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(§£)  Image  recording  apparatus  with  toner  carrier  member  and  particle-flow  modulating  electrode 
member. 

©  An  apparatus  for  forming  an  image  on  a  record- 
ing  medium  (31)  by  deposition  of  a  toner  (26),  in- 
cluding  a  particle-flow  modulating  electrode  member 
(1,  11)  having  apertures  (6,  16)  formed  therethrough 
and  control  electrodes  (4)  corresponding  to  the  ap- 
ertures,  a  toner  supply  device  (20,  40)  including  a 
toner  carrier  (22,  42)  disposed  on  one  of  opposite 
sides  of  the  electrode  member,  for  carrying  a  layer 
of  the  toner  to  the  apertures,  and  a  voltage  applying 
device  for  applying  a  controlled  voltage  to  each 

control  electrode,  to  thereby  modulate  flows  of  the 
toner  particles  through  the  apertures  toward  the  re- 
cording  medium  located  on  the  other  side  of  the 
electrode  member.  The  apparatus  includes  a  device 
(2,  12,  24)  by  which  corresponding  portions  of  the 
toner  carrier  (22,  42)  and  the  particle-flow  modulating 
electrode  member  (1,  11)  which  are  adjacent  to  the 
apertures  are  biased  against  each  other  for  contact 
therebetween. 
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The  present  invention  relates  to  an  image  re- 
cording  apparatus  suitable  for  copying,  printing, 
plotting,  facsimile  reproduction,  and  similar  applica- 
tions,  and  more  particularly  to  a  technique  for  im- 
proved  recording  efficiency,  reduced  power  re- 
quirement  and  enhanced  quality  of  an  image  repro- 
duced. 

An  example  of  a  known  image  recording  ap- 
paratus  is  disclosed  in  U.S.  Pat.  No.  3,689,935  to 
G.L.  Pressman  et  al.  This  recording  apparatus  is 
designed  to  form  an  image  on  a  recording  medium, 
by  modulating  particle  flows  of  a  toner  through  a 
plurality  of  apertures  formed  through  a  particle  flow 
modulator.  The  particle  flows  through  the  apertures 
are  modulated  by  applying  controlled  electric  po- 
tentials  to  respective  electrodes  provided  on  the 
particle  flow  modulator  according  to  image  signals. 
Described  in  detail,  the  particle  flow  modulator  in- 
cludes  an  insulating  layer,  a  shielding  electrode  in 
the  form  of  a  continuous  conductive  layer  formed 
on  one  of  opposite  surfaces  of  the  insulating  layer, 
and  a  segmented  conductive  layer  formed  on  the 
other  surface  of  the  insulating  layer.  The  segment- 
ed  conductive  layer  consists  of  a  plurality  of  control 
electrodes  which  are  electrically  insulated  from 
each  other.  The  particle  flow  modulator  has  at  least 
one  row  of  apertures  formed  through  the  insulating 
layer  and  the  continuous  and  segmented  conduc- 
tive  layers,  such  that  the  apertures  correspond  to 
the  respective  control  electrodes.  The  apparatus 
also  includes:  voltage  applying  means  for  applying 
selected  electric  potentials  between  the  shielding 
electrode  and  each  of  the  control  electrodes;  toner 
supply  means  for  providing  a  crowd  of  electrostati- 
cally  charged  toner  particles  so  that  flows  of  the 
charged  toner  particles  through  the  individual  ap- 
ertures  of  the  particle  flow  modulator  are  modu- 
lated  by  the  applied  electric  potentials;  and  means 
for  positioning  the  recording  medium  in  the  path  of 
flow  of  the  toner  particles  and  for  providing  relative 
translation  between  the  recording  medium  and  the 
particle  flow  modulator. 

U.S.  Pat.  No.  4,912,489  refers  to  U.S.  Patent 
Applications  Serial  Numbers  946937,  926129, 
140266  and  926158,  which  disclose  printers  of  the 
type  in  which  the  particle  flow  modulator  has  con- 
trol  electrodes  on  the  side  of  the  recording  me- 
dium,  and  a  shielding  electrode  on  the  side  of  the 
toner  supply  means. 

The  U.S.  Pat.  No.  4,912,489  discloses  a  par- 
ticle  flow  modulator  having  the  reversed  arrange- 
ment.  Namely,  the  modulator  has  a  shielding  elec- 
trode  on  the  side  of  the  recording  medium,  and 
control  electrodes  on  the  side  of  the  toner  supply 
means.  This  Patent  teaches  an  advantage  of  this 
type  of  particle  flow  modulator,  that  the  control 
electrodes  are  roughly  four  times  more  effective 
than  in  the  prior  art  device  of  the  type  indicated 

above,  in  repelling  the  toner  in  the  off  state,  name- 
ly,  when  image  dots  are  not  to  be  formed.  Thus, 
the  control  voltage  necessary  to  modulate  the  flows 
of  the  toner  particles  through  the  apertures  is  about 

5  one  fourth  that  required  in  the  prior  art. 
The  particle  flows  through  the  apertures  will 

cause  respective  image  dots  to  be  formed  by  the 
toner  particles  on  the  corresponding  local  spots  on 
the  recording  medium,  while  the  inhibition  of  the 

io  particle  flows  through  the  apertures  results  in  leav- 
ing  the  corresponding  local  spots  non-imaged  by 
the  toner.  Thus,  an  image  is  formed  by  modulating 
the  particle  flows  of  the  toner  through  the  individual 
apertures  of  the  particle  flow  modulator. 

75  In  the  conventional  image  recording  arrange- 
ment  disclosed  in  the  U.S.  Pat.  No.  4,912,489,  a 
layer  of  toner  is  supplied  by  a  toner  conveyor 
which  travels  under  the  row  of  apertures  of  the 
particle  flow  modulator  (printhead  structure).  When 

20  an  image  signal  for  a  given  aperture  requires  the 
formation  of  an  image  dot,  an  appropriate  imaging 
potential  is  applied  between  the  corresponding 
control  electrode  and  the  shield  electrode  of  the 
particle  flow  modulator,  so  that  a  crowd  of  the  toner 

25  particles  is  passed  through  the  aperture  in  ques- 
tion.  However,  when  the  image  signal  does  not 
require  the  formation  of  an  image  dot,  the  potential 
applied  is  changed  to  a  non-imaging  value  for 
inhibiting  the  passage  of  the  toner  particle  through 

30  the  aperture.  In  this  off  state,  the  crowd  of  toner 
particles  is  moved  away  from  that  aperture.  Con- 
sequently,  the  density  of  the  toner  crowd  near  the 
aperture  in  question  is  considerably  lowered.  This 
is  undesirable  when  the  imaging  potential  is  subse- 

35  quently  applied  to  cause  the  passage  of  the  toner 
particles  through  that  aperture.  Thus,  the  response 
of  the  toner  flows  through  the  apertures  to  a 
change  in  the  potential  applied  to  the  particle  flow 
modulator  is  not  satisfactory  due  to  the  movement 

40  of  the  toner  particles  away  from  the  apertures  when 
the  non-imaging  potential  is  applied. 

Further,  the  known  image  recording  apparatus 
indicated  above  more  or  less  suffers  from  plugging 
of  the  apertures  with  the  toner  particles  which  are 

45  deposited  on  the  surfaces  of  the  control  electrodes 
due  to  the  effect  of  the  image  force.  This  leads  to 
deteriorated  quality  of  the  image  reproduced,  that 
is,  local  failure  to  form  image  dots  due  to  the 
plugged  apertures. 

50  The  known  image  recording  apparatus  has  an- 
other  drawback,  which  arises  from  the  arrangement 
for  application  of  an  electric  potential  to  control  the 
flows  of  the  charged  toner  particles.  That  is,  the 
potential  is  applied  so  that  an  electric  field  is  pro- 

55  duced  within  the  aperture.  Accordingly,  the  mag- 
nitude  of  the  electric  field  outside  the  aperture  is 
considerably  small.  This  means  a  relatively  small 
force  for  introducing  the  toner  particles  from  under 
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the  aperture  into  the  interior  of  the  aperture,  where- 
by  the  amount  of  toner  which  passes  through  the 
aperture  per  unit  time  is  accordingly  small,  leading 
to  a  relatively  long  time  required  to  allow  a  suffi- 
cient  amount  of  toner  to  pass  through  the  aperture 
to  form  an  image  dot.  Thus,  the  known  apparatus 
suffers  from  a  low  image  forming  speed.  In  this 
respect,  an  increase  in  the  magnitude  of  the  elec- 
tric  field  within  the  aperture  in  an  effort  to  promote 
the  passage  of  the  toner  particles  through  the  ap- 
erture  would  require  the  voltage  applying  means  to 
employ  expensive  drive  elements  for  applying  a 
sufficiently  high  potential  to  the  control  electrodes 
of  the  particle  flow  modulator. 

It  is  therefore  an  object  of  preferred  embodi- 
ments  of  the  present  invention  to  provide  an  image 
recording  apparatus  which  is  operable  with  im- 
proved  efficiency  of  voltage  application  and  eco- 
nomical  to  manufacture  and  which  assures  en- 
hanced  quality  of  a  reproduced  image  and  exhibits 
and  sufficiently  high  image  forming  speed. 

