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(57)  A  drive  control  apparatus  for  a  thermal  head, 
capable  of  controlling  application  energy  given 
to  heater  elements  in  the  thermal  head  on  the 
basis  of  not  only  history  information  of  a  pre- 
sent  heater  element  but  also  print  information 
including  print  history  information  of  heater 
elements  adjacent  to  the  present  heater  ele- 
ment.  A  print  information  processing  is  carried 
out  based  on  the  print  history  information  of  the 
present  heater  element,  the  print  information  of 
the  adjacent  heater  elements,  and  the  print 
history  information  of  the  preceding  and  two 
times  before  print  information  of  the  adjacent 
heater  elements.  One  example  of  this  proces- 
sing  circuit  includes  an  OR  circuit  for  a  logical 
sum  of  the  preceding  and  two  times  before  print 
information  of  the  adjacent  heater  element,  an 
AND  circuit  for  a  logical  product  of  this  OR 
output  and  a  print  speed  signal,  and  an  OR 
circuit  for  a  logical  sum  of  this  AND  output  and 
the  print  information  of  the  adjacent  heater 
element. 
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The  present  invention  relates  to  a  drive  control 
apparatus  for  a  thermal  head  and  more  particularly  to 
an  apparatus  for  a  formation  of  a  control  signal  for 
driving  heater  elements  in  the  thermal  head. 

Conventional  a  thermal  head  is  provided  is  pro- 
vide  with  a  heater  element  group  or  a  plurality  of  hea- 
ter  elements  arranged  in  a  matrix  form  corresponding 
to  print  dots,  and  the  heater  elements  are  selectively 
driven  according  to  print  data  in  order  to  carry  out  a 
print  operation  directly  onto  heat  sensitive  paper  or 
onto  paper  via  in  ink  ribbon.  In  the  thermal  head  of  this 
kind,  when  the  print  speed  is  increased,  the  next  driv- 
ing  operation  of  the  heater  elements  is  started  before 
the  temperature  of  the  driven  heater  elements  is  low- 
ered,  and  hence  the  surface  temperature  of  the  ther- 
mal  head  is  raised  to  cause  uneven  printing.  Further, 
when  the  heat  storage  temperature  of  the  head  is 
increased,  the  thermal  stress  causes  cracks  or  bub- 
bles  in  the  head  which  reduces  the  head  life.  Accord- 
ingly,  in  the  conventional  thermal  head,  a  past  thermal 
history  of  the  heater  elements  is  detected,  and  a  cur- 
rent  application  time  to  the  heater  elements  is  control- 
led  according  to  the  detected  result. 

In  Fig.  1  ,  there  is  shown  a  conventional  drive  con- 
trol  apparatus  for  a  thermal  head.  In  this  drive  control 
apparatus,  print  are  stored  in  a  shift  register  (S.R.)  1 
by  using  a  clock  signal.  To  the  shift  register  1,  a 
plurality  of  gate  circuits  3a  to  3n  are  connected  via  a 
latch  circuit  2,  and  the  gate  circuits  3a  to  3n  are  coup- 
led  to  respective  heater  elements  4.  In  this  case,  the 
print  data  stored  in  order  in  the  shift  register  1  are  tem- 
porarily  held  in  the  latch  circuit  2  and  are  then  output 
to  the  gate  circuits  3a  to  3n.  Hence,  in  the  gate  circuits 
3a  to  3n,  on  the  basis  of  the  present  print  data,  the  pre- 
ceding  print  data  and  a  gate  signal,  a  print  control  sig- 
nal  to  be  fed  to  the  heater  elements  4  is  formed.  For 
example,  when  the  print  data  are  "Hi"  (print  state)  at 
not  only  the  present  time  but  also  the  preceding  time, 
a  control  signal  of  a  shorter  pulse  is  formed  rather  than 
in  the  case  where  the  print  data  are  "Hi"  at  the  present 
time  but  "Low"  (blank  state)  at  the  preceding  time.  As 
a  result,  a  suitable  current  application  time  consider- 
ing  the  past  heat  generation  state  is  given,  and  a  good 
printing  operation  can  be  carried  out.  Further,  in  this 
case,  a  history  taking  into  account  the  state  of  the  hea- 
ter  element  two  times  before  can  be  also  considered. 

