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(§£)  Method  and  apparatus  for  electrophotographic  printing. 

(£)  In  a  conventional  electrophotographic  printing 
machine,  a  cleaning  device  which  has  been  used  to 
remove  residual  toner  is  eliminated  by  using  a  toner 
and  a  carrier  each  having  a  spherical  configuration 
so  as  to  cause  a  cleaning  operation  and  a  develop- 
ing  operation  to  proceed  simultaneously  at  the  de- 
veloping  unit  With  this  printing  machine  not  only  the 
construction  of  the  machine  can  be  simplified  but 
also  an  extremely  fine  toner  can  be  efficiently  used. 
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METHOD  AND  APPARATUS  FOR  ELECTROPHOTOGRAPHIC  PRINTING 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  a  method  and  appara- 
tus  for  electrophotographic  printing,  more  particu- 
larly  an  electrophotographic  printing  not  requiring 
use  of  a  cleaning  device. 

In  a  prior  art  electrophotographic  copying  ma- 
chine  It  was  essential  to  use  a  cleaning  device  that 
cleans  or  wipes  off  a  toner  remaining  on  the  sur- 
face  of  a  photoconductive  member  after  transfer 
printing  a  toner  image.  Cleaning  of  the  remaining 
or  residual  toner  had  an  importance  of  higher  than 
20%  of  the  entire  step  of  an  electrophotographic 
printing  machine.  Prior  art  cleaning  devices  Include 
use  of  a  brush  or  a  blade  and  a  so-called  two 
revolution  device  in  which  the  polarity  of  a  bias 
voltage  applied  to  a  developing  device  is  reversed 
at  an  Interval  of  two  revolutions  for  effecting  clean- 
ing.  It  has  long  been  desired  to  eliminate  such 
cleaning  device  and  method  so  as  to  simplify  the 
construction  and  operation  of  the  electrophotog- 
raphic  printing  machine,  but  no  effective  method 
and  device  have  been  availabcle. 

Although  Japanese  Laid  Open  Patent  Speci- 
fication  No,  133179/1988  discloses  an  elec- 
trophotographic  printing  machine  not  using  a  clean- 
ing  device,  this  Laid  Open  Patent  Specification 
does  not  teach  the  subject  matter  recited  in  thg 
appending  claims. 

SUMMARY  OF  THE  INVENTION 

It  is  an  object  of  this.invention  to  provide  a 
novel  method  and  apparatus  for  electrophotog- 
raphic  printing  which  are  not  necessary  to  use 
cleaning  device. 

Another  object  of  this  Invention  l3  to  provide  a 
novel  method  and  apparatus  for  electrophotog- 
raphic  printing  wherein  the  developing  operation 
and  the  cleaning  operation  proceed  simultaneously 
without  using  a  conventional  cleaning  device. 

A  still  other  object  of  this  invention  is  to  pro- 
vide  a  novel  method  and  apparatus  for  elec- 
trophotographic  printing  capable  of  using  a  toner 
having  an  extremely  small  diameter  that  cannot  be 
used  satisfactory. 

According  to  one  aspect  of  this  invention  there 
Is  provided  an  electrostatic  printing  method  for  use 
In  an  electrophotographic  copying  machine  com- 
prising  a  photosensitive  member,  a  charging  unit 
for  charging  the  surface  of  the  photosensitive 
member,  a  light  image  projecting  unit  for  forming  a 

latent  Imago  on  the  surface  of  the  photosensitive 
member,  a  developing  unit  for  developing  a  latent 
image  by  utilizing  a  dry  type  toner  and  a  dry  type 
carrier,  a  transfer  printing  unit  for  transfer  printing  a 

s  developed  latent  image  onto  a  copying  sheet,  and 
a  light  projecting  unit  for  projecting  light  onto  the 
surface  of  the  photoconductive  member  to  erase 
hysteresis  thereof,  a  charge  polarity  of  the  toner 
being  the  same  as  that  of  the  charging  unit,  char- 

io  actsrlzed  in  that  the  method  comprises  the  step  of 
using  a  toner  and  a  carrier  both  having  spherical 
configurations  so  as  to  cause  a  developing  opera- 
tion  and  a  cleaning  operation  to  proceed  simulta- 
neously  at  the  developing  unit. 

