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(54)  Image  recording  apparatus  provided  with  a  discharger  for  removing  charges  from  recording 
medium 

(57)  An  image  recording  apparatus  includes  a  trans- 
port  unit  (22)  for  conveying  a  recording  medium,  and  a 
print  head  (1).  The  print  head  (1)  includes  a  heater  unit 
(2)  for  heating  and  vaporizing  ink,  an  eject  unit  (4,  11) 
for  ejecting  ink  vaporized  by  the  heater  unit  (2)  onto  the 
recording  medium,  and  an  eject  control  unit  (8)  for  con- 
trolling  the  vaporous  ink  so  that  it  is  ejected  intermittently 
according  to  image  data  corresponding  to  an  image  to 
be  recorded.  The  eject  unit  (4,  11)  includes  a  charging 
unit  (4)  for  charging  vaporous  ink,  a  backside  electric 

unit  (1  1  )  provided  at  a  back  surface  of  the  recording  me- 
dium  for  attracting  the  vaporous  ink  charged  by  the 
charging  unit  (4)  onto  the  recording  medium.  The  eject 
control  unit  (8)  includes  an  electrostatic  shutter  unit  (8) 
for  controlling  ejection  of  the  vaporous  ink  charged  by 
the  charging  unit  with  an  electric  field.  The  image  re- 
cording  apparatus  further  includes  a  discharger  unit  (24) 
provided  upstream  of  the  eject  unit  (4,  1  1  )  in  a  conveying 
direction  of  the  recording  medium  for  removing  the 
charges  from  the  recording  medium. 
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Description 

Cross  Reference  to  Related  Applications 

This  application  is  related  to  co-pending  applica- 
tions  Serial  number  08/61  2,339  filed  March  7,  1  996,  and 
Serial  number  08/713,088,  filed  September  12,  1996, 
commonly  assigned  with  the  present  invention. 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  an  image  recording 
apparatus  such  as  a  copying  machine,  a  facsimile,  a 
printer,  and  the  like.  Particularly,  the  present  invention 
relates  to  an  image  recording  apparatus  that  ejects  ink 
intermittently  by  controlling  charged  vaporous  ink  with 
an  electric  field  to  have  ink  adhere  onto  or  permeate  into 
the  recording  medium  selectively  to  form  an  image.  De- 
scription  of  the  Background  Art 

The  Applicant  discloses  in  U.S.  Patent  Application 
Number  08/612,339  an  image  recording  method  and 
apparatus  that  ejects  vaporous  ink  intermittently  accord- 
ing  to  a  signal  corresponding  to  image  data  to  be  record- 
ed  to  have  the  ink  adhere  onto  or  permeate  into  the  re- 
cording  medium  to  obtain  an  image. 

Referring  to  Figs.  1  and  2,  this  related  art  will  be 
described  hereinafter.  An  image  recording  apparatus  in- 
cludes  a  print  head  unit  1  ,  a  recording  medium  1  2,  and 
a  back  electrode  11  .  Print  head  unit  1  includes  a  heater 
device  2,  a  charging  electrode  4,  an  electrostatic  shutter 
8,  and  a  control  unit  9.  Heater  device  2  includes  vapor- 
izing  heater  13.  Electrostatic  shutter  8  includes  a  com- 
mon  electrode  8A  and  a  control  electrode  8B  provided 
in  a  comb-like  manner  at  the  interval  of  169u.m  corre- 
sponding  to  the  recording  density.  Common  electrode 
8A  is  grounded. 

Powder  ink  3  is  stored  within  print  head  unit  1  .  Print 
head  unit  1  includes  heater  device  2  formed  of  heater 
13  for  heating  and  converting  powder  ink  3  into  vapor- 
ous  ink  3G  and  a  heat  radiation  plate  not  shown,  and  a 
thin  wire  electrode  of  50-100u.m  in  diameter  which  is 
charge  electrode  4  for  charging  vaporous  ink  3G.  A  plu- 
rality  of  eject  holes  14  through  which  ink  3G  is  sprayed 
out  are  formed  at  the  upper  portion  of  print  heat  unit  1  . 
Electrostatic  shutter  8  is  provided  at  both  sides  of  eject 
holes  14. 

The  plurality  of  eject  holes  14  are  formed  along  a 
length  corresponding  to  the  print  width.  The  distance  be- 
tween  each  eject  hole  1  4  is  set  according  to  the  record- 
ing  density.  For  example,  the  distance  is  200u.m  when 
the  recording  density  is  150dpi. 

In  a  printout  mode,  powder  ink  3  is  heated  by  heater 
device  2  to  be  vaporized.  When  colored  ink  is  to  be  used, 
the  colorant  includes  anthoraisothiazole  type,  quinoph- 
thalone  type,  pyrazolone  type,  pyridoneazo  type,  styryl 
type,  and  the  like  for  yellow.  For  magenta,  anthraqui- 

none  type,  dicyanoimidazole  type,  thiadiazoleazo  type, 
tricyanovinyl  type,  and  the  like  are  used.  For  cyan,  azo 
type,  anthraquinonetype,  naphthoquinone  type,  and  in- 
doaniline  type  and  the  like  are  used. 

5  Powder  ink  3  is  vaporized  to  be  cunverted  into  va- 
porous  ink  3G.  When  a  voltage  of  +2  to  5kV  is  applied 
to  charge  electrode  4,  corona  discharge  occurs  from 
charge  electrode  4  towards  heater  device  2  that  is 
grounded.  As  a  result,  vaporous  ink  3G  is  charged  with 

10  plus  ions.  Recording  medium  1  2  is  carried  by  a  transport 
device  22  in  the  direction  of  arrow  Al  to  arrive  at  a  posi- 
tion  facing  eject  hole  14.  When  a  minus  voltage  of  -0.5 
to  -2kV  is  applied  to  back  electrode  11  provided  at  the 
back  surface  side  of  the  printing  face  of  recording  me- 

15  dium  12,  the  charged  vaporous  ink  3G  is  attracted  to- 
wards  recording  medium  12. 

