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(54)  Ink  jet  recording  method. 

(57)  A  recording  scan  is  performed  through  a 
relative  reciprocation  of  color  recording  heads 
to  a  recording  material.  The  recording  heads 
are  provided  with  higher  recording  density  than 
that  of  input  image  data,  and  each  comprises  a 
plurality  of  pixels  (2  x  2)  for  a  pixel  of  input 
image  data.  The  mixed  color  of  image  are  recor- 
ded  in  such  a  manner  that  their  pixels  (2  x  2) 
each  are  not  subjected  to  superposition  of  ink 
of  two  colors  or  the  more.  Thus,  it  is  possible  to 
prevent  an  occurrence  of  variations  in  mixed 
color,  and  to  record  a  high  quality  of  color 
image  without  increasing  a  recording  time. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  an  ink  jet  record- 
ing  method  of  recording  an  image  on  a  recording  ma- 
terial  by  means  of  ejecting  ink  toward  the  recording 
material. 

Related  Background  Art 

Hitherto,  there  is  known  an  ink  jet  printer  for  re- 
cording  a  color  image  by  means  of  ejecting  plural  col- 
ors  of  ink  toward  a  recording  material  such  as  a  paper. 
In  such  a  color  ink  jet  printer,  unlike  a  monochromatic 
printer  for  printing  only  characters,  it  is  necessary  to 
consider  various  factors  such  as  color  development 
ability,  gradation  and  uniformity. 

For  example,  to  form  on  a  recording  medium  a 
color  image  having  colors  other  than  the  four  colors, 
a  plurality  of  colors  of  ink  droplets  are  landed  on  the 
same  position  to  mutually  mix  on  the  recording  me- 
dium.  Figs.  6A  and  6B  show  states  of  ink  droplets  at 
that  time.  In  a  case  where  a  head  is  so  arranged  that 
it  performs  recording  in  order  of  black  (K),  cyan  (C), 
magenta  (M)  and  yellow  (Y)  in  a  forward  scan,  and  in 
order  of  yellow  (Y),  magenta  (M),  cyan  (C)  and  black 
(K)  in  a  backward  scan,  with  respect  to  the  recording 
medium,  for  example;  if  green  is  recorded  in  the  for- 
ward  scan  of  a  carriage,  cyan  is  first  landed  on  the  re- 
cording  medium  and  then  yellow  is  landed.  At  that 
time,  first,  a  cyan  ink  penetrates  through  the  record- 
ing  medium  to  spread  on  a  surface  and  the  inside. 
The  subsequent  landed  yellow  ink  gets  in  under  the 
cyan  ink.  It  appears,  seeing  from  the  surface  of  the 
recording  medium,  that  the  yellow  ink  spreads  out- 
side  the  cyan  ink.  The  cyan  and  yellow  mixed  color 
portion  of  the  inside  makes  up  green  (G)  and  thus  it 
is  recognized  through  the  naked  eye  that  green  is  re- 
corded.  The  state  of  this  forward  scan  printing  is 
shown  in  Fig.  6A. 

On  the  contrary,  in  printing  at  the  time  of  the 
backward  scan,  the  cyan  ink  is  landed  afterthe  yellow 
ink.  Thus,  the  cyan  ink  gets  in  under  the  yellow  ink, 
so  that  the  yellow  and  cyan  mixed  color  portion 
makes  up  yellow-dominating  green  (G')  as  shown  in 
Fig.  6B.  Hence,  in  spite  of  the  same  cyan  and  yellow 
mixed  color,  it  is  quite  different  between  the  forward 
printing  and  the  backward  printing,  and  a  different 
mixed  color  appears  for  each  newline.  Consequently, 
hitherto,  a  1-pass  of  color  reciprocating  printing  has 
not  been  realized. 

Further,  with  respect  to  the  uniformity,  the  slight 
irregularity  on  fabrication  of  the  print  head  in  units  of 
nozzles  have  an  effect  on  an  ejection  amount  of  the 
nozzle  and  an  ejection  direction.  Finally,  it  will  be  a 
cause  of  deterioration  of  image  quality  in  form  of  un- 
evenness  in  density  of  printed  image. 

The  unevenness  in  density  due  to  irregularity  on 
fabrication  of  nozzles  of  such  a  multi-nozzle  head  will 
be  described  hereinafter. 

In  Fig.  7A,  reference  numeral  91  denotes  a  mul- 
5  tihead  for  brief  description,  it  is  assumed  that  the  mul- 

tihead  consists  of  8  pieces  of  multi-nozzles  92.  Ref- 
erence  numeral  93  denotes  ink  droplets  ejected  from 
the  multi-nozzles  92.  It  is  ideal  that  the  ink  droplets 
are  ejected,  as  shown  in  the  figure,  in  a  uniform  fash- 

10  ion  with  respect  to  an  ejection  amount  and  an  ejection 
direction.  Provided  such  an  ideal  ejection  is  carried 
out,  there  will  be  landed  on  paper  dots,  as  shown  in 
Fig.  7B,  which  are  uniform  in  magnitude.  Thus,  it  is 
possible  to  obtain  a  uniform  image  free  from  uneven- 