is  According  to  another  aspect  of  this  Invention 
there  Is  provided  an  electrophotographic  printing 
machine  comprising  a  photosensitive  member,  a 
charging  unit  for  charging  the  surface  of  the  pho- 
tosensitive  member,  a  light  image  projecting  unit 

so  for  forming  a  latent  image  on  the  surface  of  the 
photosensitive  member,  a  developing  unit  for  de- 
veloping  the  latent  Image  by  utilizing  a  dry  type 
toner  and  a  dry  type  carrier,  a  transfer  printing  unit 
for  transfer  printing  a  developed  latent  image  onto 

sb  a  copying  sheet,  and  a  light  projecting  unit  for 
projecting  light  onto  the  surface  of  the  photocon- 
ductive  member  for  erasing  hysteresis  thereof,  the 
charge  polarity  of  the  toner  being  the  same  as  that 
of  the  charging  unit,  characterized  In  that  both  of 

30  the  toner  and  the  carrier  have  spherical  configura- 
tions  so  as  to  cause  a  developing  operation  and  a 
cleaning  operation  proceed  simultaneously  at  the 
developing  unit. 

35 
BRIEF  DESCRIPTION  OF  THE  DRAWING 

In  the  accompanying  drawing; 
40  Fig.  1  ia  a  diagrammatic  sectional  view 

showing  the  electrophotographic  printer  embodying 
the  invention;  and 

Fig.  2  is  an  enlarged  sectional  view  showing 
a  transfer  belt  utilized  in  the  printer  shown  In  Fig,  1. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENT  ~ "  

I  have  thoroughly  Investigated  the  operation  of 
an  electrophotographic  printer,  more  particularly 
the  operation  of  a  developing  device  and  found  that 
where  spherical  dry  type  toner  and  carrier  are  used 
the  cleaning  device  at  the  developing  device  can 
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be  eliminated. 
Firstly,  I  have  found  that  the  printer  of  this 

Invention  and  the  prior  art  printer  are  based  on 
different  theories.  More  particularly,  where  Se  is 
used  to  prepare  a  photosensitive  member  of  an 
electrophotographic  copying  machine,  the  surface 
of  the  photosensitive  member  is  charged  with  a 
positive  charge  which  is  discharged  by  bright  por- 
tions  of  a  projected  light  Image.  A  powder  toner 
does  not  adhere  to  such  discharged  portions.  By 
utilizing  this  fact  so-called  positive  visualizing  or 
developing  method  has  been  utilized  in  which  a 
negatively  charged  toner  is  used.  On  the  other 
hand,  In  a  printer  so-called  negative  developing 
method  has  been  used  by  utilizing  the  fact  that 
electric  charge  applied  onto  the  portions  of  the 
photosensitive  member  which  are  irradiated  with  a 
light  image  discharges  so  as  to  decrease  the  sur- 
face  charge  and  thai  iho  toner  Is  caused  to  adhere 
to  such  discharged  portions. 

It  has  not  been  well  understood  the  fact  that 
the  performance  of  the  toner  differs  greatly  in  these 
two  methods  so  that  these  methods  have  not  been 
used  practically. 

I  have  noted  the  following  facts.  More  particu- 
larly,  in  the  case  of  a  printer  utilizing  a  positive 
type  photosensitive  member,  the  surface  thereof  Is 
applied  with  positive  charge,  the  charge  at  portions 
of  the  photosensitive  member  Illuminated  by  a  light 
image  Is  discharged  and  a  latent  image  at  portions, 
the  charge  thereof  has  been  discharged,  Is  visual* 
ized  by  a  positively  charged  toner.  This  cycle  of 
operation  is  repeated.  In  this  case,  even  when  a 
positively  charged  toner  is  subjected  to  a  negative 
corona  discharge  during  transfer  printing,  the  toner 
would  be  finally  charged  positively.  In  other  words, 
at  the  time  of  entering  the  next  operating  cycle,  the 
remaining  toner  has  a  tendency  of  having  the 
originally  charged  polarity.  This  fact  is  important. 