In  the  above-described  conventional  drive  control 
apparatus  for  the  thermal  head,  as  shown  in  Fig.  2, 
when  a  zigzag  half  pattern  printing  operation  is  carried 
out,  a  blank  part  is  partially  encroached  by  the  printed 
part  and  a  good  quality  printing  state  can  not  be  suf- 
ficiently  obtained. 

Accordingly,  it  is  considered  that  the  drive  time, 
the  drive  voltage  and  the  like  of  the  present  heater  ele- 
ment  to  be  controlled  are  controlled  with  reference  to 
not  only  the  print  history  information  of  the  present 
heater  element  but  also  to  the  print  information  of  the 
adjacent  heater  elements  in  order  to  obtain  proper 

printed  dots. 
However,  particular  in  case  of  speed  printing, 

since  the  history  of  the  adjacent  heater  elements  has 
an  influence  on  the  print  quality,  it  is  necessary  to  con- 

5  sider  the  print  history  information  of  the  adjacent  hea- 
ter  elements  in  addition  to  the  print  history  information 
of  the  present  heater  element  and  the  print  infor- 
mation  of  the  adjacent  heater  elements. 

Hence,  as  shown  in  Fig.  3,  it  can  be  considered 
10  to  drive  a  present  heater  element  for  printing  a  dot  DA 

in  consideration  of  not  only  the  present  states  of  dots 
DB  and  Dc  of  the  adjacent  heater  elements,  and  the 
preceding  state  of  dot  DD  and  a  state  two  times  before 
of  dot  DG  of  the  present  heater  element  but  also  the 

15  preceding  state  of  dots  DE  and  DF  and  the  state  two 
times  before  of  dots  DH  and  D|  of  the  adjacent  heater 
elements. 

However,  if  these  dots  are  all  considered,  the 
number  of  dot  bits  to  be  considered  is  8,  and,  when  a 

20  level  separation  is  executed  in  consideration  of  all 
these  particulars,  there  are  256  level  separations. 
Thus,  the  circuit  structure  becomes  very  complicated, 
and  further  it  is  actually  impossible  to  carry  out  a  rapid 
transmission  of  256  level  data  to  a  driver. 

25  It  is  therefore  an  object  of  embodiments  of  the 
present  invention  to  provide  a  drive  control  apparatus 
forathermal  head  in  view  of  the  aforementioned  prob- 
lems,  which  is  capable  of  controlling  application 
energy  for  the  thermal  head  according  to  not  only  print 

30  history  information  of  present  heater  element  to  be  dri- 
ven  but  also  print  information  including  print  history 
information  of  adjacent  heater  elements,  reducing  the 
number  of  bits  of  print  information  to  be  considered  in 
such  a  controlling  operation,  and  carrying  out  high 

35  speed  processing  without  necessitating  a  compli- 
cated  circuit  structure. 

In  accordance  with  one  aspect  of  the  present 
invention,  there  is  provided  a  drive  control  apparatus 
for  a  thermal  head  for  carrying  out  drive  control  on  the 

40  basis  of  print  information  of  a  plurality  aligned  heater 
elements,  comprising  processor  means  for  proces- 
sing  print  information  of  the  basis  of  history  infor- 
mation  of  a  present  heater  element  to  be  driven,  print 
information  of  heater  elements  adjacent  to  the  present 

45  heater  element,  and  history  information  of  preceding 
and  two  times  before  print  information  of  the  adjacent 
heater  elements;  and  controller  means  for  controlling 
application  energy  of  the  present  heater  element 
according  to  the  print  information  processed  by  the 

so  processor  means. 
In  a  preferred  embodiment,  the  apparatus  further 

comprises  memory  cells  for  storing  print  information 
of  the  heater  elements. 

In  another  preferred  embodiment,  the  apparatus 
55  further  comprises  a  first  shift  register  for  storing  pre- 

sent  print  information  of  the  heater  elements;  a  sec- 
ond  shift  register  for  storing  preceding  time  print 
history  information  of  the  heater  elements;  a  third  shift 
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registerfor  storing  two  times  before  print  history  infor- 
mation  of  the  heater  elements;  and  a  history  pro- 
cessor  to  which  is  input  the  print  history  information  of 
the  present  heater  element  to  be  processed  and  the 
print  information  and  the  history  pring  information  of 
the  adjacent  heater  elements  from  the  first,  second 
and  third  shift  registers  and  carrying  out  a  history  pro- 
cessing  of  the  present  heater  element  on  the  basis  of 
the  input  information. 