According  to  the  present  invention  there  may 
be  an  image  recording  apparatus  for  forming  an 
image  on  a  recording  medium  by  deposition  of  a 
toner,  the  apparatus  including  (a)  a  particle-flow 
modulating  electrode  member  having  a  plurality  of 
apertures  formed  therethrough  and  a  plurality  of 
control  electrodes  corresponding  to  the  apertures, 
(b)  a  toner  supply  device  including  a  toner  carrier 
which  is  disposed  on  one  of  opposite  sides  of  the 
electrode  member  and  which  carries  a  layer  of  the 
toner  on  an  outer  surface  thereof,  and  (c)  voltage 
applying  means  for  applying  a  controlled  voltage  to 
each  of  the  plurality  of  control  electrodes,  accord- 
ing  to  image  information  representative  of  the  im- 
age,  and  thereby  modulating  flows  of  particles  of 
the  toner  through  the  plurality  of  apertures  toward 
the  recording  medium  located  on  the  other  side  of 
the  electrode  member,  wherein  biasing  means  is 
provided  for  biasing  corresponding  portions  of  the 
toner  carrier  and  the  particle-flow  modulating  elec- 
trode  member  against  each  other,  so  that  these 
corresponding  portions,  which  are  adjacent  to  the 
apertures,  are  held  in  contact  with  each  other. 

In  the  image  recording  apparatus,  the  toner 
particles  which  are  electrostatically  charged  are 
deposited  on  the  outer  surface  of  the  toner  carrier 
so  as  to  form  a  layer  of  the  particles.  The  toner 
carrier  carries  the  toner  to  a  position  right  under 
the  apertures,  at  which  the  particle-flow  modulating 
electrode  member  contacts  the  toner  layer  on  the 
toner  carrier.  When  an  image  signal  corresponding 
to  a  certain  control  electrode  does  not  require  an 
image  dot  to  be  formed  at  the  corresponding  local 
spot  on  the  recording  medium,  a  predetermined 
non-imaging  potential  is  applied  to  the  correspond- 
ing  control  electrode,  to  produce  an  electric  field 
that  causes  an  electrostatic  force  to  act  on  the 

toner  particles  so  that  the  particles  are  retained  on 
the  surface  of  the  toner  carrier.  At  this  time,  the 
toner  particles  are  inhibited  from  passing  through 
the  corresponding  aperture,  whereby  an  image  dot 

5  is  not  formed  on  the  recording  medium  positioned 
in  a  feed  path  on  one  side  of  the  electrode  mem- 
ber  remote  from  the  toner  carrier.  However,  the 
toner  particles  are  held  adjacent  to  the  open  end  of 
the  aperture  on  the  side  of  the  toner  carrier,  that  is, 

io  retained  on  the  toner  carrier  such  that  the  toner 
layer  contacts  the  portion  of  the  control  electrode 
which  surrounds  the  open  end  of  the  aperture. 

When  the  image  signal  requires  an  image  dot 
to  be  formed  at  a  local  spot  on  the  recording 

is  medium,  an  imaging  potential  different  from  the 
non-imaging  potential  indicated  above  is  applied  to 
the  corresponding  control  electrode,  so  as  to  pro- 
duce  an  electric  field  that  causes  an  electrostatic 
force  to  act  on  the  toner  particles  so  that  a  stream 

20  of  the  toner  particles  passes  through  the  corre- 
sponding  aperture,  whereby  an  image  dot  is 
formed  on  the  recording  medium.  Since  a  crowd  of 
the  toner  particles  having  a  sufficiently  high  density 
is  retained  on  the  toner  carrier  and  located  adja- 

25  cent  to  and  just  below  the  corresponding  aperture 
before  the  imaging  potential  is  applied,  as  de- 
scribed  above,  an  amount  of  the  toner  particles 
sufficient  to  form  an  image  dot  can  be  introduced 
into  and  passed  through  the  aperture  in  a  relatively 

30  short  time  when  the  imaging  potential  is  applied. 
Thus,  the  mutually  contacting  relationship  of  the 
particle-flow  modulating  electrode  member  and  the 
toner  carrier  according  to  the  present  invention 
assures  increased  image  forming  speed  and  im- 

35  proved  response  of  the  toner  particle  flows  to  the 
image  signals,  namely,  to  a  change  in  the  potential 
(imaging  or  non-imaging  potential)  applied  to  the 
control  electrode. 

The  mutual  contact  between  the  particle-flow 
40  modulating  electrode  member  and  the  toner  carrier 

via  the  toner  layer  means  a  substantially  zero  dis- 
tance  or  a  reduced  distance  between  the  toner 
carrier  and  the  control  electrodes,  as  compared 
with  a  distance  in  the  prior  art  apparatus.  There- 

45  fore,  the  efficiency  of  voltage  application  to  the 
electrode  member  is  improved,  and  the  operating 
cost  of  the  apparatus  is  accordingly  lowered.  In 
addition,  the  application  of  a  relatively  low  voltage 
permits  the  use  of  inexpensive  drive  elements  for 

50  the  control  electrodes.  In  this  respect,  the  cost  of 
manufacture  of  the  apparatus  is  also  lowered.  Fur- 
ther,  the  present  arrangement  assures  improved 
quality  of  an  image  produced  by  the  toner  particles 
transferred  through  the  apertures,  without  the  plug- 

55  ging  of  the  apertures  with  the  toner  particles  which 
would  be  deposited  on  and  transferred  from  the 
control  electrodes  as  experienced  in  the  prior  art. 
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The  particle-flow  modulating  electrode  member 
preferably  comprises  an  elastic  substrate  made  of 
an  electrically  insulating  material  so  that  the  control 
electrodes  are  formed  on  one  of  opposite  surfaces 
of  the  substrate.  In  this  case,  the  biasing  means 
may  include  tensioning  means  for  applying  a  ten- 
sion  to  the  electrode  member  so  that  the  electrode 
member  is  held  elastically  curved  along  a  part  of 
the  outer  surface  of  the  toner  carrier  such  that  the 
electrode  member  is  in  pressing  contact  with  the 
toner  carrier.  The  tensioning  means  may  use  suit- 
able  means  such  as  a  spring  member  or  members 
for  applying  a  tension  to  the  electrode  member  in  a 
direction  of  feed  of  the  recording  medium.  The 
toner  carrier  itself  may  function  as  the  tensioning 
means,  or  cooperate  with  such  spring  member  or 
members  to  function  as  the  tensioning  means. 
More  specifically,  the  toner  carrier  may  comprise  a 
core  made  of  an  elastic  material,  and  a  metallic 
film  which  covers  the  surface  of  this  elastic  core. 
This  toner  carrier  is  positioned  relative  to  the  elec- 
trode  member  so  that  the  core  of  the  toner  carrier 
urges  the  metallic  film  onto  the  electrode  member, 
so  as  to  establish  a  mutually  contacting  relationship 
between  the  metallic  film  and  the  electrode  mem- 
ber.  However,  the  biasing  means  may  use  other 
mechanisms,  such  as  a  mechanism  adapted  to 
bias  at  least  one  of  the  electrode  member  and  the 
toner  carrier  in  the  direction  toward  each  other. 

According  to  another  preferred  form  of  this 
invention,  the  toner  carrier  includes  a  carrier  elec- 
trode,  and  the  voltage  applying  means  comprises  a 
potential  control  circuit  for  regulating  an  electric 
potential  between  the  carrier  electrode  and  each 
control  electrode,  selectively  to  a  first  potential  that 
is  sufficient  to  cause  a  stream  of  particles  of  the 
toner  to  pass  through  the  aperture  corresponding 
to  each  control  electrode,  and  a  second  potential 
that  is  insufficient  to  cause  the  stream  of  particles 
to  pass  through  the  corresponding  aperture. 

In  one  arrangement  of  the  above  form  of  the 
invention,  the  control  electrodes  are  disposed  on 
one  of  opposite  surfaces  of  an  electrically  insulat- 
ing  substrate  of  the  particle-flow  modulating  elec- 
trode  member  on  the  side  of  the  toner  carrier,  such 
that  the  toner  carrier  is  held  in  contact  with  the 
portions  of  the  control  electrodes  surrounding  the 
apertures,  through  the  layer  of  the  toner  particles 
deposited  on  the  outer  surface  of  the  toner  carrier. 
In  this  arrangement,  the  distance  between  the  toner 
carrier  and  the  control  electrodes  is  substantially 
zero,  whereby  the  efficiency  of  potential  application 
between  the  toner  carrier  and  the  control  elec- 
trodes  is  considerably  improved.  Accordingly,  the 
image  forming  speed  is  increased  to  a  significant 
extent,  and  the  image  quality  is  enhanced.  To 
avoid  a  possibility  of  short-circuiting  between  the 
toner  carrier  and  the  control  electrodes,  a  suitable 

anti-shorting  layer  may  be  formed  so  as  to  cover 
the  control  electrodes  and/or  the  outer  surface  of 
the  toner  carrier.  The  anti-shorting  layer  may  con- 
sist  of  an  electrically  insulating  layer  made  of  an 

5  electrically  insulating  material  such  as  polyimide. 
Alternatively,  the  anti-shorting  layer  may  be  a  layer 
made  of  an  electrically  resistive  material  which  has 
an  electrical  resistance  value  between  1K0  and 
1T0.  The  electrically  resistive  layer  may  be  made 

io  of  a  mixture  of  polyimide  and  graphite.  However, 
the  anti-shorting  layer  is  not  essential.  In  this  con- 
nection,  it  is  noted  that  the  toner  layer  interposed 
between  the  toner  carrier  and  the  electrode  mem- 
ber  prevents  the  short-circuiting  between  these 

is  members  where  the  toner  consists  of  an  electrically 
insulating  material. 

When  an  anti-shorting  layer  made  of  an  elec- 
trically  insulating  material  covers  the  covers  the 
control  electrodes,  this  layer  also  functions  as  an 

20  anti-static  layer  for  preventing  electrostatic  charg- 
ing  of  the  substrate  of  the  electrode  member.  The 
electrostatic  charging  of  the  substrate  is  undesira- 
ble  because  it  tends  to  cause  the  toner  particles  to 
be  transferred  toward  the  recording  medium  even 

25  when  the  non-imaging  potential  is  applied  between 
the  control  electrodes  and  the  toner  carrier,  or 
alternatively  cause  difficult  transfer  of  the  toner 
particles  when  the  imaging  potential  is  applied. 

