that  the  further  voltage  application  step  comprises  the  step  of 
20  selecting  an  unselected  row  wiring  to  apply  a  predetermined  potential,  and  applying  a  potential  different  from  a 

potential  applied  to  the  first  portions  from  the  row  wiring  receiving  the  predetermined  potential  via  the  plurality  of 
column  wirings,  to  the  second  portions  of  conductive  members  connected  to  the  row  wiring  receiving  the  prede- 
termined  potential,  thereby  applying  a  voltage. 

25  55.  The  method  according  to  claim  53  or  54,  characterised  in  that  the  further  voltage  application  step  comprises  the 
step  of  selecting  an  unselected  row  wiring  to  apply  a  predetermined  potential,  and  applying  a  potential  different 
from  a  potential  applied  to  the  first  portions  from  the  row  wiring  receiving  the  predetermined  potential  via  the  plurality 
of  column  wirings,  to  the  second  portions  of  conductive  members  connected  to  the  row  wiring  receiving  the  pre- 
determined  potential,  thereby  applying  a  voltage,  and  the  potential  applied  to  the  second  portions  of  the  plurality 

30  of  conductive  members  is  set  to  reduce  differences  between  voltages  applied  to  the  respective  conductive  mem- 
bers  caused  by  differences  between  potentials  at  portions  connected  to  the  first  portions  of  the  respective  con- 
ductive  members  on  the  row  wiring. 

56.  The  method  according  to  any  one  of  claims  31-55,  characterised  in  that  the  voltage  application  step  comprises 
35  the  step  of  determining  simultaneous  selection  row  wirings,  and  the  determination  step  comprises  the  step  of 

measuring  wiring  resistances  of  the  plurality  of  row  wirings,  and  determining  simultaneous  selection  row  wirings 
on  the  basis  of  the  resistances. 

57.  The  method  according  to  claim  56,  characterised  in  that  the  method  further  comprises  the  step  of  arranging  con- 
40  ductive  members,  and  the  determination  step  is  done  before  the  conductive  members  are  arranged. 

58.  The  method  according  to  claim  56,  characterised  in  that  the  method  further  comprises  the  step  of  forming  gap 
portions  serving  as  electron-emitting  portions  in  conductive  members,  and  the  determination  step  is  done  before 
the  gap  portions  are  formed. 

45 
59.  The  method  according  to  claim  58,  characterised  in  that  the  determination  step  is  done  before  the  gap  portions 

are  formed  after  the  conductive  members  are  formed. 

60.  The  method  according  to  any  one  of  claims  31-59,  characterised  in  that  the  voltage  application  step  comprises 
so  the  step  of  determining  simultaneous  selection  row  wirings,  and  the  determination  step  comprises  the  step  of 

determining  simultaneous  selection  row  wirings  on  the  basis  of  a  structure  of  the  electron  source. 

61.  The  method  according  to  any  one  of  claims  31-59,  characterised  in  that  the  voltage  application  step  comprises 
the  step  of  determining  simultaneous  selection  row  wirings,  and  the  determination  step  comprises  the  step  of 

55  determining  simultaneous  selection  row  wirings  on  the  basis  of  potential  drops  on  extraction  wirings  respectively 
connected  to  the  plurality  of  row  wirings. 

62.  The  method  according  to  any  one  of  claims  31-60,  characterised  in  that  the  voltage  application  step  comprises 
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the  step  of  determining  simultaneous  selection  row  wirings,  and  the  determination  step  comprises  the  step  of 
determining  simultaneous  selection  row  wirings  on  the  basis  of  atmospheres  at  positions  of  respective  conductive 
members. 

The  method  according  to  claim  62,  characterised  in  that  the  determination  step  comprises  the  step  of  determining 
simultaneous  selection  row  wirings  on  the  basis  of  atmospheric  pressures  at  positions  of  respective  conductive 
members. 

The  method  according  to  any  one  of  claims  31  -63,  characterised  in  that  the  potential  applied  to  the  second  portion 
is  changed  in  accordance  with  a  change  in  potential  applied  to  the  first  portion. 

The  method  according  to  any  one  of  claims  31  -64,  characterised  in  that  one  or  both  of  the  potential  applied  to  the 
first  portion  and  the  potential  applied  to  the  second  portion  are  applied  like  pulse  waves. 

The  method  according  to  any  one  of  claims  31-65,  characterised  in  that  the  voltage  application  step  comprises 
the  step  of  selecting  a  given  row  wiring  to  apply  a  voltage  to  conductive  members  connected  to  the  selected  row 
wirings  at  a  time  interval,  and  the  step  of  selecting  other  row  wiring  at  the  time  interval  to  apply  a  voltage  to  con- 
ductive  members  connected  to  the  other  row  wiring. 

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,  characterised  by  comprising  the 
steps  of: 

manufacturing  the  electron  source  by  the  electron  source  manufacturing  method  defined  in  any  one  of  claims 
31-66;  and 
assembling  the  electron  source  and  the  image  forming  member. 

