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©  Developing  apparatus. 

©  A  developing  apparatus  is  disclosed  which  is 
disposed  opposite  to  an  electrostatic  latent  im- 
age  holding  member  and  adapted  for  develop- 
ing  an  electrostatic  latent  image  formed  on  the 
electrostatic  latent  image  holding  member  to  a 
visible  image  with  a  single  component  toner, 
the  apparatus  comprising  a  first  toner  carrier 
having  a  peripheral  surface  and  being  adapted 
for  holding  the  single  component  toner  on  the 
peripheral  surface,  a  first  regulating  member 
which  is  in  contact  with  the  first  toner  carrier,  a 
second  toner  carrier  having  a  peripheral  sur- 
face  and  being  adapted  for  holding  the  single 
component  toner  and  for  relatively  approaching 
to  or  coming  in  contact  with  the  first  toner 
carrier  so  as  to  transfer  the  single  component 
toner  to  the  first  toner  carrier,  and  a  second 
regulating  member  which  is  in  contact  with  the 
second  toner  carrier,  wherein  the  first  toner 
carrier  or  the  second  toner  carrier  is  adapted  to 
relatively  and  selectively  approach  to  or  come  in 
contact  with  the  electrostatic  latent  image  hold- 
ing  member  and  transfer  to  the  electrostatic 
latent  image  holding  member  either  a  single 

CM  component  toner  held  on  the  peripheral  surface 
^   of  the  first  toner  carrier  or  a  single  component 

toner  which  resides  on  the  peripheral  surface  of 
the  second  toner  carrier  after  the  single  compo- 

^   nent  toner  has  been  transferred  from  the  sec- 
ond  toner  carrier  to  the  first  toner  carrier  so  as 

CO  to  develop  the  electrostatic  latent  image  to  the 
lO  visible  image  with  the  single  component  toner. 
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The  present  invention  relates  to  a  developing  ap- 
paratus  used  in  an  electrophotographic  device  and  an 
electrostatic  recording  device  for  developing  an  elec- 
trostatic  latent  image  to  a  visible  image,  more  partic- 
ularly,  to  a  developing  apparatus  for  producing  a  high 
quality  image  with  a  single  component  toner. 

As  a  developing  method  of  an  electrostatic  latent 
image  with  a  single  component  type  developing  agent 
(toner),  impression  development  method  is  known.  In 
this  developing  method,  an  electrostatic  latent  image 
holding  member  and  a  toner  carrier  are  contacted  at 
a  relative  surface  speed  of  substantially  zero  (as  dis- 
closed  in  United  States  Patent  Nos.  3,152,012  and 
3,731,148  and  Japanese  Patent  Application  Laid- 
Open  Nos.  SHO  47-13088  and  SHO  47-13089).  Ac- 
cording  to  this  developing  method,  since  no  magnetic 
materials  are  required,  the  apparatus  can  be  simply 
and  compactly  constructed.  In  addition,  color  toners 
can  be  easily  used. 

An  electrophotographic  recording  apparatus  ac- 
cording  to  this  developing  method  comprises  an  elec- 
trostatic  latent  image  holding  member  (for  example,  a 
photosensitive  drum),  a  charging  means,  an  electro- 
static  latent  image  forming  means,  a  developing  ap- 
paratus,  a  transferring  means,  and  a  fixing  means. 
The  electrostatic  latent  image  holding  member  forms 
and  holds  an  electrostatic  latent  image.  The  charging 
means  charges  the  peripheral  surface  of  the  electro- 
static  latent  image  holding  member.  The  electrostatic 
latent  image  forming  means  exposes  the  peripheral 
surface  of  the  electrostatic  latent  image  holding  mem- 
ber  equally  charged  by  the  charging  means  corre- 
sponding  to  an  image  information  signal  and  forms  an 
electrostatic  latent  image.  The  developing  apparatus 
develops  the  electrostatic  latent  image  on  the  periph- 
eral  surface  of  the  electrostatic  latent  image  holding 
member  by  the  electrostatic  latent  image  forming 
means  to  a  visible  image  with  a  developing  agent  (to- 
ner).  The  transferring  means  transfers  the  visible  to- 
ner  image  formed  on  the  peripheral  surface  of  the 
electrostatic  latent  image  holding  member  by  the  de- 
veloping  apparatus  to  a  recording  medium.  The  fixing 
means  fixes  the  toner  image  on  the  recording  me- 
dium  with  a  pressure  and  heat. 

However,  in  the  impression  development  meth- 
od,  the  toner  carrier  which  holds  a  toner  on  its  periph- 
eral  surface  is  pressured  or  contacted  with  the  elec- 
trostatic  latent  image  holding  member  so  as  to  devel- 
op  an  image.  Thus,  the  toner  carrier  must  be  an  elas- 
tic  and  electroconductive  roller.  In  particular,  when 
the  electrostatic  latent  image  holding  member  is  a  rig- 
id  substance,  the  toner  carrier  must  be  made  of  an 
elastic  material  so  as  to  prevent  the  electrostatic  la- 
tent  image  holding  member  from  being  damaged.  In 
addition,  to  provide  development  electrode  effect  and 
bias  effect,  an  electroconductive  layer  is  preferably 
disposed  on  the  peripheral  surface  of  the  toner  car- 
rier  or  in  the  vicinity  thereof  so  as  to  apply  a  bias  vol- 

tage  thereto.  The  toner  is  frictionally  charged  by  the 
toner  carrier  and  a  regulating  member  (regulating 
blade)  which  forms  a  thin  toner  layer  on  the  peripheral 
surface  of  the  toner  carrier.  Thus,  the  regulating 

5  member  must  be  contacted  with  the  peripheral  sur- 
face  of  the  toner  carrier  so  that  a  predetermined  nip 
width  is  provided.  In  this  case,  the  regulating  member 
is  preferably  made  of  a  frictionally  chargeable  materi- 
al  so  that  the  regulating  member  properly  charges  the 

10  toner.  Particularly,  in  a  reversal  development  system 
(for  use  in  laser  printers,  digital  PPCs,  and  so  forth) 
which  negatively  charges  the  surface  of  a  photosen- 
sitive  material  (electrostatic  latent  image  holding 
member)  and  then  develops  an  image  with  a  toner 

15  negatively  charged,  a  toner  carrier  and  a  regulating 
member  made  of  silicone  rubber  which  is  positively 
chargeable  are  widely  used. 

Fig.  1  is  a  sectional  view  showing  the  construc- 
tion  of  principal  portions  of  a  conventional  developing 

20  apparatus.  In  the  figure,  reference  numeral  2  is  a  to- 
ner  carrier.  The  toner  carrier  2  is  constructed  of  a 
semiconductive  roller  on  which  an  elastic  layer  is 
formed.  Reference  numeral  3  is  a  regulating  member. 
The  regulating  member  3  forms  a  negatively  charged 

25  thin  toner  layer  on  the  peripheral  surface  of  the  toner 
carrier  2.  In  the  figure,  reference  numeral  4  is  a  toner 
supply  member  which  supplies  a  toner  5  to  the  per- 
ipheral  surface  of  the  toner  carrier  2.  Reference  nu- 
meral  6  is  a  toner  hopper  which  stocks  the  toner  5  and 

30  so  forth.  Reference  numeral  7  is  a  toner  agitating 
member.  Reference  numeral  8  is  a  waste  toner  col- 
lecting  member.  Reference  numeral  9  is  a  regulating 
member  holding  mechanism  which  elastically  pres- 
surizes  and  holds  the  regulating  member  3.  Refer- 

35  ence  numeral  1  is  an  electrostatic  latent  image  hold- 
ing  member  opposed  to  the  developing  apparatus. 

In  an  image  forming  process  of  the  developing 
apparatus,  the  peripheral  surface  of  the  electrostatic 
latent  image  holding  member  1  is  equally  charged  by 

40  a  charging  means  such  as  a  corona  charger  (not 
shown).  An  electrostatic  latent  image  corresponding 
to  image  information  is  formed  by  an  electrostatic  la- 
tent  image  forming  means  such  as  laser  light  (not 
shown).  Thereafter,  a  thin  toner  layer  formed  and 

45  held  on  the  peripheral  surface  of  the  toner  carrier  2 
is  contacted  with  the  peripheral  surface  of  the  elec- 
trostatic  latent  image  holding  member  1  .  Thus,  a  visi- 
ble  image  is  formed  by  the  toner  5.  Next,  the  visible 
toner  image  formed  on  the  peripheral  surface  of  the 

so  electrostatic  latent  image  holding  member  1  is  trans- 
ferred  to  a  recording  medium  by  a  transferring  means 
such  as  a  Corotoron  type  charger  (not  shown).  The 
visible  toner  image  is  fixed  on  the  recording  medium 
by  a  fixing  means  (not  shown).  Thus,  a  predetermined 

55  image  is  formed. 
On  the  other  hand,  as  the  DTP  (Desk  Top  Pub- 

lishing)  market  is  growing,  images  including  graphics 
as  well  as  characters  are  required.  Thus,  reproducibil- 
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ity  of  gray  scale  images  is  becoming  important.  In  the 
above-described  developing  method  using  a  single 
component  toner,  gray  scale  images  cannot  be  prop- 
erly  reproduced.  As  a  factor  which  deteriorates  the  re- 
producibility,  there  is  a  sleeve  ghost.  The  sleeve  5 
ghost  results  from  hysteresis  phenomenon  caused  by 
a  developing  roller  as  a  toner  carrier.  For  example,  af- 
ter  a  solid  image  has  been  printed,  when  a  gray  scale 
zone  is  printed,  there  will  be  a  difference  of  density 
between  the  solid  image  and  gray  scale  image.  Thus,  10 
an  uneven  density  takes  place  at  intervals  of  the  per- 
ipheral  length  of  the  developing  roller.  The  uneven 
density  is  remarkable  at  a  gray  scale  portion.  This  un- 
even  density  especially  deteriorates  the  reproducibil- 
ity  of  an  image.  Thus,  to  form  high  quality  images  with  15 
high  reproducibility,  the  problem  of  the  sleeve  ghost 
must  be  solved  as  a  primary  condition.  However,  so 
far,  the  countermeasures  against  the  sleeve  ghost 
have  not  been  satisfactorily  taken. 