The  history  processor  can  include  an  OR  circuit 
for  outputting  an  OR  output  of  the  present  time  print 
information  of  the  adjacent  heater  element  and  the 
preceding  and  two  times  before  print  information  of 
the  adjacent  heater  element  to  process  it  as  the  print 
information  of  the  adjacent  heater  element. 

The  history  processor  can  also  include  a  switch 
part  for  carrying  out  an  ON  and  OFF  operation  of  the 
preceding  and  two  times  before  print  information  of 
the  adjacent  heater  element. 

The  history  processor  can  further  include  and 
AND  circuit  for  outputting  and  AND  output  of  an  OR 
output  of  the  preceding  time  print  information  and  the 
two  times  before  print  information  of  the  adjacent  hea- 
ter  element  and  a  printing  speed  signal,  and  an  OR 
circuit  for  outputting  an  OR  output  of  the  AND  output 
of  the  AND  circuit  and  the  present  time  print  infor- 
mation  of  the  adjacent  heater  element  to  process  the 
print  information  of  the  adjacent  heater  element. 

The  history  processor  can  still  further  include  an 
OR  circuit  for  outputting  an  OR  output  of  the  preced- 
ing  time  print  history  information  and  the  two  times 
before  print  history  information  of  the  present  heater 
element  to  process  the  print  history  information  of  the 
present  heater  element. 

The  history  processor  can  control  current  supply 
time  in  a  priority  order  of  the  preceding  time  print  his- 
tory  information  of  the  present  heater  element,  the  two 
times  before  print  history  information  of  the  present 
heater  element,  and  the  print  information  of  the  adja- 
cent  heater  elements. 

Further,  in  case  that  the  level  separation  of  the 
current  supply  is  conducted  into  the  priority  order  of 
the  preceding  history  print  information  of  the  present 
heater  element,  the  two  times  before  history  print 
information  of  the  present  heater  element  and  the 
print  information  of  the  adjacent  heater  elements, 
when  it  is  discriminated  that  the  current  supply  time  of 
these  print  information  are  equal,  by  using  an  incre- 
ment  function  (INC),  the  level  separation  can  be 
reduced,  and  thus  a  more  high  speed  processing  can 
be  carried  out. 

Examples  of  the  present  invention  will  now  be 
described  with  reference  to  the  drawings,  in  which:- 

Fig.  1  is  a  block  diagram  of  a  conventional  drive 
control  apparatus  for  a  thermal  head; 
Fig.  2  is  an  explanatory  view  schematically  show- 
ing  a  print  example  of  a  zigzag  half  pattern  used 
in  the  apparatus  show  in  Fig.  1 

Fig.  3  is  an  explanatory  view  schematically  show- 
ing  print  dots  arranged  in  a  matrix  form  to  be  con- 
sidered  during  history  processing  in  the 
apparatus  show  in  Fig.  1; 

5  Fig.  4  is  a  circuit  diagram  of  one  embodiment  of 
a  logic  circuit  for  obtaining  a  control  signal  for  con- 
trolling  the  application  energy  given  to  heater  ele- 
ments  according  to  the  present  invention; 
Fig.  5  is  a  circuit  diagram  of  another  embodiment 

10  of  a  logic  circuit  for  obtaining  a  control  signal  for 
controlling  the  application  energy  given  to  heater 
elements  according  to  the  present  invention; 
Fig.  6  is  a  block  diagram  of  a  drive  control 
apparatus  for  a  thermal  head  using  shift  registers 

15  according  to  one  embodiment  of  the  present 
invention; 
Fig.  7  is  an  explanatory  view  schematically  show- 
ing  print  data  required  for  print  data  processing  in 
the  apparatus  shown  in  Fig.  6; 

20  Fig.  8  is  a  circuit  diagram  of  one  embodiment  of 
a  history  processor  shown  in  Fig.  6; 
Fig.  9  is  a  timing  chart  for  explaining  the  theory  of 
history  control  and  adjacent  dot  control  used  in 
the  apparatus  shown  in  Fig.  6; 

25  Fig.  10  is  an  explanatory  view  showing  drive 
pulse  forms  along  with  heater  element  patterns, 
formed  in  the  apparatus  shown  in  Fig.  6; 
Fig.  11  is  an  explanatory  view  of  a  variety  of  sig- 
nals  to  be  input  to  a  print  head  according  to  one 

30  embodiment  of  the  present  invention;  and 
Fig.  12  is  a  circuit  diagram  of  another  embodi- 
ment  of  a  history  processor  shown  in  Fig.  6. 
Embodiments  of  the  present  invention  will  now  be 

described  with  reference  to  the  attached  drawings, 
35  wherein  like  reference  characters  designate  like  or 

corresponding  parts  throughout  the  views  and  thus 
the  repeated  description  thereof  can  be  omitted  for 
brevity. 