When  such  an  electrically  insulating  anti-short- 
30  ing  layer  covers  the  outer  surface  of  the  toner 

carrier,  this  layer  is  also  effective  to  reduce  the 
required  voltage  to  be  applied  between  the  control 
electrodes  and  the  toner  carrier  to  transfer  the 
toner  particles  toward  the  recording  medium.  This 

35  reduction  in  the  required  voltage  appears  to  be 
derived  from  an  effect  of  the  anti-shorting  layer  of 
reducing  the  image  force  which  acts  on  the  toner 
particles,  and/or  due  to  the  surface  condition  of  the 
anti-shorting  layer  which  is  different  from  that  of  the 

40  toner  carrier  per  se. 
According  to  an  another  arrangement  of  the 

above  form  of  the  invention,  the  control  electrodes 
may  be  formed  on  the  surface  of  the  substrate 
remote  from  the  toner  carrier,  that  is,  on  the  side  of 

45  the  recording  medium.  In  this  case,  an  electric  field 
produced  by  application  of  a  potential  between  the 
control  electrodes  and  the  toner  carrier  will  cover 
not  only  the  interior  of  the  apertures  but  also  the 
portion  of  the  toner  carrier  just  below  the  apertures. 

50  This  arrangement  assures  sufficiently  high  image 
forming  efficiency  with  high  image  quality,  with 
comparatively  reduced  potentials  applied  between 
the  control  electrodes  and  the  toner  carrier  to  mod- 
ulate  the  flows  of  the  toner  particles  through  the 

55  apertures.  Consequently,  the  voltage  applying 
means  may  use  inexpensive  drive  elements  and  is 
available  at  an  accordingly  lowered  cost. 
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It  is  desirable  to  prevent  electrostatic  charging 
of  the  electrode  member,  more  precisely,  the  elec- 
trically  insulating  substrate  of  the  electrode  mem- 
ber.  In  this  respect,  at  least  one  of  the  opposite 
surfaces  of  the  substrate  is  desirably  covered  by  a 
suitable  anti-static  layer  effective  to  prevent  the 
electrostatic  charging  of  the  substrate.  The  anti- 
static  layer  may  consist  of  an  electrically  resistive 
layer  as  described  with  respect  to  the  anti-shorting 
material.  When  the  control  electrodes  are  disposed 
on  the  surface  of  the  substrate  on  the  side  of  the 
toner  carrier,  the  surface  of  the  substrate  on  which 
the  control  electrodes  are  formed  is  preferably  cov- 
ered  by  the  electrically  resistive  layer.  When  the 
control  electrodes  are  disposed  on  the  surface  of 
the  substrate  on  the  side  of  the  recording  medium, 
on  the  other  hand,  the  surface  of  the  substrate  on 
the  side  of  the  toner  carrier  is  preferably  covered 
by  the  electrically  resistive  layer.  The  anti-static 
layer  may  consists  of  an  electrically  conductive 
layer  formed  on  one  of  the  opposite  surfaces  of  the 
substrate  of  the  electrode  member.  However,  the 
anti-static  layer  is  preferably  formed  of  an  elec- 
trically  resistive  material,  since  unlike  the  elec- 
trically  conductive  antistatic  layer,  the  electrically 
resistive  anti-static  layer  does  not  have  an  effect  of 
shielding  an  electric  field  to  be  produced  to  trans- 
fer  the  toner  particles  toward  the  recording  me- 
dium. 

The  above  and  optional  objects,  features  and 
advantages  of  the  present  invention  will  be  better 
understood  by  reading  the  following  detailed  de- 
scription  of  presently  preferred  embodiments  of  the 
invention,  when  considered  in  connection  with  the 
accompanying  drawings,  in  which: 

Fig.  1  is  a  fragmentary  schematic  view  in  eleva- 
tion  showing  an  image  recording  apparatus  con- 
structed  according  to  one  embodiment  of  this 
invention; 
Fig.  2  is  a  perspective  view  showing  in  detail  a 
particle-flow  modulating  electrode  member  used 
in  the  apparatus  of  Fig.  1; 
Fig.  3  is  a  schematic  elevational  view  illustrating 
a  device  for  biasing  the  electrode  member  and  a 
toner  carrier  roll  of  the  apparatus  of  Fig.  1 
against  each  other  for  contact  therebetween; 
Fig.  4  is  a  fragmentary  schematic  view  in  eleva- 
tion  showing  an  apparatus  according  to  a  sec- 
ond  embodiment  of  the  invention; 
Fig.  5  is  a  perspective  view  of  the  electrode 
member  used  in  the  second  embodiment  of  Fig. 
4; 
Figs.  6-9  are  schematic  views  illustrating  third, 
fourth,  fifth  and  sixth  embodiments  of  the  inven- 
tion,  which  are  modifications  of  the  first  embodi- 
ments  of  Fig.  1  and  2; 
Figs.  10  and  11  are  schematic  views  illustrating 
seventh  and  eighth  embodiments  of  the  inven- 

tion,  which  are  modifications  of  the  second  em- 
bodiment  of  Figs.  4  and  5;  and 
Fig  12  is  a  schematic  views  illustrating  a  modi- 
fied  form  of  the  sixth  embodiment  of  Fig.  9. 

5  Referring  first  to  Figs.  1  and  2,  the  image 
recording  apparatus  according  to  the  first  embodi- 
ment  of  the  present  invention  includes  a  particle- 
flow  modulating  electrode  member  1  (hereinafter 
referred  to  as  "modulating  electrode  member"), 

io  and  a  back  electrode  in  the  form  of  a  roll  32 
(hereinafter  referred  to  as  "back  electrode  roll") 
disposed  right  above  the  modulating  electrode 
member  1.  The  back  electrode  roll  32  and  the 
modulating  electrode  member  1  are  spaced  apart 

is  from  each  other  by  1mm  in  the  vertical  direction, 
and  cooperate  to  partially  define  a  feed  path  of  a 
recording  medium  31  on  which  an  image  is  formed 
by  deposition  of  a  toner  as  described  below  in 
detail.  The  back  electrode  roll  32  is  supported 

20  rotatably  about  an  axis  perpendicular  to  the  feed 
path  of  the  recording  medium  31,  so  that  the 
medium  31  is  fed  along  the  feed  path,  by  rotation 
of  the  back  electrode  roll  32.  The  feed  path  ex- 
tends  between  a  pair  of  rolls  of  an  image  fixing 

25  device  35  adapted  to  fix  the  toner  deposited  on  the 
recording  medium  31  .  The  apparatus  also  includes 
a  toner  supply  device  20  disposed  generally  below 
the  modulating  electrode  member  1  . 

The  toner  supply  device  20  includes  a  toner 
30  casing  21,  a  toner  carrier  in  the  form  of  a  roll  22 

(hereinafter  referred  to  as  "toner  carrier  roll"),  and 
a  toner  feed  roll  23.  The  toner  casing  21  is  con- 
structed  to  accommodate  a  mass  of  toner  26.  The 
toner  carrier  roll  22  and  the  toner  feed  roll  23  are 

35  disposed  in  parallel  with  each  other  and  the  back 
electrode  roll  32,  so  as  to  extend  through  the 
interior  of  the  toner  casing  21.  These  rolls  22  and 
23  are  supported  rotatably  in  the  same  direction 
about  respective  parallel  axes,  in  rolling  contact 

40  with  each  other.  The  rotating  directions  of  the  rolls 
22,  23  are  indicated  by  arrow  in  Fig.  1.  The  toner 
carrier  and  feed  rolls  22,  23  are  positioned  so  that 
the  contacting  circumferential  portions  of  the  outer 
surfaces  of  these  rolls  22,  23  are  surrounded  by  or 

45  embedded  in  the  mass  of  toner  26,  and  such  that 
the  point  of  rolling  contact  of  the  rolls  22,  23  is 
located  a  suitable  distance  above  the  bottom  wall 
of  the  toner  casing  21  . 

The  toner  carrier  roll  22  consists  of  a  sponge 
50  core  24,  and  an  outer  metallic  film  in  the  form  of  a 

nickel  film  25  which  covers  the  circumferential  sur- 
face  of  the  sponge  core  24.  The  nickel  film  25 
serves  as  a  carrier  electrode  which  cooperates  with 
the  modulating  electrode  member  1  to  modulate 

55  flows  of  the  toner  particles  26  between  the  toner 
carrier  22  and  the  recording  medium  31  through 
the  modulating  electrode  member  1,  as  described 
below  in  detail.  The  nickel  film  25  has  a  thickness 

5 
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of  20u.m.  The  toner  carrier  roll  22  is  held  in  press- 
ing  contact  at  its  nickel  film  25  with  the  modulating 
electrode  member  1  by  the  elasticity  of  the  sponge 
core  24. 

The  toner  supply  device  20  further  has  a  re- 
strictor  blade  27  fixed  to  the  toner  casing  21,  so 
that  an  operating  portion  of  the  blade  27  is  dis- 
posed  so  as  to  contact  a  part  of  the  outer  circum- 
ference  of  the  toner  carrier  roll  22,  between  two 
points  at  which  the  toner  carrier  roll  22  contacts  the 
toner  feed  roll  23  and  the  modulating  electrode 
member  1,  respectively.  The  restrictor  blade  27 
acts  to  assure  uniform  condition  of  deposition  of 
the  toner  particles  26  on  the  outer  surface  of  the 
toner  carrier  roll  22,  for  example,  uniform  thickness 
and  particle  density  of  the  toner  layer  26. 