A  voltage  of  50V  to  1  kv  (High  level  :  H)  or  0V  (Low 
level  :  L),  for  example,  is  applied  to  control  electrode  8B 
according  to  a  signal  corresponding  to  the  image  data 

20  to  be  recorded. 
When  the  voltage  of  control  electrode  8B  attains 

500V  (H),  for  example,  electrostatic  shutter  8  is  turned 
on.  More  specifically,  an  electric  field  is  generated  from 
control  electrode  8B  towards  common  electrode  8A. 

25  Therefore,  gaseous  ink  3G  positively  charged  cannot 
pass  through  electrostatic  shutter  8.  In  contrast,  when 
the  voltage  of  control  electrode  8B  attains  0V  (L),  no 
electric  field  is  generated  between  control  electrode  8B 
and  common  electrode  8A.  In  other  words,  electrostatic 

30  shutter  8  is  OFF.  Therefore,  ink  3G  is  attracted  by  the 
electric  field  of  back  electrode  11  to  pass  through  elec- 
trostatic  shutter  8. 

Thus,  ejection  of  ink  can  be  controlled  in  an  inter- 
mittent  manner  by  altering  the  voltage  applied  to  elec- 

ts  trostatic  shutter  8.  Also,  by  controlling  the  application  of 
voltage  to  electrostatic  shutter  8  corresponding  to  each 
pixel,  the  passage  of  vaporous  ink  3G  can  be  controlled 
on  a  pixel-by-pixel  basis. 

Another  example  of  an  eject  hole  will  be  described 
40  with  reference  to  Fig.  3A.  A  print  head  unit  1A  has  an 

eject  hole  14A  formed  in  a  slit  configuration.  Electrostat- 
ic  shutter  8  is  provided  at  both  of  the  longer  sides  of  eject 
hole  14A.  Similartothecaseof  Fig.  2,  electrostatic  shut- 
ter  8  includes  common  electrode  8A  and  control  elec- 

ts  trades  8B  provided  in  a  comb-like  manner  at  an  interval 
of  169u.m  corresponding  to  the  recording  density.  Com- 
mon  electrode  8A  is  grounded.  The  length  of  eject  hole 
1  4A  is  set  corresponding  to  the  print  width  in  a  line  head. 
For  example,  the  length  of  eject  hole  14A  is  approxi- 

50  mately  200mm  with  a  print  width  of  A4  in  size  and  ap- 
proximately  140mm  with  the  print  width  of  A5  in  size. 
The  width  of  eject  hole  14A  is  set  according  to  the  re- 
cording  density.  For  example,  the  width  of  eject  hole  1  4A 
is  200u.m  when  the  recording  density  is  150dpi.  The 

55  eject  hole  formed  in  a  slit  configuration  is  advantageous 
over  eject  holes  14  formed  as  shown  in  Fig.  2  in  that 
clogging  does  not  easily  occur. 

A  further  example  of  an  eject  hole  will  be  described 
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with  reference  to  Fig.  3B.  Print  head  1B  has  a  plurality 
of  eject  holes  14B  formed  of  an  annular  configuration. 
An  electrostatic  shutter  81  is  provided  at  the  upper  and 
lower  portions  of  eject  hole  14B.  The  plurality  of  eject 
holes  14B  is  formed  of  a  length  corresponding  to  the 
print  width.  The  length  is  approximately  200mm  for  a 
print  width  of  A4  in  size  and  approximately  140mm  for 
a  print  width  of  A5  in  size.  The  respective  pitch  of  eject 
hole  14B  is  set  according  to  the  recording  density.  For 
example,  the  pitch  is  1  69u.m  when  the  recording  density 
is  150dpi.  Each  electrostatic  shutter  81  includes  annular 
electrodes  8B1  and  8A1  formed  at  the  upper  and  lower 
portions  of  eject  hole  14B.  Electrode  8A1  is  grounded. 
The  other  electrode  8B1  is  connected  to  a  power  source 
of  high  voltage. 

The  above-described  image  recording  apparatus 
controls  ejection  of  the  charged  vaporous  ink  by  control- 
ling  the  electric  field.  This  means  that  the  electric  field 
controlling  ink  discharge  is  disturbed  if  there  is  a  charg- 
ing  element  other  than  the  electrostatic  shutter  and  the 
back  electrode  in  the  proximity  of  the  ink  eject  portion. 
There  is  a  disadvantage  that  ejection  of  the  charged  va- 
porous  ink  cannot  be  controlled.  The  recording  medium 
may  be  charged  when  forwarded  by  a  transport  device 
such  as  a  roller.  There  is  a  problem  that  the  location  of 
the  charged  vaporous  ink  on  the  recording  medium  is 
offset  if  the  recording  medium  is  charged.  As  a  result, 
there  is  a  problem  that  the  picture  quality  of  the  record- 
ing  image  is  degraded. 

SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  provide  an 
image  recording  apparatus  that  can  record  an  image  of 
high  accuracy. 

Another  object  of  the  present  invention  is  to  provide 
an  image  recording  apparatus  that  has  ejected  charged 
ink  hit  a  predetermined  position  accurately  on  a  record- 
ing  medium  to  adhere  onto  or  permeate  into  the  record- 
ing  medium. 

Af  urther  object  of  the  present  invention  is  to  provide 
an  image  recording  apparatus  that  can  always  have 
ejected  charged  ink  sprayed  out  from  an  eject  hole  to- 
wards  a  predetermined  direction  of  a  recording  medium 
side. 

Still  another  object  of  the  present  invention  is  to  pro- 
vide  an  image  recording  apparatus  that  can  maintain  at 
a  predetermined  state  an  electric  field  by  an  electrostatic 
shutter  and  a  back  electrode  to  eject  charged  ink. 