Where  a  positive  development  is  effected  as  In 
a  copying  machine,  at  the  time  of  entering  the  next 
cycle  the  remaining  toner  would  be  charged  to  a 
polarity  opposite  to  that  Inherently  applied.  For  the 
reason  described  above,  in  the  next  cycle  a  mix- 
ture  of  toners  having  opposite  polarities  would  exist 
and  the  toners  flocculate  to  form  particular  lumps, 
thus  not  only  losing  the  inherent  performance  of 
the  toner  but  also  dislocating  the  mechanism  of  an 
electrostatic  system. 

Another  problem  to  be  solved  lies  In  that  the 
residual  toner  hinders  the  light  Image  projection  of 
the  next  operating  cycle. 

It  is  said  that  the  efficiency  of  transfer  printing 
is  generally  70  to  80%.  This  low  transfer  printing 
efficiency  can  be  increased  by  improving  the  toner. 
However,  even  when  the  residual  toner  exists,  care 
should  be  taken  that  the  optical  effect  of  the  pro- 
jected  light  Image  would  not  be  impaired.  In  a 

printer,  the  average  particle  diameter  of  the  toner  is 
smaller  by  one  order  of  magnitude  than  the  diam- 
eter  of  the  projected  optical  dots  so  that  even  when 
a  residual  toner  of  20  to  30%  exists,  70  to  80%  Of 

5  the  surface  of  the  photosensitive  member  would 
receive  uniform  light  projection  which  Is  sufficiently 
large  light  exposure  quantity. 

Actually,  however,  the  quality  of  the  picture 
Image  Is  greatly  influenced  by  the  characteristic  of 

10  the  toner  used,  it  is  a  third  important  feature  of  this 
invention  to  determine  the  characteristic  of  the 
toner. 

In  the  method  of  this  invention  characterized 
by  not  using  a  cleaning  device.  It  Is  necessary  to 

is  remove  the  residual  toner  produced  at  the  time  of 
transfer  printing  in  the  previous  operating  cycle,  at 
the  same  time  as  the  development.  To  this  end,  it 
Is  necessary  that  the  surface  area  of  the  develop- 
ing  agent,  especially  a  carrier,  is  sufficiently  large 

20  and  that  the  developing  agent  can  readily  roll  at  the 
time  of  development.  This  Is  the  second  important 
feature  of  this  Invention. 

In  this  Invention,  suitable  selection  of  the  ma- 
terial  and  system  that  satisfy  the  conditions  de- 

ft  scribed  above  is  essential  to  realize  the  method 
and  apparatus  of  this  invention  characterized  by 
not  using  a  cleaning  device. 

To  realize  the  method  and  apparatus  of  this 
invention  characterized  by  not  using  a  cleaning 

30  device,  the  following  conditions  must  be  satisfied. 
(1)  Different  from  a  copying  machine.  In  a 

printer  effecting  negative  development,  it  Is  a  re- 
cent  tendency  to  eliminate  a  cleaning  device.but 
mere  use  of  prior  art  materials  and  method  is  not 

35  sufficient. 
(2.)  The  developing  device  and  the  develop- 

ing  agent  should  have  smooth  movement  and  a 
high  fluidity  so  that  cleaning  and  development  can 
be  performed  simultaneously. 

40  (3)  The  toner  should  have  as  far  as  possible 
high  efficiency  of  transfer  printing  and  it  is  desir- 
able  that  even  a  residual  toner  may  exist  its  optical 
shielding  effect  Is  small, 

(4)  A  case  wherein  the  toner  Is  charged  with 
45  an  opposite  polarity  should  be  avoided. 

Conditions  (1)  -  (4)  are  arranged  In  accordance 
with  their  degree  of  importance. 

The  detail  of  this  invention  will  be  described 
with  reference  to  the  accompanying  drawing. 