In  addition,  when  an  image  contains  graphics,  20 
they  must  be  precisely  formed.  In  other  words,  when 
characters  are  printed,  a  satisfactory  image  density  is 
required.  Thus,  the  diameter  of  toner  particles  must 
be  relatively  large.  On  the  other  hand,  when  an  image 
containing  graphics  is  printed,  fine  lines  must  be  pre-  25 
cisely  reproduced.  Thus,  when  a  toner  whose  particle 
diameter  is  large  is  used,  lines  may  be  overlapped. 
Consequently,  when  a  graphic  image  is  printed,  a  to- 
ner  whose  particle  diameter  is  relatively  small  must  be 
used.  To  satisfy  these  requirements,  high  resolution  30 
technology  using  a  toner  whose  particle  diameter  is 
small  is  being  developed.  In  other  words,  the  resolu- 
tion  of  the  image  forming  apparatus  is  being  changed 
from  300  dots/inch  to  600  dots/inch.  Thus,  toner  par- 
ticle  diameters  are  being  changed  from  1  0  to  7  to  35 
8  urn. 

However,  as  the  resolution  of  printing  images  is 
being  improved,  several  problems  is  arising.  As  a  typ- 
ical  problem,  the  production  of  a  toner  whose  particle 
diameter  is  small  is  not  easy.  Conventionally,  a  toner  40 
is  produced  by  so-called  grinding  and  screening 
method.  In  this  method,  a  resin  block  which  was 
mixed  and  kneaded  as  a  toner  material  is  mechanical- 
ly  ground  and  screened  into  toner  particles  with  re- 
quired  particle  diameters.  However,  in  the  conven-  45 
tional  mechanical  grinding  method,  toner  particles 
with  diameters  of  7  urn  and  8  are  not  effectively 
collected.  In  other  words,  since  toner  particles  whose 
d  iameters  are  1  0  or  larger  are  removed  from  t  hose 
ground  by  the  conventional  grinding  device,  the  50 
amount  of  toner  particles  with  smaller  diameters  be- 
comes  very  small.  Thus,  the  production  cost  of  the  to- 
ner  remarkably  rises. 

The  present  invention  is  made  from  the  above- 
described  stand  points.  An  object  of  the  present  in-  55 
vention  is  to  provide  a  developing  apparatus  for  devel- 
oping  a  high  quality  image  which  is  free  of  uneven 
density,  fogging  at  non-image  portion,  and  a  sleeve 

ghost  as  hysteresis  phenomenon  of  a  developing  roll- 
er. 

Another  object  of  the  present  invention  is  to  pro- 
vide  a  developing  apparatus  for  effectively  forming 
both  a  sharp  and  high-density  character  image  and  a 
high-resolution  graphic  image  using  a  conventional 
toner  which  can  be  obtained  by  a  conventional  meth- 
od. 

An  apparatus  of  the  present  invention  is  a  devel- 
oping  apparatus  disposed  opposite  to  an  electrostatic 
latent  image  holding  member  and  adapted  for  devel- 
oping  an  electrostatic  latent  image  formed  on  the 
electrostatic  latent  image  holding  member  to  a  visible 
image  with  a  single  component  toner,  the  apparatus 
comprising  a  first  toner  carrier  having  a  peripheral 
surface  and  being  adapted  for  holding  the  single  com- 
ponent  toner  on  the  peripheral  surface,  a  first  regu- 
lating  member  which  is  in  contact  with  the  first  toner 
carrier,  a  second  toner  carrier  having  a  peripheral 
surface  and  being  adapted  for  holding  the  single  com- 
ponent  toner  and  for  relatively  approaching  to  or  com- 
ing  in  contact  with  the  first  toner  carrier  so  as  to  trans- 
fer  the  single  component  toner  to  the  first  toner  car- 
rier,  and  a  second  regulating  member  which  is  in  con- 
tact  with  the  second  toner  carrier,  wherein  the  first  to- 
ner  carrier  or  the  second  toner  carrier  is  adapted  to 
relatively  and  selectively  approach  to  or  come  in  con- 
tact  with  the  electrostatic  latent  image  holding  mem- 
ber  and  transfer  to  the  electrostatic  latent  image  hold- 
ing  member  either  a  single  component  toner  held  on 
the  peripheral  surface  of  the  first  toner  carrier  or  a 
single  component  toner  which  resides  on  the  periph- 
eral  surface  of  the  second  toner  carrier  after  the  sin- 
gle  component  toner  has  been  transferred  from  the 
second  toner  carrier  to  the  first  toner  carrier  so  as  to 
develop  the  electrostatic  latent  image  to  the  visible 
image  with  the  single  component  toner. 

In  other  words,  according  to  the  first  aspect  of  the 
present  invention,  a  toner  carrier  means  is  construct- 
ed  of  two  toner  carriers.  The  second  toner  carrier 
charges  a  toner.  The  first  toner  carrier  controls  the 
thickness  of  a  thin  toner  layer. 

A  second  aspect  of  the  present  invention  is  a  de- 
veloping  apparatus  having  a  plurality  of  toner  carri- 
ers.  The  plurality  of  toner  carriers  are  switched  so  as 
to  develop  an  electrostatic  latent  image  on  the  elec- 
trostatic  latent  image  holding  member  to  a  visible  im- 
age.  Thus,  these  toner  carriers  are  disposed  so  that 
thin  toner  layers  on  the  toner  carriers  can  be  contact- 
ed  with  or  approached  to  the  electrostatic  latent  im- 
age  holding  member  and  thereby  the  thin  toner  layers 
are  adhered  to  the  electrostatic  latent  image.  The  sin- 
gle  component  toner  is  supplied  to  the  toner  carriers 
and  charged  by  a  conventional  toner  supply  member 
and  the  like.  The  toner  supply  member  is  disposed  so 
that  it  can  be  contacted  with  or  approached  to  one  of 
the  plurality  of  toner  carriers  which  constructs  the  de- 
veloping  apparatus.  In  addition,  a  means  for  applying 
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an  electric  field  between  the  toner  carriers  and  be- 
tween  the  toner  carrier  and  toner  supply  member  is 
disposed. 

According  tothe  first  aspect  of  the  present  inven- 
tion,  a  toner  carrier  means  is  constructed  of  at  least  5 
two  toner  carriers.  One  toner  carrier  charges  a  toner. 
The  other  toner  carrier  controls  the  thickness  of  the 
thin  toner  layer.  In  other  words,  to  form  an  image  with 
high  reproducibility  and  quality,  the  problem  of  a 
sleeve  ghost  must  be  solved.  From  intensive  study  10 
made  by  the  inventors  of  the  present  invention,  it  was 
revealed  that  when  the  toner  carrier  is  constructed  of 
at  least  two  functional  members,  a  single  component 
toner  which  develops  an  electrostatic  latent  image  to 
a  visible  image  is  satisfactorily  charged  and  the  15 
amou  nt  of  toner  (t  hickness  of  t  he  t  hin  toner  layer)  can 
be  very  easily  controlled.  In  the  conventional  system, 
the  particle  size  distribution  of  a  single  component  to- 
ner  is  broad  and  small  diameter  toner  particles  re- 
main.  Thus,  after  an  image  has  been  developed,  a  20 
large  amount  of  toner  particles  resides  on  the  periph- 
eral  surface  of  a  toner  carrier.  As  a  result,  an  image 
deterioration  results  in.  However,  according  to  the 
present  invention,  when  a  single  component  toner 
charged  on  the  peripheral  surface  of  a  second  toner  25 
carrier  is  transferred  to  a  first  toner  carrier,  the  par- 
ticle  size  distribution  is  sharply  controlled.  Thus,  after 
the  image  has  been  developed,  the  amount  of  toner 
particles  which  resides  on  the  first  toner  carrier  which 
is  approached  or  is  in  contact  with  the  electrostatic  la-  30 
tent  image  holding  member  is  remarkably  reduced. 
Consequently,  it  seems  that  a  stable  and  high  quality 
image  free  of  uneven  image  density,  fogging,  and  de- 
terioration  can  be  formed. 

Next,  experimental  results  about  the  particle  size  35 
distribution  of  the  toner  on  the  two  toner  carriers  will 
be  described. 

Fig.  2  shows  a  measurement  result  of  the  particle 
size  distribution  of  a  toner  on  the  second  toner  carrier. 
Fig.  3  shows  a  measurement  result  of  the  particle  size  40 
distribution  of  a  toner  on  the  first  toner  carrier.  In  Fig. 
2,  line  (a)  represents  the  particle  size  distribution  of 
the  toner  on  the  second  toner  carrier  before  a  single 
component  toner  is  transferred  to  the  first  toner  car- 
rier.  Line  (b)  represents  the  particle  size  distribution  45 
of  the  toner  transferred  from  the  second  toner  carrier 
to  the  first  toner  carrier.  Line  (c)  represents  the  par- 
ticle  size  distribution  of  the  tonerwhich  resides  on  the 
second  toner  carrier  after  the  single  component  toner 
is  transferred  to  the  first  toner  carrier.  In  Fig.  3,  line  50 
(a)  represents  the  particle  size  distribution  of  the  to- 
ner  on  the  first  toner  carrier  before  the  single  compo- 
nent  toner  is  adhered  to  an  electrostatic  latent  image 
on  the  electrostatic  latent  image  holding  member. 
Line  (b)  represents  the  particle  size  distribution  of  the  55 
toner  adhered  to  the  electrostatic  latent  image  holding 
member  afterthe  toner  has  been  transferred  from  the 
first  toner  carrier.  Line  (c)  represents  the  particle  size 

distribution  of  the  toner  which  resides  on  the  first  to- 
ner  carrier  after  the  single  component  toner  has  been 
adhered  to  the  electrostatic  latent  image  holding 
member.  As  is  clear  from  the  figures,  it  is  revealed 
that  small  diameter  particles  of  the  single  component 
toner  held  on  the  peripheral  surface  of  the  second  to- 
ner  carrier  reside  on  the  second  toner  carrier  after 
the  single  component  toner  has  been  transferred  to 
the  first  toner  carrier.  When  the  single  component  to- 
ner  is  transferred  from  the  second  toner  carrier  to  the 
first  toner  carrier,  small  diameter  toner  particles  have 
been  removed.  Thus,  the  particle  size  distribution  of 
the  toner  adhered  to  the  photosensitive  drum  (elec- 
trostatic  latent  image  holding  member)  almost  ac- 
cords  with  that  of  the  toner  adhered  to  the  first  toner 
carrier.  Since  the  toner  carrier  means  is  constructed 
of  two  toner  carries,  even  if  a  single  component  toner 
with  a  broad  particle  size  distribution  is  used,  an  elec- 
trostatic  latent  image  can  be  developed  on  the  pho- 
tosensitive  drum  with  relatively  same  diameter  toner 
particles. 

In  addition,  according  to  the  present  invention, 
since  the  toner  carrier  means  is  constructed  of  at 
least  two  functional  members,  the  material  and  con- 
struction  of  the  toner  carriers  and  regulating  mem- 
bers  can  be  properly  selected  so  that  the  toner  is 
properly  charged  and  the  thickness  thereof  is  con- 
stantly  controlled.  In  other  words,  according  to  the 
present  invention,  since  more  preferable  (optimum) 
developing  conditions  can  be  selected  and  designat- 
ed,  a  stable  and  high  quality  image  free  of  uneven 
density  and  fogging  can  be  always  and  easily  formed. 