15  ness  in  density  in  its  entirety  (Fig.  7C). 
But,  as  a  matter  of  fact,  as  described  before,  the 

nozzles  involve  irregularity.  Thus,  if  the  printing  is 
carried  out  in  the  same  manner  as  the  above,  as 
shown  in  Fig.  8A,  the  ink  droplets  ejected  from  the  re- 

20  spective  nozzles  involve  disunity  in  magnitude  and  di- 
rection,  so  that  they  are  landed  on  paper  as  shown  in 
Fig.  8B.  As  seen  from  the  figure,  in  this  case,  there 
are  periodically  found  the  presence  of  a  blank  portion 
failing  to  satisfy  the  area  factor  100%,  or  unneces- 

25  sary  overlapping  of  the  dots,  and  occurrence  of  the 
white  stripe  as  seen  at  the  center  of  the  figure.  Agat  ti- 
ering  of  the  dots  landed  in  such  a  condition  provides 
a  density  distribution  shown  in  Fig.  8C  with  respect  to 
a  nozzle  arrangement  direction.  As  a  result,  it  is  visi- 

30  ble  as  an  uneven  image  density  as  far  as  seeing 
through  the  naked  eye.  In  order  to  remove  the  draw- 
backs  on  the  image  due  to  disunity  in  an  ejection 
amount  and  an  ejection  direction  between  the  noz- 
zles,  there  has  been  proposed  a  printing  control 

35  method  called  a  divisional  recording  method  which 
will  be  described  hereinafter. 

Fig.  9  is  a  view  useful  for  understanding  such  a 
divisional  recording  method.  According  to  the  divi- 
sional  recording  method,  the  multihead  91  performs 

40  the  scan  three  times  to  complete  the  printing  areas 
shown  in  Figs.  7Band  8B.  The  half  4-pixel  unit  of  area 
is  completed  in  printing  with  a  2-  pass.  In  this  case, 
eight  nozzles  of  the  multihead  are  segmented  into  two 
groups  consisting  of  upper4  nozzles  and  lower4  noz- 

45  zles.  A  nozzle  serves  in  the  first  scan  to  print  dots  cor- 
responding  to  a  specified  image  data  thinned  to  about 
the  half  in  accordance  with  a  predetermined  image 
data  arrangement.  At  the  second  scan,  the  remaining 
half  image  data  is  filled  up,  so  that  the  printing  of  4- 

50  pixel  unit  of  area  is  completed.  The  above-mentioned 
recording  method  is  referenced  to  the  divisional  re- 
cording  method.  According  to  such  a  divisional  re- 
cording  method,  even  if  the  same  recording  head  as 
that  used  in  conjunction  with  the  recording  referred  to 

55  in  Figs.  6Aand  6B,  influence  of  the  respective  nozzles 
on  the  print  image  is  reduced  to  half,  and  thus  the 
printed  image  as  shown  in  Fig.  9B  is  obtained  and  it 
does  not  easily  stand  out  the  black  stripe  and  white 
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stripe  as  seen  in  Fig.  8B.  Consequently,  an  uneven 
image  density  is  also  remarkably  improved  in  com- 
parison  with  Fig.  8C  as  shown  in  Fig.  9C. 

Specifically,  to  perform  such  a  recording,  in  the 
first  scan  and  the  second  scan,  image  data  are  seg- 
mented  in  such  a  way  that  they  are  mutually  made  up 
in  accordance  with  a  specified  arrangement.  Usually 
as  such  an  image  data  arrangement  (thinning  pat- 
tern),  it  is  most  general  to  use  as  shown  in  Figs.  10A 
to  10C  an  image  data  arrangement  just  like  an  array 
staggered  in  units  of  pixels  with  respect  to  column  and 
row.  Accordingly,  in  unit  print  area  (here,  4-pixel  unit), 
the  printing  is  completed  with  the  first  scan  for  print- 
ing  a  staggered  array  (or  checker)  and  the  second 
scan  for  printing  a  reversed  staggered  array  (or  re- 
verse  checker).  Figs.  10Ato  10C  are  views  useful  for 
understanding  how  a  specified  area  is  recorded  when 
the  staggered  and  reversed  staggered  patterns  are 
adopted,  using  the  multihead  having  eight  nozzles, 
similar  to  Figs.  7Ato  7C,  Figs.  8Ato  8C  and  Figs.  9A 
to  9C.  First,  in  the  first  scan,  the  recording  of  the  stag- 
gered  pattern  O  is  performed  using  the  lower  4  noz- 
zles  (Fig.  10A).  Next,  in  the  second  d  scan,  a  sheet 
feed  is  performed  by  the  corresponding  4  pixels  (the 
half  of  the  head  length),  and  the  recording  of  the  re- 
versed  staggered  pattern  O  is  performed  (Fig.  10B). 
Further,  in  the  third  scan,  again,  the  sheet  feed  is  car- 
ried  out  by  the  corresponding  4  pixels  (the  half  of  the 
head  length),  and  the  recording  of  the  staggered  pat- 
tern  O  is  performed  (Fig.  10C).  In  this  manner,  the  re- 
cordings  of  the  staggered  pattern  and  the  reversed 
staggered  pattern  are  alternately  carried  out  in  con- 
junction  with  the  4-pixel  unit  of  sheet  feed,  thereby 
completing  the  4-pixel  unit  of  recording  area  for  each 
scan. 