An  apparatus  for  manufacturing  an  electron  source  having  a  plurality  of  electron-emitting  devices,  characterised 
by  comprising  a  voltage  application  device  for  applying  a  voltage  to  a  plurality  of  conductive  members  serving  as 
at  least  part  of  the  electron-emitting  devices  connected  to  simultaneously  selected  row  wirings  by  using  a  matrix 
wiring  made  up  of  pluralities  of  row  and  column  wirings  arranged  substantially  along  directions  which  cross  each 
other, 

said  voltage  application  device  having: 

means  for  applying  a  potential  to  first  portions  of  the  plurality  of  conductive  members  via  the  selected  row 
wirings;  and 
means  for  applying  a  potential  to  second  portions  of  the  plurality  of  conductive  members  via  the  plurality  of 
column  wirings, 
wherein  the  potential  applied  to  the  second  portions  of  the  plurality  of  conductive  members  is  set  to  reduce 
differences  between  voltages  applied  to  the  respective  conductive  members  caused  by  differences  between 
potentials  at  portions  connected  to  the  first  portions  of  the  respective  conductive  members  on  the  row  wiring. 

80 



EP  0  964  421  A1 

1 0 5  

Vscan TIMING  GENERATION 
CIRCUIT 

F I G .   1  

LINE 
SWITCHING 

1  SIGNAL  r 

ACTIVATION  START/END 
INSTRUCTION 

1 0 6  

ACTIVATION 
VOLTAGE 

1 0 4  

POWER 
SOURCE 

1 0 2  

CONTROL  CIRCUIT 

Hscan 

109  ACTIVATION 
J  CURRENT 

1 0 8  

1 1 0  
CURRENT 
SETTING 
VALUE 

POTENTIAL  DISTRIBUTION 
GENERATION  CIRCUIT 

1 0 7  By1 By2 By3 Byn 

BUFFER  AMPLIFIER 

1 0 3  
CURRENT 
MONITORING 
CIRCUIT 

I  Sx1 

Sy1 Sy2 Sy3 

- - C - - - - Q - - - 0 -  

LINE 
SELECTION 

CIRCUIT 

Sx2 
Sx3 

101 

Dx1 

Dy1 

Dx2 

-o- Dx3 

Sxm Dxm 

Dy2 Dy3 

Syn 

—  0  —  ■ 

Dyn 

SURFACE-CONDUCTION 
EMISSION  TYPE 

ELECTRON-EMITTING 
DEVICE  SUBSTRATE 

81 



o  

1  -  2  P  





EP  0  964  421  A1 

, 1 0 8  

9 -  

POTENTIAL  DISTRIBUTION  GENERATION  CIRCUIT 

-V  -V  -V  -V  -V^|  j 

CQ1  A   CQ2  A   CG3  
A   

CQn-1  A   CQn  A   
f  ! 

3 0 2  

>.  CONSTANT 
[CURRENT  CIRCUIT 

rdl rd2 rd3 rdn-1 
A A A r   ^AAAr  ^AAAr  V \ A r r W n   J  equ iva len t   wi r ing  

RESISTANCE  ARRAY 

rdn 301  

1 1 0  
CURRENT 
SETTING 
VALUE 

By1 By2 By3 Byn-1 Byn 1 0 7  

Dx1 

I 

Syn- Syn 

BUFFER 
AMPLIFIER 

Dyn-16  Dyn  6  

R y <   R y <  

in-  it  in£ 

Fn-1  1  Fn 

, 401  

m-1 

Fn 

rn 

SURFACE- 
CONDUCTION 

EMISSION 
TYPE 

ELECTRON- 
EMITTING 

Gy1  Gy2  Gy3 
—  '  V W ^ A A A r   DEVICE  GR0UP 

Gyn-1  Gyn 

1  

- 1 0 2  
LINE  SELECTION  CIRCUIT 

, 1 0 3  
CURRENT  MONITORING  CIRCUIT 

 ̂ 1 0 9  
ACTIVATION  CURRENT  VALUE 

104  F I G .   4  
POWER  SOURCE 

84 



r  0  9b4  421  Al 

V], 

18  - 

'ERMINAL 
'OTENTIAL 

F I G .   5 A  

3y1  Gy2  Gy3  Gy4  Gy5  Gy6 

■\  F2  F3  F4  F5  F6 

jyn-k:  uyn-i  byn 

)EVICE  AHPLKJAIIUN 
VOLTAGE  =  18V 

-n—c  rn-i  ni 

Syl  Sy2  Sy3  Sy4  Sy5  Sy6  UtV,Ut  Syn-2  Syn-1  Syn 

F I G .   5 B  

[V] 

