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©  Printer  having  circuit  for  providing  improved  printing  quality. 

©  Bit  data  of  the  received  video  signal  is  partially  converted  into  a  first  signal  representing  a  data  sequence 
corresponding  to  a  resolution  of  an  LED  head  (19  in  FIG.  1).  The  first  signal  is  transmitted  to  the  LED  head  in 
the  form  of  a  real  printing  data  signal  to  be  printed  on  a  basic  raster  line  in  synchronism  with  a  line  timing  signal. 
The  remaining  bit  data  of  the  received  video  signal,  which  are  not  converted  into  the  first  signal,  are  converted 
into  a  second  signal  representing  of  another  data  sequence,  and  then  stored  in  a  line  buffer  (55  in  FIG.  7).  The 
second  signal  stored  in  the  line  buffer  is  in  turn  transmitted  to  the  LED  head  in  the  form  of  a  real  printing  data 
signal  to  be  printed  on  the  additional  raster  line  in  synchronism  with  an  additional  line  timing  signal.  LED  head 
drive  energy  with  which  the  the  basic  raster  lines  are  printed  and  another  LED  head  drive  energy  with  which  the 
additional  raster  lines  are  printed  are  set  independently  of  each  other.  The  LED  head  may  be  provided  with  such 
a  resolution  function. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

5  The  present  invention  relates  to  a  non-impact  printer,  and  more  particularly  to  a  printer  improved  in  a 
printing  quality  to  provide  a  natural  printing  for  a  curve,  a  slash  or  the  like. 

Description  of  the  Prior  Art 

10  Hitherto,  in  a  non-impact  printer  such  as  an  electrophotographic  printer,  electrically  charged  photocon- 
ductor  drum  is  illuminated  with  a  light  source  to  form  an  electrostatic  latent  image  on  a  surface  thereof,  a 
developing  is  performed  upon  adhesion  of  a  toner  to  the  electrostatic  latent  image,  to  form  a  toner  image, 
and  then  the  thus  obtained  toner  image  is  transferred  to  a  recording  material  to  be  fixed  thereon. 

FIG.  2  is  a  block  diagram  of  a  printer  control  circuit  in  a  conventional  non-impact  printer.  In  FIG.  2,  a 
75  printing  control  unit  1  transmits,  at  the  time  point  that  a  sheet  arrives  at  a  printing  ready  point,  a  timing 

signal  12,  including  a  line  and  a  raster  timing  signal,  to  a  host  or  another  controller,  and  receives  a  video 
signal  1  1  which  has  been  edited  on  each  page  in  the  other  controller.  The  received  video  signal  1  1  in  the 
printing  control  unit  1  is  transmitted  to  an  LED  (Light  Emitting  Diode)  head  19  in  the  form  of  a  real  printing 
data  signal  18. 

20  FIG.  4  is  a  block  diagram  of  the  LED  head  in  the  conventional  non-impact  printer.  In  FIG.  4,  the  LED 
head  19  comprises  a  shift  register  19a  for  storing  in  order  a  line  of  real  printing  data  signal  18  from  the 
printing  control  unit  1  shown  in  FIG.  2  in  synchronism  with  a  clock  signal  18a,  a  latch  19b  for  temporarily 
holding  a  line  of  real  printing  data  signal  18  stored  in  the  shift  register  19a  in  accordance  with  a  latch  signal 
17,  an  LED  group  19c  wherein  LED  elements,  the  number  of  which  corresponds  to  that  of  a  line  of  dots,  are 

25  arranged,  and  a  driver  group  19d  for  supplying  the  real  printing  data  signal  18  held  in  the  latch  19b  to  the 
LED  group  19c. 

The  shift  register  19a  in  the  LED  head  19  stores  in  order  the  real  printing  data  signal  18  in  synchronism 
with  the  clock  signal  18a.  Upon  receipt  of  a  line  of  video  signal  11,  the  printing  control  unit  1  transmits  a 
latch  signal  17  to  the  LED  head  19.  The  latch  19b  holds  a  line  of  real  printing  data  signal  18  stored  in  the 

30  shift  register  19a  in  accordance  with  the  latch  signal  17.  Before  receiving  the  subsequent  video  signal  11  by 
the  printing  control  unit  1,  the  thus  held  real  printing  data  signal  18  is  transmitted  to  the  LED  group  19c  in 
accordance  with  a  printing  drive  signal  13,  so  that  the  corresponding  LED  elements  are  lightened. 

Transmission  and  receipt  operation  of  the  video  signal  11  is  performed  in  the  unit  of  print  lines.  FIG.  3 
is  an  operational  time  chart  of  the  conventional  non-impact  printer  mentioned  above.  However,  according  to 

35  the  conventional  non-impact  printer  mentioned  above,  the  same  size  of  dots  are  printed  on  a  sheet 
depending  on  resolution  of  the  LED  head  19  which  is  determined  by  arrangement  of  the  LED  elements  at 
regular  intervals  in  a  raster  direction.  Thus,  there  will  be  retained  a  serrated  edge-like  image  on  a  slash 
portion  of  the  printed  image  due  to  the  resolution. 

FIGS.  5A,  5B  and  5C,  and  FIGS.  6A,  6B  and  6C  are  views  showing  printing  states  according  to  the 
40  conventional  non-impact  printer.  FIGS.  5A  and  6A  show  300  dots  per  inch  (DPI)  data;  FIGS.  5B  and  6B  each 

a  relation  of  print  timing  and  driving  energy  for  LED  head;  and  FIGS.  5C  and  6C  each  a  real  printing  image. 
As  shown  in  the  figures,  both  of  the  real  printing  images  have  the  undesirable  serrated  edge-like 

images,  since  the  printing  is  performed  on  the  predetermined  raster  lines.  In  view  of  the  foregoing,  if  it  is 
contemplated  that  the  density  of  the  dot  is  increased  in  order  to  improve  a  printing  quality,  then  it  is 

45  necessary  to  use  the  LED  head  19  in  which  the  LED  elements  are  arranged  at  closer  intervals  or  pitches. 
However,  such  an  LED  head  19  encounters  the  lower  yield  in  manufacture  of  the  parts  where  the  LED 
elements  are  arranged,  and  thus  it  becomes  very  expensive. 

SUMMARY  OF  THE  INVENTION 

It  is  therefore  an  object  of  the  present  invention,  in  view  of  the  foregoing  problems,  to  provide  an 
improved  printer. 

It  is  another  object  of  the  present  invention  to  provide  a  non-impact  printer  capable  of  receiving  a  video 
signal  from  another  controller  or  a  host  controller,  even  if  the  video  signal  have  a  resolution  higher  than  a 

55  print  resolution  of  a  printing  unit,  which  will  be  defined  by  an  arrangement  pitch  of  the  LED  elements  in  a 
raster  direction  in  the  LED  head. 

It  is  still  another  object  of  the  present  invention  to  provide  a  non-impact  printer  capable  of  reducing  a 
serrated  edge-like  image  on  a  slash  portion  of  the  printed,  image  by  means  of  providing  in  appearance  a 
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higher  density  of  dot  than  an  arrangement  pitch  or  interval  of  the  LED  elements,  thereby  improving  a 
printing  quality. 

It  is  still  another  object  of  the  present  invention  to  provide  a  non-impact  printer  which  is  inexpensive  in 
the  manufacturing  cost. 

5  In  accordance  with  a  preferred  embodiment  of  the  present  invention,  there  is  disclosed  a  non-impact 
printer  provided  with  an  LED  head  for  printing  and  control  means  for  providing  a  sequence  control  for  the 
printer  in  its  entirety  in  response  to  a  control  signal  and  a  video  signal  from  another  controller,  said  control 
means  including  a  print  data  receiving  circuit  adapted  to  receive  the  video  signal  from  the  other  controller 
and  transmit  a  timing  signal  to  the  other  controller,  said  print  data  receiving  circuit  comprising:  means  for 

io  generating  line  timing  signals  defining  printing  on  basic  raster  limes;  means  for  generating  additional  line 
timing  signals  each  defining  printing  on  an  additional  raster  lime  during  an  interval  of  a  receiving  timing  of 
the  lime  timing  signals;  first  conversion  means  for  converting  partially  bit  data  of  the  received  video  signal 
into  a  first  signal  representative  of  a  data  sequence  corresponding  to  a  resolution  of  the  LED  head;  means 
for  transmitting  the  first  signal  to  the  LED  head  in  the  form  of  a  real  printing  data  signal  to  be  printed  on  the 

is  basic  raster  line  in  synchronism  with  the  line  timing  signal;  second  conversion  means  for  converting  the 
remaining  bit  data  of  the  received  video  signal,  which  are  not  converted  into  the  first  signal,  into  a  second 
signal  representative  of  another  data  sequence;  a  line  buffer  for  storing  the  second  signal  transmitted  from 
said  second  conversion  means;  and  means  for  transmitting  the  second  signal  stored  in  said  line  buffer  to 
the  LED  head  in  the  form  of  a  real  printing  data  signal  to  be  printed  on  the  additional  raster  line  in 

20  synchronism  with  the  additional  line  timing  signal,  wherein  said  control  means  further  includes  means  for 
setting  first  LED  head  drive  energy  with  which  the  basic  raster  lines  are  printed  and  second  LED  head  drive 
energy  with  which  the  additional  raster  lines  are  printed  independently  of  each  other. 

In  accordance  with  another  preferred  embodiment  of  the  present  invention,  there  is  disclosed  a  non- 
impact  printer  provided  with  an  LED  head  for  printing  and  control  means  for  providing  a  sequence  control 

25  for  the  printer  in  its  entirety  in  response  to  a  control  signal  and  a  video  signal  from  another  controller,  said 
control  means  including  a  print  data  receiving  circuit  adapted  to  receive  the  video  signal  from  the  other 
controller  and  transmit  a  timing  signal  to  the  other  controller,  said  print  data  receiving  circuit  comprising: 
means  for  generating  lime  timing  signals  defining  printing  on  basic  raster  lines;  means  for  generating 
additional  line  timing  signals  each  defining  printing  on  an  additional  raster  line  during  an  interval  of  a 

30  receiving  timing  of  the  line  timing  signals;  a  line  buffer  for  storing  the  received  video  signal;  first  conversion 
means  for  reading  out  the  video  signal  stored  in  said  line  buffer,  converting  bit  data  of  the  read  out  video 
signal  into  a  first  signal  representative  of  a  data  sequence  corresponding  to  a  resolution  of  the  LED  head,  so 
that  a  resolution  a  raster  direction  is  converted  into  that  in  a  sheet  transfer  direction;  means  for  transmitting 
the  first  signal  to  the  LED  head  in  the  form  of  a  real  printing  data  signal  to  be  printed  on  the  basic  raster 

35  line  in  synchronism  with  the  line  timing  signal;  second  conversion  means  for  performing  a  logical  operation 
based  on  the  current  video  signal  entered  and  the  previous  video  signal  on  the  preceding  line  stored  in  the 
line  buffer  to  generate  a  second  signal  representative  of  another  data  sequence,  so  that  the  resolution  in  the 
raster  direction  is  converted  into  that  in  the  sheet  transfer  direction;  means  for  transmitting  the  second 
signal  generated  from  said  second  conversion  means  to  the  LED  head  in  the  form  of  a  real  printing  data 

40  signal  to  be  printed  on  the  additional  raster  line  in  synchronism  with  the  additional  line  timing  signal, 
wherein  said  control  means  further  includes  means  for  setting  first  LED  head  drive  energy  with  which  the 
basic  raster  lines  are  printed  and  second  LED  head  drive  energy  with  which  the  additional  raster  lines  are 
printed  independently  of  each  other. 