If  such  a  divisional  recording  scheme  is  applied  to 
a  color  reciprocating  recording  system,  it  is  possible 
to  improve  to  some  extent  uneven  image  density  due 
to  irregularity  of  the  nozzles  and  disunity  in  color  due 
to  order  of  ink  landing,  in  comparison  with  the  afore- 
mentioned  1-pass  color  reciprocating  recording  sys- 
tem. 

However,  according  to  such  a  divisional  recording 
scheme,  it  is  necessary  to  scan  the  same  area  plural 
number  of  times.  This  involves  such  drawbacks  that 
a  recording  time  is  increased  and  a  throughput  goes 
down. 

SUMMARY  OF  THE  INVENTION 

It  is  therefore,  in  view  of  the  foregoing,  an  object 
of  the  present  invention  to  provide  an  improved  ink  jet 
recording  method. 

It  is  another  object  of  the  present  invention  to  pro- 
vide  an  ink  jet  recording  method  capable  of  recording 
a  high  quality  of  color  image  without  increasing  a  re- 
cording  time. 

It  is  still  another  object  of  the  present  invention  to 

provide  an  ink  jet  recording  method  in  which  when  a 
recording  means  having  a  plurality  of  recording  ele- 
ment  arrays  for  ejecting  mutually  different  color  inks 
is  relatively  reciprocated  with  respect  to  a  recording 

5  medium  to  perform  scanning  and  recording,  there  is 
prevented  occurrence  of  a  variation  in  mixed  color 
due  to  difference  in  ink  overlap  order  between  a  for- 
ward  scan  and  a  backward  scan. 

The  objects  above  and  other  of  the  present  in- 
10  vention  will  become  more  apparent  from  the  consid- 

eration  of  the  following  detailed  description  taken  in 
conjunction  with  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
15 

Fig.  1  is  a  view  showing  a  mixed  color  divisional 
image  according  to  the  first  embodiment  of  the 
present  invention; 
Fig.  2  illustrates  a  mixed  color  divisional  image  in 

20  case  of  a  larger  landing  diameter; 
Fig.  3  is  a  view  showing  a  landing  state  according 
to  the  second  embodiment  of  the  present  inven- 
tion; 
Fig.  4  is  a  perspective  view  showing  a  schematic 

25  arrangement  of  an  ink  jet  recording  apparatus  to 
which  the  present  invention  is  applicable; 
Fig.  5  is  a  block  diagram  of  a  control  unit  of  the 
ink  jet  recording  apparatus  shown  in  Fig.  4; 
Figs.  6Aand  6B  are  views  useful  for  understand- 

30  ing  the  states  of  the  recording  of  the  mixed  color 
image  according  to  the  conventional  recording 
method; 
Figs.  7Ato  7C  are  views  useful  for  understanding 
ideal  printing  states  according  to  an  ink  jet  printer; 

35  Figs.  8Ato  8C  are  views  useful  for  understanding 
printing  states  according  to  an  ink  jet  printer  in- 
volving  uneven  image  density; 
Figs.  9Ato  9C  are  views  useful  for  understanding 
a  divisional  recording;  and 

40  Figs.  10Ato  10C  are  views  useful  for  understand- 
ing  printing  states  according  to  the  divisional  re- 
cording. 

DESCRIPTION  OF  THE  PREFERRED 
45  EMBODIMENTS 

Preferred  embodiments  of  the  present  invention 
will  be  described  in  detail  with  reference  to  the  ac- 
companying  drawings. 

so  Fig.  4  is  a  perspective  view  showing  a  schematic 
arrangement  of  an  ink  jet  recording  apparatus  to 
which  the  present  invention  is  applicable. 

Each  of  print  heads  1Y,  1M,  1C,  1K  is  a  device 
provided  with  a  nozzle  array  in  which  ink  droplets  are 