50 

Embodiment  1 

I  have  used  substantially  the  same  printer  as  a 
ss  commercially  available  laser  beam  printer  employ- 

ing  a  Se  type  photosensitive  member.  The  diam- 
eter  of  a  photosensitive  drum  was  80  mm  and  the 
process  speed  was  114  mm/sec  This  embodiment 

3 
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is  cnaractarized  in  that  a  residual  toner  cleaning 
device  Is  not  used.  I  have  improved  the  direction  of 
rotation  and  the  number  of  revolutions  of  a  devel- 
oper,  and  the  surface  of  a  magnet  roller  such  that 
the  developing  agent  used  adheres  most  smoothly 
to  a  developing  surface  and  that  the  developing 
agent  can  roll  over  the  developing  surface.  Further* 
more,  In  accordance  with  this  invention,  the  operat- 
ing  timing  of  a  transfer  printing  corona  discharge 
device  was  adjusted  such  that  while  a  copying 
paper  is  not  being  sent  the  transfer  printing  corona 
discharge  device  would  not  operate. 

As  a  developing  agent  was  used  a  carrier  man- 
ufactured  by  Tetsugengha  Co.,  Japan.  The  carrier 
comprised  by  spherical  iron  powder  having  a  mean 
particle  diameter  of  50  n  ,  the  surface  of  each 
spherical  iron  powder  being  magnetized. 

As  a  toner  was  used  a  spherical  toner  having  a 
mean  particle  diameter  of  7  u  manufactured  by 
Nippon  Paint  Co.,  Japan,  the  surface  of  each  toner 
being  covered  by  a  polarlzable  high  molecular 
weight  substance. 

Other  conditions  were  the  same  as  the  operat- 
ing  conditions  of  a  prior  art  printer. 

It  was  found  that  even  though  the  cleaning 
device  was  omitted,  perfect  print  out  without  any 
hysteresis  was  continuously  obtained.  Whether  the 
print  out  is  effected  continuously  or  intermittently  or 
when  the  relative  humidity  was  varied  in  a  range  of 
from  20%  to  80%  or  when  the  ambient  tempera- 
ture  was  varied  in  a  range  of  from  Q'C  to  30*  C, 
perfect  printing  without  any  hysteresis  could  be 
stably  made. 

The  characteristics  of  the  developing  agent  uti- 
lized  in  the  embodiment  1  Is  characterized  by  the 
method  of  manufacturing  the  developing  agent, 
With  regard  to  the  carrier,  the  iron  powder  consists 
essentially  of  a  spherical  iron  powder  produced  by 
a  carbon  eliminating  step  of  the  iron  manufacturing 
Btsps.  The  surface  of  the  iron  powder  Is  heat 
treated  In  a  nitrogen  atmosphere  or  covered  by  an 
anion  resin.  The  Iron  powder  Is  characterized  in 
that  each  powder  has  a  substantially  perfect  spheri- 
cal  configuration  and  ihat  the  Iron  powder  consists 
5f  nearly  100%  Iron.  Of  course,  the  surface  of  each 
Dowder  should  be  extremely  smooth,  The  toner  is 
slso  spherical.  Each  toner  comprises  a  spherical 
;ore  obtained  by  polymerizing  an  organic  sub- 
stance  containing  a  coloring  agent,  and  uniformly 
:overed  by  a  cation  resin  of  a  small  quantity. 

The  fact  that  both  carrier  and  toner  are  spheri- 
cal  enables  the  developing  agent  to  exhibit  ex* 
remely  uniform  characteristics  as  well  as  an  ex- 
remely  satisfactory  fluidity.  Spherical  configuration 
neans  the  widest  actual  moving  area.  Moreover 
30th  carrier  and  toner  are  spherical  irrespective  of 
i  state  of  admixture  of  the  toner  end  carrier  so  that 
t  is  possible  to  establish  a  stable  charged  state. 