There  is  shown  in  Fig.  4  one  embodiment  of  a 
40  logic  circuit  for  obtaining  a  control  signal  for  control- 

ling  the  application  energy  given  to  heater  elements 
in  a  thermal  head  In  this  embodiment,  there  are  pro- 
vided  memory  cells  SA,  SB,  Sc,  SD,  SE,  SF,  SG,  SH  and 
S|  arranged  in  a  3X3  matrix  form,  that  is,  SAforstoring 

45  print  information  for  printing  at  the  present  time  by  a 
present  heater  element,  SB  and  Sc  for  storing  print 
information  for  printing  at  the  present  time  by  heater 
elements  adjacent  to  the  present  heater  element,  SD 
for  storing  print  information  for  printing  the  preceding 

so  time  by  the  present  heater  element,  SGforstoring  print 
information  for  printing  two  times  before  by  the  pre- 
sent  heater  element,  SE  and  SF  for  storing  print  infor- 
mation  for  printing  the  preceding  time  by  the  adjacent 
heater  elements  and  SH  and  S|  for  storing  print  infor- 

55  mation  for  printing  the  two  times  before  by  the  adja- 
cent  heater  elements. 

Although  this  embodiment  is  described  with  refer- 
ence  to  the  memory  cell  SA  for  storing  the  print  infor- 

3 
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mation  of  the  present  heater  element  to  be  driven  for 
printing  at  the  present  time,  the  processing  of  the  print 
information  of  another  heater  element  for  printing  at 
the  present  time  can  be  carried  out  in  the  same  man- 
ner  as  the  cell  SA  by  using  the  same  logic  circuit,  and 
thus  in  this  instance,  the  processing  for  one  heater 
element  will  be  described. 

As  shown  in  Fig.  4,  the  outputs  of  the  memory 
cells  SD  and  SG  for  storing  the  preceding  print  infor- 
mation  and  the  two  times  before  print  information  of 
the  present  heater  element  are  output  directly  as  his- 
tory  dot  data  of  the  present  heater  element.  The  out- 
puts  of  the  memory  cells  SF  and  S|  for  storing  the 
preceding  print  information  and  the  two  times  before 
print  information  of  one  adjacent  heater  element  are 
input  to  two  input  terminals  of  an  OR  circuit  12,  and 
the  output  of  the  ORcircuit  12  is  input  to  one  input  ter- 
minal  of  an  AND  circuit  14.  The  outputs  of  the  memory 
cells  SE  and  SH  for  storing  the  preceding  print  infor- 
mation  and  the  two  times  before  print  information  of 
the  other  adjacent  heater  element  are  input  to  input 
terminals  of  an  ORcircuit  13,  and  the  output  of  the  OR 
circuit  13  is  input  to  one  input  terminal  of  an  AND  cir- 
cuit  15.  An  ON/OFF  signal  for  selecting  whether  or  not 
the  history  print  information  of  the  adjacent  elements 
is  output  as  the  control  signal  is  input  to  the  other  input 
terminals  of  the  AND  circuits  14  and  1  5.  The  output  of 
the  AND  circuit  14  is  input  to  one  input  terminal  of  an 
ORcircuit  16,  and  the  output  of  the  memory  cell  Scfor 
storing  the  present  print  information  of  one  adjacent 
heater  element  is  input  to  the  other  input  terminal  of 
the  OR  circuit  16.  The  output  of  the  OR  circuit  16  is 
output  as  one  adjacent  dot  data.  The  output  of  the 
AND  circuit  15  is  input  to  one  input  terminal  of  an  OR 
circuit  17,  and  the  output  of  the  memory  cell  SB  for 
storing  the  present  print  information  of  the  other  adja- 
cent  heater  element  is  input  to  the  other  input  terminal 
of  the  OR  circuit  17.  The  output  of  the  OR  circuit  17 
is  output  as  the  other  adjacent  dot  data. 