In  operation  of  the  apparatus,  a  layer  of  the 
toner  particles  26  is  transferred  from  the  toner  feed 
roll  23  to  the  toner  carrier  roll  22,  such  that  the 
toner  layer  26  is  interposed  between  the  rolls  22, 
23.  The  toner  layer  26  is  moved  with  the  rotating 
carrier  roll  22  and  is  passed  while  being  pressed 
by  the  restrictor  blade  27  against  the  circumferen- 
tial  surface  of  the  roll  22. 

As  shown  in  enlargement  in  Fig.  2,  the  particle- 
flow  modulating  electrode  member  1  consists  of:  a 
30u.m-thick  center  substrate  2  made  of  an  elastic, 
insulating  material  such  as  polyimide;  a  common 
shielding  electrode  in  the  form  of  a  continuous 
layer  3  made  of  an  electrically  conductive  material 
such  formed  on  one  of  opposite  surfaces  of  the 
center  substrate  2;  and  a  single  array  of  control 
electrodes  4  which  are  spaced  apart  from  each 
other  in  the  direction  parallel  to  the  axis  of  the 
toner  carrier  roll  22.  The  control  electrodes  4  are 
formed  of  a  suitable  electrically  conductive  material 
such  as  copper  and  have  a  1u.m  thickness.  Each 
control  electrode  4  has  an  annular  portion  and  a 
straight  elongate  portion  extending  from  the  annular 
portion.  The  modulating  electrode  member  1  has  a 
single  row  of  apertures  6  each  having  a  diameter  of 
120u.m.  The  apertures  6  are  formed  through  the 
center  substrate  2  and  common  shielding  electrode 
3  and  through  the  annular  portions  of  the  respec- 
tive  control  electrodes  4.  The  control  electrodes  4 
are  formed  such  that  the  annular  portion  of  each 
control  electrode  4  surrounds  the  edge  of  the  cor- 
responding  aperture  6.  The  number  of  the  control 
electrodes  4  and  apertures  6  is  determined  to  be 
sufficient  to  cover  a  line  of  image  dots  to  be 
formed  on  the  recording  medium  31,  which  line  is 
perpendicular  to  the  direction  of  feed  of  the  me- 
dium  31  . 

The  modulating  electrode  member  1  is  fixed  to 
the  toner  casing  21  via  fixed  and  movable  ceramic 
bases  7a  and  7b,  such  that  the  common  shielding 
electrode  3  is  located  on  the  side  of  the  recording 
medium  31  (that  is,  on  the  side  of  the  back  elec- 

trode  roll  32),  while  the  array  of  control  electrodes 
4  is  located  on  the  side  of  the  toner  carrier  roll  22. 
The  modulating  electrode  member  1  is  positioned 
such  that  the  row  of  aperture  6  is  parallel  to  the 

5  axes  of  the  toner  carrier  roll  22  and  back  electrode 
roll  32  and  is  aligned  with  a  straight  line  connecting 
the  axes  of  the  rolls  22,  32. 

To  apply  a  suitable  amount  of  tension  to  the 
modulating  electrode  member  1,  the  apparatus  in- 

io  corporates  a  tensioning  device  as  shown  in  Fig.  3. 
The  tensioning  device  is  associated  with  the  ce- 
ramic  bases  7a,  7b  which  are  secured  to  the  width- 
wise  opposite  ends  of  the  modulating  electrode 
member  1  .  The  ceramic  base  7a  on  one  side  of  the 

is  electrode  member  1  is  fixed  to  the  toner  casing  21  , 
while  the  movable  ceramic  base  7b  on  the  other 
side  of  the  electrode  member  1  is  slidable  on  the 
toner  casing  21.  On  the  fixed  ceramic  base  7a, 
there  is  provided  an  integrated  circuit  9  which  is 

20  electrically  connected  to  the  control  electrodes  4, 
for  selectively  applying  imaging  and  non-imaging 
potentials  between  the  control  electrodes  4  and  the 
carrier  electrode  25.  The  movable  ceramic  base  7b 
is  connected  to  a  plurality  of  coil  springs  10  which 

25  in  turn  are  secured  to  the  toner  casing  21.  In  this 
arrangement,  a  total  biasing  force  of  the  coil 
springs  10  is  applied  as  a  tension  to  the  modulat- 
ing  electrode  member  1  in  substantially  the  circum- 
ferential  direction  of  the  carrier  roll  22,  which  is 

30  perpendicular  to  the  axis  of  the  toner  carrier  roll  22. 
The  coil  springs  10  may  be  replaced  by  other 
types  of  biasing  means.  The  biasing  force  of  the 
springs  10  may  act  on  the  electrode  member  1  in 
either  one  of  the  clockwise  and  counterclockwise 

35  direction  of  the  roll  22,  as  seen  in  Fig.  3.  However, 
the  electrode  member  1  is  preferably  tensioned  in 
the  rotating  direction  of  the  roll  22. 

The  tensioning  device  7a,  7b,  10  indicated 
above  cooperates  with  the  sponge  core  24  of  the 

40  toner  carrier  roll  22  to  provide  tensioning  means  for 
applying  a  tension  to  the  electrode  member  1  so 
that  the  electrode  member  1  including  the  elastic 
substrate  2  is  held  elastically  curved  along  an 
upper  part  of  the  outer  circumferential  surface  of 

45  the  toner  carrier  roll  22  such  that  the  electrode 
member  1  and  the  toner  carrier  are  held  in  press- 
ing  contact  with  each  other.  This  tensioning  means 
therefore  acts  as  biasing  means  for  biasing  the 
corresponding  portions  of  the  electrode  member  1 

50  and  toner  carrier  roll  22  against  each  other  for 
contact  therebetween. 

The  apparatus  incorporates  a  control  system 
operated  according  to  image  signals.  The  control 
system  includes  voltage  applying  means  equipped 

55  with  a  potential  control  circuit  8.  This  potential 
control  circuit  8  is  electrically  connected  to  the 
integrated  circuit  9  and  to  the  carrier  electrode 
(nickel  film)  25  of  the  toner  carrier  roll  22.  The 

6 
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potential  control  circuit  8  is  adapted  to  regulate,  via 
the  integrated  circuit  9,  an  electric  potential  be- 
tween  each  control  electrode  4  and  the  carrier 
electrode  25,  selectively  to  one  of  two  different 
potential  values,  that  is,  imaging  potential  of  OV  and 
non-imaging  potential  of  -30V,  according  to  the 
image  signals  corresponding  to  the  individual  con- 
trol  apertures  4.  The  control  system  also  includes  a 
DC  pour  source  or  biasing  circuit  33  connected 
between  the  back  electrode  roll  32  and  the  carrier 
electrode  24,  for  applying  a  biasing  voltage  be- 
tween  the  back  electrode  roll  32  and  the  carrier 
electrode  24  such  that  the  back  electrode  roll  32 
has  a  positive  potential  of  +2.2kV.  The  common 
shielding  electrode  3  is  connected  to  the  DC  bias- 
ing  circuit  33. 

There  will  next  be  described  an  operation  of 
the  present  image  recording  apparatus  which  has 
been  described  above. 

In  a  recording  operation  of  the  apparatus,  the 
toner  carrier  roll  22  and  the  toner  feed  roll  23  are 
rotated  in  rolling  contact  with  each  other  in  the 
same  direction  indicated  by  arrows  in  Fig.  1.  As  a 
result,  a  constant  volume  of  the  toner  26  is  continu- 
ously  transferred  onto  the  outer  circumferential  sur- 
face  of  the  roll  22,  more  precisely,  onto  the  circum- 
ferential  surface  of  the  nickel  film  25  that  serves  as 
the  carrier  electrode.  Since  the  toner  particles  26 
are  negatively  electrostatically  charged,  the  toner 
particles  26  are  retained  in  the  form  of  a  layer  on 
the  nickel  carrier  electrode  25.  The  thickness  of  the 
toner  layer  26  is  reduced  to  a  suitable  value  and 
made  uniform  by  the  restrictor  blade  27,  before 
each  instantaneous  portion  of  the  toner  layer  26  in 
the  circumferential  direction  of  the  roll  22  reaches 
the  point  right  below  the  row  of  apertures  6  of  the 
modulating  electrode  member  1  ,  by  rotation  of  the 
toner  carrier  roll  22.  It  is  noted  that  the  toner  layer 
26  has  a  thickness  value  of  10u.m,  at  a  portion 
thereof  which  passes  through  the  nip  between  the 
toner  carrier  roll  22  and  the  row  of  control  elec- 
trodes  4. 

When  an  image  signal  for  a  given  control  elec- 
trode  4  requires  the  formation  of  an  image  dot  by 
passage  of  a  stream  of  the  toner  particles  26 
through  the  corresponding  aperture  4  of  the  modu- 
lating  electrode  member  1,  the  potential  control 
circuit  8  applies  the  imaging  potential  of  0V  be- 
tween  the  control  electrode  4  in  question  and  the 
carrier  electrode  24  of  the  toner  carrier  roll  22.  In 
this  condition,  the  negatively  charged  toner  par- 
ticles  26  on  a  portion  of  the  roll  22  adjacent  to  the 
aperture  4  in  question  are  exposed  to  an  electro- 
static  force  acting  in  the  direction  toward  the  back 
electrode  roll  32,  in  the  presence  of  a  potential 
difference  between  the  back  electrode  roll  32  and 
the  carrier  electrode  25  on  the  roll  22,  which  dif- 
ference  produces  a  line  of  electric  force  in  the 

direction  from  the  back  electrode  roll  32  toward  the 
carrier  electrode  25.  Consequently,  a  stream  of  the 
toner  particles  26  adjacent  to  the  lower  open  end  of 
the  corresponding  aperture  6  is  transferred  from 

5  the  carrier  electrode  25  toward  the  back  electrode 
roll  32,  while  passing  through  the  aperture  6, 
whereby  a  given  amount  of  the  toner  particles  26  is 
deposited  in  an  area  of  the  recording  medium  31 
which  is  aligned  with  the  aperture  6  in  question. 

io  Thus,  an  image  dot  is  formed  at  a  local  spot  of  the 
medium  31,  according  to  the  image  signal. 