According  to  the  second  aspect  of  the  present  in- 
vention,  since  the  developing  apparatus  has  a  plural- 
ity  of  toner  carriers,  even  if  a  relatively  cheap  toner 
with  a  broad  particle  size  distribution  is  used,  as  de- 
scribed  with  reference  to  Figs.  2  and  3,  since  a  first 
toner  carrier  which  forms  a  thin  toner  layer  with  rela- 
tively  small  diameter  toner  particles  and  a  second  to- 
ner  carrier  which  forms  a  thin  tonerlayerwith  relative- 
ly  large  diameter  toner  particles  are  selectively 
switched  for  the  electrostatic  latent  image  holding 
member,  an  electrostatic  latent  image  on  the  electro- 
static  latent  image  holding  member  can  be  developed 
to  a  visible  image  with  proper  size  toner  particles  cor- 
responding  to  a  desired  image.  Thus,  without  neces- 
sity  of  an  expensive  toner  having  a  narrow  distribution 
of  particle  size,  an  image  with  high  resolution  can  be 
formed. 

These  and  other  objects,  features  and  advantag- 
es  of  the  present  invention  will  become  more  appa- 
rent  in  light  of  the  following  detailed  description  of  a 
best  mode  embodiment  thereof,  as  illustrated  in  the 
accompanying  drawings. 

Fig.  1  is  a  sectional  view  showing  the  construc- 
tion  of  principal  portions  of  a  conventional  devel- 
oping  apparatus; 
Fig.  2  is  a  graph  for  explaining  a  particle  size  dis- 
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tribution  of  a  toner  on  the  peripheral  surface  of  a 
second  toner  carrier  of  a  developing  apparatus 
according  to  the  present  invention; 
Fig.  3  is  a  graph  for  explaining  a  particle  size  dis- 
tribution  of  a  toner  on  the  peripheral  surface  of  a 
first  toner  carrier  of  the  developing  apparatus  ac- 
cording  to  the  present  invention; 
Fig.  4  is  a  sectional  view  showing  the  construc- 
tion  of  principal  portions  of  the  developing  appa- 
ratus  according  to  a  first  embodiment  of  the  pres- 
ent  invention; 
Fig.  5  is  a  partial  perspective  view  showing  the 
construction  of  the  first  toner  carrier  of  the  devel- 
oping  apparatus  according  to  the  first  embodi- 
ment  of  the  present  invention; 
Fig.  6  is  a  sectional  view  showing  the  construc- 
tion  of  principal  portions  of  a  developing  appara- 
tus  according  to  another  example  of  the  first  em- 
bodiment  of  the  present  invention; 
Fig.  7  is  a  sectional  view  showing  the  construc- 
tion  of  principal  portions  of  a  developing  appara- 
tus  according  to  an  example  of  the  second  em- 
bodiment  of  the  present  invention; 
Fig.  8  is  a  partial  perspective  view  showing  the 
construction  of  first  and  second  toner  carriers  of 
a  developing  apparatus  according  to  a  second 
embodiment  of  the  present  invention;  and 
Fig.  9  is  a  sectional  view  showing  the  construc- 
tion  of  principal  portions  of  a  developing  appara- 
tus  according  to  a  third  embodiment  of  the  pres- 
ent  invention. 

[First  Embodiment] 

Next,  with  reference  to  Figs.  4  to  6,  a  first  embodi- 
ment  of  the  present  invention  will  be  described. 

Fig.  4  is  a  sectional  view  showing  the  construc- 
tion  of  principal  portions  of  an  image  forming  appara- 
tus  having  a  developing  apparatus  according  to  the 
present  invention.  In  Fig.  4,  reference  numeral  10  is 
an  electrostatic  latent  image  holding  member  (for  ex- 
ample,  an  organic  photosensitive  drum).  Reference 
numeral  11  is  a  charger  (for  example,  Scorotron  type 
charger)  which  charges  the  peripheral  surface  of  the 
electrostatic  latent  image  holding  member  10.  Refer- 
ence  numeral  12  is  an  exposing  means  (for  example, 
a  laser  light  source)  which  forms  an  electrostatic  la- 
tent  image  on  the  peripheral  surface  of  the  electro- 
static  latent  image  holding  member  1  0  corresponding 
to  particular  image  information. 

The  developing  apparatus  1  3  comprises  a  first  to- 
ner  carrier  14,  a  first  regulating  member  (first  regulat- 
ing  blade  14a),  a  second  toner  carrier  15,  a  second 
regulating  member  (second  regulating  blade  15a),  a 
toner  hopper  16,  a  toner  supply  roller  17,  and  power 
supplies  18  and  19.  The  first  toner  carrier  14  holds  a 
single  component  toner  on  its  peripheral  surface  and 
relatively  approaches  or  contacts  the  single  compo- 

nent  toner  to  or  with  an  electrostatic  latent  image  on 
the  peripheral  surface  of  the  electrostatic  latent  im- 
age  holding  member  1  0  so  as  to  develop  the  electro- 
static  latent  image  to  a  visible  image.  The  first  regu- 

5  lating  member  14a  comes  in  contact  with  the  first  to- 
ner  carrier  14  so  as  to  chiefly  control  the  thickness  of 
a  thin  toner  layer  held  on  the  peripheral  surface  of  the 
first  toner  carrier  1  .  The  second  toner  carrier  1  5  rela- 
tively  approaches  to  or  comes  in  contact  with  the  first 

10  toner  carrier  14  so  as  to  transfer  the  single  compo- 
nent  toner  to  the  peripheral  surface  of  the  first  toner 
carrier  14.  The  second  regulating  member  1  5a  comes 
in  contact  with  the  second  toner  carrier  15  so  as  to 
control  the  charging  of  the  single  component  toner 

15  held  on  the  peripheral  surface  of  the  second  toner 
carrier  15.  The  toner  hopper  16  stocks  the  single 
component  toner.  The  toner  supply  roller  17  (as  a  to- 
ner  supply  member)  supplies  the  toner  to  the  periph- 
eral  surface  of  the  second  toner  carrier  1  5.  The  power 

20  supplies  18  and  19  apply  predetermined  voltages  to 
the  first  and  second  toner  carriers  14  and  15,  respec- 
tively. 

In  addition,  the  developing  apparatus  13  further 
comprises  a  transferring  means  (for  example,  a  trans- 

25  fer  roller)  22,  a  fixing  means  (for  example,  a  heating 
roller)  23,  a  waste  toner  collecting  means  24.  The 
transferring  means  22  transfers  the  visible  image  (to- 
ner  image)  formed  on  the  peripheral  surface  of  the 
electrostatic  latent  image  holding  member  10  to  a  re- 

30  cording  medium  21  conveyed  by  a  conveying  means 
(not  shown).  The  fixing  means  23  fixes  the  toner  im- 
age  being  transferred  to  the  recording  medium  21. 
The  waste  toner  collecting  means  24  collects  the  re- 
maining  toner  adhered  to  the  peripheral  surface  of 

35  the  electrostatic  latent  image  holding  member  10  af- 
ter  the  toner  image  has  been  transferred. 

As  described  above,  the  first  toner  carrier  14  and 
the  second  toner  carrier  15  have  respective  func- 
tions.  The  second  toner  carrier  15  must  equally 

40  charge  the  toner  particles  and  remove  toner  particles 
which  have  not  been  properly  charged  and  which  may 
adversely  affect  at  the  last  developing  area.  In  other 
words,  the  second  toner  carrier  1  5  must  transfer  only 
equally  charged  toner  particles  to  the  first  toner  car- 

45  rier  14.  As  described  above,  it  is  revealed  that  when 
small  diameter  toner  particles  are  present  on  the  first 
toner  carrier  14,  a  development  memory  takes  place. 
When  a  solid  image  is  developed,  small  diameter  to- 
ner  particles  which  have  a  strong  adhering  force  re- 

50  side  on  t  he  peripheral  surface  of  t  he  first  toner  carrier 
14.  If  a  next  thin  toner  layer  is  formed  on  the  remain- 
ing  thin  toner  layer,  the  small  diameter  toner  particles 
will  prevent  the  new  toner  layer  from  being  properly 
charged.  Thus,  when  the  single  component  toner  is 

55  transferred  from  the  second  toner  carrier  15  to  the 
first  toner  carrier  14,  if  the  small  diameter  toner  par- 
ticles  are  not  transferred,  developing  memory  can  be 
remarkably  reduced. 
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To  achieve  the  above  function,  the  peripheral 
surface  voltages  of  the  first  toner  carrier  14  and  the 
second  toner  carrier  15  are  required  to  be  properly 
applied  by  the  power  supplies  18  and  19,  respective- 
ly.  Actually,  the  peripheral  surface  voltage  of  the  first 
toner  carrier  14  is  preferably  higher  than  that  of  the 
second  toner  carrier  15.  If  toner  particles  incorrectly 
charged  are  present  in  the  toner,  the  peripheral  sur- 
face  voltage  of  the  first  toner  carrier  14  can  be  low- 
ered  than  that  of  the  second  toner  carrier  1  5  so  as  to 
prevent  such  toner  particles  from  being  transferred  to 
the  peripheral  surface  of  the  first  toner  carrier  14.  The 
peripheral  surface  voltages  of  the  first  toner  carrier 
14  and  the  second  toner  carrier  15  are  designated 
corresponding  to  the  contacting  width  thereof,  the  re- 
sistances  thereof,  and  so  forth. 

In  addition  to  the  above-described  conditions,  to 
causes  the  second  toner  carrier  15  and  the  second 
regulating  blade  15a  to  stably  and  effectively  friction- 
charge  the  toner,  the  surface  materials  thereof  must 
be  properly  selected.  In  other  words,  the  toner  is  fric- 
tionally  charged  corresponding  to  the  difference  of 
work  functions  of  the  toner  and  the  material  which  is 
in  contact  therewith.  Thus,  the  surface  materials  of 
the  second  toner  carrier  1  5  and  the  second  regulating 
blade  15a  must  have  a  relatively  large  work  function 
against  a  pigment  of  the  toner.  On  the  other  hand,  the 
first  toner  carrier  14  must  hold  the  single  component 
toner  transferred  from  the  second  toner  carrier  15 
and  adhere  the  toner  to  the  electrostatic  latent  image. 
Alternatively,  on  peripheral  surface  of  the  first  toner 
carrier  14,  the  single  component  toner  must  be  mixed 
with  the  next  thin  toner  layer  so  that  the  electric 
charge  amounts  thereof  become  equal.  To  improve 
the  developing  characteristics  of  the  thin  toner  layer 
formed  on  the  peripheral  surface  of  the  first  toner 
carrier  14,  the  first  toner  carrier  14  must  be  ohmic- 
contacted  with  the  single  component  toner.  The  sur- 
face  material  of  the  first  toner  carrier  14  must  have  a 
relatively  low  work  function  difference  against  the  to- 
ner. 