18  i  Gy1 

g G y 4   Gy5  Gy6 

TERMINAL  ] 
POTENTIAL 

uyn-ii  uyn-i  uyn 
—   o—  o—  o  

F1  F2  F3  F4  ht)  rb 
H  1  1  1  1  1  —  

W   Sy5  Sy6 

JEVICfc  ArTLIUAIlUN 
/OLTAGE  =  18V 

rn-<i  rn-  1  rn 
—  i  1  l— 

UbVlUb  INUIVlDtn 

Syn-2  Syn-1  Syn 



EP  0  964  421  A1 

F I G .   6  

ACTIVATION  START/END 
INSTRUCTION 

6 0 5  

Vscan TIMING  GENERATION 
CIRCUIT 

LINE 
SWITCHING 

1  SIGNAL  I 

6 0 6  

ACTIVATION 
VOLTAGE 

6 0 4  

POWER 
SOURCE 

6 0 2  

CONTROL  CIRCUIT 

Hscan 

609  ACTIVATION 
/  CURRENT 

6 0 8  

6 1 0  
CURRENT 
SETTING 
VALUE 

POTENTIAL  DISTRIBUTION 
GENERATION  CIRCUIT 

6 0 7  Byl By2 By(n/2) 

BUFFER  AMPLIFIER 

Sy1 

6 0 3  
CURRENT 
MONITORING 
CIRCUIT 

Sxl  . 

Sy2 Sy(n/2) 

LINE 
SELECTION 

CIRCUIT 

Dy1 

Sx2 

Sxm 

6 0 1  

Dx1 

^ D x m ^  

Dy2 
0- 

Dy(n/2) Dyn-1 
<> 

Dyn 

SURFACE-CONDUCTION 
EMISSION  TYPE 

ELECTRON-EMITTING 
DEVICE  SUBSTRATE 

Dx1 
Dx2 

.Dxm 

86 



tK  U  ab4  421  Al 

v  J 

30TENTIAL 

F I G .   7 A  

^   Gy2  Gy3  Gy4 

r  i  rc  ro  r f  

Sl"  Sy3  £  

Uy(n/2)  Gy(n/2+1) 
O—  O  

UtvlUb  ArrLlUA  I  IUN 
VOLTAGE  =  18V 

r(n/z)  i-(n/2+1)  • 
—   i  1 

Sy(n/2)  Sy(n/2+1) 
DEVICE  NUMBER 

byn-1 _1  Gyn 

Fn-1  Fn 

Syn-1  Syn 

h  I  < S .   7 B  
v  J 

°  1  

I  cnivlMNML 
'OTENTIAL 

•i  r-d  \-<5  r4  ■ 
1  1  1  1  —  

oyi  c 

it  VIL-t  ArrLlUA  I  IUN 
'OLTAGE=  18V 

■(n/2)  h(n/2+1)  - 

»yo  Sy4 
>y(n/̂ )  by(n/^+i) 

■n-1  Fn 

/n - l  



EP  0  964  421  A1 

F I G .   8  

ACTIVATION  START/END 
INSTRUCTION 

8 0 5  

Vscan TIMING 
GENERATION 

CIRCUIT 

ACTIVATION 
VOLTAGE 

8 0 4  

LINE 
SWITCHING 

SIGNAL 

812  OFFSET 
{  VALUE 

Hscan 
8 1 2  
OFFSET 
VALUE 

809  ACTIVATION  CURRENT 

8 0 8  

8 1 1  
^   POTENTIAL 
810  DROP 
CURRENT  AMOUNT 
SETTING 
VALUE 

POTENTIAL  DISTRIBUTION 
GENERATION  CIRCUIT 

8 0 7  By1 By2 By3 Byn 

BUFFER  AMPLIFIER 

8 0 2  

8 0 3  
CURRENT 
MONITORING 
CIRCUIT 

l  Sx1 

LINE 
SELECTION 

CIRCUIT 

8 0 1  

Dx1 

Sy1 

Dy1 

Sx2  %  Dx2 
Sx3   ̂ Dx3 

Sxm  
p  

Dxm 

Sy2  Sy3 

o  o  —  -o 

Dy2  Dy3 

Syn 

Dyn 

SURFACE-CONDUCTION 
EMISSION  TYPE 

ELECTRON-EMITTING 
DEVICE  SUBSTRATE 

88 



EP  0  964  421  A1 

81  0  CURRENT  SETTING  VALUE 

( ;   

POTENTIAL  DISTRIBUTION  GENERATION  CIRCUIT 

I  _v  -V  -V  -V  -V~] 

•  C01  A   CQ2  
A   

CC3  A   Cfln-1  A   CQn  A   
r  

, 8 0 8  

3 0 2  
L  I  CONSTANT 

> CURRENT 

rdl  rd2  rd3  rdn—  1  rdn  ^  301  
- A / W - ^ W - ^ A / W -   - ^ ^ V V i i S S K ?  

By1  By2  By3  Byn-1  Byn  8 0 7  
. . . s r *   - 

A n   A n   A n   A n   A n   b u f f e r  
xll  l x l l   l x l l   lx l l   I  x1  I  AMPLIFIER 
T  T  T  T  T 

Sy1  Sy2  Sy3  Syn-1  Syn 
Dy1o  Dy2o  Dy3o  Dyn-1o  Dyno  ^ _ , 9 0 1  

8 1 2  
OFFSET 
SETTING 
VALUE 

Ry->  Ry. Ry. 