Yet  another  object  of  the  present  invention  is  to  pro- 
vide  an  image  recording  apparatus  that  can  remove 
charge  of  a  recording  medium  which  becomes  a  cause 
of  disturbing  the  state  of  an  electric  field  for  ejecting 
charged  ink. 

According  to  an  aspect  of  the  present  invention,  an 
image  recording  apparatus  includes  a  transport  unit  for 
conveying  a  recording  medium,  and  a  print  head.  The 
print  head  includes  a  heater  unit  for  heating  and  vapor- 

izing  ink,  an  eject  unit  for  ejecting  ink  vaporized  by  the 
heater  unit  onto  a  recording  medium,  and  an  eject  con- 
trol  unit  for  controlling  the  eject  unit  so  that  vaporous  ink 
is  ejected  intermittently  according  to  image  data  corre- 

5  sponding  to  an  image  to  be  recorded.  The  eject  unit  in- 
cludes  a  charging  unit  for  charging  vaporous  ink,  and  a 
back  electrode  unit  provided  at  the  backside  of  the  re- 
cording  medium  for  attracting  vaporous  ink  charged  by 
the  charging  unit  onto  the  recording  medium.  The  eject 

10  control  unit  includes  an  electrostatic  shutter  unit  for  con- 
trolling  ejection  of  the  vaporous  ink  charged  by  the 
charging  unit  with  an  electric  field.  The  image  recording 
apparatus  further  includes  a  discharger  provided  up- 
stream  of  the  eject  unit  in  the  conveying  direction  of  the 

is  recording  medium  for  removing  charges  of  the  recording 
medium. 

The  discharger  unit  preferably  includes  a  first  dis- 
charger  device  provided  at  the  recording  face  side  of  the 
recording  medium  and  a  second  discharger  device  pro- 

20  vided  at  the  back  surface  side  of  the  recording  medium. 
Each  of  the  first  and  second  discharger  devices  can 

include  a  contact  unit  provided  at  a  position  forming  con- 
tact  with  the  recording  medium.  The  contact  unit  is 
formed  of  a  conductive  material.  The  contact  unit  is 

25  grounded. 
The  heater  unit  heats  and  vaporizes  ink.  The  charg- 

ing  unit  charges  the  vaporous  ink.  The  transportation 
unit  initiates  transportation  of  the  recording  medium. 
The  contact  of  the  recording  medium  with  the  discharger 

30  unit  causes  the  charges  present  on  the  surface  of  the 
recording  medium  to  be  removed.  When  the  recording 
medium  is  conveyed  to  arrive  at  the  eject  unit  of  the  print 
head,  ejection  of  the  charged  vaporous  ink  onto  the  re- 
cording  medium  is  controlled  by  the  electric  field  of  the 

35  electrostatic  shutter  unit. 
The  vaporous  ink  is  ejected  towards  the  recording 

medium  having  the  charges  removed  by  the  discharger 
unit.  The  electric  field  for  controlling  ejection  of  vaporous 
ink  is  maintained  at  a  predetermined  state  without  being 

40  affected  by  the  charge  on  the  recording  medium.  There- 
fore,  the  ejected  vaporous  ink  is  accurately  sprayed  out 
from  the  eject  hole  to  a  predetermined  direction  to  ac- 
curately  hit  a  predetermined  position  on  the  recording 
medium.  The  ink  adheres  onto  or  permeates  into  the  re- 

45  cording  medium.  As  a  result,  an  image  recording  appa- 
ratus  that  can  record  a  fine  image  can  be  provided. 

According  to  another  aspect  of  the  present  inven- 
tion,  an  image  recording  apparatus  includes  a  transport 
unit  for  conveying  a  recording  medium,  and  a  print  head. 

so  The  print  head  includes  a  heater  unit  for  heating  and 
vaporizing  ink,  an  eject  unit  for  ejecting  ink  vaporized  by 
the  heater  unit  onto  a  recording  medium,  and  an  eject 
control  unit  for  controlling  the  eject  unit  so  that  vaporous 
ink  is  discharged  intermittently  according  to  image  data 

55  corresponding  to  an  image  to  be  recorded.  The  eject  unit 
includes  a  charging  unit  for  charging  vaporous  ink,  and 
a  back  electrode  unit  provided  at  the  backside  of  the  re- 
cording  medium  for  attracting  vaporous  ink  charged  by 

3 
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the  charger  unit  onto  the  recording  medium.  The  eject 
control  unit  includes  an  electrostatic  shutter  unit  for  con- 
trolling  ejection  of  vaporous  inkcharged  by  the  charging 
unit  with  an  electric  field.  The  transport  unit  includes  a 
pair  of  rollers  provided  upstream  of  the  eject  unit  in  the  s 
conveyed  direction  of  the  recording  medium,  extending 
in  the  width  direction  of  the  recording  medium  so  as  to 
sandwich  the  recording  medium.  The  roller  of  the  pair 
of  rollers  provided  at  the  recording  face  side  of  the  re- 
cording  medium  is  formed  of  a  conductive  material,  and  10 
grounded. 

By  bringing  the  recording  medium  in  contact  with 
the  roller  formed  of  a  conductive  material,  the  charges 
present  on  the  surface  of  the  recording  medium  in  con- 
tact  with  the  roller  are  removed.  When  the  recording  me-  15 
dium  is  conveyed  to  arrive  at  the  eject  unit  of  the  print 
head,  ejection  of  the  charged  vaporous  ink  towards  the 
recording  medium  is  controlled  by  the  electric  field  of  the 
electrostatic  shutter  unit. 