In  accordance  with  a  further  preferred  embodiment  of  the  present  invention,  there  is  disclosed  a  non- 
45  impact  printer  provided  with  an  LED  head  for  printing  and  control  means  for  providing  a  sequence  control 

for  the  printer  in  its  entirety  in  response  to  a  control  signal  and  a  video  signal  from  another  controller,  said 
control  means  including  a  print  data  receiving  circuit  adapted  to  receive  the  video  signal  from  the  other 
controller  and  transmit  a  timing  signal  to  the  other  controller,  said  print  data  receiving  circuit  comprising: 
means  for  generating  line  timing  signals  defining  printing  on  basic  raster  lines,  and  additional  line  timing 

50  signals  each  defining  printing  on  an  additional  raster  line;  and  resolution  conversion  means  adapted  to 
receive  repeatedly  twice  bit  data  on  the  same  line  of  the  video  signal  corresponding  to  the  lime  timing 
signal  and  the  additional  lime  timing  signal,  respectively,  said  resolution  conversion  means  providing  such  a 
control  that  bit  data  corresponding  to  a  resolution  of  the  LED  head  is  extracted  from  either  one  of  the  bit 
data  to  be  repeatedly  received  to  generate  a  first  signal  representative  of  data  sequence,  and  them  the  first 

55  signal  is  transmitted  to  the  LED  head  in  the  form  of  a  real  printing  data  signal  to  be  printed  on  the  basic 
raster  line  in  synchronism  with  the  line  timing  signal,  and  bit  data  not  corresponding  to  the  resolution  of  the 
LED  head  is  extracted  from  another  of  the  bit  data  to  be  repeatedly  received  to  generate  a  second  signal 
representative  of  another  data  sequence,  and  them  the  second  signal  is  transmitted  to  the  LED  head  in  the 
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form  of  a  real  printing  data  signal  to  be  printed  on  the  additional  raster  lime  in  synchronism  with  the 
additional  line  timing  signal,  wherein  said  control  means  further  includes  means  for  setting  first  LED  head 
drive  energy  with  which  the  basic  raster  lines  are  printed  and  second  LED  head  drive  energy  with  which  the 
additional  raster  lines  are  printed  independently  of  each  other. 

5  In  accordance  with  a  still  further  preferred  embodiment  of  the  present  invention,  there  is  disclosed  a 
non-impact  printer  provided  with  an  LED  head  for  printing  and  control  means  for  providing  a  sequence 
control  for  the  printer  in  its  entirety  in  response  to  a  control  signal  and  a  video  signal  from  another 
controller,  said  LED  head  including:  a  shift  register  comprising  a  plurality  of  line  buffers  adapted  for  storing 
data  sequence  corresponding  to  a  resolution  of  the  LED  head,  which  is  extracted  from  bit  data  of  a  printing 

io  data  signal  transmitted  from  the  control  unit;  and  resolution  conversion  means  for  converting  the  remaining 
bit  data  not  corresponding  to  the  resolution  of  the  LED  head  into  at  least  one  another  data  sequence 
corresponding  to  the  resolution  of  the  LED  head,  and  for  providing  such  a  control  that  the  at  least  one  other 
data  sequence  is  also  stored  in  said  line  buffers,  and  the  data  sequence  and  the  at  least  one  other  data 
sequence  are  alternately  read  out  from  said  line  buffers,  so  as  to  print  the  data  sequence  corresponding  to 

is  the  resolution  of  the  LED  head  on  a  basic  raster  line  and  print  the  at  least  one  other  data  sequence  on  at 
least  one  additional  raster  line,  wherein  said  control  means  includes  means  for  setting  first  LED  head  drive 
energy  with  which  the  basic  raster  lines  are  printed  and  second  LED  head  drive  energy  with  which  the 
additional  raster  lines  are  printed  independently  of  each  other. 

In  accordance  with  a  still  further  preferred  embodiment  of  the  present  invention,  there  is  disclosed  a 
20  non-impact  printer  provided  with  an  LED  head  for  printing  and  control  means  for  providing  a  sequence 

control  for  the  printer  in  its  entirety  in  response  to  a  control  signal  and  a  video  signal  from  another 
controller,  said  LED  head  including:  a  buffer  for  storing  a  printing  data  signal  on  the  preceding  line 
transmitted  from  the  control  unit;  a  logical  operation  circuit  for  performing  a  logical  operation  of  the  printing 
data  signal  on  the  preceding  line  stored  in  said  buffer  and  the  printing  data  signal  now  transmitted  to  to 

25  generate  a  real  printing  data  signal  for  printing  on  additional  raster  lines;  storage  means  for  storing  the  real 
printing  data  signal  from  said  logical  operation  circuit  and  another  real  printing  data  signal  for  printing  on 
basic  raster  lines;  and  means  for  taking  out  alternately  the  real  printing  data  signal  and  the  other  real 
printing  data  signal  from  said  storage  means,  where  in  said  control  means  includes  means  for  setting  first 
LED  head  drive  energy  with  which  the  basic  raster  lines  are  printed  and  second  LED  head  drive  energy  with 

30  which  the  additional  raster  lines  are  printed  independently  of  each  other. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  objects  and  features  of  the  present  invention  will  become  more  apparent  from  the  consideration  of 
35  the  following  detailed  description  taken  in  conjunction  with  the  accompanying  drawings  in  which: 

FIG.  1  is  a  schematic  block  diagram  of  a  control  circuit  of  a  non-impact  printer  according  to  a  preferred 
embodiment  of  the  present  invention; 
FIG.  2  is  a  schematic  block  diagram  showing  a  printer  unit  control  circuit  of  a  conventional  non-impact 
printer; 

40  FIG.  3  is  a  time  chart  useful  for  explanation  of  the  conventional  non-impact  printer; 
FIG.  4  is  a  schematic  block  diagram  showing  an  LED  head  in  the  conventional  non-impact  printer; 
FIGS.  5A,  5B  and  5C,  and  6A,  6B  and  6C  are  views  useful  for  explanation  of  printing  states  according  to 
the  conventional  non-impact  printer; 
FIG.  7  is  a  schematic  block  diagram  showing  a  print  data  receiving  circuit  of  a  non-impact  printer 

45  according  to  a  first  embodiment  of  the  present  invention; 
FIG.  8  is  a  time  chart  useful  for  understanding  data  receiving  circuit  operates; 
FIG.  9  is  a  detailed  time  chart  useful  for  explanation  of  the  print  data  receiving  circuit; 
FIG.  10  shows  bit  data  according  to  the  received  video  signal; 
FIG.  11  shows  bit  data  according  to  the  real  print  data  signal; 

50  FIGS.  12A,  12B  and  12C,  and  13A,  13B  and  13C  are  views  useful  for  explanation  of  printing  states 
according  to  the  non-impact  printer  of  the  present  invention; 
FIGS.  14  and  15  plot  in  relation  views  LED  light  emission  energy  intensity  and  printing  dots  on  a  raster 
line  according  to  a  first  and  a  second  scheme,  respectively; 
FIG.  16  is  a  schematic  block  diagram  showing  a  print  data  receiving  circuit  of  a  non-impact  printer 

55  according  to  a  second  embodiment  of  the  present  invention; 
FIG.  17A  is  a  time  chart  useful  for  understanding  how  the  print  data  receiving  circuit  operates; 
FIG.  17B  is  a  detailed  time  chart  useful  for  explanation  of  the  print  data  receiving  circuit; 
FIGS.  18A  and  18B  are  views  useful  for  explanation  of  a  resolution  conversion  in  the  non-impact  printer 

5 
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according  to  the  second  embodiment  of  the  present  invention; 
FIGS.  19A  and  19B  schematically  show  bit  data  before  and  after  the  resolution  conversion,  respectively, 
in  the  non-impact  printer  according  to  the  second  embodiment  of  the  present  invention; 
FIG.  20  is  a  schematic  block  diagram  showing  a  print  data  receiving  circuit  of  a  non-impact  printer 

5  according  to  a  third  embodiment  of  the  present  invention; 
FIG.  21  is  a  time  chart  useful  for  understanding  how  the  non-impact  printer  according  to  the  third 
embodiment  of  the  present  invention  works; 
FIG.  22  is  a  schematic  block  diagram  of  a  control  circuit  of  a  non-impact  printer  according  to  another 
preferred  embodiment  of  the  present  invention; 

70  FIG.  23  is  a  schematic  block  diagram  showing  an  LED  head  in  the  non-impact  printer  according  to  the 
embodiment  shown  in  FIG.  22; 
FIG.  24  is  a  circuit  diagram  by  way  of  example  partially  showing  an  LED  head  in  the  non-impact  printer 
according  to  the  embodiment  shown  in  FIG.  22; 
FIG.  25  is  a  time  chart  useful  for  understanding  how  the  non-impact  printer  according  to  the  embodiment 

75  shown  in  FIG.  22  operates; 
FIG.  26  is  a  further  partial  circuit  diagram  by  way  of  example  showing  am  LED  head  in  the  non-impact 
printer  according  to  the  embodiment  shown  in  FIG.  22; 
FIG.  27  is  a  further  time  chart  useful  for  understanding  how  the  non-impact  printer  according  to  the 
embodiment  shown  in  FIG.  22  operates;  and 

20  FIG.  28  is  a  block  diagram  showing  exemplarily  a  drive  energy  setting  circuit  S  in  FIGS.  1  and  22. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  preferred  embodiments  of  a  printer  of  the  invention  will  be  described  with  reference  to  the  drawings 
25  in  detail  which  include  FIG.  1,  a  block  diagram  of  a  control  circuit  in  a  non-impact  printer  according  to  an 

embodiment  of  the  present  invention,  and  FIG.  7,  a  block  diagram  of  a  print  data  receiving  circuit. 
In  FIG.  1,  a  printing  control  unit  or  main  control  1  comprises  a  microprocessor,  am  ROM,  an  RAM, 

input/output  ports,  a  timer  and  similar  components,  in  the  embodiment,  and  is  provided  in  the  inside  of  a 
printing  unit  of  a  printer.  The  printing  control  unit  1  provides  a  sequence  control  for  the  printer  in  its  entirety 

30  in  response  to  control  signals  10  and  a  video  signal  11  from  another  controller,  not  shown,  such  as  an 
interface  control  unit,  a  host  controller  and  the  like.  Upon  receipt  of  a  print  instruction  included  in  the  control 
signals  10,  the  printing  control  unit  1  first  causes  a  fuser  temperature  sensor  29  to  sense  whether  or  not  a 
fuser  22  including  a  heater  22a  is  in  an  available  temperature  range,  and  if  not,  turns  on  the  heater  22a  in 
timed  with  signal  21  to  heat  the  fuser  22  up  to  an  available  temperature.  Next,  a  motor  (PM)  3  for 

35  development/transfer  process  is  driven  through  a  driver  2,  and  simultaneously  a  high  voltage  power  source 
25  for  charging  is  turned  on  in  response  to  a  charge  trigger  signal  23  to  perform  charging  of  a  developing 
unit  27. 