55  ejected  from  the  nozzle  array  to  perform  image  re- 
cording  on  a  recording  medium  in  dot  formation.  The 
different  print  heads  eject  different  color  of  ink  drop- 
lets  to  form  a  color  image  on  the  recording  medium 
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by  a  mixed  color  of  these  ink  droplets.  According  to 
the  present  embodiment,  the  print  head  ejects  the  ink 
droplets  from  orifices  by  means  of  inducing  the  status 
variation  on  ink  using  thermal  energy.  And  the  print 
head  performs  printing  with  360  dpi  of  recording  den- 
sity.  Printing  data  are  transmitted  through  a  cable  9 
from  an  electric  circuit  of  a  printer  main  body  to  the 
print  head.  A  print  head  array  of  1  K  (black),  1  C  (cyan), 
1M  (magenta)  and  1Y  (yellow)  is  mounted  on  a  car- 
riage  201,  and  during  one  scan  the  ink  ejects  in  the 
named  order  of  the  print  heads.  For  example,  in  case 
of  the  production  for  red  (referred  to  as  R  hereinafter), 
first,  magenta  (referred  to  as  M  hereinafter)  is  landed 
on  the  recording  medium,  and  then  yellow  (referred 
to  as  Y  hereinafter)  is  landed  on  the  dot  of  M,  so  that 
the  mixed  color  is  visible  as  red  of  dot.  In  the  similar 
way,  in  case  of  the  production  for  green  (referred  to 
as  G  hereinafter),  in  order  of  Cand  then  Y;  and  in  case 
of  the  production  for  blue  (referred  to  as  B  herein- 
after),  in  order  of  C  and  then  M.  The  print  heads  are 
disposed  at  regular  intervals  (pi).  Consequently,  for 
example,  in  case  of  a  solid  printing  of  green  G,  cyan 
C  is  printed  and  thereafter  yellow  Y  is  printed  with  a 
delay  of  the  corresponding  2*  pi.  That  is,  the  solid 
printing  of  Y  is  performed  on  the  solid  printing  of  C. 
The  carriage  201  performs  a  movement  control  in  a 
main  scan  direction  by  detection  of  a  scanning  speed 
and  a  printing  position  of  the  carriage  by  a  velocity  de- 
tection  means.  A  driving  source  for  the  carriage  is  a 
carriage  driving  motor  8,  the  driving  force  of  which  is 
transmitted  through  a  belt  6  to  the  carriage,  so  that 
the  carriage  may  travel  on  a  sliding  shaft.  During  a 
traveling  operation  in  the  main  scan  direction,  printing 
as  to  a  digit  direction  is  performed.  A  printing  opera- 
tion  as  to  the  digit  direction  is  executed  by  a  one  way 
printing  or  a  two  way  printing.  Usually,  the  one  way 
printing  serves  to  perform  printing  only  when  the  car- 
riage  moves  from  a  home  position  HP  toward  its  op- 
posite  direction  (forward  direction),  but  does  not  per- 
form  printing  when  the  carriage  returns  to  the  home 
position  (backward  direction).  Thus,  according  to  the 
one  way  printing,  it  is  possible  to  expect  high  accurate 
printing.  On  the  contrary,  the  two  way  printing  serves 
to  perform  printing  in  both  the  forward  and  backward 
directions.  Thus,  according  to  the  two  way  printing,  it 
is  possible  to  expect  high  speed  printing. 

A  recovery  unit  400  has  such  a  function  that  the 
print  heads  are  always  kept  good  condition,  and  in  a 
non-printing  state,  serves  to  close  ejection  surfaces 
of  the  print  heads  by  a  cap  array  420,  thereby  pre- 
venting  drying  or  the  like.  Thus,  a  position  at  which 
the  carriage  201  is  opposite  to  the  recovery  unit  400 
is  referred  to  as  the  home  position  HP. 

The  function  of  the  recovery  unit  on  printing  will 
be  explained.  In  actual  printing,  all  the  nozzles  of  one 
of  the  heads  are  not  always  used.  Further,  among 
plural  colors  of  print  heads,  there  may  be  present  un- 
used  heads  to  which  print  data  are  transmitted.  As  de- 

scribed  above,  if  there  is  a  print  head  from  which  ink 
is  not  ejected  during  a  certain  period  of  time  in  a  scan 
of  the  carriage  (for  the  period  the  print  head  is  not 
capped),  the  ejection  performance  for  ink  is  degraded 

5  by  hardening  or  drying  on  a  surface  of  the  print  head, 
whereby  deterioration  of  image  quality  may  occur.  In 
order  to  prevent  this  phenomenon,  the  print  head  per- 
forms  ejection  at  regular  time  interval  using  nozzles 
of  the  head  so  that  the  surface  of  the  print  head  is 

10  kept  optimum.  This  operation  is  referred  to  as  a  pre- 
liminary  eduction.  The  ejecting  ink  according  this  pre- 
liminary  eduction  is  ejected  toward  the  caps  420  with- 
in  the  recovery  unit  400  so  as  to  avoid  occurrence  of 
the  stains  on  the  recording  medium  and  on  the  inside 

15  of  a  printer  due  to  the  ink  flying,  and  is  saved  in  a 
waste  ink  tank  (not  illustrated)  through  a  suction  by  a 
recovery  pump  (not  illustrated). 

Thus,  when  the  preliminary  ejection  operation  is 
performed  in  printing,  it  is  necessary  that  the  car- 

20  riage  201  is  returned  to  the  home  position  HP  in  each 
of  the  one  way  printing  and  the  two  way  printing  so 
as  to  be  opposite  to  the  cap  array  420.  With  respect 
to  the  feed  in  a  subscan  direction,  a  recording  me- 
dium  is  fed  by  a  sheet  feed  member  (rubber  roller  or 

25  the  like)  driven  by  a  sheet  feed  motor  (not  illustrated). 
The  recording  medium  is  supplied  from  the  direction 
denoted  by  an  arrow  A  in  Fig.  4.  The  printing  operation 
is  carried  out  by  the  print  head  array  when  the  record- 
ing  medium  reaches  a  print  position.  Thereafter,  the 

30  recording  medium  is  discharged  through  a  delivery 
mechanism  2  in  a  direction  denoted  by  an  arrow  B. 
The  supply  of  ink  is  implemented  from  ink  cassettes 
10K,  10C,  10M  and  10Y  to  the  ink  heads  in  units  of 
colors. 