When  the  image  signal  does  not  require  the 
formation  of  an  image  dot,  on  the  other  hand,  the 
potential  control  circuit  8  applies  the  non-imaging 

is  potential  of  -30V  between  the  corresponding  con- 
trol  electrode  4  and  the  carrier  electrode  25.  In  this 
condition,  a  line  of  electric  force  is  produced  in  the 
direction  from  the  carrier  electrode  25  toward  the 
control  electrode  4  in  question,  in  the  presence  of  a 

20  potential  difference  between  the  control  electrode  4 
and  the  carrier  electrode  25.  Since  the  potential  of 
the  control  electrode  4  is  smaller  than  that  of  the 
carrier  electrode  25,  the  negatively  charged  toner 
particles  26  are  retained  on  the  carrier  electrode  25 

25  by  an  electrostatic  force.  Namely,  the  toner  par- 
ticles  26  adjacent  to  the  control  electrode  4  in 
question  are  not  transferred  to  the  recording  me- 
dium  31  through  the  corresponding  aperture  6,  and 
the  image  signal  does  not  cause  an  image  dot  to 

30  be  formed  on  the  medium  31  . 
For  all  the  control  electrodes  4  arranged  in  a 

row  on  the  modulating  electrode  member  1,  the 
potential  is  regulated  in  the  manner  as  described 
above,  by  the  potential  control  circuit  8  according 

35  to  the  respective  image  signals.  Thus,  a  line  of 
image  dots  parallel  to  the  row  of  the  apertures  4  is 
formed.  During  formation  of  each  line  of  image 
dots,  the  recording  medium  31  is  fed  by  rotation  of 
the  back  electrode  roll  32,  along  the  feed  path 

40  (perpendicular  to  the  row  of  apertures  6),  by  a 
predetermined  distance  which  corresponds  to  the 
line  spacing  or  the  size  of  each  picture  element. 
The  formation  of  image  dots  and  the  feeding  of  the 
medium  31  are  repeated  to  form  successive  lines 

45  of  image  dots.  A  predetermined  number  of  these 
lines  of  image  dots  constitute  a  line  of  characters, 
for  example,  and  successive  lines  of  characters  are 
recorded  over  a  predetermined  length  of  the  me- 
dium  31  while  the  medium  31  is  continuously  fed. 

50  In  the  present  image  recording  apparatus,  a 
crowd  of  the  toner  particles  26  is  always  present 
adjacent  to  each  control  electrode  4,  or  right  below 
the  lower  open  end  of  the  corresponding  aperture 
6.  Accordingly,  the  toner  particles  26  can  be  trans- 

55  ferred  to  the  medium  31  with  a  sufficiently  high 
response  to  a  change  in  the  potential  between  the 
control  electrode  4  and  the  carrier  electrode  25. 
Further,  these  control  and  carrier  electrodes  4  and 
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25  are  positioned  very  close  to  each  other  (with  the 
thin  layer  of  toner  particles  26  interposed  there- 
between),  the  required  magnitude  of  an  electric 
field  produced  therebetween  can  be  made  rela- 
tively  small.  Thus,  the  present  apparatus  does  not 
require  expensive  drive  elements  applying  the  im- 
aging  and  non-imaging  potentials  between  the  con- 
trol  electrodes  4  and  the  toner  carrier  electrode  25. 

Further,  the  layer  of  the  negatively  charged 
toner  particles  26  is  retained  on  the  surface  of  the 
carrier  electrode  25  and  moved  in  sliding  contact 
with  the  row  of  control  electrodes  4,  the  toner 
particles  26  are  unlikely  to  be  deposited  on  the 
control  electrodes  4  and  therefore  unlikely  to  plug 
the  apertures  6.  Thus,  the  present  apparatus  as- 
sures  high  quality  of  the  image  produced. 

In  the  present  embodiment,  the  common 
shielding  electrode  3  is  provided  on  the  modulating 
electrode  member  1  ,  for  protecting  the  layer  of  the 
toner  particles  26  except  the  portion  right  below  the 
aperture  row  6,  against  an  influence  of  the  electric 
field  produced  by  the  back  electrode  roll  32.  How- 
ever,  the  shielding  electrode  3  is  not  essential 
according  to  the  principle  of  the  present  invention. 

In  the  present  embodiment,  the  short-circuiting 
between  the  control  electrodes  4  and  the  carrier 
electrode  25  is  prevented  by  the  layer  of  the  toner 
26  which  is  interposed  therebetween  and  which 
consists  of  an  electrically  insulating  material. 

Referring  next  to  Figs.  4  and  5  corresponding 
to  Figs.  1  and  2  of  the  first  embodiment,  there  will 
be  described  a  second  embodiment  of  this  inven- 
tion.  In  Figs.  4  and  5,  the  same  reference  numerals 
as  used  in  Figs.  1  and  2  are  used  to  identify  the 
same  components. 

The  present  second  embodiment  of  Figs.  4 
and  5  uses  a  toner  supply  device  40  which  is 
identical  with  the  toner  supply  device  20  of  the  first 
embodiment,  except  for  a  toner  carrier  roll  42 
which  is  entirely  made  of  aluminum.  Thus,  the 
entirety  of  the  toner  carrier  roll  42  serves  as  a 
carrier  electrode.  In  addition,  the  toner  feed  roll  23 
and  the  restrictor  blade  27  are  disposed  in  close 
proximity  to  the  carrier  roll  42.  However,  the  roll  23 
and  the  blade  27  may  be  biased  by  suitable  means 
such  as  springs  against  the  carrier  roll  42. 

Above  the  toner  carrier  roll  42,  there  is  dis- 
posed  a  particle-flow  modulating  electrode  member 
1  1  ,  which  is  different  from  the  modulating  electrode 
member  1.  The  electrode  member  11  does  not 
have  a  common  shielding  electrode.  That  is,  the 
modulating  electrode  member  1  consists  of  a 
25u.m  thick  polyimide  substrate  12  and  a  single 
row  of  1  urn-thick  control  electrodes  14  on  one  of 
opposite  surfaces  of  the  substrate  12,  as  shown  in 
enlargement  in  Fig.  5.  The  electrode  member  11 
has  apertures  16  formed  through  the  substrate  12 
and  the  annular  portions  of  the  respective  control 

electrodes  14.  Each  aperture  16  has  a  diameter  of 
100um. 

In  the  present  second  embodiment,  the  modu- 
lating  electrode  member  1  1  is  secured  to  the  toner 

5  casing  21  such  that  the  row  of  control  electrodes 
14  is  located  on  the  side  of  the  recording  medium 
31  or  back  electrode  roll  32.  As  in  the  first  embodi- 
ment,  a  suitable  tensioning  means  as  illustrated  in 
Fig.  3  is  provided  to  apply  a  suitable  tension  to  the 

io  modulating  electrode  member  1  1  so  that  a  portion 
of  the  substrate  12  adjacent  to  the  row  of  apertures 
16  is  held  in  contact  with  the  toner  carrier  roll  42, 
with  the  toner  layer  26  interposed  therebetween. 

The  potential  control  circuit  8  is  adapted  to 
is  selectively  apply,  via  the  integrated  circuit  9  as 

shown  in  Fig.  3,  different  electric  potentials,  that  is, 
non-imaging  potential  of  0V  and  imaging  potential 
of  +50V,  between  each  control  electrode  14  and 
the  toner  carrier  roll  42  (carrier  electrode),  accord- 

20  ing  to  an  image  signal.  The  DC  power  source  or 
biasing  circuit  33  is  adapted  to  apply  a  biasing 
voltage  between  the  toner  carrier  roll  42  and  the 
back  electrode  roll  32  (i.e.,  between  the  carrier 
electrode  42  and  back  electrode  32),  such  that  the 

25  back  electrode  roll  32  has  a  positive  potential  of 
+  1kV. 

In  operation,  an  image  dot  is  formed  when  the 
potential  control  circuit  8  applies  the  imaging  po- 
tential  of  +50V  between  the  control  electrode  14 

30  and  the  toner  carrier  roll  42.  In  this  condition,  a 
potential  difference  between  the  control  electrode 
14  and  the  toner  carrier  roll  42  produces  a  line  of 
electric  force  in  the  direction  from  the  control  elec- 
trode  14  toward  the  toner  carrier  roll  42,  whereby 

35  the  negatively  electrostatically  charged  toner  par- 
ticles  26  are  exposed  to  an  electrostatic  force, 
which  causes  the  toner  particles  26  to  be  trans- 
ferred  from  the  surface  of  the  roll  42  toward  the 
control  electrode  14  while  passing  through  the  cor- 

40  responding  aperture  16.  A  stream  of  the  toner 
particles  26  reaching  the  control  electrode  14  is 
further  transferred  to  the  surface  of  the  recording 
medium  31,  in  the  presence  of  an  electric  field 
produced  between  the  back  electrode  roll  32  and 

45  the  control  electrode  14.  Thus,  the  toner  particles 
26  are  deposited  in  an  area  of  the  medium  31 
which  is  aligned  with  the  aperture  16  in  question, 
and  an  image  dot  is  formed  in  that  area,  according 
to  the  image  signal. 

50  When  the  image  signal  does  not  require  an 
image  dot  to  be  formed,  the  potential  control  circuit 
8  applies  0V  between  the  toner  carrier  roll  42  and 
the  control  electrode  14  in  question.  Since  no  elec- 
tric  field  is  produced  between  the  toner  carrier  roll 

55  42  and  the  control  electrode  14,  a  portion  of  the 
toner  particles  26  on  the  roll  42  which  is  adjacent 
to  the  control  electrode  14  is  not  exposed  to  an 
electrostatic  force  sufficne  to  cause  the  toner  par- 

8 
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tides  26  to  be  transferred  toward  the  recording 
medium  31  through  the  aperture  16. 