it  has  been  said  that  with  a  spherical  toner, 
cleaning  of  the  residual  toner  Is  difficult.  For  exam- 
ple,  as  disclosed  in  Japanese  Laid  Open  Patent 
Specification  No.  501  040/1  9B8  the  surface  of  the 

s  spherical  toner  is  intentionally  made  irregular  for 
Increasing  the  cleaning  efficiency.  In  my  invention 
no  such  measure  is  taken.  More  particularly,  the 
toner  can  be  charged  uniformly  and  the  particle 
diameter  of  the  toner  is  substantially  uniform:  for 

10  example  7  u  ±  1  n.  Substantially  100%  of  the 
surface  of  each  toner  particle  is  covered  by  a 
cation  resin.  The  surface  of  the  carrier  is  also 
homogeneous  and  smooth.  Trie  reason  that  the 
characteristics  of  the  toner  were  carefully  selected 

75  lies  in  that  there  is  no  toner  charged  to  the  op- 
posite  polarity.  Should  toner  particles  charged  to 
the  opposite  polarity  present,  the  toner  would  accu- 
mulate  using  the  toner  particles  as  nuclei,  thus 
forming  lumps.  In  a  case  wherein  toner  particles 

to  having  extremely  different  diameters  are  used  the 
same  disadvantageous  phenomenon  occurs,  there- 
by  not  only  decreasing  resolution  but  also  resulting 
In  a  nonuniform  transfer  printing.  If  one  tries  to 
Improve  the  mean  transfer  printing  efficiency. 

25  lumps  described  above  result  In  poor  transfer  print- 
ing.  The  residual  toner  not  only  prevents  formation 
of  high  quality  optical  images,  but  also  prevents 
cleaning  which  is  effected  at  the  same  time  as  the 
development. 

so  An  unstable  toner  produced  by  crushing  has 
such  defects  as  a  poor  fluidity,  a  large  particle 
diameter  and  a  nonuniform  charging  caused  by 
insufficient  dispersion  of  a  charge  control  agent 
(CCA). 

95  It  should  be  understood  that  the  carrier  is  not 
limited  to  an  iron  powder  used  in  Embodiment  1. 
For  example,  a  ferrite  type  carrier  can  also  be 
used. 

The  effect  of  using  a  spherical  toner  and  a 
«j  spherical  carrier  can  be  evaluated  from  another 

aspect.  Spherical  carriers  having  a  mean  particle 
diameter  of  30  a  or  20  u  can  readily  be  prepared. 
Also  spherical  toners  having  a  mean  particle  diam- 
eter  of  30  U  or  1  u  can  readily  be  prepared 

?s  because  the  spherical  toners  are  manufactured  by 
a  polymerization  method.  In  the  method  of  this 
application,  when  an  adequate  charge  relation 
holds  between  the  carrier  and  toner,  the  particle 
diameter  of  the  toner  does  not  present  any  prob- 

io  lem.  Accordingly,  where  an  extremely  fine  toner 
having  a  mean  particle  diameter  of  1  u,  for  exam- 
ple,  is  used  and  where  the  carrier  particle  diameter 
Is  selected  to  20  u  corresponding  to  the  small 
mean  diameter  of  the  toner,  the  advantage  of  elimi- 

>s  mating  the  cleaning  device  can  be  obtained.  As  a 
consequence,  there  is  the  advantage  that  toners 
having  an  extremely  small  mean  particle  diameter, 
such  as  1  ix,  and  which  have  not  been  able  to  be 
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usea  in  tne  past  because  of  the  difficulty  of  han- 
dling,  can  now  be  used  practically,  to  realize  a 
picture  image  having  high  resolution. 