The  sort  of  sheet  set  is  determined  on  the  basis  of  the  results  from  a  sheet  remaining  amount  sensor  8 
and  a  sheet  size  sensor  9  to  start  feeding  sheets  corresponding  to  the  sort  of  sheet  thus  sensed.  A  motor 

40  (PM)  5  for  sheet  feed  is  able  to  rotate  in  a  bilateral  direction  through  a  driver  4.  The  motor  5  first  reversely 
rotates  to  carry  the  set  sheet  by  a  predetermined  amount  until  a  sheet  inhalation  inlet  sensor  6  senses  the 
sheet,  and  subsequently,  regularly  rotates  to  transfer  the  sheet  to  a  printing  device  in  the  inside  of  the 
printer. 

Now,  the  embodiment  of  a  non-impact  printer  of  the  invention  will  be  described  taking  by  way  of 
45  example  a  case  such  that  a  printing  is  performed  with  a  resolution  (an  arrangement  pitch  in  a  raster 

direction  of  light  emitting  diode  (LED)  devices)  of  300  dots  per  inch  (DPI)  in  a  transverse  direction  of  an 
LED  head  19  in  a  printing  unit  of  the  non-impact  printer,  a  resolution  of  a  video  signal  11  to  be  received  of 
600  DPI,  and  resolutions  of  a  real  printing  image  of  300  DPI  in  a  raster  direction  and  1200  DPI  (pseudo  600 
DPI)  in  a  printing  direction  (a  sheet  feed  direction). 

50  The  printing  control  unit  1  transmits,  at  the  time  point  that  the  sheet  arrives  at  a  printing  ready  point,  a 
timing  signal  12,  including  a  line  timing  signal  12a  and  a  raster  timing  signal,  to  another  controller,  not 
shown,  and  receives  a  video  signal  11.  The  received  video  signal  11,  which  has  been  edited  in  units  of 
pages  in  the  other  controller  or  the  host  controller  and  is  provided  with  600  DPI  (row  and  column),  is 
supplied  to  a  print  data  receiving  circuit  R  included  in  the  printing  control  unit  1  .  The  print  data  receiving 

55  circuit  R  is  adapted  to  receive  the  video  signal  11  from  the  other  controller  and  transmit  the  timing  signal  12 
to  the  other  controller. 

FIG.  7  shows  a  block  diagram  of  such  a  print  data  receiving  circuit  R  as  a  first  embodiment.  Referring 
to  FIGS.  7,  8,  9,  10  and  11,  the  received  video  signal  11  is  partially  converted  by  a  flip-flop  51  for  resolution 
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conversion  into  a  first  signal  A  consisting  of  a  data  sequence  corresponding  to  the  resolution  of  the  LED 
head  19,  and  the  resultant  signal  from  the  conversion  is  transmitted  through  a  selector  57  to  the  LED  head 
19  in  the  form  of  a  real  printing  data  signal  18  (300  DPI)  so  as  to  be  printed  on  basic  raster  lines  102. 
Simultaneously,  the  remaining  data  of  the  received  video  signal  11,  which  is  not  converted  into  the  first 

5  signal  A,  is  converted  by  flip-flops  52  and  53  and  an  OR  gate  54  into  a  second  signal  B  consisting  of 
another  data  sequence.  The  resultant  signal  from  the  latter  conversion  is  transmitted  through  a  selector  56 
to  a  line  buffer  55  and  then  stored  therein  so  as  to  be  printed  on  additional  raster  lines  120  each  located  at 
a  distance  1/1200  inch  from  the  basic  raster  line  102  in  a  print  direction,  or  at  an  intermediate  point  of  a 
print  position  for  each  600  DPI  of  the  received  video  signal.  A  clock  signal  18a  to  be  supplied  to  the  LED 

io  head  19  is  divided  by  a  flip-flop  58  in  frequency  to  reduce  to  half  for  a  video  signal  transfer  clock  12b  to  be 
supplied  from  the  print  control  unit  to  the  host  controller. 

A  frequency  multiplier  61  serves  to  provide  output  which  is  two  times  as  high  as  the  frequency  of  a  line 
timing  signal  12a  generated  from  a  line  timing  signal  generator  60,  and  generates  an  additional  line  timing 
signal  12c  for  printing  on  an  additional  raster  line  120  during  an  interval  of  a  receiving  timing  of  the  line 

is  timing  signals  12a. 
A  clock  signal  generator  59  generates  a  clock  signal  which  is  supplied  to  the  flip-flop  58.  The  clock 

signal  18a,  which  is  delivered  from  an  output  terminal  of  the  flip-flop  58,  is  supplied  to  the  flip-flops  52  and 
53  as  well  as  the  LED  head  19.  A  clock  signal  18b,  which  is  delivered  from  a  reversal  output  terminal  of  the 
flip-flop  58,  is  supplied  to  an  input  terminal  thereof  and  in  addition  to  the  flip-flop  51  . 

20  Consequently,  the  flip-flops  51  and  52  are  different  from  each  other  in  timing  of  the  clock  signals  18a 
and  18b,  so  that  they  produce  mutually  different  data  sequence  of  signals,  respectively.  In  other  words,  the 
flip-flop  51  outputs  the  first  signal  A  as  mentioned  above,  and  the  flip-flop  52  outputs  a  signal  C  comprising 
data  sequence  which  is  obtained  with  the  first  signal  A  removed  from  the  data  sequence  of  the  video  signal 
11.  The  signal  C  is  transmitted  to  the  flip-flop  53,  so  that  it  outputs  a  signal  D.  The  signals  C  and  D  are 

25  further  transmitted  to  a  logical  OR  gate  54,  so  that  it  outputs  the  second  signal  B. 
The  video  signal  11  received  with  the  resolution  600  DPI,  as  shown  in  FIG.  10,  is  divided  into  two 

groups,  as  shown  in  FIG.  11,  one  including  data  which  are  printed  with  300  DPI  as  it  is,  and  another 
including  pseudo  600  DPI  of  data  each  divided  into  two  dots  as  shown  by  arrows.  Those  groups  are  printed 
separately  on  a  different  timing  basis.  Each  of  the  dots  represented  by  circles  of  the  broken  line  on  the 

30  basic  raster  lines  102  in  FIG.  11,  which  corresponds  to  the  signal  C  outputted  from  the  flip-flop  52,  is 
represented  by  two  continuous  dots  on  the  additional  laster  lines  120  in  FIG.  11,  which  correspond  to  the 
signal  B  output  from  the  OR  gate  54. 

The  printing  control  unit  1  transmits  a  line  of  real  printing  data  signal  18  and  then  a  latch  signal  17  to 
the  LED  head  19,  so  that  the  thinned  out  real  printing  data  signal  18  (300  DIP)  is  held  in  the  LED  head  19. 

35  The  LED  head  19  includes  a  number  of  LED  devices  which  are  arranged  in  a  raster  direction.  Upon  receipt 
of  a  printing  drive  signal  13,  the  LED  head  19  is  driven  with  an  LED  head  drive  energy  E1  in  accordance 
with  the  held  real  printing  data  signal  18,  so  that  an  electrostatic  latent  image  is  formed  on  a  photoconduc- 
tive  drum,  not  shown. 

Next,  when  the  sheet  advances  by  1/1200  inch  in  a  sheet  feed  direction,  the  printing  control  unit  1 
40  switches  the  selectors  56  and  57  to  take  out  the  data  (pseudo  600  DPI)  stored  in  the  line  buffer  55  as  a 

signal  E.  The  signal  E  is  transferred  to  the  LED  head  19  in  the  form  of  the  real  printing  data  signal  18  in 
synchronism  with  the  clock  signal  18a.  At  that  time,  there  is  generated  no  line  timing  signal  12a  to  the  host 
controller,  and  thus  the  above-mentioned  operation  is  carried  out  only  in  the  printing  control  unit  1  . 

Then,  the  printing  control  unit  1  transmits  a  latch  signal  17  to  the  LED  head  19,  so  that  the  real  printing 
45  data  signal  18  (pseudo  600  DIP)  is  held  in  the  LED  head  19.  Upon  receipt  of  a  printing  drive  signal  13,  the 

LED  head  19  is  driven  with  am  LED  head  drive  energy  E2  in  accordance  with  the  held  real  printing  data 
signal  18,  so  that  an  electrostatic  latent  image  is  formed  on  the  photoconductive  drum. 

The  LED  head  drive  energy  E1  and  E2  is  predetermined  independently  of  each  other,  as  shown  in 
FIGS.  12  and  13,  so  as  to  be  obtained  am  equivalence  of  the  dot  image  formed  in  a  printing  with  the 

50  pseudo  600  DIP  and  the  dot  image  formed  in  a  printing  with  the  basic  300  DIP. 
According  to  the  present  embodiment,  the  conversion  is  performed  in  such  a  manner  that  data  is 

increased  at  a  place  located  at  a  distance  1/1200  inch.  Thus,  the  LED  head  drive  energy  E1  and  E2  is 
predetermined  so  as  to  satisfy  the  relation,  E1  >  E2,  and  while  they  are  varied  depending  on  the  developing 
unit  27,  lenses,  characteristics  of  the  toner,  etc.,  they  are  represented  by 

55 
E1  =  (0.4  to  0.6)  x  E 

E2  =  (0.15  to  0.25)  x  E, 
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where  E  denotes  the  LED  head  drive  energy  at  the  standard  300  DPI. 
The  printing  control  unit  1  includes  a  drive  energy  setting  circuit  S  for  predetermining  the  LED  head 

drive  energy  E1  and  E2  independently  of  each  other.  A  block  diagram  of  such  a  drive  energy  setting  circuit 
5  is  shown  by  way  of  example  in  FIG.  28. 