In  this  embodiment,  when  the  thermal  head  is 
used  for  high  speed  printing,  an  ON  signal  as  the 
ON/OFF  signal  is  input  to  the  AND  circuits  14  and  15. 
As  a  result,  the  history  dot  data  of  the  preceding  time 
and  two  times  before  of  the  present  heater  element 
are  output  from  the  memory  cells  SD  and  SG.  The  pre- 
sent  print  information  and  the  preceding  and  two  times 
before  print  history  information  of  one  adjacent  heater 
element  are  output  from  the  ORcircuit  16,  and  the  pre- 
sent  print  information  and  the  preceding  and  two  times 
before  print  history  information  of  the  other  adjacent 
heater  element  are  output  from  the  OR  circuit  17. 

By  the  outputs  of  the  OR  circuits  16  and  17  and 
the  history  dot  data  of  the  preceding  time  and  two 
times  before  of  the  present  heater  element,  the  print 
information  of  the  adjacent  heater  elements,  the  print: 
history  information  of  the  present  heater  element,  the 
print  history  information  of  the  adjacent  heater  ele- 
ments  are  referred  and  output  as  the  information  for 

controlling  the  application  energy  given  to  the  present 
heater  element.  Hence,  since  up  to  the  print  history 
information  of  the  adjacent  heater  elements  is  con- 
sidered,  ever  during  high  speed  printing,  by  carrying 

5  out  a  contraction  drive  control,  a  high  quality  printing 
can  be  performed. 

On  the  other  hand,  when  the  thermal  head  is  used 
for  low  speed  printing,  an  OFF  signal  is  fed  to  the  AND 
circuits  14  and  15,  and  hence,  the  outputs  of  the  OR 

10  circuits  12  and  1  3  are  stopped  at  the  AND  circuits  14 
and  15.  Accordingly,  only  the  print  informtation  of  the 
adjacent  heater  elements  is  output  from  the  OR  cir- 
cuits  16  and  17,  and  hence  the  control  of  the  appli- 
cation  energy  to  the  present  heater  element  is  carried 

15  out  according  to  the  print  information  of  the  adjacent 
heater  elements  and  the  print  history  information  of 
the  present  heater  element  so  as  to  perform  a  concise 
print  control. 

In  Fig.  5,  there  is  shown  another  embodiment  of 
20  a  logic  circuit  for  obtaining  a  control  signal  for  control- 

ling  application  energy  given  to  heater  elements  in  a 
thermal  head  according  to  the  present  invention,  hav- 
ing  the  same  construction  as  the  first  embodiment 
shown  in  Fig.  4,  except  that  the  outputs  of  the  memory 

25  cells  SD  and  SG  are  output  as  the  history  dot  data  of 
the  present  heater  element  through  an  OR  circuit  1  1  . 
In  this  embodiment,  the  same  effects  and  advantages 
as  those  in  the  first  embodiment  shown  in  Fig.  4  can 
be  obtained. 

30  In  Fig.  6,  there  is  shown  one  embodiment  of  a 
drive  control  apparatus  for  a  thermal  head  according 
to  the  present  invention.  In  this  embodiment,  a  print 
data  input  terminal  and  a  data  output  terminal  are 
coupled  to  a  user  area  shift  register  (S.R.)  20  forstor- 

35  ing  the  print  data  in  the  user  side,  and  a  first  shift  regi- 
ster  (S.R.)  24  for  storing  the  print  data  at  the  present 
time  is  connected  to  the  user  area  shift  register  20 
through  a  first  selector  (SL)  22.  A  second  shift  register 
(S.R.)  28  for  storing  the  print  data  at  the  preceding 

40  time  is  coupled  with  the  first  shift  register  24  through 
a  second  selector  (SL)  26.  A  third  shift  register  (S.R) 
32  for  storing  the  print  data  two  times  before  is  coup- 
led  with  the  second  shift  register  28  through  a  third 
selector  (SL)  30.  In  each  of  the  first,  second  and  third 

45  shift  register  24,  28  and  32,  the  print  data  stored  the- 
rein  are  circulated  in  order  through  the  selector  22,  26 
or  30.  A  start  signal  input  terminal  is  coupled  to  a  level 
set  34,  and  a  history  processor  36  is  connected  to  the 
level  set  34.  The  print  data  A,  B,  C,  D,  E,  F,  G,  H  and 

so  I  required  for  the  history  processing  are  output  from 
output  terminals  of  the  first,  second  and  third  shift  regi- 
sters  24,  28  and  32  to  the  history  processor  36,  and 
the  history  processor  36  outputs  history  data  and  a 
clock  signal. 