As  above  described,  the  negative  polarity  cor- 
ona  discharge  applied  at  the  time  of  transfer  print- 
ing  has  a  negative  effect  upon  the  method  and 
apparatus  of  this  Invention.  A  method  and  construc- 
tion  for  eliminating  the  negative  effect  will  be  dis- 
cussed  In  the  following  embodiment  2. 

cmDoaimem  z 

Referring  now  to  Fig.  1,  an  electrophotographic 
printer  of  this  invention  comprises  a  rotary  drum  1 
made  of  metal  and  carrying  a  photosensitive  mem- 
ber,  a  corona  discharge  device  2  for  applying  a 
positive  or  negative  charge  onto  the  photosensitive 
member,  means  11  for  projecting  an  Input  light 
signal  3,  a  developing  device  4,  a  transfer  belt  5  for 
transferring  a  copying  paper  7  to  a  transfer  printing 
station  at  the  contact  position  between  rotary  drum 
1  and  transfer  belt  6,  a  corona  discharge  device  6 
for  charging  the  surface  of  transfer  belt  5,  a  devel- 
oper  8  for  developing  a  toner  image  transfer  print- 
ed  onto  the  copying  paper  7  and  a  light  source  1  1 
for  erasing  hysteresis  of  the  photosensitive  mem- 
ber,  ail  the  elements  described  above  being  dis- 
posed  about  the  periphery  of  the  photosensitive 
drum  1  in  a  manner  well  known  In  the  art. 

Fig.  2  shows  a  cross-sectional  view  of  the 
transfer  belt  5  which  comprises  a  lining  9  made  of 
electroconductive  rubber  and  a  flexible  insulating 
thin  layer  10.  The  construction  of  embodiment  2  is 
different  from  that  of  embodiment  1  in  that  a  trans- 
fer  printing  system  shown  by  reference  numerals 
as  5  and  6  Is  added. 

The  surface  of  the  flexible  insulating  thin  layer 
10  Is  charged  to  a  polarity  opposite  to  that  of  the 
finer,  by  the  corona  discharge  device  6  shown  in 
?lg.  1.  The  degree  of  charging  is  such  that  the 
surface  potential  of  the  insulating  thin  layer  10 
would  be  about  2000  V,  for  example. 

The  thickness  of  the  flexible  insulating  thin 
ayer  10  is  generally  of  the  order  of  from  20  u  to 
ro  w.  The  operating  principle  of  the  transfer  prlnt- 
ng  system  shown  in  Fig.  1  is  greatly  different  from 
he  prior  art  transfer  printing  system  In  that  accord- 
ng  to  this  Invention  the  toner  is  transferred  to  the 
jopying  paper  from  the  surface  of  the  photosen- 
sitive  member  by  an  electric  field  created  by  the 
iharge  presenting  on  the  surface  of  the  transfer 
)elt,  whereas  according  to  the  prior  art  transfer 
irinting  system  the  corona  discharge  is  applied  to 
he  rear  surface  of  the  copying  paper..  More  par- 
icularly,  the  transfar  printing  effect  by  the  transfer 
©It  Is  static  so  that  there  is  no  fear  of  injecting  an 
ixcesslve  charge  into  the  toner  caused  by  the 

bombardment  of  the  corona  discharge.  Further, 
since  the  transfer  belt  is  constructed  to  be  homo- 
geneous  and  smooth,  the  electric  field  created  by 
the  charge  on  the  surface  of  the  transfer  belt  ex- 

s  tends  vertically  to  the  belt  surface  and  has  a  uni- 
form  intensity  at  all  points.  As  a  consequence,  the 
residual  toner  remaining  after  the  transfer  printing 
can  be  reduced  greatly.  Since  the  decrease  In  the 
quantity  of  injection  of  the  charge  of  the  opposite 

re  polarity  into  the  toner  presenting  on  the  surface  of 
the  photosensitive  surface  Is  not  influenced  by  the 
presence  or  absence  of  a  copying  paper,  in  the 
embodiment  2  the  charging  of  the  transfer  belt 
surface  can  be  effected  continuously  irrespective  of 

J5  the  feeding  of  copying  paper  without  causing  any 
trouble, 

Elements  other  than  the  transfer  printing  sys- 
tem  are  identical  to  those  used  in  the  embodiment 
1. 