F1 

r1 

F2 

r2 

F3 

r3 

Gy1  Gy2  Gy3 

rn—  1  rn 

Gyn-1  Gyn 

SURFACE- 
CONDUCTION 

EMISSION 
TYPE 

ELECTRON- 
EMITTING 

DEVICE  GROUP 

8 0 2  
LINE  SELECTION  CIRCUIT 

8 0 3  
CURRENT  MONITORING  CIRCUIT 

8 0 9  
'  ACTIVATION  CURRENT  VALUE 

8 0 4  
POWER  SOURCE F I G .   9  

89 



EP  0  964  421  A1 

F I G .   1 0 A  

[ v ] .  

18  • 

TERMINAL 
POTENTIAL 

Gy1  Gy2  Gy3  Gy4  Gy5  Gy6 

F1  F2  F3  F4  F5  F6 

Gyn-2  Gyn-1Gyn 

—   o —   o—  o  

DEVICE  APPLICATION 
VOLTAGE  =  18V 

Fn-2  Fn-1  Fn 
- ^ t   —   ±  —   ±~ 

O—  O—  6  

Sy1  Sy2  Sy3  Sy4  Sy5  Sy6  DEVICE  NUMBER  Syn-2  Syn-1  Syn 

F I G .   1 0 B  

DFFSET  VOLTAGE 
:  Voff  , 

TERMINAL 
POTENTIAL 

:3  F4  F5  F6 

Syl  Sy2  Sy3 5V4  Sy5  Sy6 

3yn-2  Gyn-1  Gyn 

DEVICE  APPLICATION 
VOLTAGE  =  18V 

DEVICE  NUMBER 
Fn-2  Fn-1  Fn 
—  I  1  1  —   ► 

Syn-2  Syn-1  Syn 

)0 



EP  0  964  421  A1 

F I G .   1 1  

ACTIVATION  START/END 
INSTRUCTION 

1 1 0 5  

Vscan TIMING 
GENERATION 

CIRCUIT 

ACTIVATION 
VOLTAGE 

1 1 0 4  

POWER 
SOURCE 

1 1 0 2  

LINE 
SELECTION 

CIRCUIT 

LINE 
SWITCHING 

SIGNAL 

Hscan 

1  1  09  ACTIVATION 
CURRENT 

1 1 1 0 — -  
CURRENT 
SETTING 
VALUE 

1 1 0 8  
X  n  LINES 

POTENTIAL  DISTRIBUTION 
GENERATION  CIRCUIT 

1 1 0 7  By1 By2 By3 Byn 

BUFFER  AMPLIFIER 

1 1 0 3  Sy1 

n  LINES 

Sy2 Sy3 Syn 

CURRENT  MONITORING  CIRCUIT. 

Sx1 

1 1 0 1  

Dx1 

Dy1 

Sx2  I  Dx2 
Sx3  6  Dx3 

Sxm  
p  

Dxm 

0  0  —  -o 

Dy2  Dy3 
r  IF  ir 

- - - < \ -  

Dyn 

SURFACE-CONDUCTION 
EMISSION  TYPE 

ELECTRON-EMITTING 
DEVICE  SUBSTRATE 

91 



EP  0  964  421  A1 

_y1108 

POTENTIAL  DISTRIBUTION  GENERATION  CIRCUIT 

\   - v \   - v \   -v  < \ ~ ^ v \   : 

_L7 
rdl 

1110  By1 
CURRENT  r 
SETTING  I 
VALUE  !  : 

rd2 

By2 

rd3 

By3 

Sy1 

\   - V \   -V"|  3 0 2  
f  f  I  CONSTANT 

_ j Q   L ^ Q r   CURRENT 
C f i n - l S c G n Q J   CIRCUIT 

AAAr  ^ V W -   -AAA/  —   - A A A r   - W V -   \   equivalent  wiring 
rdl  rd2  rd3  rdn-1  rdn  J  RESISTANCE  ARRAY 