35  Fig.  5  is  a  block  diagram  of  a  control  unit  of  the 
ink  jet  recording  apparatus  shown  in  Fig.  4.  In  Fig.  5, 
reference  numeral  1201  denotes  a  control  unit,  com- 
prising  a  CPU,  a  ROM,  a  RAM  and  the  like,  for  con- 
trolling  the  respective  units  of  the  apparatus  in  accor- 

40  dance  with  a  program  stored  in  the  ROM.  Reference 
numeral  1202  denotes  a  driver  for  driving  a  carriage 
motor  8  to  move  (main  scan)  a  carriage  201  in  a  di- 
rection  X  on  the  basis  of  a  signal  from  the  control  unit 
1201;  1203  a  driver  for  driving  a  feed  motor  1206  to 

45  drive  a  paper  feed  roller  (not  shown)  and  a  paper 
transfer  roller  (not  shown)  on  the  basis  of  a  signal 
from  the  control  unit  1201  and  transmit  a  recording 
material  in  a  direction  Y  (subscan);  1204  a  head  driver 
for  driving  color-print  heads  1  207  -  1  21  0  (correspond- 

so  ing  to  print  head  array  of  1K,  1C,  1M  and  1Y  in  Fig. 
4)  on  the  basis  of  print  data  from  the  control  unit  1201  ; 
1211  a  console  unit  for  various  key  inputs  and  various 
displays;  and  1212  a  host  equipment. 

Upon  receipt  of  a  print  start  command,  the  car- 
55  riage  201,  which  is  at  the  home  position  before  the 

printing  start,  moves  forward  in  the  direction  X,  while 
printing  is  performed  on  a  paper  by  n  nozzles  on  a 
multi-head  (1Y,  1M,  1C,  1K).  When  printing  for  data  is 

4 
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terminated  at  one  end  of  the  paper  and  the  carriage 
reaches  a  turning  position,  the  carriage  starts  a  back- 
ward  running  in  the  home  position  direction  and  the 
printing  for  data  is  again  carried  out.  A  paper  feed  in 
the  direction  A  is  carried  out  according  to  the  width  of 
a  recording  area  by  means  of  rotating  the  paper  trans- 
fer  roller  before  the  start  of  the  second  printing  by  the 
backward  running  of  the  carriage  after  completion  of 
the  first  printing  by  the  forward  running  of  the  car- 
riage.  In  this  manner,  the  printing  by  the  multi-head 
according  to  the  scan  (main  scan)  of  the  carriage  and 
the  paper  transfer  (subscan)  are  repeatedly  per- 
formed,  and  thus  data  printing  on  the  paper  is  com- 
pleted. 

Embodiments  of  a  recording  method  which  is  im- 
plemented  in  the  ink  jet  recording  apparatus  as  de- 
scribed  above  will  be  explained  hereinafter. 

First  Embodiment 

Fig.  1  shows  a  first  embodiment  in  which  there  is 
used  an  ink  jet  recording  head  provided  with  a  record- 
ing  density  twice  as  high  as  that  of  image  data,  and 
one  pixel  of  image  data  is  segmented  into  4  recording 
pixels  on  which  the  same  recording  is  carried  out.  Ac- 
cording  to  the  present  embodiment,  image  data  of 
180  dpi  is  recorded  in  360  dpi  of  recording  density. 

In  a  case  where  a  pixel  of  input  image  data  is  giv- 
en  with  "R",  the  recording  data  is  quadruple  so  as  to 
provide  2x2   recording  pixels,  since  the  recording 
density  is  twice.  Since  the  data  is  given  with  "R",  it  is 
segmented  into  "M"  and  "Y",  and  "M"  and  "Y"  are  dis- 
posed  in  4  pixels  fifty-fifty.  While  there  are  consid- 
ered  several  combinations  thereof,  according  to  the 
present  embodiment,  "M"and  "Y"  are  disposed  in  a  di- 
agonal  relation.  In  case  of  a  disposition  of  the  head  as 
shown  in  Fig.  4  in  the  forward  scan,  first,  ink  of  "M"  is 
ejected  and  then  ink  of  "Y"  is  ejected  to  land  on  the 
recording  medium  (refer  to  the  forward  scan  print  line 
in  Fig.  1).  In  a  case  where  the  ink  droplets  are  landed 
as  described  above,  a  color  mixing  is  not  carried  out 
on  the  same  pixel.  Thus,  there  will  occur  no  variation 
in  mixed  color  due  to  difference  in  order  of  ejection. 
Next,  in  case  of  the  backward  scan,  the  printing  op- 
eration  is  performed  in  order  of  "Y"  as  the  former  ejec- 
tion  and  "M"  as  the  later  ejection.  In  the  backward 
scan  print  line  in  Fig.  1,  the  data  arrangement  is  dif- 
ferent  from  that  in  the  forward  scan.  However,  the 
same  data  arrangement  as  the  forward  scan  is  ac- 
ceptable.  The  image  data  segmented  in  such  a  man- 
ner  is  very  high  in  recording  density  as  mentioned 
above.  Thus,  a  gathering  of  adjacent  dots  of  "M"  and 
"Y"  is  recognized  through  the  naked  eye  as  "R".  Sim- 
ilarly,  division  of  the  respective  mixed  colors  "R",  "G" 
and  "B"  may  prevent  a  variation  in  mixed  color  due  to 
the  differences  in  ink  penetration  order,  and  in  addi- 
tion  may  permit  reciprocation  printing.  This  makes  it 
possible  to  enhance  a  throughput  in  color  printing. 