20  Embodiment  2  shows  that  it  is  useless  to 
charge  the  toner  presenting  on  the  surface  of  the 
photosensitive  member  to  an  opposite  polarity  with 
reverse  polarity  corona  discharge,  Since  a  system 
Is  required  in  which  Ions  at  the  transfer  printing 

s&  member  would  not  be  directly  bombarded  by  the 
opposite  polarity  corona  discharge,  the  invention  Is 
not  limited  to  the  transfer  belt  of  the  embodiment  2 
and  various  modified  systems  can  also  be  used. 
For  example,  the  electric  field  can  also  be  applied 

no  by  a  corona  discharge  or  a  roller  from  a  relatively 
high  resistance  belt  or  from  the  rear  surface  of  the 
insulating  belt  in  the  transfer  printing  device. 

The  performance  Isolating  type  transfer  belt 
was  used  in  embodiment  2  because  such  belt 

is  operates  most  stably. 
According  to  this  invention,  since  the  cleaning 

device  has  been  omitted,  the  mechanical  construc- 
tion  becomes  simple.  Accordingly,  the  disposition 
of  the  toner  accumulating  at  the  cleaning  device 

w  and  the  mechanism  for  returning  the  accumulated 
toner  to  the  developing  device  are  not  necessary. 
As  a  consequence,  the  percentage  of  returned 
toner  becomes  100%  so  that  the  amount  of  toner 
that  is  used  in  vain  is  reduced  to  substantially  zero. 

(5  in  the  prior  art  machine,  an  element  that  im- 
parts  a  great  mechanical  damage  to  the  photosen- 
sitive  member  was  a  cleaning  device  so  that  elimi- 
nation  thereof  prolongs  the  useful  life  of  the  pho- 
tosensitive  member.  Further,  use  of  the  spherical 

<o  carrier  enhances  this  advantage. 
To  make  clear  the  subject  matter  of  this  inven- 

tion  the  term  electgrophotographlc  printer  Is  de- 
fined  as  follows.  In  an  electrophotographic  printer, 
an  electrostatic  latent  Image  is  formed  by  projec- 

s  ting  a  light  Image  onto  the  surface  of  a  photosen- 
sitive  member  which  has  been  previously  sensi- 
tized  to  a  specific  polarity,  for  example  a  positive 
polarity,  and  the  electrostatic  latent  image  Is  devel- 
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oped  using  a  toner  charged  with  a  specific  polarity, 
for  example  positive  polarity.  Of  course,  theoreti- 
cally  a  system  may  be  considered  in  which  the 
charge  polarities  of  the  photosensitive  member  and 
the  toner  are  opposite.  However  it  should  be  under- 
stood  that  the  Invention  of  the  instant  application 
excludes  such  a  case, 

In  recent  years,  however,  also  in  the  field  of  the 
electrophotographic  copying  machine,  a  method 
has  been  used  in  which  the  light  image  of  an 
object  is  electrically  decomposed  and  thereafter 
reproduced  as  a  copy  with  a  printer.  The  definition 
of  the  printer  defined  hereinabove  Includes  such 
modified  method. 

As  above  described,  according  to  this  invention 
the  cleaning  device  which  has  been  an  essential 
element  in  the  prior  art  printing  machine  is  elimi- 
nated  so  that  &  novel  method  and  apparatus  of 
electrophotography  can  be  provided  wherein  the 
developing  operation  and  the  cleaning  operation 
can  be  proceeded  simultaneously.  In  addition,  if 
becomes  possible  to  use  extremely  fine  toner 
which  was  difficult  to  use  in  the  prior  art  printer. 

Claims 

1.  An  electrophotographic  printing  method  for 
use  in  an  electrophotographic  copying  machine 
comprising: 
a  photosensitive  member; 
a  charging  unit  for  charging  a  surface  of  said 
photosensitive  member; 
a  light  Image  projecting  unit  for  forming  a  latent 
image  on  the  surface  of  said  photosensitive  mem- 
ber; 
a  developing  unit  for  developing  said  latent  image 
by  utilizing  a  dry  type  toner  and  a  dry  type  carrier; 
a  transfer  printing  unit  for  transfer  printing  a  devel- 
oped  latent  Image  onto  a  copying  sheet;  and 
a  light  projecting  unit  for  projecting  light  onto  the 
surface  of  said  photoconductive  member  to  erase 
hysteresis  thereof; 
a  charge  polarity  of  said  toner  being  the  same  as 
that  of  said  charging  unit; 
characterized  in  that  said  method  comprises  the 
step  of  using  a  toner  and  a  carrier  both  having 
spherical  configurations  so  as  to  cause  a  develop- 
hg  operation  and  a  cleaning  operation  to  proceed 
simultaneously  at  said  developing  unit, 