Thus,  the  materials  of  the  second  toner  carrier  1  5 
and  the  second  regulating  blade  15a  must  be  select- 
ed  from  those  which  can  be  satisfactorily  charged  to 
the  toner.  An  example  of  the  second  toner  carrier  15 
is  a  metal  roller  such  as  an  aluminum  roller  with  an 
outer  diameter  of  approximately  18  mm.  The  smooth- 
ness  of  the  peripheral  surface  of  the  second  toner 
carrier  15  which  affects  the  transferring  and  develop- 
ing  characteristics  of  the  toner  is  preferably  3  Rz 
or  less.  When  the  smoothness  of  the  peripheral  sur- 
face  exceeds  3  urn  Rz,  an  uneven  pattern  on  the  per- 
ipheral  surface  tends  to  appear  on  a  final  image.  The 
peripheral  surface  of  the  second  toner  carrier  15  with 
a  smoothness  of  3p.m  Rz  or  less  can  be  easilyformed 
by  a  coarse  surface  forming  treatment  according  to 
sand  blasting  method.  The  second  toner  regulating 
blade  15a  is  produced  by  mounting  a  chip  on  a  plate. 

The  chip  is  formed  by  coating  a  layer  with  a  charging 
property  reverse  of  the  toner  on  an  elastic  rubber  ma- 
terial  (such  as  silicone  rubber  or  urethane  rubber)  or 
a  resin  with  a  hardness  of  30  to  80  in  JIS-A  standard. 

5  The  chip  is  formed  on  an  end  portion  of  a  thin  plate 
such  as  stainless  steel,  beryllium  alloy,  or  phosphor 
bronze.  The  chip  is  mounted  on  the  second  toner  reg- 
ulating  blade  15a  by  a  bonding  method,  a  nipping 
method,  or  an  engaging  method.  Actually,  when  the 

10  toner  is  negatively  charged  and  a  reversal  develop- 
ment  is  performed,  the  second  regulating  blade  15a 
can  be  formed  by  mounting  a  positive-chargeable  sil- 
icone  rubber  with  a  hardness  of  70  in  JIS-A  standard 
to  an  end  portion  of  a  stainless  steel  plate  with  a  thick- 

15  ness  of  0.1  to  2  mm. 
The  first  toner  carrier  14  must  equally  form  a  thin 

toner  layer  on  its  peripheral  surface.  Thus,  the  rela- 
tion  between  the  second  toner  carrier  15  and  the 
electrostatic  latent  image  holding  member  10  must  be 

20  carefully  considered.  The  peripheral  speed  of  the  first 
toner  carrier  14  is  preferably  1.1  to4  times  higherthan 
that  of  the  electrostatic  latent  image  holding  member 
1  0.  The  peripheral  speed  of  the  second  toner  carrier 
15  is  preferably  1.1  to  4  times  higherthan  that  of  the 

25  first  toner  carrier  14.  This  is  because  when  the  per- 
ipheral  speeds  of  the  first  toner  carrier  14  and  the 
second  toner  carrier  1  5  are  too  slow,  a  proper  amount 
of  single  component  toner  cannot  be  adhered  to  an 
electrostatic  latent  image.  In  contrast,  when  these 

30  peripheral  speeds  are  too  fast,  drive  sources  of  the 
first  toner  carrier  14  and  the  second  toner  carrier  15 
may  be  overloaded.  The  diameter  of  the  first  toner 
carrier14  is  preferably  the  same  asthatof  the  second 
toner  carrier  15. 

35  Generally,  the  first  toner  carrier  14  is  an  electro- 
conductive  rubber  roller.  As  shown  in  Fig.  5,  the  first 
toner  carrier  14  comprises  a  metal  shaft  14c,  an  elas- 
tic  layer  14d,  and  a  surface  electroconductive  layer 
14e.  The  elastic  layer  14d  coats  the  peripheral  sur- 

40  face  of  the  metal  shaft  14c.  The  surface  electrocon- 
ductive  layer  14e  coats  the  peripheral  surface  of  the 
elastic  layer  14d.  Instead  of  two  layers  of  the  elastic 
layer  14d  and  the  surface  electroconductive  layer 
14e,  only  the  elastic  layer  14d  which  is  an  electrocon- 

45  ductive  layer  may  be  used.  The  rubber  hardness  in 
JIS-A  standard  of  the  first  toner  carrier  14  is  prefer- 
ably  50  or  less  so  that  the  first  toner  carrier  14  has  a 
satisfactory  contact  pressure  against  the  second  to- 
ner  carrier  15.  In  addition,  the  peripheral  surface  of 

so  the  first  toner  carrier  14  must  be  smooth  so  as  to  pre- 
vent  the  single  component  toner  from  being  adhered 
to  the  first  toner  carrier  14.  In  addition,  since  the  first 
toner  carrier  14  is  in  contact  with  the  first  regulating 
blade  14a,  the  electrostatic  latent  image  holding 

55  member  10,  and  the  second  toner  carrier  15,  a  per- 
manent  set  (%)  (in  JIS  K6301)  of  the  elastic  layer  ad- 
versely  takes  place  due  to  packaging  state  and  long 
time  storage.  When  the  permanent  set  exceeds  10  %, 
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an  uneven  image  tends  to  take  place  at  intervals  of 
the  peripheral  length  of  the  first  toner  carrier  14. 
Thus,  the  elastic  layer  14d  is  preferably  made  of  a  ma- 
terial  with  a  permanent  set  of  1  0  %  or  less,  preferably 
5  %  or  less. 

The  relation  between  the  rubber  hardness  and 
permanent  set  of  the  elastic  substance  which  con- 
structs  the  elastic  layer  14d  is  in  that  the  larger  the 
rubber  hardness  is  inversely  proportional  to  the  per- 
manent  set.  Examples  of  the  elastic  substance  which 
satisfies  the  characteristics  required  for  the  elastic 
layer  14d  are  electroconductive  urethane  rubber, 
electroconductive  EPDM  rubber,  and  silicone  rubber. 
The  electroconductive  urethane  rubber  used  in  this 
embodiment  had  a  hardness  of  30  measured  by  an  A 
type  hardness  tester  according  to  JIS  standard  K 
6301.  The  outer  diameter  of  the  elastic  layer  14d  was 
18  mm.  In  addition,  the  elastic  layer  14d  made  of  the 
electroconductive  urethane  rubber  was  disposed  in 
parallel  with  a  stainless  steel  roller  with  a  diameter  of 
60  mm  so  that  the  elastic  rollerformed  on  the  periph- 
eral  surface  of  the  metal  shaft  14c  was  in  contact  with 
the  stainless  steel  roller  by  a  nipped  width  of  2  mm. 
A  voltage  of  100  V  was  applied  between  the  metal 
shafts  of  these  rollers.  Thus,  the  electroconductive 
urethane  rubber  had  an  electric  resistance  of  3.4  x 
1  03  Q-cm.  At  that  time,  the  permanent  set  (according 
to  JIS  K  6301)  was  3.8%. 

Since  the  surface  conductive  layer  14e  of  the  first 
toner  carrier  (electroconductive  rubber  roller)  14  is  di- 
rectly  in  contact  with  the  tonerand  the  electrostatic  la- 
tent  image  holding  member  10,  they  must  be  prevent- 
ed  from  being  contaminated  by  plasticizer,  vulcaniz- 
ing  agent,  and  process  oil.  The  smoothness  of  the 
peripheral  surface  of  the  surface  electroconductive 
layer  14e  is  preferably  3  Rz  or  less.  When  the 
smoothness  of  the  peripheral  surface  of  the  surface 
electroconductive  layer  14e  exceeds  3  Rz,  an  un- 
even  pattern  on  the  peripheral  surface  tends  to  ap- 
pear  on  a  final  image.  The  smoothness  of  3  Rz  or 
less  of  the  surface  electroconductive  layer  14e  can  be 
easily  accomplished  by  thickly  forming  the  surface 
electroconductive  layer  14e  on  the  peripheral  surface 
of  the  elastic  layer  14d  and  then  by  controlling  the 
outer  diameter  and  surface  roughness  thereof  ac- 
cording  to  sand  blasting  method  or  the  like.  Alterna- 
tively,  after  the  elastic  layer  14d  has  been  coated  on 
the  peripheral  surface  of  the  metal  shaft  14c,  a  coat- 
ing  material  with  a  proper  viscosity  may  be  applied  on 
the  peripheral  surface  of  the  elastic  layer  14d  accord- 
ing  to  spray  coating  method,  dipping  coating  method, 
knife  edge  coating  method,  or  the  like.  In  this  case, 
the  viscosity  of  the  coating  material  is  low  in  the  order 
of  spray  coating  method  (most  lowest)  <  dipping  coat- 
ing  method  (second  lowest)   ̂ knife  edge  coating 
method.  The  smoothness  of  3  Rz  or  less  of  the 
peripheral  surface  of  the  surface  electroconductive 
layer  14e  can  be  accomplished  when  10  xS  in  the 

spray  coating  method  and  when  T  s  5  x  S  in  both  the 
dipping  coating  method  and  the  knife  edge  coating 
method,  where  the  thickness  of  the  coating  material 
coated  on  the  peripheral  surface  of  the  elastic  layer 

5  14d  is  T  (urn)  and  the  roughness  of  the  peripheral  sur- 
face  of  the  elastic  layer  14d  is  S  (urn  Rz). 