In  the  above  second  embodiment,  the  non- 
imaging  potential  of  OV  is  applied  between  the 
control  electrode  14  and  the  toner  carrier  roll  42 
when  an  image  dot  is  not  to  be  formed.  However,  a 
negative  non-imaging  potential  may  be  applied. 
This  negative  potential  will  increase  the  force  of 
retention  of  the  toner  particles  26  on  the  toner 
carrier  roll  42,  which  is  produced  when  the  image 
signal  does  not  require  the  formation  of  an  image 
dot.  Consequently,  the  corresponding  local  spot  on 
the  recording  medium  31  is  completely  free  from 
the  toner  particles  26,  which  might  be  otherwise 
more  or  less  transferred  from  the  toner  carrier  roll 
42  even  when  the  image  signal  inhibits  the  transfer 
through  the  aperture  16.  Accordingly,  the  quality  of 
the  image  produced  is  enhanced. 

In  the  present  second  embodiment,  the  control 
electric  field  is  produced  between  each  control 
electrode  14  and  the  toner  carrier  roll  42  which  are 
located  on  the  opposite  sides  of  the  corresponding 
aperture  16.  This  arrangement  assures  easy  and 
accurate  control  of  a  flow  of  the  toner  particles  26 
through  the  aperture  16,  and  increased  speed  of 
movement  of  the  toner  particles  from  the  toner 
carrier  roll  42  to  the  recording  medium  31  .  Further, 
when  the  image  signal  does  not  require  the  forma- 
tion  of  an  image  dot,  the  electric  field  produced 
within  each  aperture  16  according  to  the  image 
signal  effectively  prevents  the  passage  of  the  toner 
particles  26  through  the  aperture  16,  even  if  the 
toner  particles  26  are  more  or  less  forced  into  the 
aperture  16  due  to  sliding  contact  of  the  toner  layer 
26  with  the  modulating  electrode  member  1  1  under 
some  mechanical  force. 

Since  the  distance  between  the  modulating 
electrode  member  1  and  the  toner  carrier  roll  42  is 
substantially  zero,  namely,  the  electrode  member  1 
and  the  roll  42  are  spaced  apart  from  each  other 
by  the  very  small  thickness  (about  10u.m)  of  the 
toner  layer  16,  the  required  magnitude  of  the  elec- 
tric  field  between  the  electrode  member  1  1  and  the 
roll  42  can  be  made  relatively  small,  whereby  the 
apparatus  can  use  relatively  inexpensive  drive  ele- 
ments  for  the  control  electrodes  14. 

In  the  present  second  embodiment,  the  row  of 
control  electrodes  14  and  the  toner  carrier  roll  42 
are  electrically  insulated  by  the  electrically  insulat- 
ing  substrate  12  of  the  modulating  electrode  mem- 
ber  1.  This  arrangement  is  free  from  short-cir- 
cuiting  or  direct  electrical  contact  between  the  con- 
trol  electrodes  14  and  the  roll  42,  which  would  take 
place  in  the  event  of  discontinuity  of  the  toner  layer 
16  or  local  exposure  of  the  outer  surface  of  the  roll 
42  due  to  some  trouble  with  the  toner  supply 
device  40.  Thus,  the  present  apparatus  assures 
high  operating  reliability  and  prolonged  service  life 

of  the  control  electrodes  4. 
Further,  the  toner  layer  16  contacts  the  elec- 

trically  insulating  substrate  12  of  the  electrode 
member  11,  the  toner  particles  26  are  unlikely  to 

5  be  deposited  on  the  portion  of  the  electrode  mem- 
ber  11  around  the  apertures  14.  Consequently,  the 
apertures  14  are  protected  against  plugging  with 
the  toner  particles  26  deposited  on  the  electrode 
member  1  1  . 

io  Referring  to  Figs.  6  through  9,  there  will  be 
described  third  through  sixth  embodiments  of  the 
present  invention,  which  are  modified  forms  of  the 
first  embodiment  in  which  the  control  electrodes  4 
are  disposed  on  the  side  of  the  toner  carrier  roll  22. 

is  In  the  third  embodiment  of  Fig.  6,  the  outer 
circumferential  surface  of  the  toner  carrier  roll  22 
(more  precisely,  the  carrier  electrode  25  of  the  roll 
22)  is  covered  by  an  anti-shorting  electrically  in- 
sulating  layer  44  which  is  made  of  an  electrically 

20  insulating  material  such  as  polyimide  and  having  a 
thickness  of  10u.m.  This  anti-shorting  layer  44  pre- 
vents  short-circuiting  between  the  toner  carrier  roll 
22  and  the  control  electrodes  4.  Since  the  required 
thickness  of  the  anti-shorting  layer  44  is  small,  the 

25  provision  of  this  layer  44  would  not  considerably 
increase  the  distance  between  the  carrier  electrode 
25  and  the  control  electrodes  4.  That  is,  the  carrier 
roll  22  serves  as  a  backing  for  the  anti-shorting 
layer  44,  the  thickness  of  the  layer  44  can  be  made 

30  considerably  smaller  than  that  of  the  substrate  2, 
whereby  the  distance  between  the  carrier  roll  22 
and  the  control  electrodes  4  is  shorter  than  the 
distance  between  the  carrier  roll  42  and  the  control 
electrodes  14  in  the  second  embodiment  of  Figs.  4 

35  and  5. 
In  the  fourth  embodiment  of  Fig.  7,  the  control 

electrodes  4  are  covered  by  an  anti-shorting  elec- 
trically  insulating  layer  46  made  of  an  electrically 
insulating  material  like  the  layer  44  of  Fig.  6.  This 

40  anti-shorting  layer  46  prevents  short-circuiting  be- 
tween  the  toner  carrier  roll  22  and  the  control 
electrodes  4.  While  only  the  control  electrodes  4 
may  be  covered  by  the  anti-shorting  layer  46,  the 
entire  lower  surface  of  the  substrate  2  of  the  elec- 

45  trade  member  1  is  preferably  covered  by  the  anti- 
shorting  46  as  indicated  in  Fig.  7,  so  that  the 
electrode  member  1  has  a  flat  or  straight  lower 
surface,  without  downward  projection  of  the  control 
electrodes  14.  This  arrangement  is  desirable  for 

50  smooth  movement  of  the  toner  particles  in  sliding 
or  rolling  contact  with  the  portion  of  the  lower 
surface  of  the  electrode  member  1  near  the  row  of 
apertures  6. 

In  the  fifth  embodiment  of  Fig.  8,  the  toner 
55  carrier  roll  22  is  covered  by  an  electrically  resistive 

layer  48  made  of  a  material  which  has  a  high 
electric  resistivity  value  of  between  1K0  and  10TO. 
The  electrically  resistive  layer  48  preferably  has  a 

9 
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thickness  between  5-10u.m,  and  may  be  made  of  a 
mixture  of  polyimide  and  graphite.  For  instance,  the 
layer  48  made  of  a  mixture  consisting  of  30  parts 
by  weight  of  SP1-200N  as  polyimide  available  from 
Shinnittetsu  Kagaku  (Japan)  and  1  part  by  weight 
of  Ketjen  Black  as  graphite  available  from  Lion 
Akzo  (Japan)  has  surface  electrical  resistivity  of 
6.8G0,  and  the  layer  48  made  of  a  mixture  consist- 
ing  of  10  parts  by  weight  of  SP1-200N  identified 
above  and  1  part  by  weight  of  HOP  as  graphite 
available  from  Nippon  Kokuen  (Japan)  has  surface 
electrical  resistivity  of  1.4T0.  The  electrically  resis- 
tive  layer  48  functions  as  an  anti-shorting  layer  for 
preventing  short-circuiting  between  the  toner  carrier 
roll  22  and  the  control  electrodes  22.  Further,  the 
layer  48  is  effective  to  reduce  the  force  by  which 
the  toner  particles  are  retained  on  the  carrier  roll 
22,  and  is  therefore  effective  to  reduce  the  required 
potential  to  transfer  the  toner  particles  from  the 
carrier  roll  22  toward  the  recording  medium.  This 
reduction  of  the  toner  retention  force  is  supposed 
to  be  derived  from  an  effect  of  the  layer  48  of 
reducing  the  image  force  which  acts  on  the  toner 
particles,  and  appears  to  depend  on  the  surface 
condition  of  the  layer  48  which  is  different  from  that 
of  the  carrier  roll  22. 

In  the  sixth  embodiment  of  Fig.  9,  the  control 
electrodes  4  and  the  lower  surface  of  the  substrate 
2  of  the  modulating  electrode  member  1  are  cov- 
ered  by  an  electrically  resistive  layer  50  made  of  a 
material  similar  to  that  of  the  layer  48  of  Fig.  8.  The 
layer  50  gives  the  electrode  member  1  a  constant 
thickness  over  the  entire  width  and  a  straight  lower 
surface,  which  assures  smooth  movement  of  the 
toner  layer  26  toward  the  lower  open  end  of  the 
apertures  6.  This  electrically  resistive  layer  50 
functions  not  only  as  an  anti-shorting  layer  for 
preventing  short-circuiting  between  the  toner  carrier 
roll  22  and  the  control  electrodes  4,  but  also  as  an 
anti-static  layer  for  preventing  electrostatic  charg- 
ing  of  the  insulating  substrate  2  of  the  electrode 
member  1.  Further,  since  the  layer  50  is  elec- 
trostatically  equivalent  to  the  electrodes  4,  the  layer 
50  does  not  increase  the  distance  between  the 
carrier  roll  22  and  the  electrodes  22. 