55  Fig.  7  shows  a  relationship  between  the  print  data 
A,  B,  C,  D,  E,  F,  G,  H  and  I  at  the  present  time,  the 
preceding  time  and  two  times  before  for  the  history 
processing  and  a  present  heater  element  and  two 

4 
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adjacent  heater  elements  thereto.  That  is,  the  (print 
dot)  data  of  the  present  heater  element  to  be  proces- 
sed  are  A  and  the  print  data  of  the  adjacent  heater  ele- 
ments  at  the  present  time  are  B  and  C.  The  print  data 
of  these  three  heater  elements  at  the  preceding  time 
are  D,  E,  and  F,  and  the  print  data  of  the  three  heater 
elements  two  times  before  are  G,  H  and  I.  Hence,  in 
this  case,  in  order  to  obtain  the  print  information  of  the 
data  A,  the  data  B  to  I  are  used.  By  converting  the 
order  of  these  information  items  by  manipulation 
within  the  shift  registers  24,  28  and  32,  the  history  pro- 
cessing  of  all  heater  elements  can  be  carried  out. 

In  Fig.  8,  there  is  shown  one  embodiment  of  the 
history  processor  36  along  with  the  memory  cells  SA, 
SB,  Sc;  SD,  SE,  SF,  SG,  SH,  and  S|  arranged  in  the  3  x 
3  matrix  form  in  the  same  manner  as  the  embodiment 
shown  in  Fig.  4.  The  memory  cells  SA,  SB,  Sc,  SD,  SE, 
SF,  SG,  SH  and  S|  corresponding  to  the  print  data  A, 
B,  C,  D,  E,  F,  G,  H  and  I  of  the  heater  elements  as 
shown  in  Fig.  7  are  contained  in  the  first,  second  and 
third  shift  registers  24,  28  and  32  shown  in  Fig.  6.  That 
is,  as  shown  in  Fig.  8,  the  outputs  of  the  memory  cells 
SD  and  SG  are  directly  output  as  the  history  dot  data 
of  the  present  heater  element.  The  outputs  of  the 
memory  cells  SF  and  S|  are  input  to  an  OR  circuit  42 
for  calculating  a  logical  sum  thereof,  and  the  output  of 
the  OR  circuit  42  is  input  to  one  input  terminal  of  an 
AND  circuit  44.  The  outputs  of  the  memory  cells  SE 
and  SH  are  input  to  an  OR  circuit  43,  and  the  output 
of  the  ORcircuit  43  is  input  to  one  input  terminal  of  an 
AND  circuit  45.  An  ON/OFF  signal  for  changing  the 
control  conditions  according  to  either  low  speed  print- 
ing  or  high  speed  printing  is  input  as  the  control  signal 
to  the  other  input  terminals  of  the  AND  circuits  44  and 
45  for  calculating  a  logical  product  of  the  two  input 
data.  The  output  of  the  AND  circuit  44  is  input  to  one 
input  terminal  of  an  OR  circuit  46,  and  the  output  of  the 
memory  cell  Sc  is  input  to  the  other  input  terminal  of 
the  OR  circuit  46.  The  output  of  the  OR  circuit  46  is 
output  as  one  adjacent  dot  data.  The  output  of  the 
AND  circuit  45  is  input  to  one  input  terminal  of  an  OR 
circuit  47,  and  the  output  of  the  memory  cell  SB  is  input 
to  the  other  input  terminal  of  the  OR  circuit  47.  The 
output  of  the  OR  circuit  47  is  output  as  the  other  adja- 
cent  dot  data. 

Next,  the  operation  of  the  drive  control  apparatus 
shown  in  Fig.  6  will  be  described  in  detail. 

First,  when  electric  power  is  turned  on  or  a  reset 
signal  is  input,  the  first,  second  and  third  shift  registers 
24,  28  and  32  are  cleared,  and  the  print  data  are  input 
from  a  user  to  the  user  area  shift  register  20.  When  a 
load  is  input,  the  print  data  are  consecutively  sent 
from  the  user  area  shift  register  20  to  the  first  shift  regi- 
ster  24  via  the  first  selector  22  (101  to  102),  from  the 
first  shift  register  24  to  the  second  shift  register  28  via 
the  second  selector  26  (1  04  to  1  06),  and  from  the  sec- 
ond  shift  register  28  to  the  third  shift  register  32  via  the 
third  selector  30  (1  08  to  1  1  0).  Hence,  the  first,  second 

and  third  shift  registers  24,  28  and  32  store  the  pre- 
sent  print  data,  the  preceding  print  data  and  the  two 
times  before  print  data,  respectively. 