Z.  The  electrophotographic  printing  method  ac- 
cording  to  claim  1  further  comprising  the  step  of 
adjusting  an  operating  timing  of  a  transfer  printing 
;orona  discharge  device  such  that  while  a  copying 
iheet  is  not  being  sent,  said  transfer  printing  cor- 
ona  discharge  device  would  not  operate. 

3.  An  electrophotographic  printing  machine 
comprising: 

a  photosensitive  member; 
a  charging  unit  for  charging  a  surface  of  said 
photosensitive  member; 
a  light  image  projecting  unit  for  forming  a  latent 

5  Image  on  the  surface  of  said  photosensitive  mem- 
ber; 
a  developing  unit  for  developing  said  latent  image 
by  utilizing  a  dry  type  toner,  and  a  dry  type  carrier; 
a  transfer  printing  unit  for  transfer  printing  a  devel- 

10  oped  latent  image  onto  a  copying  sheet;  and 
a  light  projecting  unit  for  projecting  light  onto  the 
surface  of  said  photoconductive  member  for  eras- 
ing  hysteresis  thereof, 
a  charge  polarity  of  said  toner  being  the  same  as 

75  that  of  said  charging  unit;  characterized  in  that 
both  of  said  toner  and  said  carrier  have  spherical 
configurations  so  as  to  cause  a  developing  opera- 
tion  and  a  cleaning  operation  to  proceed  simulta- 
neously  at  said  developing  unit, 

so  4.  The  electrophotographic  printing  machine 
according  to  claim  3  which  further  comprises  a 
transfer  belt  extending  between  said  transfer  print- 
ing  unit  and  said  developing  unit  for  transferring 
said  copying  sheet  to  said  developing  unit  through 

as  said  transfer  printing  unit,  and  a  corona  discharge 
unit  for  applying  an  electric  charge  to  said  transfer 
belt. 

5.  The  electrophotographic  printing  machine 
according  to  claim  4  wherein  seld  transfer  belt 

so  comprises  an  electric  insulating  layer  and  a  back- 
ing  layer  made  of  an  electroconductlve  elastic  ma- 
terial  and  said  electric  Insulating  layer  is  charged 
by  said  corona  discharge  device  to  a  polarity  op- 
posite  to  that  of  said  toner  whereby  said  toner  is 

as  transferred  to  said  copying  sheet  from  a  surface  of 
said  photosensitive  member  by  an  electric  field 
created  by  a  charge  presenting  on  a  surface  of 
said  transfer  belt. 

6.  The  electrophotographic  printing  machine 
40  according  to  claim  4  wherein  said  transfer  belt  is 

made  of  a  relatively  high  resistance, 
7.  The  electrophotographic  printing  machine 

according  to  claim  4  wherein  said  transfer  belt  is 
made  of  an  electric  insulating  material,  a  rear  sur- 

«  face  of  said  transfer  belt  being  charged  by  a  cor- 
ona  discharge  device. 

9.  The  electrophotographic  printing  machine 
according  to  claim  3  wherein  said  spherical  toner 
has  a  mean  diameter  of  1  to  7  u. 

to  9.  The  electrophotographic  printing'  machine 
according  to  claim  3  wherein  said  spherical  carrier 
has  a  mean  diameter  of  1  to  50  U. 

10.  The  electrophotographic  printing  machine 
according  to  claim  3  wherein  a  surface  of  said 

55  toner  is  covered  by  a  polarlzable  high  molecular 
weight  substance, 
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