Second  Embodiment 

Fig.  2  illustrates  a  mixed  color  divisional  image  in 
case  of  a  larger  ink  ejection  amount  in  the  first  em- 

5  bodiment.  In  the  figure,  there  is  shown  a  state  in 
which  ink  ejection  amounts  of  "M"  and  "Y"  each  are 
somewhat  large,  and  boundaries  of  the  respective 
color  inks  are  coupled  to  each  other  thereby  inducing 
mixed  color.  In  the  forward  scan  print  line  in  Fig.  2, 

10  there  is  depicted  by  the  oblique  line  portions  a  mixed 
color  "R"  which  is  in  such  a  state  that  the  later  ejected 
"Y"gets  in  under  the  former  ejected  "M".  In  this  case, 
ink  boundaries  of  "M"  and  "Y"  offer  "M"-like  "R"  (obli- 
que  line  portion).  On  the  contrary,  in  the  backward 

15  scan  Printline,  ink  boundaries  of  "Y"  and  "M"  offer  "Y"- 
like  "R"  (solid  portions  in  the  figure).  That  is,  in  case 
of  the  forward  scan  printing,  there  appears  an  "M"- 
dominating-"R"  in  hue,  and  in  case  of  the  backward 
scan  printing,  there  appears  a  "Y"-dominating-"R"  in 

20  hue. 
Accordingly,  in  a  case  where  an  ink  ejection 

amount  on  each  ink  color  is  relatively  much  in  such  an 
extent  that  a  mixed  color  is  induced  at  the  boundaries, 
it  is  difficult  to  implement  the  1-pass  reciprocation 

25  printing  even  using  a  printer  provided  with  a  recording 
density  higher  than  that  of  the  input  image.  In  view  of 
this  respect,  according  to  the  present  embodiment, 
an  ink  ejection  amount  of  the  print  head  involved  in 
the  mixed  color  pixels  is  varied  in  units  of  reciprocat- 

30  ing  scans. 
Fig.  3  is  a  view  showing  a  landing  state  according 

to  the  second  embodiment  of  the  present  invention. 
According  to  the  present  embodiment,  an  ejection 
amount  for  ink  "Y"  in  the  backward  scan  print  is  re- 

35  duced  in  comparison  with  that  in  the  forward  scan 
print  (diameters  of  circles  in  the  figure  are  represen- 
tative  of  ink  ejection  amounts).  In  the  forward  scan 
print  in  Fig.  3,  the  preceding  ink  "M"  is  dominative  at 
different  color  boundaries  (oblique  line  portions).  This 

40  is  similar  to  Fig.  2.  In  the  backward  scan  print  in  Fig. 
3,  an  ejection  amount  of  "Y"  ink  which  is  the  subse- 
quent  ejection  ink  in  the  forward  scan  printing  is  re- 
duced  (smaller  diameter  portions  in  the  figure),  so 
that  areas  of  the  different  color  boundaries  are  re- 

45  duced  to  fit  a  color  made  up  in  the  backward  scan 
printing  to  that  in  the  forward  scan  printing.  That  is, 
an  ejection  amount  of  "Y"  ink  which  is  the  preceding 
ejection  ink  in  the  backward  scan  printing  is  reduced, 
so  that  "M"  ink  which  is  the  subsequent  ejection  ink 

so  in  the  backward  scan  printing  does  not  get  in  under 
the  "Y"  ink,  thereby  maintaining  it  on  the  surface  of 
the  recording  medium.  This  makes  it  possible  to  pro- 
vide  a  color  near  "M"  in  the  backward  scan  printing 
and  possible  to  prevent  variations  in  mixed  color  be- 

55  tween  the  forward  and  backward  scan  printings. 
As  a  control  of  the  landing  diameter  involved  in 

the  second  embodiment,  there  are  considered  a  tem- 
perature  control  forthe  print  head,  and  a  control  of  an 