Byn-1 Byn ,110/  

S   0  BUFFER 
AMPLIFIER 

Sy2  Sy3  Syn-1  Syn , 1 1 0 3  

1 1 0 9  
ACTIVATION 
CURRENT 
VALUE 

CURRENT 
MONITORING 

CIRCUIT 

w w w -  
Gy1  Gy2  Gy3 

SURFACE- 
CONDUCTION 

EMISSION 
TYPE 

ELECTRON- 
EMITTING 

- " A A A r ' A A A r   DEVICE  GROUP 
Gyn-1  Gyn 

1102  
LINE  SELECTION  CIRCUIT 

1104  
POWER  SOURCE 

F I G .   1 2  

92 



EP  0  964  421  A1 

F I G .   1 3  

ACTIVATION  START/END 
INSTRUCTION 

1 3 0 5   L|NE  
1 3 0 6  

SWITCHING 
w_._n  TIMING  SIGNAL 

■  
Vscan  GENERATION  «■  —   CONTROL  CIRCUIT 

CIRCUIT 

ACTIVATION 
VOLTAGE 

1 3 0 4  

POWER 
SOURCE 

Hscan 

1309   ACTIVATION 
CURRENT 

1 3 0 8  

1 3 1 1  
LATCH 
CLK 

1 3 1 0  
OUTPUT 
SETTING 
VALUE 

/ w   LINES 

POTENTIAL  DISTRIBUTION 
GENERATION  CIRCUIT 

1 3 0 7  By1 By2 By3 Byn 

BUFFER  AMPLIFIER 

1 3 0 3  

n  LINES 

Sy1 Sy2 Sy3 Syn 

CURRENT  MONITORING  CIRCUIT. 

( V - - - 0 - - - O - - -  O  

1 3 0 2  

LINE 
SELECTION 

CIRCUIT 

1 3 0 1  Dy1 

—  Q  -•  » 
Sx2  j D x 2   % 
Sx3  •  Dx3  % 

Sx1 

Sxm  '  Dxm 

Dy2  Dy3  Dyn 

SURFACE-CONDUCTION 
EMISSION  TYPE 

ELECTRON-EMITTING 
DEVICE  SUBSTRATE 

93 



EP  0  964  421  A1 

1  31  0  CURRENT  SETTING  VALUE 

\  ;  POTENTIAL  DISTRIBUTION  GENERATION  CIRCUIT 
^   S  S  <S  S  N 

;  DD1|  DD2J  DD3]  DDn-ll  DDn]  1 4 0 3  
'  I I   f ~ l   l ~ l   n   n   I  UTCH 

a-;  >  - >   - >   >  _ >   CIRCUIT 

1 3 0 8  

1311  
LATCH 

DDI]  DD2) i  DD3 

DM) 

Sy1 

1309  ; 
ACTIVATION  I 
CURRENT 
VALUE 

Rmon  ^Rmon  ^Rmon  < 

Dy10  Dy26  Dy3c 

DDn- 

CLK  i 

By1  By2  By3  Byn-1  Byn 

1  1*1  1*1  1  —  *"  —  1  1  —  ̂  —  1  P—  ̂  

1 4 0 2  
>  D/A 

J  CONVERTER 

1 3 0 7  

Sy2  Sy3  Syn-1  Syn 

L 

BUFFER 
AMPLIFIER 

,1303  

CURRENT 
MONITORING 

CIRCUIT 

.1401 

SURFACE- 
CONDUCTION 

EMISSION 
TYPE 

ELECTRON- 
EMITTING 

Gy1  '  '  'Gy2  '  '  'Gy3 
DEVICE  GROUP 

Gyn-1 'Gyn 

1 3 0 2  
LINE  SELECTION  CIRCUIT 

1 3 0 4  
30WER  SOURCE 

F I G .   1 4  

94 



EP  0  964  421  A1 

F I G .   1 5  

0  ACTIVATION  OF  ONE  LINE 

CALCULATE  DEVICE  CURRENT  iave 
FROM  INPUT  VALUE  FROM  CURRENT 

MONITORING  CIRCUIT 
S 3 4 0 1  

S 3 4 0 2  

S 3 4 0 3  

c  END  (NEXT  LINE) 

95 



EP  0  964  421  A1 

F I G .   1 6  

ACTIVATION  START/END 
INSTRUCTION 

1 0 5  

Vscan TIMING  GENERATION 
CIRCUIT 

ACTIVATION 
VOLTAGE 

1 0 4  

1 0 2  

LINE 
SWITCHING 

SIGNAL 

1 6 0 6  

CONTROL  CIRCUIT 

Hscan 

109  ACTIVATION 
CURRENT 

1 6 0 8  

111  
LATCH 
CLK 

1 1 0  
OUTPUT 
SETTING 
VALUE 

/   n  LINES 

POTENTIAL  DISTRIBUTION 
GENERATION  CIRCUIT 

1 0 7  By1 By2 By3 Byn 

BUFFER  AMPLIFIER 

1 0 3  
CURRENT 
MONITORING 
CIRCUIT 

Sy1 Sy2 Sy3 

6 - - - - 6 - - - - 0 - - - -  

u  LINE 
SELECTION 

CIRCUIT 

Sx1 

101  

Dx1 

Dy1 

Sx2  p  pX2 
Sx3  a  Dx3 

Sxm  
p  

Dxm  w 

Dy2 Dy3 

Syn 

<\_. 