Vaporous  ink  is  ejected  towards  the  surface  of  the  20 
recording  medium  having  the  charges  removed  by  the 
roller  formed  of  a  conductive  material.  The  electric  field 
for  controlling  ejection  of  vaporous  ink  is  maintained  at 
a  predetermined  state  without  being  affected  by  the 
charges  on  the  recording  medium.  Therefore,  the  eject-  25 
ed  vaporous  ink  is  accurately  sprayed  out  from  the  eject 
hole  in  a  predetermined  direction  to  accurately  hit  a  pre- 
determined  position  on  the  recording  medium.  The  ink 
adheres  onto  or  permeates  into  the  recording  medium. 
As  a  result,  an  image  recording  apparatus  that  can  30 
record  a  fine  image  is  provided. 

The  foregoing  and  other  objects,  features,  aspects 
and  advantages  of  the  present  invention  will  become 
more  apparent  from  the  following  detailed  description  of 
the  present  invention  when  taken  in  conjunction  with  the  35 
accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  sectional  view  showing  an  entire  structure  40 
of  an  image  recording  apparatus  according  to  related 
art. 

Figs.  2,  3A  and  3B  are  perspective  sectional  views 
of  a  structure  of  an  electrostatic  shutter  unit. 

Fig.  4  is  a  sectional  view  showing  an  entire  structure  45 
of  an  image  recording  apparatus  according  to  a  first  em- 
bodiment  of  the  present  invention. 

Fig.  5  is  a  perspective  view  of  main  components  of 
the  image  recording  apparatus  according  to  the  first  em- 
bodiment,  so 

Figs.  6A  -  6H  show  the  timing  of  the  operation  of  the 
image  recording  apparatus  of  the  first  embodiment. 

Figs.  7A  -  7C  are  diagrams  for  describing  a  circuit 
detecting  the  beginning  of  a  recording  medium  in  the 
image  recording  apparatus  of  the  first  embodiment.  55 

Figs.  8  and  9  are  perspective  view  of  main  compo- 
nents  of  an  image  recording  apparatus  according  to  a 
second  embodiment. 

Figs.  1  0  and  1  1  are  perspective  views  of  main  com- 
ponents  of  an  image  recording  apparatus  according  to 
a  third  embodiment. 

Fig.  12  is  a  perspective  view  of  main  components 
of  an  image  recording  apparatus  according  to  a  fourth 
embodiment. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

First  Embodiment 

An  image  recording  apparatus  of  the  first  embodi- 
ment  will  be  described  hereinafter  with  reference  to 
Figs.  4  and  5.  Components  identical  to  those  of  the 
above-described  image  recording  apparatus  have  the 
same  reference  characters  allotted,  and  detailed  de- 
scription  thereof  will  not  be  repeated  here.  For  the  sake 
of  convenience,  the  direction  at  right  angles  to  the  draw- 
ing  sheet  is  referred  to  as  the  X  axis,  the  horizontal  di- 
rection  on  the  drawing  sheet  perpendicular  to  the  X  axis 
is  referred  to  as  the  Y  axis,  and  the  vertical  direction  on 
the  drawing  sheet  crossing  the  X  and  Y  axes  at  right 
angles  is  referred  to  the  Z  axis. 

The  image  recording  apparatus  of  the  first  embod- 
iment  includes  a  print  head  unit  1  for  recording  an  image 
on  a  recording  medium  1  2,  a  transport  device  22  for  con- 
veying  the  recording  medium  to  print  head  unit  1  ,  a  dis- 
charger  device  24  provided  upstream  of  print  head  unit 
1  in  the  conveying  direction  of  recording  medium  12  for 
removing  the  charges  on  recording  medium  12,  and  a 
photo  interrupter  23  provided  downstream  of  print  head 
unit  1  in  the  conveying  direction  of  recording  medium  1  2 
for  detecting  a  leading  edge  of  recording  medium  12. 

Print  head  unit  1  includes  a  heater  device  2  provid- 
ed  at  the  bottom  of  print  head  unit  1  for  heating  powder 
ink  3  into  vaporous  ink  3G,  a  charging  electrode  4  pro- 
vided  inside  print  head  unit  1  for  charging  vaporous  ink 
3G,  a  back  electrode  unit  1  1  at  the  backside  of  recording 
medium  12  for  attracting  vaporous  ink  3G  charged  by 
charging  electrode  4  onto  recording  medium  1  2,  and  an 
electrostatic  shutter  8  provided  in  the  proximity  of  an 
eject  hole  14  formed  at  the  upper  portion  of  print  head 
unit  1  for  controlling  ejection  of  vaporous  ink  3G  by  an 
electric  field. 

Powder  ink  3  is  stored  within  print  head  unit  1  .  Heat- 
er  device  2  for  heating  and  vaporizing  powder  ink  3  is 
provided  at  the  bottom  portion  of  print  head  unit  1  .  Heat- 
er  device  2  is  controlled  by  a  heating  control  device.  The 
interior  of  print  head  unit  1  is  gradually  filled  with  vapor- 
ous  ink3G  when  powder  ink  3  is  heated  by  heater  device 
2. 

A  thin  wire  electrode  of  50  to  100u.m  in  diameter 
which  is  a  charging  electrode  4  is  provided  in  the  X  axis 
direction.  Charging  electrode  4  is  connected  to  a  power 
source.  A  voltage  of  +2  to  +5kV  is  applied  to  charging 
electrode  4.  Vaporous  ink  3G  is  charged  positively  by 
charging  electrode  4. 

4 
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As  described  before  with  reference  to  Fig.  2,  a  plu- 
rality  of  eject  holes  14  at  an  interval  according  to  the 
resolution  and  electrostatic  shutter  8  are  provided  in  the 
X  axis  direction  at  the  upper  portion  of  print  head  unit  1  . 
As  described  with  reference  to  Fig.  3A,  one  eject  hole 
of  a  slit  configuration  and  electrostatic  shutters  at  both 
sides  thereof  may  be  provided.  Alternatively,  an  annular 
eject  hole  and  an  annular  electrostatic  shutter  may  be 
provided. 