Referring  to  Figs.  10  and  11,  there  will  be 
described  seventh  and  eighth  embodiments  of  this 
invention,  which  are  modified  forms  of  the  second 
embodiment  of  Figs.  4  and  5  in  which  the  control 
electrodes  14  are  formed  on  the  side  of  the  record- 
ing  medium  31,  or  on  the  side  remote  from  the 
toner  carrier  roll  42. 

In  the  seventh  embodiment  of  Fig.  10,  the 
outer  circumferential  surface  of  the  toner  carrier  roll 
42  is  covered  by  an  electrically  resistive  layer  52 
similar  to  the  layer  48  of  Fig.  8.  This  layer  52 
serves  as  an  anti-shorting  layer  for  preventing 
short-circuiting  between  the  toner  carrier  roll  42 

and  the  control  electrodes  14,  which  may  occur 
due  to  penetration  of  the  material  of  the  electrodes 
14  through  the  apertures  16  when  the  apertures  16 
are  formed.  Described  in  detail,  the  apertures  16 

5  are  formed  by  application  of  a  laser  beam  through 
the  annular  portions  of  the  control  electrodes  14 
and  the  insulating  substrate  12.  At  this  time,  the 
material  such  as  copper  of  the  electrodes  14  may 
partially  flow  into  the  formed  apertures  16  and 

io  remain  on  the  inner  surfaces  of  the  apertures  16 
and  around  the  lower  edge  of  the  apertures  16. 
This  may  cause  short-circuiting  between  the  toner 
carrier  roll  42  and  the  control  electrodes  14. 

The  layer  52  may  be  relaced  by  an  electrically 
is  insulating  layer  similar  to  the  layer  44  of  Fig.  6. 

In  the  eighth  embodiment  of  Fig.  11,  the  entire 
lower  surface  of  the  substrate  12  of  the  modulating 
electrode  member  11  is  covered  by  an  electrically 
resistive  layer  54  similar  to  the  layer  50  of  Fig.  9. 

20  This  layer  54  serves  as  an  anti-static  layer  for 
preventing  electrostatic  charging  of  the  insulating 
substrate  12  of  the  electrode  member  11.  Although 
the  electrically  resistive  layer  54  may  be  replaced 
by  an  electrically  conductive  layer  to  prevent  the 

25  electrostatic  charging  of  the  substrate  12,  the  elec- 
trically  resistive  anti-static  layer  is  preferred  since 
the  electrically  conductive  anti-static  layer  undesir- 
ably  has  an  effect  of  shielding  an  electric  field 
produced  to  transfer  the  toner  particles  toward  the 

30  recording  medium. 
Referring  to  Fig.  12,  there  is  shown  one  form  of 

modification  of  the  sixth  embodiment  of  Fig.  9.  In 
this  modified  form  of  Fig.  12,  an  electrically  resis- 
tive  layer  56  covers  only  the  exposed  portion  of  the 

35  lower  surface  of  the  insulating  substrate  2  of  the 
electrode  member  1.  Namely,  the  control  elec- 
trodes  4  provided  on  the  lower  surface  of  the 
substrate  2  of  the  electrode  member  1  are  not 
covered  by  the  electrically  resistive  layer  56.  The 

40  thickness  of  the  layer  56  is  selected  to  be  equal  to 
that  of  the  control  electrodes  4  so  that  the  elec- 
trode  member  1  has  a  constant  thickness  and  a 
straight  lower  surface  over  the  entire  width.  The 
layer  56  serves  only  as  an  anti-static  layer  for 

45  preventing  electrostatic  charging  of  the  substrate  2. 
While  the  present  invention  has  been  de- 

scribed  in  its  presently  preferred  embodiments  for 
illustrative  purpose  only,  it  is  to  be  understood  that 
the  present  invention  is  not  limited  to  the  details  of 

50  the  illustrated  embodiments,  but  may  be  otherwise 
embodied  with  various  changes,  modifications  and 
improvements,  which  may  occur  to  those  skilled  in 
the  art,  without  departing  from  the  scope  of  the 
invention  defined  in  the  following  claims. 

55 
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Claims 

1.  An  image  recording  apparatus  for  forming  an 
image  on  a  recording  medium  (31)  by  deposi- 
tion  of  a  toner  (26),  said  apparatus  including  5 
(a)  a  particle-flow  modulating  electrode  mem- 
ber  (1,  11)  having  a  plurality  of  apertures  (6, 
16)  formed  therethrough  and  a  plurality  of  con- 
trol  electrodes  (4)  corresponding  to  said  ap- 
ertures,  (b)  a  toner  supply  device  (20,  40)  10 
including  a  toner  carrier  (22,  42)  which  is  dis- 
posed  on  one  of  opposite  sides  of  said  elec- 
trode  member  and  which  carries  a  layer  of 
said  toner  on  an  outer  surface  thereof,  and  (c) 
voltage  applying  means  (8)  for  applying  a  con-  is 
trolled  voltage  to  each  of  said  plurality  of  con- 
trol  electrodes,  according  to  image  information 
representative  of  said  image,  and  thereby 
modulating  flows  of  particles  of  said  toner 
through  said  plurality  of  apertures  toward  said  20 
recording  medium  located  on  the  other  side  of 
said  electrode  member,  the  apparatus  further 
comprising: 

biasing  means  (7a,  7b,  10,  24)  for  biasing 
corresponding  portions  of  said  toner  carrier  25 
(22,  42)  and  said  particle-flow  modulating  elec- 
trode  member  (1,  11)  against  each  other  for 
contact  therebetween,  said  corresponding  por- 
tions  being  adjacent  to  said  plurality  of  ap- 
ertures  (6,  16).  30 

2.  An  image  recording  apparatus  according  to 
claim  1,  wherein  said  particle-flow  modulating 
electrode  member  (1,  11)  comprises  a  sub- 
strate  (2,  12)  having  elasticity  and  made  of  an  35 
electrically  insulating  material,  and  said  biasing 
means  includes  tensioning  means  (7a,  7b,  10, 
24)  for  applying  a  tension  to  said  electrode 
member  so  that  said  electrode  member  is  held 
elastically  curved  along  a  part  of  said  outer  40 
surface  of  said  toner  carrier  (22,  42)  such  that 
said  electrode  member  is  in  pressing  contact 
with  said  toner  carrier. 

3.  An  image  recording  apparatus  according  to  45 
claim  2,  wherein  said  tensioning  means  com- 
prises  means  (7a,  7b,  10)  for  applying  a  ten- 
sion  to  said  electrode  member  (1,  11)  in  a 
direction  of  feed  of  said  recording  medium 
(31).  50 

4.  An  image  recording  apparatus  according  to 
claim  2  or  3  wherein  said  toner  carrier  (22) 
comprises  a  core  (24)  made  of  an  elastic  ma- 
terial  and  a  metallic  film  (25)  which  covers  a  55 
surface  of  said  core,  said  toner  carrier  being 
positioned  relative  to  said  electrode  member 
(1)  so  that  said  core  (24)  presses  said  metallic 

film  onto  said  electrode  member. 

5.  An  image  recording  apparatus  according  to 
any  one  of  claims  1-4,  wherein  said  toner 
carrier  (22,  42)  includes  a  carrier  electrode  (25, 
42),  and  said  voltage  applying  means  (8)  com- 
prises  a  potential  control  circuit  for  regulating 
an  electric  potential  between  said  carrier  elec- 
trode  and  each  of  said  control  electrodes  (4, 
14),  selectively  to  a  first  potential  that  is  suffi- 
cient  to  cause  a  stream  of  particles  of  said 
toner  (26)  to  pass  through  the  aperture  (6,  16) 
corresponding  to  said  each  control  electrode, 
and  a  second  potential  that  is  insufficient  to 
cause  said  stream  of  particles  to  pass  through 
the  corresponding  aperture. 

6.  An  image  recording  apparatus  according  to 
claim  5,  wherein  said  particle-flow  modulating 
electrode  member  (1)  includes  a  substrate  (2) 
made  of  an  electrically  insulating  material,  and 
said  plurality  of  control  electrodes  (4)  are 
formed  on  one  of  opposite  surfaces  of  said 
substrate  on  the  side  of  said  toner  carrier  (22), 
such  that  said  each  control  electrode  sur- 
rounds  an  edge  of  said  corresponding  aperture 
(6). 

7.  An  image  recording  apparatus  according  to 
claim  6,  wherein  at  least  one  of  an  array  of 
said  control  electrodes  (4)  and  said  toner  car- 
rier  (22,  42)  is  covered  by  an  anti-shorting 
layer  (44,  46,  48,  50)  for  preventing  short- 
circuiting  between  said  control  electrodes  and 
said  toner  carrier. 

8.  An  image  recording  apparatus  according  to 
claim  7,  wherein  said  anti-shorting  layer  con- 
sists  of  an  electrically  insulating  layer  (44,  46). 

9.  An  image  recording  apparatus  according  to 
claim  7,  wherein  said  anti-shorting  layer  con- 
sists  of  an  electrically  resistive  layer  (48,  50) 
having  an  electrical  resistance  value  between 
1K0  and  1T0. 

10.  An  image  recording  apparatus  according  to 
any  one  of  claims  5-9,  wherein  said  toner 
carrier  (22,  42)  includes  a  carrier  electrode  (25, 
42),  said  apparatus  further  comprising  a  back 
electrode  (32)  disposed  so  as  to  support  said 
recording  medium  (31)  at  one  of  opposite 
sides  of  said  recording  medium  remote  from 
said  particle-flow  modulating  electrode  mem- 
ber  (1,  11),  and  a  biasing  circuit  (33)  for  apply- 
ing  a  biasing  voltage  between  said  carrier  elec- 
trode  and  said  back  electrode  such  that  said 
back  electrode  has  a  positive  potential. 