In  FIG.  28,  prior  to  the  printing  operation,  digital  values,  which  correspond  to  the  LED  head  drive  energy 
E1  and  E2,  respectively,  are  transmitted  from  a  CPU  or  the  like  in  the  printing  control  unit  1  through  a  CPU 
bus  to  a  latch  A  201  and  a  latch  B  202,  respectively,  and  them  stored  therein.  At  the  time  of  printing,  those 
latched  data  are  alternately  selected  by  a  selector  204  in  accordance  with  an  output  of  a  toggle  flip-flop  203 

io  which  is  operative  in  response  to  the  additional  line  timing  signal  12c,  so  as  to  load  a  decrement  counter 
205  in  response  to  the  additional  line  timing  signal  12c.  The  decrement  counter  205  generates  a  pulse 
output  during  a  counting  period  of  time.  This  pulse  output  may  be  used  as  the  printing  drive  signal  13. 

Referring  FIGS.  14  and  15,  there  will  be  described  some  schemes  for  performing  a  printing  with  a 
resolution  exceeding  that  of  the  LED  head  19.  In  FIG.  14,  light  emission  intensity  140  at  the  light  emission 

is  point  of  the  respective  LED  devices  of  the  LED  head  19  sufficiently  exceeds  a  sensitivity  of  the 
photoconductor  drum,  so  that  print  dots  are  formed  at  the  associated  light  emission  point  positions.  At  that 
time,  the  light  emission  intensity  in  intermediate  portions  M  Will  be  increased  owing  to  overlapping  of  light 
emission  at  the  adjacent  light  emission  points  to  exceed  the  sensitivity  of  the  photoconductor  drum  which  is 
necessary  to  form  an  electrostatic  latent  image  thereon,  so  that  the  printing  is  performed  at  the  associated 

20  intermediate  portions  M.  Thus,  the  adjacent  dots  are  coupled  by  the  dots  of  the  intermediate  portions  M. 
This  scheme  will  be  useful  for  printing  on  the  basic  raster  lines. 

In  FIG.  15,  light  emission  intensity  140  at  the  light  emission  point  of  the  respective  LED  devices  of  the 
LED  head  19  is  less  than  the  sensitivity  of  the  photoconductor  drum  which  is  necessary  to  form  an 
electrostatic  latent  image  thereon,  so  that  no  print  dots  are  formed.  On  the  other  hand,  if  there  happens  the 

25  simultaneous  light  emission  at  the  adjacent  light  emission  points,  the  synthesized  light  emission  intensity 
141  exceeds  the  sensitivity  of  the  photoconductor  drum  at  the  intermediate  portions  M.  Consequently,  it  is 
possible  to  form  dots  at  the  intermediate  portions  M,  that  is,  possible  to  perform  a  printing  with  a  resolution 
which  is  twice  as  high  as  that  of  the  printer  unit.  This  scheme  will  be  useful  for  printing  on  the  additional 
raster  lines. 

30  FIG.  16  shows  a  block  diagram  of  a  print  data  receiving  circuit  R,  as  an  alternative  or  second 
embodiment,  shown  in  FIG.  1.  This  embodiment  is  intended  to  obtain  the  real  printing  data  for  printing  on 
the  additional  raster  lines  by  means  of  a  logical  operation.  Referring  to  FIGS.  16,  and  17A  and  17B,  the  print 
data  receiving  circuit  R  shown  in  FIG.  16  includes  a  flip-flop  58  for  dividing  in  frequency  a  clock  signal  fo 
generated  from  a  clock  signal  generator  59  to  be  reduced  to  half,  a  line  timing  signal  generator  60,  and  a 

35  frequency  multiplier  61  adapted  to  provide  output  which  is  two  times  as  high  as  the  frequency  of  a  line 
timing  signal  12a  generated  from  the  line  timing  signal  generator  60  and  to  generate  an  additional  line 
timing  signal  12c  for  printing  on  an  additional  raster  line  120  during  the  respective  timing  intervals  of  the 
line  timing  signal  12a. 

The  clock  signal  fo,  which  is  generated  from  the  clock  signal  generator  59,  is  supplied  to  the  flip-flop  58, 
40  and  in  addition  to  the  flip-flops  83  to  88.  A  clock  signal  18a,  which  is  delivered  from  an  output  terminal  of 

the  flip-flop  58,  is  supplied  to  the  LED  head  19  in  FIG.  1.  On  the  other  hand,  a  clock  signal  fi  ,  which  is 
delivered  from  a  reversal  output  terminal  of  the  flip-flop  58,  is  supplied  to  an  input  terminal  thereof  and  in 
addition  to  a  flip-flop  96  and  a  delay  circuit  94. 

The  print  data  receiving  circuit  R  shown  in  FIG.  16  further  comprises  a  selector  81,  a  line  buffer  82 
45  connected  to  the  selector  81  for  storing  5120  bits  of  video  signal  11,  the  flip-flops  83,  84  and  85  for  latching 

3  bits  of  bit  data  in  data  signal  Si  taken  out  from  the  line  buffer  82,  the  flip-flops  86,  87  and  88  for  latching 
three  bits  of  bit  data  in  the  video  signal  11,  an  AND  gate  89  for  taking  a  logical  AND  on  the  respective 
outputs  of  the  flip-flops  84  and  88,  further  AND  gate  90  for  taking  a  logical  AND  on  the  respective  outputs  of 
the  flip-flops  84  and  86,  an  OR  gate  92  for  taking  a  logical  OR  on  the  respective  outputs  of  the  flip-flop  83, 

50  the  flip-flop  85,  the  AND  gate  89  and  the  AND  gate  90,  a  flip-flop  93  for  taking  out  the  output  of  the  OR  gate 
92,  a  delay  circuit  94  for  providing  a  delay  of  an  operational  timing  of  the  flip-flop  93  to  an  operational 
timing  of  the  flip-flop  96,  and  a  selector  95. 

The  video  signal  11,  which  has  been  edited  in  units  of  pages  in  the  other  controller  or  the  host 
controller  and  is  provided  with  600  DPI,  is  supplied  through  the  selector  81  to  the  line  buffer  82  so  as  to  be 

55  stored  therein  in  the  form  of  5120  bits  of  bit  data  with  the  resolution  of  600  DPI,  when  the  selector  81  is 
selected  to  provide  a  direction  in  which  the  line  buffer  82  receives  the  video  signal  in  accordance  with  an 
input/output  selection  signal  fx  for  the  selector  81  which  is  generated  from  the  clock  signal  generator.  In 
addition,  the  video  signal  11  is  latched  in  the  flip-flops  86,  87  and  88  in  the  form  of  the  continuous  3  bits  of 
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bit  data.  Likewise,  the  video  signal  1  1  on  the  preceding  line,  which  has  been  stored  in  the  line  buffer  82,  is 
latched  in  the  flip-flop  97  in  timing  of  a  clock  fo  generated  from  a  gate  98,  when  the  selector  81  is  selected 
to  provide  a  direction  in  which  the  line  buffer  82  outputs  the  video  signal  in  accordance  with  the  input/output 
selection  signal  fx.  In  addition,  the  video  signal  11  is  latched  in  the  flip-flops  83,  84  and  85  in  the  form  of  the 

5  continuous  3  bits  of  bit  data.  A  logical  operation  for  those  data  is  performed  by  the  gates  89,  90  and  92  as 
represented  by  the  following  logical  expression: 

B  Ni2j  =  (A  N  .  2  j  -  I  )  +  (A  N  .  2  j  +  1  ) 

+  (A  N .2 j )   *  (A  N » l , 2 j + l   ) 

+  (A  N  ,  2  j  )  *  (A  N  +  1  f  2  j  -  1  )  (  1  ) 

75  where  A  m,  n  represents  bit  data  on  the  m-th  and  n-th  lines  of  the  received  600  DPI  video  signal.  If  n  is  an 
even  number,  then  it  represents  am  LED  head  resolution  position.  If  n  is  an  odd  number,  then  it  does  an 
intermediate  position  of  LED  head  resolution  positions.  In  addition,  B  m,  n  represents  bit  data  on  an 
additional  raster  data  line. 

Thus,  the  bit  data,  which  is  subjected  to  the  logical  operation  based  on  the  current  video  signal  11 
20  entered  and  the  previous  video  signal  1  1  on  the  preceding  line,  is  supplied  to  the  flip-flop  93  so  that  the 

resolution  in  the  raster  direction  is  converted  into  that  in  the  sheet  transfer  direction  as  the  intermediate 
point  data.  The  resultant  bit  data  from  the  conversion  is  transmitted  as  a  real  printing  data  18  through  the 
selector  to  the  LED  head  19  in  FIG.  1. 

FIG.  18A  shows  states  of  a  resolution  conversion  of  the  bit  data,  and  FIG.  18B  shows  coordinate  of  the 
25  raster  lines.  When  the  logical  operation  is  carried  out  in  accordance  with  the  equation  (1)  as  set  forth  above, 

the  bit  data,  which  are  represented  by  circles  of  the  broken  or  dotted  line  on  the  basic  raster  lines  102  in 
FIG.  18A,  are  converted  into  the  bit  data  represented  by  circles  of  the  continuous  or  solid  line  on  the 
additional  raster  lines  120. 

More  in  detail,  if  it  is  considered  that  a  dot  "b"  represented  by  a  circle  in  FIG.  18A  is  applied  to  the 
30  equation  (1)  set  forth  above,  data  of  a  dot  "a"  exists  at  the  second  term  of  the  right  member  of  the  equation 

(1),  and  thus  the  dot  "b"  is  generated  as  printing  data.  Similarly,  regarding  a  dot  "c",  data  of  the  dot  "a" 
exists  at  the  first  term  of  the  right  member  of  the  equation  (1),  and  thus  the  dot  "c"  is  generated  as  printing 
data.  Regarding  a  dot  "d",  data  of  dots  "e"  and  "f"  exist  at  the  fourth  term  of  the  right  member  of  the 
equation  (1),  and  thus  a  dot  "d"  is  generated  as  printing  data.  Regarding  a  dot  "g",  data  of  dots  "h"  and  "i" 

35  exist  at  the  third  term  of  the  right  member  of  the  equation  (1),  and  thus  a  dot  "g"  is  generated  as  printing 
data. 