Dyn 

SURFACE-CONDUCTION 
EMISSION  TYPE 

ELECTRON-EMITTING 
DEVICE  SUBSTRATE 

96 



EP  0  964  421  A1 

1  1  0  CURRENT  SETTING  VALUE 1 0 8  

111 
LATCH 
CLK 

POTENTIAL  DISTRIBUTION  GENERATION  CIRCUIT 

DDl|  DD2|  DD3| 

By1 

DDn-lj  DDn| 

By2 By3 

Sy1 

Byn-1 

Sy2 

D/A 

Byn 

Sy3 

3 0 3  
>  LATCH 

CIRCUIT 

3 0 2  
D/A 

'CONVERTER 

1 0 7  

Syn-1 
Dy16  Dy26  Dy36 

Syn 

BUFFER 
AMPLIFIER 

Dyn-16  Dyn  6  3 0 1  

R y >   Ry<>  Ry< 

F 1 | |   F 2 | |   F 3 f  F1 

r1 

F2 

r2 

Fn-1 

Ry<>;  Ry-<   s u r f a c e -  
^   CONDUCTION 

in~JL  jOL  EMISSION 
i l l   e l l   TYPE 

r3 rn-1 

Fn 

rn 
ELECTRON- 

EMITTING 
A A A r M A A r M / V V ^   - A A / V M / V V   DEVICE 

V  V  VGy1  V  V  VGy2  V  V  VGy3  V  V  J  /  V  VGyn  GROUP 

1 0 2  
LINE  SELECTION  CIRCUIT 

1 0 3  
CURRENT  MONITORING  CIRCUIT 

1 0 9  
ACTIVATION  CURRENT  VALUE 

- 1 0 4  
POWER  SOURCE 

F I G .   1 7  

97 



EP  0  964  421  A1 

F I G .   1 8  

ACTIVATION  START/END 
INSTRUCTION 

5 0 5  

Vscan 

ACTIVATION 
VOLTAGE 

TIMING 
GENERATION 

CIRCUIT 

1 0 4  

POWER 
SOURCE 

5 0 3   l _ 2  
CURRENT 
MONITORING 
CIRCUIT  r- 

512   Ld  L 
NON-  V 

SELECTION  X  

POTENTIAL 
SETTING  VALUE 

LINE  v 

SWITCHING 
SIGNAL 

5 0 6  

CONTROL 
CIRCUIT 

Hscan 

5 0 9  
ACTIVATION 
CURRENT 

5 0 8  

5 1 1  
LATCH 
CLK 

5 1 2  

_^  NON-SELECTION 
POTENTIAL 
SETTING  VALUE 

5 1 0  
CURRENT 
SETTING 
VALUE 

X   n  LINES 

POTENTIAL  DISTRIBUTION 
GENERATION  CIRCUIT 

5Q7  
By1  By2  By3  Byn 

-  BUFFER  AMPLIFIER 

Sy1  Sy2  Sy3  Syn 

r  A.- -6-- -A  6 - -  

i  
5Q1  Dy1  Dy2  Dy3  Dyn 

l   ̂ _  u  ir  ii  ir 

SURFACE-CONDUCTION 
EMISSION  TYPE 

ELECTRON-EMITTING 
DEVICE  SUBSTRATE 

502   LINE  SELECTION 
\   CIRCUIT 
5 1 3  
VARIABLE  POWER  SOURCE 

98 



LU  T  

9  LU 

<: 

-   i  ^  s  



4  
i  — 

U .   a l  

LU 



EP  0  964  421  A1 

F I G .   2 1  

ACTIVATION  OF  ONE  LINE )  