5 
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ink  ejection  amount  by  a  pulse  width  modulation 
(PWM)  control  of  a  driving  signal  for  ink  ejection.  Ac- 
cording  to  the  present  embodiment,  the  print  head  1 
is  driven  by  an  electro-thermal  transducer  element  to 
eject  ink  droplets,  and  a  heater  is  used  to  keep  the 
print  head  1  at  a  predetermined  temperature  in  order 
to  control  variation  in  temperature  of  the  ink  droplets 
due  to  an  environmental  temperature.  According  to 
the  present  embodiment,  the  more  a  temperature  to 
be  kept  of  the  print  head  rises,  the  more  an  ink  ejec- 
tion  amount  is  increased.  Thus,  if  the  temperature  to 
be  kept  is  controlled  to  vary  between  the  forward 
scan  and  the  backward  scan  of  the  print  head,  an  ink 
ejection  amount  varies  in  accordance  with  a  scan  di- 
rection  of  the  carriage.  According  to  the  prior  art,  the 
temperature  to  be  kept  of  the  print  head  1  is  set  to 
36°C.  In  view  of  this,  for  example,  in  the  forward  scan 
print,  both  the  M  and  Y  heads  performs  ink  ejection 
on  the  condition  of  the  temperature  to  be  kept  at  36°C, 
and  in  the  forward  scan  print,  the  temperature  to  be 
kept  of  the  Y  head  is  set  up  to  be  lower  than  that  of 
the  M  head  so  as  to  reduce  areas  of  mixed  color  boun- 
daries.  The  use  of  such  an  inkejection  amount  control 
means  controls  an  ink  landing  diameter  on  the  record- 
ing  medium.  Further,  it  is  known  to  vary  an  ink  ejec- 
tion  amount  by  a  driving  control  scheme  of  a  heater 
for  ink  ejection.  For  example,  a  method  of  regulating 
an  ink  ejection  amount,  in  which  a  number  of  pre-heat 
pulses  or  a  heat  width  in  a  multi-pass  driving  is  modu- 
lated,  is  also  applicable  to  the  present  embodiment. 

Thus,  it  is  possible  to  implement  an  1-pass  reci- 
procating  print,  without  occurrence  of  variations  in 
mixed  color,  by  means  of  recording  the  mixed  colors 
R,  G  and  B  in  such  a  manner  that  their  dot  positions 
each  are  not  subjected  to  superposition  of  ink  of  two 
colors  or  the  more,  as  described  above,  in  the  record- 
ing  apparatus  provided  with  a  recording  density  high- 
erthanthatofthe  input  pixel.  Further,  inacase  where 
the  mixed  colors  appear  at  different  color  boundaries 
when  a  landing  dot's  diameter  is  large,  and  the  vari- 
ations  in  mixed  color  occur  between  the  forward  scan 
print  and  the  backward  scan  print,  the  occurrence  of 
such  variations  in  mixed  color  can  be  avoided  by 
means  of  performing  a  printing  operation  with  a 
smaller  landing  diameter  of  an  inkdot  in  the  backward 
sacn  in  comparison  with  that  in  the  forward  scan.  This 
permits  the  1-pass  reciprocating  print,  and  thus  it  is 
possible  to  enhance  a  throughput  of  the  color  printer. 

The  present  invention  brings  about  excellent  ef- 
fects  particularly  in  a  recording  apparatus  of  the  ink 
jet  system  for  performing  recording  by  forming  flying 
ink  droplets  by  utilizing  heat  energy,  among  the  ink  jet 
recording  systems.  The  typical  structure  and  opera- 
tional  principle  are  preferably  the  ones  disclosed  in 
U.S.  Patent  Nos.  4,723,129  and  4,740,796.  This  sys- 
tem  is  applicable  to  either  a  so-called  on-demand 
type  recording  system  or  a  continuous  type  recording 
system.  Particularly,  this  system  is  effectively  appli- 

cable  to  the  on-demand  type  system  for  the  following 
reason.  When  at  least  one  driving  signal  that  corre- 
sponds  to  recording  information,  and  can  give  abrupt 
temperature  rise  exceeding  nuclear  boiling  is  applied 

5  to  an  electrothermal  converting  element  arranged  in 
correspondence  with  a  sheet  or  liquid  channel,  which 
holds  an  ink,  the  electrothermal  converting  element 
generates  heat  energy,  the  heat  energy  causes  film 
boiling  on  a  heat  acting  surface  of  a  recording  head, 

10  and  consequently,  a  bubble  can  be  formed  in  the  liq- 
uid  (ink)  in  one-to-one  correspondence  with  the  driv- 
ing  signal.  Upon  growth  and  contraction  of  this  bub- 
ble,  the  liquid  (ink)  is  ejected  through  an  ejection  or- 
ifice,  thereby  forming  at  least  one  droplet.  It  is  more 

15  preferable  to  define  this  driving  signal  to  have  a  pulse 
waveform  since  a  bubble  can  grow  and  contract  in- 
stantaneously,  and  in  particular,  the  liquid  (ink)  can 
be  ejected  in  a  short  response  time. 

As  the  driving  signal  having  the  pulse  waveform, 
20  signals  disclosed  in  U.S.  Patent  Nos.  4,463,359  and 

4,345,262  are  suitable.  Further  excellent  recording 
can  be  realized  when  conditions  disclosed  in  U.S.  Pa- 
tent  No.  4,313,124  of  the  invention  associated  with 
the  temperature  rise  rate  of  the  heat  acting  surface 

25  are  adopted. 
As  the  structure  of  the  recording  head,  in  addition 

to  a  structure  (linear  liquid  channel  or  a  right-angle  liq- 
uid  channel)  as  a  combination  of  ejection  orifices,  liq- 
uid  channels,  and  electrothermal  converting  ele- 

30  ments  disclosed  in  the  above-mentioned  specifica- 
tions,  structures  disclosed  in  U.S.  Patent  Nos. 
4,558,333  and  4,459,600  disclosing  a  structure  hav- 
ing  a  heat  acting  structure  arranged  in  a  flexed  region 
may  be  used. 