Actually,  a  stock  solution  of  an  electroconductive 
polyurethane  resin  type  coating  material  in  which 
electroconductive  fine  carbon  particles  were  dis- 

10  persed  (resistance  :  103  Q-cm)  was  mixed  with  a  di- 
luting  solution  which  made  by  mixing  methyl  ethyl  ke- 
tone  (MEK)  and  tetrahydrofurane  (THF)  with  a  ratio  of 
1  to  1  so  that  the  amount  of  stock  solution  was  equal 
to  the  amount  of  the  diluting  solution.  To  charge  the 

15  diluting  solution  with  reverse  electricity  of  the  toner, 
3  %  by  weight  of  an  acrylic  resin  type  charging  control 
agent  had  been  added  to  the  undiluted  solution  of  the 
electroconductive  polyurethane  resin  type  coating 
material.  Thus,  the  charging  amount  of  the  coating 

20  solution  was  +603  nC. 
Next,  the  coating  solution  was  fully  agitated.  The 

coating  solution  was  coated  by  dipping  method  on  the 
peripheral  surface  of  the  elastic  layer  14d  which  was 
made  of  electroconductive  urethane  rubber  and 

25  which  was  rinsed  with  a  solvent.  The  coating  solution 
was  coated  at  a  pulling  speed  of  2.5  mm/sec.  There- 
after,  the  coating  solution  was  dried  for  30  min  by  air 
and  then  heated  at  120°C  for  20  min.  Thus,  the  first 
toner  carrier  (electroconductive  rubber  roller)  14  was 

30  produced.  The  thickness  of  the  electroconductive  lay- 
er  14e  was  70  to  80  urn.  The  resistance  between  the 
metal  shaft  14c  and  the  electroconductive  layer  14e 
was  103  Q-cm.  The  hardness  of  the  rubber  was  35 
(measured  by  an  A  type  hardness  tester  according  to 

35  JIS  K  6301).  The  surface  roughness  was  3  urn  Rz. 
The  first  regulating  blade  14a  is  produced  by  mount- 
ing  a  chip  on  a  fixing  plate.  The  chip  is  produced  by 
forming  a  layer  with  the  reverse  charging  property  as 
the  toner  on  elastic  rubber  (such  as  silicone  rubber  or 

40  urethane  rubber)  or  resin  with  a  hardness  of  30  to  85 
(in  JIS-A  standard).  The  chip  is  mounted  on  an  edge 
portion  of  the  fixing  plate  (such  as  a  stainless  steel 
plate  with  a  thickness  of  0.1  to  2  mm)  by  bonding 
method,  nipping  method,  or  engaging  method.  Ac- 

45  tually,  when  the  toner  is  negatively  charged  and  re- 
verse  development  is  performed,  a  positively 
charged  silicone  rubber  chip  with  a  hardness  of  70  (in 
JIS-A  standard)  is  mounted  on  an  edge  portion  of  a 
stainless  steel  plate  with  a  thickness  of  0.1  to  2  mm. 

50  Thus,  the  first  regulating  blade  14a  can  be  produced. 
Next,  an  experimental  result  of  the  image  forming 

apparatus  having  the  developing  apparatus  13  which 
comprises  the  first  toner  carrier  14,  the  first  regulat- 
ing  blade  14a,  the  second  toner  carrier  15,  and  the 

55  second  regulating  blade  15a  (shown  in  Fig.  4)  will  be 
described.  With  the  image  forming  apparatus,  im- 
ages  with  high  quality  could  be  formed.  In  the  experi- 
ment,  a  negatively  chargeable  single  component  non- 
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magnetic  toner  which  was  composed  of  92  parts  by 
weight  of  polyester  resin,  4  parts  by  weight  of  carbon 
powder,  2  parts  by  weight  of  low  molecular  weight 
polypropylene,  2  parts  by  weight  of  metal  complex 
dye,  and  0.5  parts  by  weight  of  additives  silica  was 
used.  The  average  particle  diameter  of  the  tonerwas 
1  0  urn.  The  electrostatic  latent  image  holding  member 
(organic  photosensitive  drum)  10  was  rotated  at  a 
peripheral  speed  of  50  mm/sec.  The  electrostatic  la- 
tent  image  holding  member  10  was  charged  at  a  vol- 
tage  of  -500  V  by  the  charger  (corona  charger)  11. 
Thereafter,  image  information  was  recorded  as  an 
electrostatic  latent  image  by  the  exposing  means  (las- 
er  light  source)  12.  The  first  toner  carrier  14  was  ro- 
tated  at  a  peripheral  speed  of  60  mm/sec  in  the  re- 
verse  direction  of  the  electrostatic  latent  image  hold- 
ing  member  10.  The  second  toner  carrier  15  was  ro- 
tated  at  a  peripheral  speed  of  100  mm/sec  in  the  re- 
verse  direction  of  the  first  toner  carrier  14.  Thus,  the 
electrostatic  latent  image  was  developed  to  a  visible 
image.  At  that  time,  a  voltage  of  -150  V  was  applied 
to  the  first  toner  carrier  14  by  the  power  supply  18.  On 
the  other  hand,  a  voltage  of  -200  V  was  applied  to  the 
second  toner  carrier  15  by  the  power  supply  19.  The 
first  toner  carrier  14  was  pressured  to  the  peripheral 
surface  of  the  electrostatic  latent  image  holding  mem- 
ber  10  so  as  to  perform  a  predetermined  reversal  de- 
velopment. 

Next,  the  toner  image  formed  on  the  peripheral 
surface  of  the  electrostatic  latent  image  holding  mem- 
ber  1  0  was  transferred  to  the  recording  medium  21  by 
a  6  kV  DC  corona  discharging  of  the  transferring 
means  22.  Thereafter,  the  toner  image  was  thermal- 
ly-fixed  by  the  fixing  means  23.  The  resultant  line  im- 
age  was  clear,  whereas  the  resultant  solid  image  had 
equally  high  density  (1  .4  on  a  Macbeth  densitometer) 
and  which  was  free  of  fogging.  In  addition,  the  resul- 
tant  gray  scale  image  was  not  almost  affected  by  the 
solid  image.  Thus,  a  high  quality  image  was  formed 
by  the  apparatus  according  to  the  first  embodiment. 

In  the  first  embodiment,  the  first  toner  carrier  14 
and  the  second  toner  carrier  1  5  constructed  a  part  of 
the  toner  hopper  16.  In  addition,  the  first  regulating 
blade  14a  and  the  second  regulating  blade  15a  were 
directly  mounted  on  the  toner  hopper  16.  However,  as 
shown  in  Fig.  6,  the  first  toner  carrier  14  may  be  par- 
tially  exposed  to  the  outside.  Moreover,  the  second 
toner  carrier  15  may  be  disposed  in  the  toner  hopper 
16. 

[Second  Embodiment] 

Next,  with  reference  to  Figs.  7  and  8,  a  second 
embodiment  of  the  present  invention  will  be  descri- 
bed.  Fig.  7  is  a  sectional  view  showing  the  construc- 
tion  of  principal  portions  of  an  image  forming  appara- 
tus  having  a  developing  apparatus  according  to  a  sec- 
ond  embodiment  of  the  present  invention.  In  the  fig- 

ure,  reference  numeral  30  is  an  electrostatic  latent  im- 
age  holding  member  (for  example,  an  organic  photo- 
sensitive  drum).  Reference  numeral  31  is  a  charger 
(for  example,  Scorotoron  charger)  which  charges  the 

5  peripheral  surface  of  the  electrostatic  latent  image 
holding  member  30.  Reference  numeral  32  is  an  ex- 
posing  means  (for  example,  a  laser  light  source) 
which  forms  an  electrostatic  latent  image  on  the  per- 
ipheral  surface  of  the  electrostatic  latent  image  hold- 

10  ing  member  30  according  to  image  information. 
The  developing  apparatus  33  according  to  the 

second  embodiment  of  the  present  invention  com- 
prises  a  first  toner  carrier  34,  a  first  regulating  blade 
34a,  a  second  toner  carrier  35,  a  second  regulating 

15  blade  35a,  a  toner  hopper  36,  a  toner  supply  roller  37, 
and  power  supplies  38,  39,  and  40.  The  first  toner  car- 
rier  34  holds  a  single  component  toner  on  its  periph- 
eral  surface  and  relatively  approaches  or  contacts  the 
single  component  toner  to  or  with  an  electrostatic  la- 

20  tent  image  on  the  peripheral  surface  of  the  electro- 
static  latent  image  holding  member  10  so  as  to  devel- 
op  the  electrostatic  latent  image  to  a  visible  image. 
The  first  regulating  blade  34a  comes  in  contact  with 
the  first  toner  carrier  34  and  controls  the  thickness  of 

25  a  thin  toner  layer  which  is  held  on  the  peripheral  sur- 
face  of  the  first  toner  carrier  34.  The  second  toner 
carrier  35  transfers  the  single  component  toner  which 
is  held  on  the  peripheral  surface  to  the  peripheral  sur- 
face  of  the  first  toner  carrier  34.  The  second  regulat- 

30  ing  blade  35a  comes  in  contact  with  the  second  toner 
carrier  35  and  controls  the  charging  of  the  toner  held 
on  the  peripheral  surface  of  the  second  toner  carrier 
35.  The  toner  hopper  stocks  the  single  component  to- 
ner.  The  toner  supply  roller  37  supplies  the  toner  onto 

35  the  peripheral  surface  of  the  second  toner  carrier  34. 
The  power  supplies  38,  39,  and  40  apply  respective 
voltages  to  the  first  toner  carrier  34,  the  second  toner 
carrier  35,  and  the  toner  supply  roller  37,  respective- 
ly.  In  this  embodiment,  the  developing  apparatus  33 

40  further  comprises  a  toner  carrier  switching  means 
(not  shown)  which  relatively  approaches  or  contact 
the  second  toner  carrier  35  to  or  with  the  electrostatic 
latent  image  holding  member  30. 

Moreover,  the  developing  apparatus  33  also 
45  comprises  a  transferring  means  (for  example,  a  trans- 

fer  roller)  42,  a  fixing  means  (for  example,  a  heating 
roller),  and  a  waste  toner  collecting  means  (not 
shown).  The  transferring  means  42  transfers  a  visible 
image  (toner  image)  formed  on  the  peripheral  surface 

so  of  the  electrostatic  latent  image  holding  member  30  to 
a  recording  medium  41  conveyed  by  a  conveying 
means  (not  shown).  The  fixing  means  fixes  the  toner 
image  onto  the  recording  medium  41  .  The  waste  toner 
collecting  means  collects  the  waste  toner  adhered  to 

55  the  peripheral  surface  of  the  electrostatic  latent  im- 
age  holding  member  30. 

The  first  toner  carrier  34  and  the  second  toner 
carrier  35  have  the  above-described  functions,  re- 
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spectively.  Thus,  the  material  of  the  second  toner  car- 
rier  35  must  be  selected  in  consideration  of  the  charg- 
ing  characteristics  and  surface  shape  so  that  the  sec- 
ond  toner  carrier  35  satisfactorily  charges  the  toner 
along  with  the  toner  supply  roller  37  and  transfers  a 
proper  amount  of  toner.  The  material  of  t  he  toner  sup- 
ply  roller  37  must  be  selected  in  consideration  of  the 
work  function  and  chargeable  characteristics  so  that 
the  frictional  charging  amount  against  the  material  of 
the  toner  is  as  large  as  possible.  As  with  the  material 
of  the  second  toner  carrier  35,  the  material  of  the  first 
toner  carrier  34  must  be  selected  in  consideration  of 
the  charging  and  transferring  characteristics.  How- 
ever,  the  peripheral  surface  of  the  first  toner  carrier 
34  is  preferably  smoother  than  that  of  the  second  to- 
ner  carrier  35. 