FIG.  18B  shows  coordinate  of  the  raster  lines  related  before  and  after  the  noted  coordinate  B  ni  2j  on  an 
additional  raster  line  on  which  it  is  determined  by  operation  as  to  whether  or  not  a  real  printing  data 
concerning  is  produced. 

40  FIG.  19A  schematically  shows  bit  data  before  the  resolution  conversion,  and  FIG.  19B  schematically 
shows  data  after  the  resolution  conversion.  The  video  signal  11  received  with  the  resolution  600  DPI,  as 
shown  in  FIG.  19A,  is  divided  into  two  groups,  as  shown  in  FIG.  19B,  one  including  bit  data  which  are 
printed  on  the  basic  raster  lines  with  300  DPI  as  it  is,  and  another  including  bit  data  which  are  to  be 
subjected  to  the  logical  operation  according  to  the  equation  (1)  set  forth  above  so  as  to  be  printed  on  the 

45  additional  raster  lines. 
A  clock  signal  18a  to  be  supplied  to  the  LED  head  19  is  divided  by  a  flip-flop  58  in  frequency  to  reduce 

to  half  for  a  video  signal  transfer  clock  12b,  FIG.  16,  to  be  supplied  from  the  print  control  unit  to  the  host 
controller.  More  specifically,  the  frequency  of  the  clock  signal  18a  is  as  half  as  low  as  that  of  the  clock 
signal  fo  generated  from  the  clock  signal  generator  59.  The  real  printing  data  signal  18  transferred  to  the 

50  LED  head  19  is  latched  after  completion  of  a  line  of  data.  Upon  receipt  of  a  printing  drive  signal  13,  the  LED 
head  19  is  driven  with  an  LED  head  drive  energy  E2  in  accordance  with  the  held  real  printing  data  signal 
18,  so  that  an  electrostatic  latent  image  is  formed  on  a  photoconductive  drum. 

Next,  when  the  sheet  advances  by  1/1200  inch  in  the  sheet  feed  direction,  the  printing  control  unit  1 
switches  the  selector  81  to  read  out  the  video  signal  1  1  (600  DPI  data)  stored  in  the  line  buffer  82.  The  read 

55  out  data  is  applied  to  the  flip-flop  96  so  that  the  resolution  in  the  raster  direction  is  converted  into  that  in  the 
sheet  transfer  direction.  The  resultant  data  from  the  resolution  conversion,  that  is,  an  output  signal  of  the 
flip-flop  96  is  transferred  through  the  selector  95  to  the  LED  head  19  in  the  form  of  the  real  printing  data 
signal  18  in  synchronism  with  the  clock  signal  18a.  At  that  time,  there  is  generated  no  line  timing  signal  12a 
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to  the  host  controller,  and  thus  the  above-mentioned  operation  is  carried  out  only  in  the  printing  control  unit 
1.  Then,  the  printing  control  unit  1  transmits  a  latch  signal  17  to  the  LED  head  19,  so  that  the  real  printing 
data  signal  18,  which  has  been  subjected  to  the  resolution  conversion,  is  latched  or  held  in  the  LED  head 
19.  Upon  receipt  of  the  printing  drive  signal  13,  the  LED  head  19  is  driven  with  an  LED  head  drive  energy 

5  E1  in  accordance  with  the  held  real  printing  data  signal  18,  so  that  an  electrostatic  latent  image  is  formed 
on  the  photoconductive  drum. 

The  LED  head  drive  energy  E1  and  E2  are  predetermined,  as  shown  in  FIGS.  12  and  13,  so  as  to  be 
obtained  an  equivalence  of  the  dot  image  formed  in  a  printing  with  the  pseudo  600  DIP  and  the  dot  image 
formed  in  a  printing  with  the  basic  300  DIP. 

io  According  to  the  instant  embodiment,  similar  to  the  first  embodiment,  the  conversion  is  performed  in 
such  a  manner  that  data  is  increased  at  a  place  apart  by  a  distance  of  1/1200  inch.  Thus,  the  LED  head 
drive  energy  E1  and  E2  is  predetermined  so  as  to  satisfy  the  relation,  E1  >  E2,  and  while  they  are  varied 
depending  on  the  developing  unit  27,  lenses,  characteristics  of  the  toner,  etc.,  they  are  represented  by 

15  E1  =  (0.4  to  0.6)  x  E 

E2  =  (0.  15  to  0.  25)  x  E, 

where  E  demotes  the  LED  head  drive  energy  at  the  standard  printing  density  of  300  DPI. 
20  FIG.  20  is  a  block  diagram  schematically  showing  a  still  alternative  embodiment  the  print  data  receiving 

circuit  R  shown  in  FIG.  1.  The  print  data  receiving  circuit  R  shown  in  FIG.  20  comprises  a  clock  signal 
generator  59,  a  line  timing  signal  generator  60,  a  resolution  conversion  circuit  100,  flip-flop  97,  a  print  drive 
signal  generator  circuit  98  and  a  latch  signal  generator  circuit  99. 

Referring  to  FIGS.  20  and  21  ,  the  printing  control  unit  1  ,  which  includes  the  print  data  receiving  circuit  R 
25  mentioned  above,  transmits  a  timing  signal  12,  including  a  line  timing  signal  12a  and  a  raster  timing  signal, 

to  the  other  controller,  not  shown.  Upon  receipt  of  the  timing  signal  12,  the  other  controller  transmits  to  the 
printing  control  unit  1  original  image  data  provided  with  600  DPI  (row  and  column),  which  have  been  edited 
in  units  of  pages  and  are  stored  in  its  memory,  in  the  form  of  a  video  signal  1  1  provided  with  column  1  ,  200 
DPI  and  row  600  DPI  repeated  two  line  corresponding  on  the  same  raster  line.  The  received  video  signal 

30  11,  which  has  been  edited  in  units  of  pages  in  the  other  controller  and  is  provided  with  row  600  DPI  and 
column  1,  200  DPI,  is  supplied  to  the  print  data  receiving  circuit  R. 

Such  a  video  signal  11  is  converted  by  the  resolution  conversion  circuit  100  into  a  real  printing  data  18 
provided  with  300  DPI  in  resolution  in  a  raster  direction.  Thus,  the  video  signal  11  on  a  first  line 
corresponding  of  the  same  raster  line  is  converted  into  a  third  signal  comprising  data  sequences  each 

35  including  only  even  numbered  bit  data  removing  odd  numbered  bit  data  in  a  raster  direction,  and  them 
transmitted  to  the  LED  head  19  in  the  form  of  the  real  printing  data  signal  18  together  with  a  clock  signal 
18a.  A  shift  register  (e.  g.  19a  in  FIG.  4)  in  the  LED  head  19  sequentially  stores  the  real  printing  data  signal 
18  in  synchronism  with  the  clock  signal  18a.  The  printing  control  unit  1  transmits  a  line  of  real  printing  data 
signal  18  and  then  a  latch  signal  17  to  the  LED  head  19  prior  to  receiving  the  subsequent  data  from  the 

40  host  controller,  so  that  the  thinned  out  real  printing  data  signal  18  is  held  in  the  LED  head  19.  A  latch  (e.  g. 
19b  in  FIG.  4)  in  the  LED  head  19  holds  a  line  of  real  printing  data  signal  18  stored  in  the  shift  register  19a 
in  accordance  with  the  latch  signal  17.  Upon  receipt  of  a  printing  drive  signal  13  from  the  printing  control 
unit  1,  the  LED  head  19  is  driven  with  an  LED  head  drive  energy  E1  so  as  to  lighten  the  LED  devices 
according  to  the  held  real  printing  data  signal  18.  Lightening  information  by  the  LED  head  19  is  formed  on  a 

45  photoconductor  drum,  of  which  parts  are  correspondingly  charged  with  negative  potential  in  the  form  of  an 
electrostatic  latent  image  with  dots  elevated  in  potential. 

Next,  when  the  sheet  advances  by  1/1200  inch  in  the  sheet  feed  direction,  the  printing  control  unit  1 
again  transmits  the  timing  signal  12  to  the  host  controller  and  receives  the  video  signal  11  on  a  second  line 
corresponding  of  the  same  raster  line.  The  video  signal  11  is  converted  into  a  fourth  signal  of  data 

50  sequence  by  the  resolution  conversion  circuit  100  in  such  a  manner  that  even  numbered  bit  data  in  a  raster 
direction  are  thinned  out  or  removed,  and  the  remained  odd  numbered  bit  data  are  subjected  to  a  logical 
operation  to  take  a  logical  AND  on  the  respective  odd  numbered  bit  data  and  the  associated  odd  numbered 
bit  data  located  immediately  before.  The  printing  control  unit  1  transmits  a  line  of  real  printing  data  signal  18 
and  then  a  latch  signal  17  to  the  LED  head  19  prior  to  receiving  the  subsequent  video  signal  11  from  the 

55  host  controller,  so  that  the  thinned  out  real  printing  data  signal  18  is  held,  in  the  LED  head  19.  Upon  receipt 
of  a  printing  drive  signal  13  from  the  printing  control  unit  1,  the  LED  head  19  is  driven  with  an  LED  head 
drive  energy  E2  in  accordance  with  the  held  real  printing  data  signal  18,  so  that  an  electrostatic  latent 
image  is  formed  on  the  photoconductive  drum. 

10 



EP  0  521  491  A2 

Next,  another  embodiment  of  a  non-impact  printer  according  to  the  present  invention  will  be  described 
referring  to  FIGS.  22  -  25.  FIG.  22  shows  a  control  circuit  of  the  non-impact  printer  according  to  the  other 
preferred  embodiment,  FIG.  23  is  a  block  diagram  showing  an  LED  head  30  in  the  non-impact  printer,  FIG. 
24  is  a  partial  circuit  diagram  examplarily  showing  the  LED  head  30  in  the  non-impact  printer,  and  FIG.  25 

5  is  a  time  chart  useful  for  understanding  the  non-impact  printer  according  to  the  other  embodiment. 
In  FIG.  22,  the  same  reference  numbers  as  those  in  FIG.  1  denote  the  like  elements.  A  control  circuit  of 

the  non-impact  printer  in  FIG.  22  includes  an  LED  head  30  adapted  to  receive  a  printing  data  signal  20  of 
600  DPI  from  a  printing  control  unit  301.  More  specifically,  at  this  stage,  the  printing  data  signal  20  is 
provided  with  the  same  resolution  of  the  video  signal  11.  The  printing  control  unit  301  is  adapted  to 

io  generate  a  reset  signal  21a  to  reset  flip-flops  contained  in  the  LED  head  30. 
The  LED  head  30  shown  in  FIG.  23  comprises  a  shift  register  30a  consisting  of  raster  line  buffers  1 

through  n,  a  latch  30b,  an  LED  group  30c  including  LED  devices  provided  correspondingly  to  the  raster 
lines  of  dots,  a  driver  group  30d  consisting  of  drivers  for  correspondingly  driving  the  LED  devices  of  the 
LED  group  30c,  and  a  resolution  conversion  circuit  30e  for  converting  the  resolution  of  the  printing  data 

is  signal  20. 
Now,  the  present  embodiment  of  the  non-impact  printer  of  the  invention  will  be  described  also  taking  by 

way  of  example  a  case  such  that  a  printing  is  performed  with  a  resolution  (am  arrangement  pitch  in  a  raster 
direction  of  LED  devices)  of  300  DPI  in  a  transverse  direction  of  the  LED  head  30  in  a  printing  unit  of  the 
non-impact  printer,  a  resolution  of  a  video  signal  11  to  be  received  of  600  DPI,  and  resolutions  of  a  real 

20  printing  image  of  300  DPI  in  a  raster  direction  and  1200  DPI  in  a  printing  direction.  It  is  noted  that  a  relation 
of  the  video  signal  1  1  before  and  after  conversion  of  the  resolution  and  a  real  printing  data  signal  20a  is  the 
same  as  the  first  embodiment.  Thus,  the  present  embodiment  will  be  explained  also  referring  to  FIGS.  10- 
13  on  a  common  basis. 