Next,  when  a  first  start  signal  is  input  to  the  level 
5  set  34,  a  level  1  rises  in  the  level  set  34,  and  the  data 

are  circulated  in  the  direction  of  1  03  to  1  05,  1  07  to  1  09 
and  1  1  1  to  1  1  2  in  the  respertive  first,  second  and  third 
shift  registers  24,  28  and  32.  At  the  same  time,  the 
print  data  A  to  I  are  supplied  to  the  history  processor 

w  36. 
As  shown  in  Fig.  8,  the  OR  circuits  42  and  43  cal- 

culate  the  logical  sums  of  the  preceding  and  two  times 
before  print  data  of  the  adjacent  heater  elements.  The 
outputs  of  the  memory  cells  SG  and  SD  are  directly  out- 

15  put  as  the  history  dot  data.  In  turn,  the  logical  product 
of  the  output  of  the  OR  circuit  42  and  the  ON/OFF  sig- 
nal  for  determining  whether  or  not  the  history  proces- 
sing  is  carried  out  is  calculated  in  the  AND  circuit  44, 
and  the  logical  product  of  the  output  of  the  OR  circuit 

20  43  and  the  ON/OFF  signal  is  calculated  in  the  AND  cir- 
cuit  45.  At  this  time,  in  the  case  of  high  speed  printing, 
since  the  ON  signal  (Hi)  is  fed  to  the  AND  circuits  44 
and  45,  when  the  output  of  the  OR  circuit  42  or  43  is 
"Hi",  the  output  of  the  AND  circuit  44  or  45  becomes 

25  "Hi".  Then,  the  logical  product  of  the  output  of  the  AND 
circuit  44  and  the  print  data  of  the  memory  cell  Sc  is 
calculated  in  the  OR  circuit  46,  and  logical  product  of 
the  output  of  the  AND  circuit  45  and  the  print  data  of 
the  memory  cell  SB  is  calculated  in  the  OR  circuit  47. 

30  The  OR  circuits  46  and  47  output  the  adjacent  dot 
data. 

Therefore,  the  "Hi"  or  "Low"  of  the  history  infor- 
mation  of  the  present  heater  element  is  directly  output 
as  the  history  dot  data.  In  the  OR  circuit  46  or  47, 

35  when  at  least  one  of  the  three  print  data  such  as  print 
data  and  the  history  print  data  of  the  adjacent  heater 
element  is  "Hi",  the  "Hi"  of  the  adjacent  dot  data  are 
output.  After  the  history  processing  of  level  1  is 
finished  as  described  above,  the  start  signal  of  the 

40  next  level  is  input  to  the  level  set  34,  and  level  2  to 
level  6  stand  up  in  order  in  the  level  set  34.  Hence,  the 
history  processing  is  repeated  as  described  above, 
and  the  history  processor  36  outputs  the  history  data 
for  the  present  heater  element  together  with  the  clock 

45  signal. 
As  described  above,  using  4  output  bits  from  the 

history  information  and  the  OR  circuits  46  and  47,  the 
print  information  of  the  present  heater  element,  the 
preceding  and  two  times  before  history  information  of 

so  the  present  heater  element,  and  the  print  information 
and  the  history  information  of  the  adjacent  heater  ele- 
ments  are  represented  respectively,  and  the  appli- 
cation  energy  of  the  present  heater  element  is 
controlled.  In  practice,  the  control  of  the  application 

55  energy  is  carried  out  by  controlling  the  current  supply 
time,  and  the  trailing  edges  of  the  current  supply  times 
are  aligned  so  as  to  make  the  temperatures  of  the 
heater  elements  equal. 