Back  electrode  1  1  is  provided  in  the  X  axis  direction 
at  the  backside  of  recording  medium  12.  A  minus  volt- 
age  of  -0.5  to  -2kV  is  applied  to  back  electrode  11  from 
the  power  supply. 

Discharger  device  24  is  provided  between  one  pair 
of  rollers  which  is  transportation  device  22  and  print 
head  unit  1  .  Referring  to  Figs.  4  and  5,  discharger  device 
24  is  provided  extending  in  the  X  axis  direction  so  as  to 
form  contact  with  the  printing  face  of  recording  medium 
12.  Although  the  width  of  discharger  device  24,  i.e.  the 
length  in  the  X  axis  direction,  is  illustrated  to  be  substan- 
tially  equal  to  the  width  of  recording  medium  12,  the 
present  invention  is  not  limited  to  this  length.  It  may  be 
made  greater  than  the  width  of  recording  medium  12. 
Discharger  device  24  is  formed  of  a  conductive  member 
such  as  metal,  conductive  rubber,  or  conductive  resin. 
Discharger  device  24  is  grounded. 

Recording  medium  12  is  conveyed  in  the  direction 
of  arrow  A2  by  transport  device  22.  Recording  medium 
12  passing  through  transport  device  22  is  brought  into 
contact  with  discharger  device  24  prior  to  arriving  at  print 
head  unit  1.  Discharger  device  24  is  grounded.  The 
charges,  if  any,  present  on  recording  medium  12  at  the 
area  in  contact  with  discharger  device  24  are  removed 
by  discharger  device  24  and  the  ground  line.  Therefore, 
recording  medium  1  2  is  electrically  neutral  when  arriving 
at  print  head  unit  1.  Therefore,  the  spray  out  of  the 
charged  vaporous  ink  3G  will  not  be  disturbed. 

An  operation  of  the  image  recording  apparatus  of 
the  first  embodiment  will  be  described  with  reference  to 
Figs.  6A  -  6H.  When  a  print  out  instruction  is  provided 
from  an  operator  or  from  an  external  information  equip- 
ment,  the  CPU  of  the  image  recording  apparatus  pro- 
vides  a  print  operation  signal  to  the  heating  control  de- 
vice  at  time  TA.  The  print  operation  signal  indicates  that 
the  image  recording  apparatus  attains  a  standby  state 
when  at  an  L  level  and  an  operational  state  at  an  H  level. 
This  print  operation  signal  provides  the  timing  of  initiat- 
ing  a  printout  operation  at  its  rising  edge  and  the  timing 
of  terminating  a  print  out  operation  at  its  falling  edge. 

Heater  device  2  is  driven  at  time  TB,  triggered  at 
the  rise  of  the  print  operation  signal  at  time  TA.  Here,  a 
voltage  of  +2  to  5kV  is  applied  to  charging  electrode  4. 
Powder  ink  3  is  heated  when  heater  device  2  is  driven. 
When  the  temperature  of  powder  ink  3  becomes  higher 
than  the  sublimation  temperature  of  TG,  powder  ink  3  is 
vaporized  into  ink  3G.  The  amount  of  vaporous  ink  3G 
increases  over  time.  The  threshold  value  is  reached  at 
time  TC.  In  the  present  invention,  the  threshold  value  is 

the  amount  of  vaporous  ink  adequate  for  ejection.  The 
printer  enters  a  print  enable  state  when  the  amount  of 
vaporous  ink  exceeds  the  threshold  value.  Vaporous  ink 
3G  is  charged  positively  by  the  corona  discharge  of 

5  charging  electrode  4. 
Heater  device  2  is  controlled  by  the  heating  control 

device  so  that  the  interior  of  print  head  unit  1  is  main- 
tained  at  a  constant  temperature  T  which  is  higher  than 
the  ink  sublimation  temperature  TG.  In  the  present  in- 

fo  vention,  T=TG+AT  where  AT  is  the  temperature  stable 
level  (a  value  determined  taking  into  consideration 
change  in  the  ambient  temperature  and  the  like).  When 
AT=1  5°c,  for  example,  with  ink  sublimation  temperature 
TG=140°C,  heater  device  2  is  controlled  so  that 

15  T=155°C. 
At  time  TD  after  entering  a  print  enable  state,  trans- 

port  device  22  commences  convey  of  recording  medium 
1  2.  When  recording  medium  1  2  comes  into  contact  with 
discharger  device  24,  the  charge  existing  on  the  surface 

20  of  recording  medium  1  2  forming  contact  with  discharger 
device  24  is  removed.  Recording  medium  1  2  is  sequen- 
tially  discharged  from  the  leading  edge  since  it  is  con- 
veyed  in  the  Y  axis  direction. 

At  time  TE  following  the  passage  of  recording  me- 
25  dium  1  2  through  print  head  unit  1  ,  a  print  start/end  signal 

is  provided  to  a  control  unit  from  the  CPU  to  control  elec- 
trostatic  shutter  8.  A  photo  interrupter  23  which  is  a  pho- 
to  detector  is  provided  as  means  for  detecting  time  TE 
at  the  downstream  of  print  head  unit  1  in  the  conveying 

30  direction  of  recording  medium  12.  Time  TE  is  detected 
by  photo  interrupter  23  detecting  the  leading  edge  of  re- 
cording  medium  12. 

Referring  to  Fig.  6F,  the  print  start/end  signal  indi- 
cates  that  print  head  unit  1  attains  a  non-printing  state 

35  when  at  an  L  level  and  a  printing  state  when  at  an  H 
level.  The  print  start/end  signal  provides  the  timing  of 
initiating  printing  at  its  leading  edge  and  the  timing  of 
ending  printing  at  its  falling  edge. 