Referring  to  FIG.  10  again,  even  numbered  bit  data  in  a  raster  direction  of  the  received  image  data  with 
25  600  DPI  (row  and  column)  correspond  to  locations  (300  DPI)  of  the  LED  devices  of  the  LED  head  30, 

respectively.  Thus,  they  are  printed  on  the  same  raster  lines  provided  With  600  DPI  in  a  sheet  transfer 
direction  as  it  is.  On  the  other  hand,  odd  numbered  bit  data  in  the  raster  direction  of  the  received  image 
data  does  not  correspond  to  locations  of  the  LED  devices  of  the  LED  head  30.  Thus,  they  are  not  able  to  be 
printed  on  the  same  raster  lines.  Thus,  each  of  the  odd  numbered  bit  data  is  divided  into  two-bit  data 

30  located  right  and  left  at  a  distance  of  1/300  inch  from  each  other,  and  is  printed  on  am  additional  raster  line 
located  at  a  short  distance,  for  instance  1/1200  inch,  from  the  basic  raster  line  in  the  sheet  transfer 
direction. 

Drive  energy  E1  on  the  basic  raster  line  and  drive  energy  E2  on  the  additional  raster  line  is 
predetermined,  as  shown  in  FIGS.  12  and  13,  so  as  to  obtain  an  equivalence  of  the  real  printing  image 

35  formed  in  a  printing  with  the  pseudo  600  DIP  and  the  real  printing  image  formed  in  a  printing  with  the  basic 
300  DIP. 

Accordingly,  the  drive  energy  E1  and  E2  is  predetermined  so  as  to  satisfy  the  relation,  E1  >  E2,  and 
they  are  represented  by 

40  E1  =  (0.4  to  0.6)  x  E 

E2  =  (0.15  to  0.25)  x  E, 

where  E  denotes  the  drive  energy  at  the  standard  density,  300  DPI. 
45  Again  referring  to  FIG.  22,  upon  receipt  of  a  control  signal  10  for  a  print  instruction  from  a  host 

controller,  the  printing  control  unit  301  serves  to  feed  a  print  sheet  to  a  print  ready  position.  The  printing 
control  unit  1  transmits,  when  the  sheet  arrives  at  the  printing  ready  position,  a  timing  signal  12,  to  the  other 
controller,  not  shown,  and  receives  a  video  signal  11.  The  received  video  signal  11,  which  has  been  edited 
in  units  of  pages  in  the  other  controller  or  host  controller  and  is  provided  with  600  DPI,  is  transmitted 

50  together  with  a  clock  signal  18a  through  the  printing  control  unit  301  to  the  LED  head  30  in  the  form  of  a 
printing  data  signal  20. 

Next,  operation  of  the  LED  head  30  will  be  described  referring  to  FIGS.  23,  24  and  25.  FIG.  24  shows 
partially  more  specifically  the  LED  head  30  shown  in  FIG.  23.  The  printing  data  signal  20  is  sequentially 
supplied  to  flip-flops  41  and  42.  The  real  printing  data  20a  is  outputted  from  a  logical  OR  gate  44,  and  then 

55  supplied  together  with  the  clock  signal  18a  to  the  shift  register  30a.  The  shift  register  30a  includes  5120  flip- 
flops  which  are  arranged  in  series.  Those  flip-flops  constitute  two  line  buffers.  In  other  words,  each  of  the 
line  buffers  comprises  2,560  flip-flops.  As  shown  in  the  figure,  there  is  so  arranged  that  output  signals  of 
flip-flops  every  other  are  applied  to  the  latch  30b.  The  clock  signal  18a  is  applied  to  the  respective  flip-flops. 
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A  flip-flop  45  is  adapted  to  produce  alternately  binary  values  "1"  and  "0".  The  flip-flops  41,  42,  and  45,  a 
logical  AND  gate  43  and  the  OR  gate  44  constitute  in  their  combination  the  resolution  conversion  circuit 
30e. 

In  the  resolution  conversion  circuit  30e,  the  OR  gate  44  receives  the  printing  data  signal  20  and  an 
5  output  of  the  AND  gate  43.  The  AND  gate  43  receives  an  output  signal  f  of  the  flip-flop  42  and  an  output 

signal  g  of  the  flip-flop  45.  The  output  signal  g  of  the  flip-flop  45  is  control  led  in  such  a  manner  that  when 
odd  numbered  bit  data  of  the  printing  data  signal  20  of  600  DPI  are  transmitted,  it  is  given  with  a  binary 
value  "1  ",  and  when  even  numbered  bit  data  are  transmitted,  it  is  given  with  a  binary  value  "0".  The  output 
signal  f  of  the  flip-flop  42  holds  the  bit  data  before  two  bits  which  is  delayed  by  the  flip-flops  41  and  42. 

io  Consequently,  the  AND  gate  43  outputs  alternately  the  odd  numbered  bit  data  immediately  before  and  the 
binary  value  "0". 

Thus,  the  shift  register  30a  receives  alternately  data,  which  is  obtained  by  taking  a  logical  OR  of  the 
odd  numbered  bit  data  of  the  printing  data  signal  20  of  600  DPI  and  the  odd  numbered  bit  data  immediately 
before  the  associated  ones,  and  the  even  numbered  bit  data.  That  is,  the  shift  register  30a  receives 

is  alternately  the  bit  data  to  be  printed  on  the  basic  raster  lines  of  600  DPI,  and  the  bit  data  to  be  printed  on 
the  additional  raster  lines. 

The  printing  control  unit  301  transmits  a  latch  signal  17  to  the  LED  head  30,  so  that  the  latch  30b  stores 
data  of  300  DPI  which  is  transferred  to  the  raster  line  buffer  provided  in  the  shift  register  30a  corresponding 
to  the  even  numbered  bit  data.  Upon  receipt  of  a  printing  drive  signal  13  from  the  printing  control  unit  301, 

20  the  LED  head  30  is  driven  with  a  drive  energy  E1  so  as  to  form  am  electrostatic  latent  image  on  the 
photoconductor  drum. 

Next,  when  the  sheet  advances  by  1/1200  inch  in  the  sheet  feed  direction,  the  printing  control  unit  301 
transmits  one  clock  of  the  clock  signal  18a  and  then  the  latch  signal  17  to  the  LED  head  30,  so  that  data  for 
additional  lines  stored  in  the  raster  line  buffer  associated  with  the  odd  numbered  bit  data  in  the  shift  register 

25  30a  are  shifted  to  the  raster  line  buffer  associated  with  the  even  numbered  bit  data  in  the  shift  register  30a 
and  them  latched  or  held  in  the  latch  30b.  Upon  receipt  of  a  printing  drive  signal  13  from  the  printing  control 
unit  301  ,  the  LED  head  30  is  driven  with  a  drive  energy  E2  so  as  to  form  an  electrostatic  latent  image  on 
the  photoconductor  drum. 

Next,  further  embodiment  of  a  non-impact  printer  according  to  the  present  invention  will  be  explained 
30  referring  to  the  drawings,  including  FIG.  22,  FIG.  26  which  is  a  partial  circuit  diagram  by  way  of  example 

showing  the  LED  head  30  in  FIG.  22,  and  FIG.  27  which  is  a  time  chart  useful  for  explanation  of  the  non- 
impact  printer  according  to  the  further  embodiment. 

This  embodiment  is  intended  to  obtain  the  real  printing  data  for  printing  on  the  additional  raster  lines  by 
means  of  a  logical  operation.  Referring  to  FIG.  26,  the  LED  head  30  comprises  a  shift  register  30a,  a  latch 

35  30b,  an  LED  group  30c  including  LED  devices  provided  correspondingly  to  the  raster  lines  of  dots,  a  driver 
group  30d  of  drivers  for  driving  LED  devices  of  the  LED  group  30c,  and  a  buffer  30f  for  storing  therein  the 
printing  data  signal  20  on  the  preceding  line  corresponding  to  5,120  dots. 

Each  of  the  shift  register  30a  and  the  buffer  30f  includes  5,120  flip-flops  which  are  arranged  in  series. 
The  shift  register  30a  comprises  a  first  stage  of  flip-flop  group  32a  and  a  second  stage  of  flip-flop  group 

40  32b  each  having  2,560  flip-flops.  As  shown  in  the  figure,  there  is  so  arranged  that  output  signals  of  flip-flops 
every  other  are  applied  to  the  latch  30b. 

The  LED,  head  30  shown  in  FIG.  26  further  includes  a  logical  operation  circuit  for  performing  a  logical 
operation  on  the  printing  data  signal  20  on  the  preceding  line  stored  in  the  buffer  30f  and  the  printing  data 
signal  20  now  transmitted.  The  logical  operation  circuit  comprises  flip-flops  65  and  66  for  latching  2  dots  of 

45  bit  data  in  the  print  ing  data  signal  20  on  the  preceding  line  transferred  from  the  buffer  30f,  the  flip-flops  66 
and  68  for  latching  two  dots  of  bit  data  in  the  printing  data  signal  20  on  the  current  line  or  the  now  noted 
line,  an  AND  gate  69  for  taking  a  logical  AND  on  an  output  of  the  flip-flop  65  and  the  printing  data  signal  20, 
further  AND  gate  70  for  taking  a  logical  AND  on  the  respective  outputs  of  the  flip-flops  65  and  68,  am  OR 
gate  71  for  taking  a  logical  OR  on  the  printing  data  signal  20,  an  output  signal  of  the  flip-flop  66,  an  output 

50  signal  of  the  AND  gate  69  and  an  output  signal  of  the  AND  gate  70,  a  flip-flop  72  adapted  to  produce 
alternately  binary  values  "1  "  and  "0",  an  AND  gate  73  for  imparting  a  logical  AND  on  an  output  signal  of 
the  OR  gate  71  and  an  output  signal  of  the  flip-flop  72,  and  an  OR  gate  74  for  imparting  a  logical  OR  on  an 
output  signal  of  the  AND  gate  73  and  the  printing  data  signal  20. 