CALCULATE  DIGITAL  VALUES 
CORRESPONDING  TO  By1  TO  Bym  FROM 

INPUT  VALUE  FROM  CURRENT 
MONITORING  CIRCUIT 

S 2 7 0 1  

SET  CALCULATED  DIGITAL  VALUES  IN 
LATCH  CIRCUIT  303 

S 2 7 0 2  

1  

OUTPUT  LATCH  CLOCK S 2 7 0 3  

S 2 7 0 4  

101 



EP  0  964  421  A1 

102 



EP  0  964  421  Al 

F I G .   2 3 A  

X 

/  
/  
/  
/  
/  
/  
/  
/  
/  
/  
/  
/  
/  
/  
/  
/  
/  
/  

/  
/  
/  
/  
/  
/  
/  
/  

R  ^  
/  
/  
/  
/  
/  
/  
/  
/  

/  
/  
/  
/  
/  
/  
/  
/  

/  
/  
/  
/  
/  
/  
/  
/  

B 

7  
/  
/  
/  
/  
/  
/  
/  
^  R 
/  
/  
/  
/  
/  
/  
/  
/  

7  
/  
/  
/  
/  
/  

*  Q 
/  
/  
/  
/  
/  
/  
/  
/  

1010   :  BLACK 
/   CONDUCTOR 

R  :  RED  PHOTOSPHOR 

/   G  :  GREEN  PHOTOSPHOR 
/]  B  :  BLUE  PHOTOSPHOR 

F I G .   2 3 B  

1010  : BLACK 
CONDUCTOR 

H  :  HEU  PHOTOSPHOR 
:  G  :  GREEN  PHOTOSPHOR 

I  B  :  BLUE  PHOTOSPHOR 

03 



EP  0  964  421  A1 

F I G .   2 4 A  

1 1 0 3  1 1 1 3  1102   
^   

11Q1 

J  

— h   1  \ 
1 1 0 4   1105   1 1 0 4  

W  

F I G .   2 4 B  

104 



EP  0  964  421  A1 

F I G .   2 5 A  

1 1 0 3  - 1 1 0 2  

r\_\  \  \ .m  _  _  f\  \  \  \  \ i  
1 1 0 1  

F I G .   2 5 B  

1 1 0 4  

F I G .   2 5 C  

,1  1 0 5  

1 1 1 0  

F   I  G .   2 5 D  

1 1 1 6  

1 1 1 5  

1 1 0 3  

F I G .   2 5 E  

1 1 0 5  
11P4  1113  /   , 1 1 1 3  

, 1 1 0 2  

1 1 0 1  

105 





P  0  964  421  Al 

F I G .   2 7 A  

ACTIVATION 
>OWER 
SUPPLY 

T4 

re  I 

)UTPUT 
VOLTAGE 

EMISSION, 
CURRENT 

le  

Vac 

IIMt 

F I G .   2 7 B  

t J  
- S f  

I  IMt 

END  OF  ELECTRIFICATION 
ACTIVATION  TREATMENT 





EP  0  964  421  A1 

F I G .   2 9 A  

1 2 0 3  

F I G .   2 9 B  A  

1 2 0 6  

- 1 2 0 2  

F I G .   2 9 C  
E Z 2  

A  

F I G .   2 9 D  
Z Z  

A  

1 2 0 4  

F I G .   2 9 E  F7~Z W W   W i s  4  

7  
A  

1 2 0 4 v  

F I G .   2 9 F  
1 2 0 3  

^   / 1 2 0 2  

2 0 6  

C \ O H 2 0 1  

109 



EP  0  964  421  A1 

F I G .   3 0  

APPLIED  DEVICE  VOLTAGE  Vf  (V) 

110 





EP  0  964  421  A1 

F I G .   3 2  



EP  0  964  421  A1 

F I G .   3 3  

ACTIVATION  START/END 
INSTRUCTION 

7 0 5  

Vscan TIMING 
GENERATION 

CIRCUIT 

ACTIVATION 
VOLTAGE 

7 0 4  

POWER 
SOURCE 

7 0 2  

LINE 
SELECTION 

CIRCUIT 

LINE 
SWITCHING 

SIGNAL 

7 0 6  

CONTROL  CIRCUIT 

Hscan 

711  -  
LATCH 
CLK 

7 0 8  

713  ACTIVATION 
TIME 

7 1 2  

DISTRIBUTION  VALUE 
MEMORY 

7 1 0  
OUTPUT  SETTING 
VALUE 

X  n  LINES 

^   POTENTIAL  DISTRIBUTION 
GENERATION  CIRCUIT 

7Q7  By1  By2  By3  Byn 

-  BUFFER  AMPLIFIER 

Sy1  Sy2  Sy3  Syn 

( V - - - 0 - - - O -  

Sx1 
Sx2 
Sx3 

7 0 1  

Dx1 

Dy1 

Dx2 
Dx3 

Sxm  
p  

Dxm 

Dy2 Dy3 Dyn 

SURFACE-CONDUCTION 
EMISSION  TYPE 

ELECTRON-EMITTING 
DEVICE  SUBSTRATE 

113 



I 

—  1 
d z - '   O  CO  o  z 2   <  =  >  o  oo LU  o  1-  5  —  .  V  | o.  y  Z  CC  1  .  1 

2  H;  LU  LU  | 

LL. 

O  

■  . . .  

O  

■  ■  -  • 

1 

•  •  a  . 

'  <=>  <P 
Q . y Z L T w   1  .  1 

° - o  
u_ 

i 
'  <  z  „   °   t  

Q-  ^  Z  OC  -  —  1  .  1 
^  h-UJLU  <m 

u_ 
i 

^ < i ~   °   ^  "? 
Q-  ^  Z  CE  —  -  1  .  1 
2  ^LULil  r- 

° - o  
LL 

/   GO  -7 /   lu  •  — /   cr  %  S  
/   Q  O  CD 

>/  <  ii  Ji  Ji 

114 



a.  a 

o  S 

/  

--  9 $  
--  0 "  a:  r o  

CNJ 
O 

~  .  r- 

o  



EP  0  964  421  A1 

F I G .   3 6  

3 0 0 5   3 0 0 4  

3 0 0 1  

I w  

116 



EP  0  964  421  A1 

F I G .   3 7  

4 0 0 3   4 0 0 3   4 0 0 3 4 0 0 3   4 0 0 3 4 0 0 3  

4 0 0 4  

117 



:P  0  964  421  A1 

F I G .   3 8  

:YN-2  EYN-1  EYN 

?  ?  ?  