The  control  unit  is  triggered  at  the  rise  of  the  print 
40  start/end  signal  at  time  TE  to  initiate  the  ON/OFF  control 

of  electrostatic  shutter  8.  Electrostatic  shutter  8  is  con- 
nected  to  a  power  source  supplying  a  voltage  of  500V. 
A  voltage  of  500V  is  applied  to  each  control  electrode 
8B  according  to  a  signal  corresponding  to  the  image  da- 

45  ta.  At  time  TE  where  electrostatic  shutter  8  initiates  its 
ON/OFF  state,  a  voltage  of  -1  KV  is  applied  to  back  elec- 
trode  11.  Recording  medium  12  is  conveyed  in  the  Y 
axis  direction  at  a  constant  speed  by  transport  device 
22  during  printing. 

so  When  printing  ends  at  time  TF,  the  print  start/end 
signal  is  driven  to  an  L  level.  In  response  to  this  fall,  heat- 
er  device  2,  charging  electrode  4,  and  back  electrode 
11  are  all  turned  off.  Transport  22  continues  its  operation 
up  to  time  Tl  even  after  printing  ends  to  output  recording 

55  medium  12.  At  time  Tl,  the  series  of  printing  operation 
ends. 

The  present  invention  is  not  limited  to  the  usage  of 
powder  ink  3,  and  ink  of  a  solid  phase  or  a  liquid  phase 

5 
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can  be  used.  Although  the  invention  is  described  of  pro- 
viding  a  transmissive  type  photo  interrupter  as  photo  in- 
terrupter  23,  a  reflective  type  photo  interrupter  can  be 
used. 

An  example  of  a  detection  circuit  for  detecting  the 
aforementioned  time  TE  will  be  described  with  reference 
to  Figs.  7A,  7Band7C.  The  cathode  which  is  the  second 
terminal  PI2  and  the  emitter  which  is  the  fourth  terminal 
PI4  of  photo  interrupter  23  are  grounded.  The  anode 
which  is  the  first  terminal  PI  I  and  the  collector  which  is 
the  third  terminal  PI3  are  connected  to  a  power  source 
VCC  via  a  resistor  R1  and  a  resistor  R2,  respectively. 
The  output  of  photo  interrupter  23  is  connected  to  the 
input  terminal  of  a  logic  element  74HC14,  for  example 
having  a  logic  inversion  function.  The  output  thereof  is 
the  final  output. 

The  output  of  photo  interrupter  23  attains  an  L  level 
when  there  is  no  recording  medium  12.  Therefore,  logic 
element  HC14  provides  an  output  of  an  H  level.  When 
the  leading  edge  of  recording  medium  12  passes  photo 
interrupter  23,  the  output  of  photo  interrupter  23  is  driven 
to  an  H  level  and  the  output  of  logic  element  74HC1  4  is 
driven  to  an  L  level. 

Transition  of  the  output  waveforms  of  photo  inter- 
rupter  23  and  logic  element  74HC14  will  be  described 
hereinafter  with  reference  to  Figs.  7B  and  7C,  respec- 
tively.  Time  T1  represents  the  detection  time  of  the  lead- 
ing  edge  of  recording  medium  12  passing  photo  inter- 
rupter  23.  Time  T2  represents  the  detected  time  of  the 
trailing  edge  of  recording  medium  12  passing  photo  in- 
terrupter  23.  Times  T3  and  T4  represent  the  transition 
timing  of  the  output  waveform  of  the  logic  element  ac- 
cording  to  the  output  waveform  of  photo  interrupter  23. 
In  response  to  these  obtained  detection  signals  of  the 
recording  medium,  the  CPU  provides  a  print  start/end 
signal  to  the  control  unit.  For  example,  the  CPU  outputs 
a  print  start/end  signal  to  the  control  unit  in  response  to 
the  fall  of  the  detection  signal  of  the  recording  medium 
shown  in  Fig.  7C. 

Recording  medium  12  is  brought  into  contact  with 
discharger  device  24  during  transportation.  Therefore, 
the  surface  of  discharger  device  24  that  comes  into  con- 
tact  with  recording  medium  12  is  formed  of  a  member 
that  has  high  conductance  and  slidability  such  as  a  con- 
ductive  fluorine  resin  in  order  to  reduce  the  load  on 
transportation  device  22. 

Second  Embodiment 

An  image  recording  apparatus  according  to  a  sec- 
ond  embodiment  of  the  present  invention  will  be  de- 
scribed  hereinafter  with  reference  to  Figs.  8  and  9.  Com- 
ponents  corresponding  to  those  of  the  image  recording 
apparatus  of  the  first  embodiment  have  the  same  refer- 
ence  characters  allotted,  and  detailed  description  there- 
of  will  not  be  repeated  here.  The  image  recording  appa- 
ratus  of  the  second  embodiment  differs  from  the  image 
recording  apparatus  of  the  first  embodiment  in  that  a  dis- 

charger  device  24  is  provided  at  the  backside  of  record- 
ing  medium  12  in  addition  to  discharger  device  24  pro- 
vided  at  the  printing  face  of  recording  medium  12. 
Therefore,  the  effect  of  the  charges  at  the  backside  of 

5  recording  medium  12  can  also  be  removed. 
Fig.  8  shows  an  example  where  two  discharger  de- 

vices  24  of  the  same  configuration  are  provided  at  the 
printing  face  and  the  backside  face  of  recording  medium 
1  2.  As  shown  in  Fig.  9,  the  two  discharger  devices  24A 

10  and  24B  do  not  necessarily  have  to  be  identical  in 
shape.  The  discharging  effect  at  the  printing  face  of  re- 
cording  medium  1  2  differs  from  the  discharging  effect  at 
the  backside  face  of  recording  medium  12.  The  area 
where  discharger  devices  24A  and  24B  come  into  con- 

15  tact  with  recording  medium  1  2  is  set  as  small  as  possible 
while  insuring  the  discharging  effect  at  respective  faces. 
Although  discharger  device  24A  of  the  printing  face  is 
not  necessarily  identical  in  shape  with  discharger  device 
24B  at  the  backside  face,  increase  of  load  caused  by 

20  the  discharger  device  on  transportation  device  22  is 
minimized. 