35  In  addition,  the  recording  head  maybe  arranged 
based  on  Japanese  Laid-Open  Patent  Application  No. 
59-123670  that  discloses  a  structure  wherein  a  com- 
mon  slit  is  used  as  an  ejection  portion  for  a  plurality 
of  electrothermal  converting  elements,  or  Japanese 

40  Laid-Open  Patent  Application  No.  59-138461  thatdis- 
closes  a  structure  wherein  an  opening  for  absorbing 
a  pressure  wave  of  heat  energy  is  formed  in  corre- 
spondence  with  the  ejection  portion. 

Furthermore,  as  a  full-line  type  recording  head 
45  having  a  length  corresponding  to  the  maximum  width 

of  a  recording  medium,  which  can  be  used  in  record- 
ing  of  a  recording  apparatus,  either  a  structure  which 
satisfies  this  length  by  combining  a  plurality  of  re- 
cording  heads  or  a  structure  as  an  integrally  formed 

so  single  recording  head  may  be  employed. 
In  addition,  an  exchangeable  chip  type  recording 

head,  which  enables  electrical  connection  to  the  ap- 
paratus  main  body  or  the  supply  of  ink  from  the  ap- 
paratus  main  body  by  being  mounted  onto  the  appa- 

55  ratus  main  body,  or  a  cartridge  type  recording  head, 
which  has  an  ink  tank  provided  integrally  on  the  re- 
cording  head  itself,  may  be  used. 

It  is  preferable  to  add  a  recovery  means,  a  pre- 

6 
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liminary  auxiliary  means,  and  the  like  for  the  record- 
ing  head  since  they  can  further  stabilize  the  effect  of 
the  present  invention.  For  example,  such  recovery 
means  includes  capping  means  and  cleaning  means 
for  the  recording  head,  pressing  or  suction  means, 
and  preheating  means  which  may  comprise  an  elec- 
trothermal  converting  element,  or  another  heating 
element,  or  a  combination  thereof.  In  addition,  it  is 
also  effective  to  execute  a  preliminary  ejection  mode 
independently  of  a  recording  mode  since  recording 
can  be  stabilized. 

Moreover,  in  the  embodiments  of  the  present  in- 
vention,  an  ink  is  described  as  a  liquid.  Alternatively, 
the  present  invention  may  employ  an  ink  which  is  sol- 
idified  at  room  temperature  or  less,  and  is  softened  or 
liquefied  at  room  temperature,  or  an  ink,  which  is  liq- 
uefied  upon  application  of  a  use  recording  signal 
since  it  is  a  general  practice  to  perform  temperature 
control  of  the  ink  itself  within  a  range  between  30°C 
and  70°C  in  an  ink  jet  system  so  that  the  ink  viscosity 
can  fall  within  a  stable  ejection  range. 

In  addition,  the  ink  jet  recording  apparatus  of  the 
present  invention  may  be  used  as  an  image  output 
terminal  of  an  information  processing  equipment 
such  as  a  computer,  or  a  copying  machine  as  a  com- 
bination  of  the  recording  apparatus,  a  reader,  and  the 
like,  or  a  facsimile  apparatus  having  a  transmis- 
sion/reception  function. 

The  present  invention  is  applicable  to  an  ink  jet 
system  utilizing  piezo  elements  and  the  like  as  well  as 
that  utilizing  the  thermal  energy. 

In  the  reciprocating  recording,  there  are  provided 
a  plurality  of  recording  pixels  for  a  pixel  of  input  image 
data,  and  the  mixed  color  of  image  are  recorded  in 
such  a  manner  that  their  pixels  each  are  not  subject- 
ed  to  superposition  of  ink  of  two  colors  or  the  more. 
Thus,  it  is  possible  to  prevent  an  occurrence  of  vari- 
ations  in  mixed  color,  and  to  record  a  high  quality  of 
color  image  without  increasing  a  recording  time. 

Claims 

1.  An  ink  jet  recording  method  of  performing  a  re- 
cording  scan  through  a  relative  reciprocation  of 
recording  means  to  a  recording  material,  said  re- 
cording  means  being  provided  with  higher  re- 
cording  density  than  that  of  input  image  data,  and 
comprising  a  plurality  of  recording  elements  of  ar- 
ray  for  ejecting  mutually  different  colors  of  ink, 
wherein  a  plurality  of  recording  pixels  for  a  pixel 
of  input  image  data  are  provided,  and  the  mixed 
color  of  image  are  recorded  in  such  a  manner  that 
their  pixels  each  are  not  subjected  to  superposi- 
tion  of  ink  of  two  colors  or 

2.  An  ink  jet  recording  method  according  to  claim  1  , 
wherein  a  landing  diameter  of  an  ink  is  varied  be- 

tween  a  forward  run  and  a  backward  run  of  said 
reciprocation. 

3.  An  ink  jet  recording  method  according  to  claim  2, 
5  wherein  a  landing  diameter  of  an  ink  in  the  back- 

ward  run  is  less  than  that  in  the  forward  run. 

4.  An  ink  jet  recording  method  according  to  claim  1  , 
wherein  each  of  said  recording  elements  ejects 

10  an  ink  droplet  by  means  of  inducing  a  status  va- 
riation  on  an  ink  using  thermal  energy. 
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