EXi 

EX2  o -  

EXs  o -  

-Xm-2  o  

EXm-1  o- 

EXm  o  

SURFACE-CONDUCTION  EMISSION  TYPE 
ELECTRON-EMITTING  DEVICE 

118 



EP  0  964  421  A1 

F I G .   3 9  

777  777  777  777  777  777 

9  9  9  9  9  9  
EX1  [EYi  |EY2  |EY3  TeYn-2 |EYn- iTeYn  

l   w   /   /   w w w  

ACTIVATION  ■  1 
v o l t a g e   ;  :  :  :  :  : 
s o u r c e   1  :  :  :  :  :  : 

1  EXM-2  •  ' 
1   

k z . w w w   w w w  

^ i w w w w   w w w  

^   V v v   w w w  

SURFACE-CONDUCTION  EMISSION  TYPE 
ELECTRON-EMITTING  DEVICE 

119 



Ll_  ,>  . 



K 5  





P  0  964  421  Al 

=  I G .   4 3 A  

OLTAGE  \ i J t \ i J t \ i J t \ j T T   \ ^ [ 7 T 7 \ ~ 7 7 T  

SOURCE  ?  ?  ?  ?  ■ ?   ?  ?  

(  T f r - ^ x x x ;   —   x x x ^  

\  10  
X X   X X   X X X "   

°  

r - j k   °  
X X   X X .   X X X .   

^  

/ / / - ' / - V   c  
X X   X X ,   X X X ,   

0 

/ 

/ / / 
/ / 

/ 

^ - ^ x x x ;   
—   

x x x -   
^  

0  
x x x x   X X X   

0  

Th   
°  

x x x x   X X X   
° ~ "  

■>h  °  
X X . X . X .   X X X ,   

"  

r h   \  x l x l x l x i   X X X   ?  

123 





EP  0  964  421  A1 

F I G .   4 4  
4 4 1 1 1  

MEMORY 

ACTIVATION  START/ 
END  COMMAND 

LINE 
SELECT 
SIGNAL 

4 4 1 0 5  

TIMING  GENERATION 
CIRCUIT 

ACTIVATION 
VOLTAGE 

4 4 1 0 4  

POWER 
SOURCE 

DRIVING 
LINE 

SETTING 
SIGNAL 

4 4 1 0 9  
ACTIVATION 
CURRENT 

4 4 1 0 9  
ACT!V.vr/'N 
CURRENT 

CONTROL  CIRCUIT 

Hscan C L K ^ J 7  

4 4 1 0 6  

4 4 1 0 9   ACTIVATION 
J  CURRENT 

4 4 1 0 8  

LATCH 
CLK 

4 4 1 1 0  
OUTPUT 
SETTING 
VALUE 

PIXEL  ELECTRODE 
DRIVING  CIRCUIT 

4 4 1 0 7  By1 By2 By3 Byn 

BUFFER  AMPLIFIER 

Sy1 Sy2 Sy3 

m  r;  o  
TERMI-  o  
NALS  z  - 

h A A i  Sx1 

Dy1 

Sx2 
Sx3 

Dx1 
Dx2 

- o  Dx3 

Sxm Dxm 

Dy2 Dy3 

Syn 

Dyn 

SURFACE-CONDUCTION 
EMISSION  TYPE 

ELECTRON-EMITTING 
DEVICE  SUBSTRATE 

4 4 1 0 2  4 4 1 0 3  
CURRENT  DETECTION 
CIRCUIT 

4 4 1 0 1  

125 



-3- 



r  U  yb4  4Z1  Al 

F I G .   4 6  

1 4 1 1 0   OUTPUT  SETTING  VALUE 

(  
;  PIXEL  ELECTRODE  DRIVING  CIRCUIT 

.ATCH  ; 
:lk  : 

DDI) DD2) DD3| DDn-l)  DDn] 

—  i 

J/MJ 

4-̂   IUO 

LATCH  ; 
CIRCUIT  I 

4 4 3 0 2   I 
d/a  : 
c o n v e r t e r   ; 

By1 By2 By3 byn-l  tsyn 



EP  0  964  421  A1 

4 4 1 1 0  4 4 1 0 8  

LATCH 
CLK 

DDll ~DD2] ~Dm\ 

By1 By2 By3 

Sy1 Sy2 Sy3 

Dyl6  Dy26  Dy3cb 

Ry< :   R y < :   Ry- 

Dx1 

F1 

r1 

i1T  i2 

n   F 2 r  

r2 

F3 

r3 

DDn-lj DDn 

Byn- Byn 

4 4 3 0 1  
I  LATCH 

J  CIRCUIT 

 ̂ 4 4 3 0 2  
fD/A ;  CONVERTER 

4 4 1 0 7  

Syn-1 Syn 

BUFFER 
AMPLIFIER 

Dyn-l6  Dyn  A 4 4 4 0 1  

Ry< 
< 

in—  i 

Fn- 

v  v  vGy1  v  v  vGy2  v  v  vGy3 

Ry 

Fn 

rn 

I 

m-1  rn 
- W A A / W  

Gyn-1  Ĝ  
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