Third  Embodiment 

25  An  image  recording  apparatus  according  to  a  third 
embodiment  of  the  present  invention  will  be  described 
hereinafter  with  reference  to  Figs.  10  and  11.  Compo- 
nents  corresponding  to  those  of  the  image  recording  ap- 
paratus  of  the  first  embodiment  have  the  same  refer- 

so  ence  characters  allotted,  and  their  description  will  not 
be  repeated.  The  image  recording  apparatus  of  the  third 
embodiment  differs  from  the  image  recording  apparatus 
of  the  first  embodiment  in  that  the  recording  medium  and 
the  discharger  device  are  not  completely  in  contact  in 

35  the  direction  of  the  width  of  the  recording  medium,  and 
that  the  portion  of  the  discharger  device  in  contact  with 
the  recording  medium  is  resilient.  Fig.  10  shows  an  ex- 
ample  where  a  brush  24C  is  provided.  Also,  a  member 
24D  including  a  resilient  portion  of  a  serrated  configura- 

40  tion  can  be  provided  as  shown  in  Fig.  11. 
According  to  the  third  embodiment,  the  contacting 

portion  of  the  discharger  device  with  respect  to  the  re- 
cording  medium  can  be  made  flexible.  This  provides  the 
advantage  that  the  printing  face  of  the  recording  medi- 

cs  urn  is  not  deteriorated  by  the  contact  with  the  discharger 
device.  Furthermore,  the  parallelism  between  the  re- 
cording  medium  and  the  discharger  device  does  not 
have  to  be  set  so  strictly. 

so  Fourth  Embodiment 

An  image  recording  apparatus  according  to  a  fourth 
embodiment  of  the  present  invention  will  be  described 
hereinafter  with  reference  to  Fig.  12.  Components  cor- 

55  responding  to  those  of  the  image  recording  apparatus 
of  the  first  embodiment  have  the  same  reference  char- 
acters  allotted,  and  detailed  description  thereof  will  not 
be  repeated  here.  The  image  recording  apparatus  of  the 
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fourth  embodiment  differs  from  the  image  recording  ap- 
paratus  of  the  first  embodiment  in  that  rollers  22A  and 
22B  functioning  as  a  transportation  device  are  formed 
of  a  conductive  member,  such  as  conductive  rubber  or 
conductive  resin,  and  grounded,  as  an  alternative  to  the 
discharger  device.  It  is  to  be  noted  that  only  roller  22A 
provided  at  the  printing  face  side  can  be  formed  of  a 
conductive  member  and  grounded. 

According  to  the  fourth  embodiment,  the  recording 
medium  can  be  discharged  by  forming  contact  with  the 
roller  while  being  conveyed  by  the  roller.  The  need  to 
provide  an  additional  discharger  device  is  eliminated. 

According  to  the  image  recording  apparatuses  of 
the  first  to  third  embodiments,  a  discharger  device  is 
provided  at  a  position  prior  to  the  conveyed  recording 
medium  arriving  at  the  print  head  and  where  the  charge 
on  the  recording  medium  is  removed.  Therefore,  the 
electric  field  for  controlling  ejection  of  the  charged  ink 
will  not  be  disturbed  by  the  charge  on  the  recording  me- 
dium.  Therefore,  the  spray  out  direction  of  the  charged 
ink  and  the  attached  location  of  the  charged  ink  on  the 
recording  medium  will  not  be  disturbed.  As  a  result,  an 
image  of  high  accuracy  can  be  recorded  on  a  recording 
medium. 

Furthermore,  according  to  the  image  recording  ap- 
paratus  of  the  fourth  embodiment,  a  roller  for  conveying 
the  recording  medium  is  formed  of  a  conductive  mem- 
ber,  and  grounded.  Therefore,  the  charges  on  the  re- 
cording  medium  can  be  removed  while  transporting  the 
recording  medium  without  provision  of  an  additional  dis- 
charger. 

Although  the  present  invention  has  been  described 
and  illustrated  in  detail,  it  is  clearly  understood  that  the 
same  is  by  way  of  illustration  and  example  only  and  is 
not  to  be  taken  by  way  of  limitation,  the  spirit  and  scope 
of  the  present  invention  being  limited  only  by  the  terms 
of  the  appended  claims. 

Claims 

1.  An  image  recording  apparatus  comprising: 

transportation  means  (22)  for  conveying  a  re- 
cording  medium,  and 
a  print  head  (1), 
wherein  said  print  head  (1)  comprises 
heater  means  (2)  for  heating  and  vaporizing 
ink, 
eject  means  (4,  11)  for  ejecting  ink  vaporized 
by  said  heater  means  (2)  onto  said  recording 
medium,  and 
eject  control  means  (8)  for  controlling  said  va- 
porous  ink  so  that  said  vaporous  ink  is  ejected 
intermittently  according  to  image  data  corre- 
sponding  to  an  image  to  be  recorded, 
wherein  said  eject  means  (4,  11)  comprises 
charging  means  (4)  for  charging  said  vaporous 

ink,  and 
back  electrode  (11)  provided  at  a  back  surface 
of  said  recording  medium  for  attracting  vapor- 
ous  inkdischarged  by  said  discharge  means  (4) 

5  onto  said  recording  medium, 
wherein  said  eject  control  means  (8)  comprises 
an  electrostatic  shutter  unit  (8)  for  controlling 
ejection  of  said  vaporous  ink  charged  by  said 
charging  means  (4)  by  an  electric  field, 

10  said  image  recording  apparatus  further  com- 
prising  discharger  means  (2)  provided  up- 
stream  of  said  eject  means  (4,  11  )  in  a  convey- 
ing  direction  of  said  recording  medium  for  re- 
moving  charges  from  said  recording  medium. 