The  second  toner  carrier  35  is  contacted  with  the 
toner  supply  roller  37  so  that  a  proper  pressure  and 
a  proper  contact  area  are  obtained.  The  moving  direc- 
tion  of  the  contact  surface  of  second  toner  carrier  35 
is  in  the  reverse  direction  of  that  of  the  toner  supply 
roller  37.  Thus,  the  toner  is  frictionally  charged.  In  ad- 
dition,  the  second  toner  carrier  35  holds  the  one-com- 
ponent  toner  on  its  peripheral  surface.  The  second 
regulating  blade  35a  controls  the  charging  and  thick- 
ness  of  the  one-component  toner  on  the  peripheral 
surface  of  the  second  toner  carrier  35.  The  toner  on 
the  peripheral  surface  of  the  second  toner  carrier  35 
is  contacted  with  the  peripheral  surface  of  the  first  to- 
ner  carrier  34.  At  this  time,  relatively  small  diameter 
toner  particles  are  adhered  to  the  peripheral  surface 
of  the  second  toner  carrier  35.  On  the  other  hand,  rel- 
atively  large  diameter  toner  particles  are  present  at  an 
upper  portion  of  the  thin  toner  layer.  When  a  proper 
electric  field  is  applied  between  the  peripheral  sur- 
face  of  the  second  toner  carrier  35  and  the  peripheral 
surface  of  the  first  toner  carrier  34,  the  relatively 
small  diameter  toner  particles  reside  on  the  peripher- 
al  surface  of  the  second  toner  carrier  35.  On  the  other 
hand,  the  relatively  large  diameter-toner  particles  are 
transferred  to  the  peripheral  surface  of  the  first  toner 
carrier  34.  At  this  time,  when  the  electrostatic  latent 
image  holding  member  30  is  contacted  with  or  ap- 
proached  to  the  first  toner  carrier  34,  the  electrostatic 
latent  image  on  the  electrostatic  latent  image  holding 
member  30  is  developed  with  the  toner  on  the  first  to- 
ner  carrier  34.  Thus,  the  electrostatic  latent  image  is 
developed  to  a  visible  image.  In  this  case,  developing 
characteristics  suitable  for  a  character  image  and  a 
solid  image  requiring  high  image  density  are  accom- 
plished. 

On  the  other  hand,  when  the  electrostatic  latent 
image  holding  member  30  is  approached  to  or  con- 
tacted  with  the  second  toner  carrier  35  by  using  the 
toner  carrier  switching  means,  the  electrostatic  latent 
image  is  developed  with  the  relatively  small  diameter 
toner  particles  on  the  peripheral  surface  of  the  sec- 
ond  toner  carrier  35.  In  this  case,  a  complicated 

graphic  image  and  an  image  having  a  large  number 
of  narrow  lines  which  require  high  resolution  can  be 
formed. 

Thus,  according  to  this  embodiment,  the  particle 
5  size  distribution  of  the  single  component  toner  varies 

depending  on  a  plurality  of  toner  carriers.  By  chang- 
ing  the  relative  positions  of  the  electrostatic  latent  im- 
age  holding  member  30  and  the  developing  appara- 
tus  33  and  contacting  or  approaching  the  electrostatic 

10  latent  image  holding  member  30  with  or  to  a  proper  to- 
ner  carrier,  an  image  corresponding  to  the  toner  size 
can  be  developed.  The  toner  carrier  switching  means 
may  be  accomplished  by  a  known  mechanism  such 
as  a  moving  mechanism  of  a  developing  apparatus  for 

15  use  in  an  electrophotographic  color  copying  machine. 
In  addition,  a  process  corresponding  to  the  type  of  an 
output  image  may  be  performed.  When  a  recording 
medium  is  conveyed  two  times  through  the  appara- 
tus,  an  image  including  characters  and  graphics  may 

20  be  formed  without  necessity  of  a  special  toner. 
Next,  with  reference  to  Fig.  7,  a  real  example  of 

the  second  embodiment  will  be  described.  The  first 
toner  carrier  34  and  the  second  toner  carrier  35 
shown  in  Fig.  7  are  electroconductive  rubber  rollers 

25  which  are  substantially  the  same  as  the  first  toner 
carrier  14  shown  in  Fig.  5.  In  other  words,  toallowthe 
electrostatic  latent  image  holding  member  30  to  sat- 
isfactorily  come  in  contact  with  the  toner  carrier  and 
have  an  enough  contact  width  therebetween  and  to 

30  allow  two  toner  carriers  to  satisfactorily  come  in  con- 
tact  with  each  other  and  have  an  enough  contact 
width  therebetween,  the  rubber  hardness  thereof  (in 
JIS-A  standard)  is  preferably  50  or  less.  In  addition,  to 
prevent  the  single  component  toner  from  being  ad- 

35  hered  to  the  peripheral  surface  of  the  toner  carrier  or 
the  electrostatic  latent  image  holding  member,  the 
peripheral  surface  thereof  must  be  smooth.  Thus,  as 
shown  in  Fig.  8,  the  first  toner  carrier  34  is  construct- 
ed  of  a  metal  shaft  34c,  an  elastic  layer  34d,  and  a 

40  surface  electroconductive  layer  34e.  The  metal  shaft 
34c  is  coated  with  the  elastic  layer  34d  and  the  sur- 
face  electroconductive  layer  34e.  On  the  other  hand, 
the  second  toner  carrier  35  is  constructed  of  a  metal 
shaft  35c,  an  elastic  layer  35d,  and  a  surface  electro- 

ns  conductive  substance  layer  35d.  The  metal  shaft  35c 
is  coated  with  the  elastic  layer  35d  and  the  surface 
electroconductive  layer  35e.  The  material  of  the  elas- 
tic  layers  34d  and  35e  may  not  be  electroconductive. 
However,  since  the  surface  electroconductive  layers 

so  34e  and  35e  may  be  peeled  off  and/or  scratched, 
their  material  is  preferably  electroconductive.  The 
elastic  layer  34d  is  pressured  to  the  first  regulating 
blade  34a,  the  electrostatic  latent  image  holding 
member  30,  and  the  second  toner  carrier  35.  The 

55  elastic  layer  35d  is  pressured  to  the  second  regulating 
blade  35a,  the  electrostatic  latent  image  holding 
member  30,  and  the  first  toner  carrier  34.  Thus,  when 
the  elastic  layers  34d  and  35d  are  kept  in  pressure- 
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contact  state  for  a  long  time,  a  permanent  set  takes 
place.  In  other  words,  when  the  compression  set  ac- 
cording  to  JIS  K6301  of  the  elastic  layers  34d  and  35d 
exceeds  10  %,  an  uneven  image  periodically  takes 
place  due  to  the  deformation  of  the  toner  carriers. 
Thus,  the  compression  set  of  the  elastic  layers  34d 
and  35d  must  be  10  %  or  less,  preferably  5  %  or  less. 
In  addition,  the  larger  the  rubber  hardness,  the  small- 
er  the  compression  set.  Thus,  when  the  materials  of 
the  toner  carriers  are  selected,  these  characteristics 
must  be  balanced. 

In  this  embodiment,  the  material  which  satisfies 
the  characteristics  required  for  the  elastic  layers  34d 
and  35d  is  electroconductive  urethane  rubber.  In  ad- 
dition,  electroconductive  EPDM  rubber  and  the  elec- 
troconductive  silicone  rubber  also  satisfy  the  re- 
quired  characteristics.  Thus,  these  materials  may  be 
used.  The  hardness  according  to  JIS  K  6301  of  the 
elastic  layers  34d  and  35d  made  of  electroconductive 
urethane  rubber  (measured  by  an  A  type  hardness 
tester)  was  approximately  30.  The  outer  diameters  of 
the  elastic  layers  34d  and  35d  were  approximately  18 
mm.  The  electric  resistance  of  the  electroconductive 
urethane  rubber  was  measured  in  the  same  manner 
as  that  of  the  toner  carrier  14  of  the  first  embodiment. 
The  resultant  electric  resistance  was  3.2  x  103  Q-cm. 
The  compression  set  of  the  electroconductive  ur- 
ethane  rubber  (which  was  measured  according  to  JIS 
K  6301)  was  3.7%. 

Since  the  surface  electroconductive  layers  34e 
and  35e  of  the  first  toner  carrier  34  and  the  second 
toner  carrier  35  directly  come  in  contact  with  the  toner 
and  the  electrostatic  latent  image  holding  member  30, 
the  materials  of  the  surface  electroconductive  layers 
34e  and  35e  must  be  free  of  plasticizer,  vulcanizing 
agent,  and  process  oil  so  as  to  prevent  them  from  con- 
taminating  the  toner  and  the  electrostatic  latent  im- 
age  holding  member  30.  The  smoothness  of  the  sur- 
face  electroconductive  layers  34e  and  35e  is  prefer- 
ably  3  urn  Rz  or  less.  When  the  smoothness  exceeds 
3  urn  Rz,  an  uneven  pattern  tends  to  appear.  The 
smoothness  of  3  urn  Rz  or  less  of  the  peripheral  sur- 
faces  of  the  surface  electroconductive  layers  34e  and 
35e  may  be  accomplished  in  the  same  manner  as  the 
first  embodiment.  In  other  words,  the  surface  electro- 
conductive  layers  34e  and  35e  are  thickly  formed  on 
the  peripheral  surfaces  of  the  elastic  layers  34d  and 
35d,  respectively.  Thereafter,  the  outer  diameter  and 
surface  roughness  of  these  layers  are  controlled  by 
sand  blasting  method  or  the  like.  Alternatively,  the 
surface  roughness  may  be  controlled  by  spray  coat- 
ing  method,  dipping  coating  method,  knife  edge  coat- 
ing  method,  or  the  like  described  in  the  first  embodi- 
ment  rather  than  such  posttreatment. 