In  the  LED  head  30  mentioned  above,  there  is  so  arranged  that  the  real  printing  data  signal  20b  and  the 
55  clock  signal  18a  are  supplied  to  the  shift  register  30a.  In  such  an  LED  head,  a  logical  operation  of  the 

printing  data  signal  20  on  the  preceding  line  stored  in  the  buffer  30f  and  the  printing  data  signal  20  now 
transmitted  is  carried  out  by  the  above-mentioned  logical  operation  circuitry  in  accordance  with  the  logical 
expression  (1)  set  forth  above,  so  that  the  real  printing  data  20b  for  printing  on  the  additional  raster  lines 

12 
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can  be  obtained. 
More  specifically,  as  a  result  of  the  above-mentioned  logical  operation,  the  odd  numbered  bit  data  are 

formed,  and  the  flip-flop  72  serves  to  transmit  to  the  shift  register  30a  alternately  the  thus  obtained  odd 
numbered  bit  data  and  the  even  numbered  bit  data.  As  a  result,  the  odd  numbered  bit  data  are  set  to  the 

5  first  stage  of  flip-flop  group  32a  and  then  latched  in  the  latch  30b  in  accordance  with  the  latch  signal  17. 
As  shown  in  FIG.  27,  after  latching  of  the  odd  numbered  bit  data,  the  LED  devices  are  correspondingly 

lightened  with  a  drive  energy  E2.  Further,  the  printing  control  unit  301  transmits  one  clock  of  the  clock 
signal  18a  and  then  the  latch  signal  17  to  the  LED  head  30,  so  that  the  even  numbered  hit  data  (for  printing 
on  basic  raster  lines)  are  set  to  the  first  stage  of  flip-flop  group  32a  and  then  latched  in  the  latch  30b  in 

io  accordance  with  the  latch  signal  17.  Subsequently,  when  the  sheet  advances  by  1/1200  inch  in  the  sheet 
feed  direction,  the  LED  devices  are  correspondingly  lightened  with  the  drive  energy  E1.  This  operation  is 
repeatedly  carried  out  on  the  respective  lines  so  as  to  form  an  electrostatic  latent  image  on  the 
photoconductor  drum. 

While  the  present  invention  has  been  described  with  reference  to  the  particular  illustrative  embodi- 
15  ments,  it  is  not  to  be  restricted  by  those  embodiments.  It  is  to  be  appreciated  that  those  skilled  in  the  art 

can  change  or  modify  the  embodiments  without  departing  from  the  scope  and  spirit  of  the  present 
invention. 

Claims 
20 

1.  A  non-impact  printer  provided  with  a  light  emitting  diode  (LED)  head  for  printing  and  control  means  for 
providing  a  sequence  control  for  the  printer  in  its  entirety  in  response  to  a  control  signal  and  a  video 
signal  from  another  controller,  said  control  means  including  a  print  data  receiving  circuit  adapted  to 
receive  the  video  signal  from  the  other  controller  and  transmit  a  timing  signal  to  the  other  controller, 

25  CHARACTERIZED  IN  THAT 
said  print  data  receiving  circuit  (R)  comprises: 
means  (60  in  FIG.  7)  for  generating  line  timing  signals  defining  printing  on  basic  raster  lines; 
means  (61  in  FIG.  7)  for  generating  additional  line  timing  signals  each  defining  printing  on  an 

additional  raster  line  during  an  interval  of  a  receiving  timing  of  the  line  timing  signals; 
30  first  conversion  means  (51  in  FIG.  7)  for  converting  partially  bit  data  of  the  received  video  signal 

into  a  first  signal  representative  of  a  data  sequence  corresponding  to  a  resolution  of  the  LED  head  (19 
in  FIG.  1); 

means  (57  in  FIG.  7)  for  transmitting  the  first  signal  to  the  LED  head  in  the  form  of  a  real  printing 
data  signal  to  be  printed  on  the  basic  raster  line  in  synchronism  with  the  line  timing  signal; 

35  second  conversion  means  (52,  53,  54  in  FIG.  7)  for  converting  the  remaining  bit  data  of  the 
received  video  signal,  which  are  not  converted  into  the  first  signal,  into  a  second  signal  representative 
of  another  data  sequence; 

a  line  buffer  (55  in  FIG.  7)  for  storing  the  second  signal  transmitted  from  said  second  conversion 
means;  and 

40  means  (56,  57,  61  in  FIG.  7)  for  transmitting  the  second  signal  stored  in  said  line  buffer  to  the  LED 
head  in  the  form  of  a  real  printing  data  signal  to  be  printed  on  the  additional  raster  line  in  synchronism 
with  the  additional  line  timing  signal, 

wherein  said  control  means  further  includes  means  (S  in  FIG.  7;  FIG.  28)  for  setting  first  LED  head 
drive  energy  with  which  the  basic  raster  lines  are  printed  and  second  LED  head  drive  energy  with 

45  which  the  additional  raster  lines  are  printed  independently  of  each  other. 

2.  A  non-impact  printer  according  to  claim  1,  CHARACTERIZED  IN  THAT  the  other  data  sequence  of  the 
second  signal  is  obtained  in  such  a  manner  that  each  of  the  remaining  bit  data  of  the  received  video 
signal  not  converted  into  the  first  signal  is  converted  correspondingly  to  the  adjacent  two  resolution 

50  positions  of  the  LED  head. 

3.  A  non-impact  printer  according  to  claim  1,  CHARACTERIZED  IN  THAT  said  LED  head  comprises  a 
plurality  of  LED  devices,  and  the  first  LED  head  drive  energy  is  predetermined  in  such  a  manner  that 
light  emission  intensity  at  the  light  emission  point  of  the  respective  LED  devices  of  the  LED  head 

55  sufficiently  exceeds  a  sensitivity  of  a  photoconductor  drum,  and  the  second  LED  head  drive  energy  is 
predetermined  in  such  a  manner  that  light  emission  intensity  at  the  light  emission  point  of  the 
respective  LED  devices  of  the  LED  head  is  less  than  the  sensitivity  of  the  photoconductor  drum,  but  if 
there  happens  the  simultaneous  light  emission  at  the  adjacent  light  emission  points,  synthesized  light 
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emission  intensity  exceeds  the  sensitivity  of  the  photoconductor  drum. 

4.  A  non-impact  printer  provided  with  an  LED  head  for  printing  and  control  means  for  providing  a 
sequence  control  for  the  printer  in  its  entirety  in  response  to  a  control  signal  and  a  video  signal  from 

5  another  controller,  said  control  means  including  a  print  data  receiving  circuit  adapted  to  receive  the 
video  signal  from  the  other  controller  and  transmit  a  timing  signal  to  the  other  controller, 

CHARACTERIZED  IN  THAT 
said  print  data  receiving  circuit  (R)  comprises: 
means  (60  in  FIG.  16)  for  generating  line  timing  signals  defining  printing  on  an  additional  raster  line 

io  during  an  interval  of  a  receiving  timing  of  the  line  timing  signals; 
means  (61  in  FIG.  16)  for  generating  additional  line  timing  signals  each  defining  printing  on  basic 

raster  lines; 
a  line  buffer  (82  in  FIG.  16)  for  storing  the  received  video  signal; 
first  conversion  means  (81,  96,  97  in  FIG.  16)  for  reading  out  the  video  signal  stored  in  said  line 

is  buffer,  converting  bit  data  of  the  read  out  video  signal  into  a  first  signal  representative  of  a  data 
sequence  corresponding  to  a  resolution  of  the  LED  head  (19  in  FIG.  1.  1),  so  that  a  resolution  in  a 
raster  direction  is  converted  into  that  in  a  sheet  transfer  direction; 

means  (95,  96  in  FIG.  16)  for  transmitting  the  first  signal  to  the  LED  head  in  the  form  of  a  real 
printing  data  signal  to  be  printed  on  the  basic  raster  line  in  synchronism  with  the  line  timing  signal; 

20  second  conversion  means  (89,  90,  92,  in  FIG.  16)  for  performing  a  logical  operation  based  on  the 
current  video  signal  entered  and  the  previous  video  signal  on  the  preceding  line  stored  in  the  line  buffer 
to  generate  a  second  signal  representative  of  another  data  sequence,  so  that  the  resolution  in  the  raster 
direction  is  converted  into  that  in  the  sheet  transfer  direction; 

means  (93,  95  in  FIG.  16)  for  transmitting  the  second  signal  generated  from  said  second 
25  conversion  means  to  the  LED  head  in  the  form  of  a  real  printing  data  signal  to  be  printed  on  the 

additional  raster  line  in  synchronism  with  the  additional  line  timing  signal, 
wherein  said  control  means  further  includes  means  (S  in  FIG.  1;  FIG.  28)  for  setting  first  LED  head 

drive  energy  with  which  the  basic  raster  lines  are  printed  and  second  LED  head  drive  energy  with 
which  the  additional  raster  lines  are  printed  independently  of  each  other. 

30 
5.  A  non-impact  printer  according  to  claim  4,  CHARACTERIZED  IN  THAT  the  logical  operation  is 

performed  in  accordance  with  the  following  logical  expression  representing  bit  data  on  an  additional 
raster  data  line  of  the  sheet: 

35 
B  N  ,  2  j  =  (A  N . 2 j - 1   )  +  (A  N,2i  +  1  ) 

+  (A  N  .  2  i  )  *  (A  N  +  1  .  2  j  +  1  ) 

+  (A  N  ,  2  i  )  *  (A  N  *  I  .  2  1-1  )  ■ 40 

where  A  m,  n  represents  bit  data  on  the  m-th  and  n-th  lines  of  the  received  600  DPI  video  signal  with  n 
representing,  if  it  is  an  even  number,  an  LED  head  resolution  position  and,  if  it  is  an  odd  number,  an 
intermediate  position  of  an  LED  head  resolution  position. 