15 
2.  The  image  recording  apparatus  according  to  claim 

1  ,  wherein  said  discharger  means  (24)  comprises 

a  first  discharger  device  (24)  provided  at  a  re- 
20  cording  face  side  of  said  recording  medium, 

and 
a  second  discharger  device  (24)  provided  at  a 
back  surface  side  of  said  recording  medium. 

25  3.  The  image  recording  apparatus  according  to  claim 
2,  wherein  each  of  said  first  and  second  discharger 
devices  (24)  comprises  a  contact  portion  (24)  pro- 
vided  at  a  location  for  forming  contact  with  said  re- 
cording  medium, 

30 
wherein  said  contact  portion  (24)  is  formed  of 
a  conductive  material,  and 
wherein  said  contact  portion  (24)  is  grounded. 

35  4.  The  image  recording  apparatus  according  to  claim 
3,  wherein  said  contact  portion  (24C)  is  resilient. 

5.  The  image  recording  apparatus  according  to  claim 
4,  wherein  said  contact  portion  (24C)  includes  a 

40  brush. 

6.  The  image  recording  apparatus  according  to  claim 
2,  wherein  each  of  said  first  and  second  discharger 
devices  (24)  comprises  a  contact  portion  (24)  pro- 

45  vided  at  a  position  forming  contact  with  said  record- 
ing  medium, 

wherein  said  contact  portion  (24C)  is  resilient. 

7.  The  image  recording  apparatus  according  to  claim 
so  6,  wherein  said  contact  portion  (24C)  includes  a 

brush. 

8.  The  image  recording  apparatus  according  to  claim 
1  ,  wherein  said  discharger  means  (24)  comprises  a 

55  contact  portion  (24)  provided  at  a  position  forming 
contact  with  said  recording  medium, 

wherein  said  contact  portion  (24)  is  formed  of 

25  3. 
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a  conductive  material,  and 
wherein  said  contact  portion  (24)  is  grounded. 

9.  The  image  recording  apparatus  according  to  claim 
8,  wherein  said  contact  portion  (24C)  is  resilient.  s 

10.  The  image  recording  apparatus  according  to  claim 
9,  wherein  said  contact  portion  (24)  comprises  a 
brush. 

10 
11.  The  image  recording  apparatus  according  to  claim 

I  ,  wherein  said  discharger  means  (24)  comprises  a 
contact  portion  (24)  provided  at  a  position  forming 
contact  with  said  recording  medium, 

15 
wherein  said  contact  portion  (24)  is  resilient, 
and 
wherein  said  contact  portion  (24)  is  grounded. 

12.  The  image  recording  apparatus  according  to  claim  20 
II,  wherein  said  contact  portion  (24)  comprises  a 
brush  (24C). 

13.  An  image  recording  apparatus  comprising: 
25 

transportation  means  (22A,  22B)  for  conveying 
a  recording  medium,  and 
a  print  head  (1), 
wherein  said  print  head  (1)  comprises 
heater  means  (2)  for  heating  and  vaporizing  30 
ink, 
eject  means  (4,  11)  for  ejecting  ink  vaporized 
by  said  heater  means  (2)  onto  said  recording 
medium,  and 
eject  control  means  (8)  for  controlling  said  eject  35 
means  (4,  11)  so  that  said  vaporous  ink  is  dis- 
charged  intermittently  according  to  image  data 
corresponding  to  an  image  to  be  recorded, 
wherein  said  eject  means  (4,  11)  comprises 
charging  means  (4)  for  charging  said  vaporous  40 
ink  (4),  and 
back  electrode  (11)  provided  at  a  backside  of 
said  recording  medium  for  attracting  vaporous 
ink  charged  by  said  charging  means  (4)  onto 
said  recording  medium,  45 
wherein  said  eject  control  means  (8)  comprises 
an  electrostatic  shutter  unit  (8)  for  controlling 
ejection  of  said  vaporous  ink  charged  by  said 
charging  means  (4)  by  an  electric  field, 
wherein  said  transportation  means  (22A,  22B)  so 
comprises  a  pair  of  rollers  (22A,  22B)  provided 
upstream  of  said  eject  means  (4,  11)  in  a  con- 
veying  direction  of  said  recording  medium,  and 
extending  in  a  width  direction  of  said  recording 
medium  so  as  to  sandwich  said  recording  me-  55 
dium, 
wherein  the  roller  (22A)  provided  at  a  recording 
face  side  of  said  recording  medium  out  of  said 

pair  of  rollers  (22A,  22B)  is  formed  of  a  conduc- 
tive  material,  and  grounded. 

14.  The  image  recording  apparatus  according  to  claim 
13,  wherein  the  roller  (22B)  provided  at  a  back  face 
side  of  said  recording  medium  out  of  said  pair  of 
rollers  (22A,  22B)  is  formed  of  a  conductive  mate- 
rial,  and  grounded. 

15.  An  image  recording  apparatus  comprising  a  print 
head  (1,  11)  of  the  kind  in  which  an  ink  vapour  is 
formed,  charged  and  ejected  at  a  print  position  onto 
the  front  surface  of  a  recording  medium  (12)  trans- 
ported  past  the  print  head  by  the  effect  of  electro- 
static  attraction  due  to  a  back  electrode  (11)  behind 
the  back  surface  of  the  medium  and  under  the  con- 
trol  in  accordance  with  the  image  to  be  recorded, 
characterised  by  a  discharge  means  (24;  24A,  24B; 
24C;  24D;  22A,  22B)  for  removing  charges  from  the 
recording  mechanism  at  a  position  upstream  of  the 
print  position. 
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