In  this  embodiment,  the  surface  electroconduc- 
tive  layers  34e  and  35e  were  produced  with  the  same 
coating  solution  as  the  surface  electroconductive  lay- 
er  14e  of  the  first  toner  carrier  14  of  the  first  embodi- 

ment  by  dipping  method.  In  other  words,  a  diluting 
solution  was  mixed  with  a  stock  solution  of  an  elec- 
troconductive  polyurethane  resin  type  coating  mate- 
rial  where  electroconductive  carbon  particles  were 

5  dispersed  and  which  had  a  resistance  of  approximate- 
ly  103  Q-cm.  The  amount  of  the  diluting  solution  was 
the  same  as  the  amount  of  the  stock  solution.  There- 
after,  a  coating  solution  containing  acrylic  resin  type 
charging  control  agent  was  coated  on  the  peripheral 

10  surfaces  of  the  elastic  layers  34d  and  35d  which  were 
made  of  electroconductive  urethane  rubber  and 
rinsed  with  a  solvent  by  dipping  method.  The  pulling 
speed  of  the  coating  was  2.5  mm/sec.  After  the  coat- 
ing,  the  surface  electroconductive  layers  34e  and  35e 

15  were  dried  for  30  min.  in  air.  Next,  the  surface  elec- 
troconductive  layers  34e  and  35e  were  heated  at 
1  00°C  for  20  min.  The  thickness  of  the  surface  elec- 
troconductive  layers  34e  and  35e  were  in  the  range 
from  50  to  60  urn.  The  resistance  between  the  metal 

20  shaft  34c  and  the  surface  electroconductive  layer 
34d  and  between  the  metal  shaft  35c  and  the  surface 
electroconductive  layer  35d  was  approximately  103 
Q-cm.  The  rubber  hardness  of  the  surface  electro- 
conductive  layers  34e  and  35e  was  35  (measured  by 

25  the  A  type  hardness  tester  according  to  JIS  standard 
K  6301)  and  the  surface  roughness  of  34e  and  35e 
was  3  urn  Rz. 

The  material  of  the  first  regulating  blade  34a  and 
the  second  regulating  blade  35a  preferably  has  the 

30  reverse  charging  polarity  of  the  toner.  In  addition,  the 
material  of  these  regulating  blades  34a  and  35a  must 
be  selected  so  that  as  large  charging  amount  as  pos- 
sible  is  obtained.  When  the  first  regulating  blade  34a 
and  the  second  regulating  blade  35a  are  negatively 

35  charged,  the  material  thereof  is  preferably  an  elastic 
rubber  (such  as  silicone  rubber  or  urethane  rubber) 
or  a  resin  with  a  hardness  of  30  to  85  (in  JIS  A  stan- 
dard).  In  this  embodiment,  the  regulating  blades  were 
made  by  integrally  forming  a  blade  made  of  silicone 

40  rubber  and  a  fixing  member.  The  waste  toner  collect- 
ing  member  (not  shown)  was  made  of  a  polyethylene 
film.  The  toner  supply  roller  17  was  made  by  coating 
an  electroconductive  sponge  on  a  metal  shaft. 

Next,  with  reference  to  Fig.  7,  an  experimental  re- 
45  suit  of  the  developing  apparatus  33  according  to  the 

second  embodiment  will  be  described.  In  the  experi- 
ment,  an  image  was  formed  in  the  following  condi- 
tions. 

As  with  the  toner  of  the  first  embodiment,  a  toner 
so  composed  of  92  parts  by  weight  of  polyester  resin,  4 

parts  by  weight  of  carbon  powder,  2  parts  by  weight 
of  low  molecular  weight  polypropylene,  2  parts  by 
weight  of  metal  complex  dye,  and  0.5  part  by  weight 
of  additive  silica  was  used.  The  volume  average  grain 

55  diameter  of  the  toner  was  10  ^m.  The  toner  was  a 
negatively  chargeable  single  component  non-mag- 
netic  type.  The  peripheral  speed  of  the  electrostatic 
latent  image  holding  member  (organic  photosensitive 
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drum)  30  was  at  50  mm/sec.  The  peripheral  surface 
of  the  electrostatic  latent  image  holding  member  30 
was  equally  charged  at  a  voltage  of  -500  V.  There- 
after,  image  information  was  recorded  by  laser  light 
so  as  to  form  an  electrostatic  latent  image.  The  first 
toner  carrier  34  was  rotated  at  a  peripheral  speed  of 
60  mm/sec.  On  the  other  hand,  the  second  toner  car- 
rier  35  was  rotated  at  a  peripheral  speed  of  100 
mm/sec.  A  voltage  of  -200  V  was  applied  to  the  first 
toner  carrier  34  by  the  power  supply  38.  A  voltage  of 
-250  V  was  applied  to  the  second  toner  carrier  35  by 
the  power  supply  39.  By  using  the  toner  carrier 
switching  means,  the  second  toner  carrier  35  was 
pressured  to  the  peripheral  surface  of  the  electrostat- 
ic  latent  image  holding  member  30.  Thus,  a  predeter- 
mined  reversal  development  was  performed.  Next,  a 
toner  image  formed  on  peripheral  surface  of  the  elec- 
trostatic  latent  image  holding  member  30  was  trans- 
ferred  to  a  recording  medium  41  in  a  1.5  kV  DC  elec- 
tric  field  and  then  the  toner  was  thermally-fixed.  The 
resultant  image  having  a  large  number  of  narrow  lines 
was  clear  and  free  of  fogging.  Next,  by  using  the  toner 
carrier  switching  means,  the  first  toner  carrier  34  was 
pressured  to  the  peripheral  surface  of  the  electrostat- 
ic  latent  image  holding  member  30.  Thus,  a  predeter- 
mined  reversal  development  was  performed.  The 
peripheral  speed  and  applied  voltage  of  the  first  toner 
carrier  34  were  the  same  as  those  of  the  second  to- 
ner  carrier  35.  Next,  a  toner  image  formed  on  the 
electrostatic  latent  image  holding  member  30  was 
transferred  in  an  1.5  kV  DC  electric  field  to  a  recording 
medium  41  and  then  the  toner  was  thermally-fixed. 
The  resultant  solid  image  and  character  image  had 
good  characteristics.  The  image  density  was  1.4  or 
more  (measured  by  a  Macbeth  densitometer).  Since 
the  first  toner  carrier  34  is  rotated  in  the  reverse  di- 
rection  of  the  second  toner  carrier  35  as  shown  in  Fig. 
7,  when  the  toner  carrier  was  switched,  the  rotating 
direction  thereof  was  reversed.  According  to  the  pres- 
ent  invention,  a  plurality  of  toner  carriers  may  be  ro- 
tated  in  the  same  direction  so  as  to  simplify  the  con- 
struction  of  the  developing  apparatus. 

[Third  Embodiment] 

Fig.  9  shows  the  construction  of  principal  por- 
tions  of  an  image  forming  apparatus  having  a  devel- 
oping  apparatus  according  to  a  third  embodiment  of 
the  present  invention.  In  the  figure,  reference  numer- 
al  50  is  an  electrostatic  latent  image  holding  member 
(for  example,  an  organic  photosensitive  drum).  Refer- 
ence  numeral  51  is  a  charger  (for  example,  Scorotor- 
on  type  charger)  which  charges  the  peripheral  sur- 
face  of  the  electrostatic  latent  image  holding  member 
50.  Reference  numeral  52  is  an  exposing  means  (for 
example,  a  laser  light  source)  which  forms  particular 
image  information  on  the  peripheral  surface  of  the 
electrostatic  latent  image  holding  member  50  as  an 

electrostatic  latent  image.  Reference  numeral  53  is  a 
developing  apparatus  according  to  the  present  inven- 
tion.  The  developing  apparatus  53  comprises  a  sec- 
ond  toner  carrier  55,  a  second  regulating  blade  55a, 

5  a  first  toner  carrier  54,  a  first  regulating  blade  54c,  a 
toner  hopper  56,  a  toner  supply  roller  57,  and  power 
supplies  58,  59,  and  60.  The  second  toner  carrier  55 
holds  a  single  component  toner  on  its  peripheral  sur- 
face  and  relatively  approaches  or  contacts  the  single 

10  component  toner  to  or  with  the  electrostatic  latent  im- 
age  on  the  peripheral  surface  of  the  electrostatic  la- 
tent  image  holding  member  50  so  as  to  develop  the 
image  to  a  visible  image.  The  second  regulating  blade 
55a  comes  in  contact  with  the  second  toner  carrier  55 

15  and  controls  the  charging  and  the  thickness  of  the 
single  component  toner.  The  first  toner  carrier  54  rel- 
atively  approaches  to  or  comes  in  contact  with  the 
peripheral  surface  of  the  second  toner  carrier  55  so 
as  to  receive  the  single  component  toner  therefrom. 

20  The  first  regulating  blade  54c  comes  in  contact  with 
the  first  toner  carrier  54  and  peels  off  and  collects  the 
toner  held  on  the  peripheral  surface  of  the  first  toner 
carrier  54  as  a  waste  toner  collecting  means.  The  to- 
ner  hopper  56  stocks  the  single  component  toner.  The 

25  toner  supply  roller  57  supplies  the  toner  onto  the  per- 
ipheral  surface  of  the  second  toner  carrier  55.  The 
power  supplies  58,  59,  and  60  apply  respectively  vol- 
tages  to  the  first  toner  carrier  54,  the  second  toner 
carrier  55,  and  the  toner  supply  roller  57,  respective- 

30  ly. 
In  addition,  the  developing  apparatus  53  further 

comprises  a  transferring  means  (for  example,  a  trans- 
fer  roller)  62,  a  fixing  means  (for  example,  a  heating 
roller,  not  shown),  and  a  waste  toner  collecting  means 

35  (not  shown).  The  transferring  means  62  transfers  a 
visible  image  (toner  image)  formed  on  the  peripheral 
surface  of  the  electrostatic  latent  image  holding  mem- 
ber  50  conveyed  by  a  conveying  means  (not  shown) 
to  a  recording  medium  61  .  The  fixing  means  fixes  the 

40  transferred  toner  image  to  the  recording  medium  61  . 
The  waste  tonercollecting  means  collects  the  remain- 
ing  toner  adhered  to  the  peripheral  surface  of  the 
electrostatic  latent  image  holding  member  50. 

As  described  above,  since  the  first  toner  carrier 
45  54  and  the  second  toner  carrier  55  have  respective 

functions,  they  have  the  following  constructions.  The 
material  of  the  second  toner  carrier  55  must  be  select- 
ed  in  consideration  of  the  charging  characteristics 
and  surface  shape  so  that  it  satisfactorily  charges  the 

so  toner  along  with  the  toner  supply  roller  57  and  trans- 
fers  a  proper  amount  of  one-component  toner.  The 
material  of  the  toner  supply  roller  57  must  be  selected 
in  consideration  of  work  function  and  chargeable 
characteristics  so  that  the  frictional  charging  amount 

55  against  the  material  of  the  toner  is  as  large  as  possi- 
ble.  As  with  the  material  of  the  second  toner  carrier 
55,  the  material  of  the  first  toner  carrier  54  must  be 
selected  in  consideration  of  the  charging  and  trans- 

11 
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ferring  characteristics.  However,  the  smoothness  of 
the  peripheral  surface  of  the  first  toner  carrier  54  is 
preferably  higherthan  that  of  the  second  toner  carrier 
55. 