45 
6.  A  non-impact  printer  according  to  claim  4,  CHARACTERIZED  IN  THAT  said  LED  head  comprises  a 

plurality  of  LED  devices,  and  the  first  LED  head  drive  energy  is  predetermined  in  such  a  manner  that 
light  emission  intensity  at  the  light  emission  point  of  the  respective  LED  devices  of  the  LED  head 
sufficiently  exceeds  a  sensitivity  of  a  photoconductor  drum,  and  the  second  LED  head  drive  energy  is 

50  predetermined  in  such  a  manner  that  light  emission  intensity  at  the  light  emission  point  of  the 
respective  LED  devices  of  the  LED  head  is  less  than  the  sensitivity  of  the  photoconductor  drum,  but  if 
there  happens  the  simultaneous  light  emission  at  the  adjacent  light  emission  points,  the  synthesized 
light  emission  intensity  exceeds  the  sensitivity  of  the  photoconductor  drum. 

55  7.  A  non-impact  printer  provided  with  an  LED  head  for  printing  and  control  means  for  providing  a 
sequence  control  for  the  printer  in  its  entirety  in  response  to  a  control  signal  and  a  video  signal  from 
another  controller,  said  control  means  including  a  print  data  receiving  circuit  adapted  to  receive  the 
video  signal  from  the  other  controller  and  transmit  a  timing  signal  to  the  other  controller, 

(A  N  .  2  j  - 

(A  N  )  2  i  ) 

(A  N  .  2  )  ) 

)  +  (A 

•  (A  N  + 

•  (A  N  + 

N  ,  2  i  +  1  ) 

1  .  2  j  +  1  ) 

1  .  2  i  -  1  )  . 
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CHARACTERIZED  IN  THAT 
said  print  data  receiving  circuit  (R)  comprises: 
means  (60  in  FIG.  20)  for  generating  line  timing  signals  defining  printing  on  basic  raster  lines,  and 

additional  line  timing  signals  each  defining  printing  on  an  additional  raster  line;  and 
5  resolution  conversion  means  (100  in  FIG.  20)  adapted  to  receive  repeatedly  twice  bit  data  on  the 

same  line  of  the  video  signal  corresponding  to  the  line  timing  signal  and  the  additional  line  timing 
signal,  respectively,  said  resolution  conversion  means  providing  such  a  control  that  bit  data  correspond- 
ing  to  a  resolution  of  the  LED  head  is  extracted  from  either  one  of  the  bit  data  to  be  repeatedly 
received  to  generate  a  first  signal  representative  of  data  sequence,  and  then  the  first  signal  is 

io  transmitted  to  the  LED  head  in  the  form  of  a  real  printing  data  signal  to  be  printed  on  the  basic  raster 
line  in  synchronism  with  the  line  timing  signal,  and  bit  data  not  corresponding  to  the  resolution  of  the 
LED  head  is  extracted  from  another  of  the  bit  data  to  be  repeatedly  received  to  generate  a  second 
signal  representative  of  another  data  sequence,  and  then  the  second  signal  is  transmitted  to  the  LED 
head  in  the  form  of  a  real  printing  data  signal  to  be  printed  on  the  additional  raster  line  in  synchronism 

is  with  the  additional  line  timing  signal, 
wherein  said  control  means  further  includes  means  (S  in  FIG.  1;  FIG.  28)  for  setting  first  LED  head 

drive  energy  with  which  the  basic  raster  lines  are  printed  and  second  LED  head  drive  energy  with 
which  the  additional  raster  lines  are  printed  independently  of  each  other. 

20  8.  A  non-impact  printer  according  to  claim  7,  CHARACTERIZED  IN  THAT  said  LED  head  comprises  a 
plurality  of  LED  devices,  and  the  first  LED  head  drive  energy  is  predetermined  in  such  a  manner  that 
light  emission  intensity  at  the  light  emission  point  of  the  respective  LED  devices  of  the  LED  head 
sufficiently  exceeds  a  sensitivity  of  a  photoconductor  drum,  and  the  second  LED  head  drive  energy  is 
predetermined  in  such  a  manner  that  light  emission  intensity  at  the  light  emission  point  of  the 

25  respective  LED  devices  of  the  LED  head  is  less  than  the  sensitivity  of  the  photoconductor  drum,  but  if 
there  happens  the  simultaneous  light  emission  at  the  adjacent  light  emission  points,  the  synthesized 
light  emission  intensity  exceeds  the  sensitivity  of  the  photoconductor  drum. 

9.  A  non-impact  printer  provided  with  am  LED  head  for  printing  and  control  means  for  providing  a 
30  sequence  control  for  the  printer  in  its  entirety  in  response  to  a  control  signal  and  a  video  signal  from 

another  controller, 
CHARACTERIZED  IN  THAT 
said  LED  head  (30  in  FIG.  22)  includes: 
a  shift  register  (30a  in  FIG.  23)  comprising  a  plurality  of  line  buffers  (1-n  in  FIG.  23  )  adapted  for 

35  storing  data  sequence  corresponding  to  a  resolution  of  the  LED  head,  which  is  extracted  from  bit  data 
of  a  printing  data  signal  transmitted  from  the  control  unit  (301  in  FIG.  22);  and 

resolution  conversion  means  (30e  in  FIG.  23,  41-45  in  FIG.  24)  for  converting  the  remaining  bit  data 
not  corresponding  to  the  resolution  of  the  LED  head  into  at  least  one  another  data  sequence 
corresponding  to  the  resolution  of  the  LED  head,  and  for  providing  such  a  control  that  the  at  least  one 

40  other  data  sequence  is  also  stored  in  said  line  buffers,  and  the  data  sequence  and  the  at  least  one 
other  data  sequence  are  alternately  read  out  from  said  line  buffers,  so  as  to  print  the  data  sequence 
corresponding  to  the  resolution  of  the  LED  head  on  a  basic  raster  line  and  print  the  at  least  one  other 
data  sequence  on  at  least  one  additional  raster  line, 

wherein  said  control  means  includes  means  (S  in  FIG.  22;  FIG.  28)  for  setting  first  LED  head  drive 
45  energy  with  which  the  basic  raster  lines  are  printed  and  second  LED  head  drive  energy  wich  which  the 

additional  raster  lines  are  printed  independently  of  each  other. 

10.  A  non-impact  printer  according  to  claim  9,  CHARACTERIZED  IN  THAT  said  LED  head  comprises  a 
plurality  of  LED  devices  (30c  in  FIG.  24)  and  the  first  LED  head  drive  energy  is  predetermined  in  such 

50  a  manner  that  light  emission  intensity  at  the  light  emission  point  of  the  respective  LED  devices  of  the 
LED  head  sufficiently  exceeds  a  sensitivity  of  a  photoconductor  drum,  and  the  second  LED  head  drive 
energy  is  predetermined  in  such  a  manner  that  light  emission  intensity  at  the  light  emission  point  of  the 
respective  LED  devices  of  the  LED  head  is  less  than  the  sensitivity  of  the  photoconductor  drum,  but  if 
there  happens  the  simultaneous  light  emission  at  the  adjacent  light  emission  points,  the  synthesized 

55  light  emission  intensity  exceeds  the  sensitivity  of  the  photoconductor  drum. 

11.  A  non-impact  printer  provided  with  an  LED  head  for  printing  and  control  means  for  providing  a 
sequence  control  for  the  printer  in  its  entirety  in  response  to  a  control  signal  and  a  video  signal  from 
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another  controller, 
CHARACTERIZED  IN  THAT 
said  LED  head  (30  in  FIG.  22)  includes: 
a  buffer  (30f  in  FIG.  26)  for  storing  a  printing  data  signal  on  a  preceding  line  transmitted  from  the 

5  control  unit  (301  in  FIG.  22); 
a  logical  operation  circuit  (65-74  in  FIG.  26)  for  performing  a  logical  operation  of  the  printing  data 

signal  on  the  preceding  line  stored  in  said  buffer  (30f)  and  the  printing  data  signal  now  transmitted  to 
generate  a  real  printing  data  signal  for  printing  on  additional  raster  lines; 

storage  means  (30a  in  FIG.  26)  for  storing  the  real  printing  data  signal  from  said  logical  operation 
io  circuit  and  another  real  printing  data  signal  for  printing  on  basic  raster  lines;  and 

means  (72  in  FIG.  26)  for  taking  out  alternately  the  real  printing  data  signal  and  the  other  real 
printing  data  signal  from  said  storage  means, 

wherein  said  control  means  includes  means  (S  in  FIG.  22;  FIG.  28)  for  setting  first  LED  head  drive 
energy  with  which  the  basic  raster  lines  are  printed  and  second  LED  head  drive  energy  with  which  the 

is  additional  raster  lines  are  printed  independently  of  each  other. 

12.  A  non-impact  printer  according  to  claim  11,  CHARACTERIZED  IN  THAT  the  logical  operation  is 
performed  in  accordance  with  the  following  logical  expression  representing  bit  data  on  an  additional 
raster  data  line: 

20 
B  N,2j  =  (A  N , 2 j - I   ) +   (A  N,2 j+1   ) 

+  (A  N .2 j )   *  (A  N  +  1  ,  2  j  +  1  ) 

+  (A  N  ,  2  j  )  *  (A  N  +  1  i  2  j  -  1  )  , 25 

where  A  m,  n  represents  bit  data  on  the  m-th  and  n-th  lines  of  the  received  600  DPI  video  signal  with  n 
representing,  if  it  is  an  even  number,  an  LED  head  resolution  position  and,  if  it  is  an  odd  number,  an 
intermediate  position  of  an  LED  head  resolution  position. 

30 
13.  A  non-impact  printer  according  to  claim  11,  CHARACTERIZED  IN  THAT  said  LED  head  comprises  a 

plurality  of  LED  devices  (30c  in  FIG.  26),  and  the  first  LED  head  drive  energy  is  predetermined  in  such 
a  manner  that  light  emission  intensity  at  the  light  emission  point  of  the  respective  LED  devices  of  the 
LED  head  sufficiently  exceeds  a  sensitivity  of  the  photoconductor  drum,  and  the  second  LED  head 

35  drive  energy  is  predetermined  in  such  a  manner  that  light  emission  intensity  at  the  light  emission  point 
of  the  respective  LED  devices  of  the  LED  head  is  less  than  the  sensitivity  of  the  photoconductor  drum, 
but  if  there  happens  the  simultaneous  light  emission  at  the  adjacent  light  emission  points,  the 
synthesized  light  emission  intensity  exceeds  the  sensitivity  of  the  photoconductor  drum. 

40  14.  A  non-impact  printer  according  to  claim  11,  CHARACTERIZED  IN  THAT  said  storage  means  comprises 
a  shift  register  (30a  in  FIG.  26)  having  a  first  stage  of  storage  unit  (32a  in  FIG.  26)  and  a  second  stage 
of  storage  unit  (32b  in  FIG.  26)  each  adapted  to  store  a  half  of  bit  data  corresponding  to  the  number  of 
a  raster  line  of  dots. 
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