11 
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11.  An  image  recording  apparatus  according  to 
claim  10,  wherein  said  particle-flow  modulating 
electrode  member  (1)  further  includes  a  shield- 
ing  electrode  (3)  formed  on  one  of  opposite 
surfaces  of  said  substrate  (2)  remote  from  said 
plurality  of  control  electrodes  (4),  said  appara- 
tus  further  comprising  a  connecting  circuit  for 
connecting  said  carrier  electrode  (25)  and  said 
shielding  electrode  (3). 

12.  An  image  recording  apparatus  according  to 
claim  11,  wherein  said  potential  control  circuit 
(8,  9)  regulates  said  electric  potential  between 
said  carrier  electrode  (25)  and  said  each  con- 
trol  electrode  (4),  such  that  a  potential  of  said 
each  control  electrode  is  changeable  between 
a  value  equal  to  that  of  said  carrier  electrode 
and  a  value  lower  than  that  of  said  carrier 
electrode. 

17.  An  image  recording  apparatus  according  to 
claim  16,  wherein  said  potential  control  circuit 
(8,  9)  regulates  said  electric  potential  between 
said  carrier  electrode  (42)  and  said  each  con- 

trol  electrode  (14),  such  that  a  potential  of  said 
each  control  electrode  is  changeable  between 
a  value  not  higher  than  that  of  said  carrier 
electrode  and  a  value  higher  than  that  of  said 

5  carrier  electrode. 

18.  An  image  recording  apparatus  according  to 
any  one  of  claims  1-4,  wherein  said  particle- 
flow  modulating  electrode  member  (1)  com- 

io  prises  a  substrate  (2)  made  of  an  electrically 
insulating  material  and  having  said  plurality  of 
apertures  (6),  a  common  electrode  (3)  provided 
on  one  of  opposite  surfaces  of  said  substrate 
and  in  the  form  of  a  continuous  layer  common 

is  to  all  of  said  plurality  of  apertures,  and  said 
plurality  of  control  electrodes  (4)  which  cor- 
respond  to  said  apertures,  respectively,  and 
wherein  said  voltage  applying  means  (8)  regu- 
lates  an  electric  potential  between  said  com- 

20  mon  electrode  (3)  and  each  of  said  control 
electrodes  (4),  selectively  to  a  first  potential 
that  is  sufficient  to  cause  a  stream  of  particles 
of  said  toner  (26)  to  pass  through  the  aperture 
(6)  corresponding  to  said  each  control  elec- 

25  trade,  and  a  second  potential  that  is  insufficient 
to  cause  said  stream  of  particles  to  pass 
through  the  corresponding  aperture. 

19.  An  image  recording  apparatus  according  to 
30  any  one  of  claims  1-18,  wherein  said  toner 

carrier  consists  of  a  toner  carrier  roll  (22,  42) 
which  is  supported  rotatably  about  an  axis 
thereof,  at  least  an  outer  portion  of  said  roll 
which  provides  an  outer  surface  of  said  roll 

35  being  formed  of  an  electrically  conductive  ma- 
terial  and  serving  as  an  electrode. 

20.  An  image  recording  apparatus  according  to 
claim  19,  wherein  said  toner  supply  device  (20, 

40  40)  comprises  said  toner  carrier  roll  (22,  42), 
and  a  toner  feed  roll  (23)  supported  rotatably 
about  an  axis  parallel  to  said  axis  of  said  toner 
carrier  roll,  in  the  same  direction  as  said  toner 
carrier  roll,  in  close  proximity  to  or  contact  with 

45  said  toner  carrier  roll,  said  toner  supply  device 
further  comprising  a  toner  casing  (21)  which 
accommodates  a  mass  of  said  toner  (26)  such 
that  said  mass  of  toner  accommodated  in  said 
toner  casing  surrounds  at  least  mating  circum- 

50  ferential  portions  of  outer  surfaces  of  said  toner 
carrier  and  feed  rolls,  said  toner  casing  having 
a  bottom  lower  than  said  mating  portions  of 
said  toner  carrier  and  feed  rolls. 

55  21.  An  image  recording  apparatus  according  to 
claim  20,  wherein  said  toner  supply  device 
further  comprises  a  restrictor  blade  (27)  dis- 
posed  along  and  adjacent  to  a  part  of  an  outer 

13.  An  image  recording  apparatus  according  to 
claim  5,  wherein  said  particle-flow  modulating 
electrode  member  (11)  includes  a  substrate 
(12)  made  of  an  electrically  insulating  material, 
and  said  plurality  of  control  electrodes  (14)  are  25 
formed  on  one  of  opposite  surfaces  of  said 
substrate  on  the  side  of  said  recording  me- 
dium  (31),  such  that  said  each  control  elec- 
trode  surrounds  an  edge  of  said  corresponding 
aperture  (16).  30 

14.  An  image  recording  apparatus  according  to 
claim  13,  wherein  at  least  one  of  said  toner 
carrier  (42)  and  said  substrate  (12)  is  covered 
by  an  electrically  resistive  layer  (52,  54).  35 

15.  An  image  recording  apparatus  according  to 
claim  14,  wherein  said  electrically  resistive  lay- 
er  has  an  electrical  resistance  value  between 
1K0  and  1T0.  40 

16.  An  image  recording  apparatus  according  to 
claim  13,  wherein  said  toner  carrier  (42)  in- 
cludes  a  carrier  electrode  (42),  said  apparatus 
further  comprising  a  back  electrode  (32)  dis-  45 
posed  so  as  to  support  said  recording  medium 
(31)  at  one  of  opposite  sides  of  said  recording 
medium  remote  from  said  particle-flow  modu- 
lating  electrode  member  (11),  and  a  biasing 
circuit  (33)  for  applying  a  biasing  voltage  be-  50 
tween  said  carrier  electrode  and  said  back 
electrode  such  that  said  back  electrode  has  a 
positive  potential. 
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circumference  of  said  toner  carrier  roll  (22,  42),  (31),  and  wherein  said  electrically  resistive  lay- 
between  two  points  at  which  said  toner  carrier  er  (54)  covers  the  other  of  said  opposite  sur- 
roll  is  nearest  to  said  toner  feed  roll  and  said  faces  of  said  substrate  which  is  on  the  side  of 
particle-flow  modulating  electrode  member  (1  ,  said  toner  carrier. 
11),  so  that  said  restrictor  blade  contacts  a  5 
layer  of  particles  of  said  toner  transferred  from  28.  An  image  recording  apparatus  according  to 
said  toner  feed  roll  to  said  toner  carrier  roll,  claim  24,  wherein  said  anti-static  layer  consists 
and  thereby  assures  a  uniform  condition  of  of  an  electrically  conductive  layer  (3)  which 
deposition  of  the  particles  of  said  toner  on  said  covers  one  of  said  opposite  surfaces  of  said 
outer  surface  of  said  toner  carrier  roll.  10  substrate  (2). 

22.  An  image  recording  apparatus  according  to 
claim  21,  further  comprising  second  biasing 
means  for  biasing  said  restrictor  blade  (27)  and 
said  outer  surface  of  said  toner  carrier  roll  (22,  is 
42)  toward  each  other. 

23.  An  image  recording  apparatus  according  to 
any  one  of  claims  1-22,  further  comprising  a 
back  electrode  roll  (32)  disposed  for  rolling  20 
contact  with  one  of  opposite  surfaces  of  said 
recording  medium  (31)  remote  from  said  par- 
ticle-flow  modulating  electrode  member  (1, 
11),  said  back  electrode  roll  serving  as  an 
electrode  at  least  at  an  outer  portion  thereof  25 
which  has  an  outer  surface  for  rolling  contact 
with  said  one  surface  of  said  recording  me- 
dium. 

24.  An  image  recording  apparatus  according  to  30 
claim  1,  wherein  said  particle-flow  modulating 
electrode  member  (1,  11)  includes  a  substrate 
(2,  12)  made  of  an  electrically  insulating  ma- 
terial,  and  wherein  at  least  one  of  opposite 
surfaces  of  said  substrate  is  covered  by  an  35 
anti-static  layer  (3,  50,  54,  56)  for  preventing 
electrostatic  charging  of  said  substrate. 

25.  An  image  recording  apparatus  according  to 
claim  24,  wherein  said  anti-static  layer  consists  40 
of  an  electrically  resistive  layer  (50,  54,  56) 
which  has  an  electrical  resistance  between 
1K0  and  1T0. 

26.  An  image  recording  apparatus  according  to  45 
claim  25,  wherein  said  control  electrodes  (4) 
are  disposed  on  one  of  said  opposite  surfaces 
of  said  substrate  (2)  of  said  electrode  member 
(1)  on  the  side  of  said  toner  carrier  (22),  and 
wherein  said  electrically  resistive  layer  (50,  so 
56)  covers  said  one  of  said  opposite  surfaces 
of  said  substrate. 

27.  An  image  recording  apparatus  according  to 
claim  25,  wherein  said  control  electrodes  (14)  55 
are  disposed  on  one  of  said  opposite  surfaces 
of  said  substrate  (12)  of  said  electrode  mem- 
ber  (11)  on  the  side  of  said  recording  medium 

circumference  of  said  toner  carrier  roll  (22,  42), 
between  two  points  at  which  said  toner  carrier 
roll  is  nearest  to  said  toner  feed  roll  and  said 
particle-flow  modulating  electrode  member  (1, 
11),  so  that  said  restrictor  blade  contacts  a  5 
layer  of  particles  of  said  toner  transferred  from 
said  toner  feed  roll  to  said  toner  carrier  roll, 
and  thereby  assures  a  uniform  condition  of 
deposition  of  the  particles  of  said  toner  on  said 
outer  surface  of  said  toner  carrier  roll.  io 
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