The  second  toner  carrier  55  and  the  toner  supply 
roller  57  which  supplies  the  toner  thereto  must  have 
predetermined  contact  pressure  and  contact  area. 
The  moving  direction  of  the  contact  surface  of  the 
second  toner  carrier  55  is  in  the  reverse  direction  of 
that  of  the  toner  supply  roller  57.  So  that  the  second 
toner  carrier  55  and  the  toner  supply  roller  57  suffi- 
ciently  charge  the  toner  by  friction.  The  second  toner 
carrier  55  holds  and  transfers  the  toner.  The  second 
regulating  blade  55a  controls  the  charging  and  thick- 
ness  of  the  toner  held  and  transferred  on  the  periph- 
eral  surface  of  the  second  toner  carrier  55.  There- 
after,  the  toner  on  the  peripheral  surface  of  the  sec- 
ond  toner  carrier  55  comes  in  contact  with  the  periph- 
eral  surface  of  the  first  toner  carrier  54.  At  this  time, 
relatively  small  diameter  toner  particles  are  adhered- 
to  the  peripheral  surface  of  the  second  toner  carrier 
55.  On  the  other  hand,  relatively  large  diameter  toner 
particles  are  present  at  an  upper  portion  of  the  thin 
toner  layer.  Thus,  when  a  proper  electric  field  is  ap- 
plied  between  the  peripheral  surfaces  of  the  second 
toner  carrier  55  and  the  first  toner  carrier  54,  the 
small  diameter  toner  particles  are  still  adhered  to  the 
peripheral  surface  of  the  second  toner  carrier  55.  On 
the  other  hand,  the  large  diameter  toner  particles  are 
transferred  to  the  peripheral  surface  of  the  first  toner 
carrier  54.  The  toner  particles  which  have  been  trans- 
ferred  to  the  peripheral  surface  of  the  first  toner  car- 
rier  54  are  removed  by  the  first  regulating  blade  54c 
so  that  new  toner  can  be  stably  transferred.  Thus,  in 
this  construction,  the  toner  which  develops  the  elec- 
trostatic  latent  image  on  the  electrostatic  latent  image 
holding  member  50  are  small  diameter  toner  particles 
which  are  suitable  for  developing  an  image  with  high 
resolution.  An  experiment  in  the  same  conditions  as 
the  second  embodiment  was  performed.  The  exper- 
imental  result  revealed  that  a  good  image  with  high 
resolution  was  formed. 

The  image  forming  apparatus  having  the  devel- 
oping  apparatus  according  to  the  present  invention 
was  described.  As  well  as  the  single  component  non- 
mag  netic  toner,  wit  h  a  single  component  mag  netic  to- 
ner,  the  similar  effect  can  be  obtained.  The  toner  car- 
riers  and  the  regulating  blades  which  construct  the 
developing  apparatus  may  be  modified  without  de- 
parting  from  the  spiritand  scope  of  the  present  inven- 
tion. 

As  described  above,  according  to  the  developing 
apparatus  of  the  present  invention,  a  stable  and  high 
quality  image  free  of  uneven  density  and  fogging  can 
be  always  formed. 

In  addition,  according  to  the  developing  appara- 
tus  of  the  second  embodiment  of  the  present  inven- 
tion,  with  a  conventional  cheaper  toner  having  a  wide 

particle  size  distribution,  since  a  toner  carrier  which 
forms  a  small  diameter  particle  toner  layer  and  an- 
other  toner  carrier  which  forms  a  large  diameter  par- 
ticle  toner  layer  can  be  selectively  contacted  with  an 

5  electrostatic  latent  image  holding  member,  an  electro- 
static  latent  image  on  the  electrostatic  latent  image 
holding  member  can  be  developed  corresponding  to 
the  type  of  the  latent  image.  Thus,  without  necessity 
of  an  expensive  toner  having  a  narrow  particle  size 

10  distribution,  an  image  with  high  resolution  can  be 
formed. 

Although  the  present  invention  has  been  shown 
and  described  with  respect  to  a  best  mode  embodi- 
ment  thereof,  it  should  be  understood  by  those  skilled 

15  in  the  art  that  the  foregoing  and  various  other 
changes,  omissions,  and  additions  in  the  form  and 
detail  thereof  may  be  made  therein  without  departing 
from  the  spirit  and  scope  of  the  present  invention. 

20 
Claims 

1.  A  developing  apparatus  disposed  opposite  to  an 
electrostatic  latent  image  holding  member  and 

25  adapted  for  developing  an  electrostatic  latent  im- 
age  formed  on  said  electrostatic  latent  image 
holding  member  to  a  visible  image  with  a  single 
component  toner,  said  apparatus  comprising: 

a  first  toner  carrier  having  a  peripheral 
30  surface  and  being  adapted  for  holding  the  single 

component  toner  on  the  peripheral  surface; 
a  first  regulating  member  which  is  in  con- 

tact  with  said  first  toner  carrier; 
a  second  toner  carrier  having  a  peripheral 

35  surface  and  being  adapted  for  holding  the  single 
component  tonerand  for  relatively  approaching  to 
or  coming  in  contact  with  said  first  toner  carrier 
so  as  to  transfer  the  single  component  toner  to 
said  first  toner  carrier;  and 

40  a  second  regulating  member  which  is  in 
contact  with  said  second  toner  carrier, 

wherein  said  first  toner  carrier  is  adapted 
to  relatively  approach  to  or  come  in  contact  with 
said  electrostatic  latent  image  holding  member  so 

45  as  to  develop  the  electrostatic  latent  image  to  the 
visible  image  with  the  single  component  toner 
held  on  the  peripheral  surface  thereof. 

2.  The  developing  apparatus  as  set  forth  in  claim  1  , 
so  wherein  the  rotating  direction  of  said  first 

toner  carrier  is  the  reverse  of  the  rotating  direc- 
tion  of  said  second  toner  carrier. 

3.  The  developing  apparatus  as  set  forth  in  claim  1  , 
55  further  comprising  a  toner  supply  member  for 

supplying  the  single  component  toner  to  said  sec- 
ond  toner  carrier. 

12 
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4.  The  developing  apparatus  as  set  forth  in  claim  3, 
wherein  the  moving  direction  of  the  con- 

tact  surface  of  said  second  toner  carrier  is  the  re- 
verse  of  that  of  said  toner  supply  member. 

5 
5.  A  developing  apparatus  disposed  opposite  to  an 

electrostatic  latent  image  holding  member  and 
adapted  for  developing  an  electrostatic  latent  im- 
age  formed  on  said  electrostatic  latent  image 
holding  member  to  a  visible  image  with  a  single  10 
component  toner,  said  apparatus  comprising: 

a  first  toner  carrier  having  a  peripheral 
surface  and  being  adapted  for  holding  the  single 
component  toner  on  the  peripheral  surface; 

a  first  regulating  member  which  is  in  con-  15 
tact  with  said  first  toner  carrier; 

a  second  toner  carrier  having  a  peripheral 
surface  and  being  adapted  for  holding  the  single 
component  tonerand  for  relatively  approaching  to 
or  coming  in  contact  with  said  first  toner  carrier  20 
so  as  to  transfer  the  single  component  toner  to 
said  first  toner  carrier;  and 

a  second  regulating  member  which  is  in 
contact  with  said  second  toner  carrier, 

wherein  said  second  toner  carrier  is  adapt-  25 
ed  to  relatively  approach  to  or  come  in  contact 
with  said  electrostatic  latent  image  holding  mem- 
ber  and  transfer  to  said  electrostatic  latent  image 
holding  member  a  single  component  toner  which 
resides  on  the  peripheral  surface  of  said  second  30 
toner  carrier  after  the  single  component  toner 
has  been  transferred  from  said  second  carrier  to 
said  first  toner  carrier  so  as  to  develop  the  elec- 
trostatic  latent  image  to  the  visible  image  with  the 
single  component  toner.  35 

surface  and  being  adapted  for  holding  the  single 
component  toner  on  the  peripheral  surface; 

a  first  regulating  member  which  is  in  con- 
tact  with  said  first  toner  carrier; 

a  second  toner  carrier  having  a  peripheral 
surface  and  being  adapted  for  holding  the  single 
component  tonerand  for  relatively  approaching  to 
or  coming  in  contact  with  said  first  toner  carrier 
so  as  to  transfer  the  single  component  toner  to 
said  first  toner  carrier;  and 

a  second  regulating  member  which  is  in 
contact  with  said  second  toner  carrier, 

wherein  said  first  toner  carrier  or  said  sec- 
ond  toner  carrier  is  adapted  to  relatively  and  se- 
lectively  approach  to  or  come  in  contact  with  said 
electrostatic  latent  image  holding  member  and 
transfer  to  said  electrostatic  latent  image  holding 
member  either  a  single  component  toner  held  on 
the  peripheral  surface  of  said  first  toner  carrier  or 
a  single  component  toner  which  resides  on  the 
peripheral  surface  of  said  second  toner  carrier  af- 
ter  the  single  component  toner  has  been  transfer- 
red  from  said  second  toner  carrier  to  said  first  to- 
ner  carrier  so  as  to  develop  the  electrostatic  la- 
tent  image  to  the  visible  image  with  the  single 
component  toner. 

10.  The  developing  apparatus  as  set  forth  in  claim 
15,  further  comprising  a  toner  supply  memberfor 
supplying  the  single  component  toner  to  said  sec- 
ond  toner  carrier. 

6.  The  developing  apparatus  as  set  forth  in  claim  5, 
wherein  the  rotating  direction  of  said  first 

toner  carrier  is  the  reverse  of  the  rotating  direc- 
tion  of  said  second  toner  carrier.  40 

7.  The  developing  apparatus  as  set  forth  in  claim  5, 
further  comprising  a  toner  supply  member  for 
supplying  the  single  component  toner  to  said  sec- 
ond  toner  carrier.  45 

8.  The  developing  apparatus  as  set  forth  in  claim  7, 
wherein  the  moving  direction  of  the  con- 

tact  surface  of  said  second  toner  carrier  is  the  re- 
verse  of  that  of  said  toner  supply  member.  50 

9.  A  developing  apparatus  disposed  opposite  to  an 
electrostatic  latent  image  holding  member  and 
adapted  for  developing  an  electrostatic  latent  im- 
age  formed  on  said  electrostatic  latent  image  55 
holding  member  to  a  visible  image  with  a  single 
component  toner,  said  apparatus  comprising: 

a  first  toner  carrier  having  a  peripheral 
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