5 
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Basically,  as  shown  in  Fig.  9,  in  the  history  con- 
trol,  when  the  present  heater  element  is  heated  at  the 
preceding  time  (1),  since  the  thermal  energy  remains, 
a  short  current  supply  time  is  sufficient,  when  the  pre- 
sent  heater  element  is  heated  two  times  before  (2),  a 
longer  current  supply  time  than  the  preceding  heating 
case  is  necessary,  and  when  the  present  heater  ele- 
ment  is  independently  heated  or  not  heated  at  the  pre- 
ceding  time  nor  two  times  before  (3),  a  till  longer 
current  supply  time  than  the  two  times  before  heating 
case  is  required.  In  turn,  in  the  adjacent  dot  control, 
when  both  the  adjacent  dots  are  heated  at  the  same 
time  (4),  since  the  heat  is  not  released  sideways,  the 
leading  inclination  of  heat  becomes  large,  and  the 
temperature  reaches  the  peak  in  a  short  time.  Hence, 
a  short  current  supply  time  is  sufficient.  When  the  pre- 
sent  heater  element  is  independently  heated  without 
heating  the  adjacent  dots  (5),  the  same  result  as  the 
above  case  (3)  is  obtained. 

In  practice,  as  shown  in  Fig.  1  0,  by  a  combination 
of  the  outputs  of  4  bits,  the  drive  pulses  are  separated 
into  6  different  durations  for  control  purposes.  That  is, 
the  current  supply  times  of  A  to  F  are  determined. 
When  the  history  dot  data  and  the  adjacent  dot  data 
are  "Low",  a  drive  pulse  of  the  maximum  time  length 
(A  through  F)  as  shown  in  level  1  is  formed.  When  the 
adjacent  dot  data  are  "Hi"  (heating  condition),  a  drive 
pulse  composed  of  time  B  through  F  as  shown  in  level 
2  is  formed.  When  the  two  times  before  dot  data  are 
"Hi"  or  the  like,  a  drive  pulse  composed  of  time  C 
through  F  as  shown  in  level  3  is  formed.  When  the  two 
times  before  dot  data  and  the  adjacent  dot  data  are 
"Hi",  a  drive  pulse  composed  of  time  D  through  F  in 
level  4  is  formed.  When  the  preceding  time  dot  data 
are  "Hi",  a  drive  pulse  composed  of  time  E  and  F  in 
level  5  is  formed.  When  the  preceding  time  dot  data 
and  the  adjacent  dot  data  are  "Hi",  a  drive  pulse  com- 
posed  of  time  F  in  level  6  is  formed.  Hence,  on  tire 
basis  of  the  heating  conditions  of  the  heater  elements 
except  the  present  heater  element,  the  above-des- 
cribed  drive  pulses  are  formed  and  given  to  the  pre- 
sent  heater  element. 

Further,  as  to  the  history  information  of  the  adja- 
cent  heater  elements,  for  example,  as  shown  in  level 
3,  in  the  case  of  low  speed  printing  (L.S.)  (OFF  state), 
when  the  preceding  time  adjacent  dot  data  are  "Hi", 
no  history  information  can  be  considered,  but  as 
shown  in  level  4,  in  the  case  of  high  speed  printing 
(H.S.)  (ON  state),  if  the  preceding  time  adjacent  dot 
data  are  "Hi",  the  short  time  drive  pulse  composed  of 
time  D  through  F  is  formed. 

In  this  embodiment,  as  shown  in  Fig.  1  1  ,  the  data 
output  from  the  user  area  shift  register  20,  the  history 
data  output  from  the  history  processor  36  and  the  like 
shown  in  Fig.  6  are  input  into  "CONTROLL  ICs",  and 
the  current  supply  control  of  the  heater  elements  in 
the  print  head  is  carried  out.  This  print  head  is  of  a  640 
dot  type,  as  shown  in  Fig.  1  1  .  In  Fig.  1  1  ,  "Dl"  indicates 

the  data  input,  and  the  history  data  are  input  to 
"START".  "VDD"  designates  a  supplied  power  volt- 
age,  and  a  "LOAD"  signal  acts  for  inputting  the  print 
data  into  the  CONTROL  ICs  and  holding  the  same.  An 

5  "E-OUT"  signal  is  output  when  a  transmission  error  of 
the  print  data  is  caused.  A  "CP"  signal  corresponds  to 
the  clock  output  from  the  history  processor  36  shown 
in  Fig.  6.  "DO"  indicates  "DATA  OUT",  from  which  the 
print  data  are  output.  A  "SET"  signal  acts  to  change 

10  all  the  print  data  in  the  "CONTROL  ICs"  to  "1  ",  and  a 
"RESET"  signal  acts  to  change  all  print  data  in  the 
"CONTROL  ICs"  to  "0". 

Since,  the  print  head  is  of  the  640  dot  type,  the 
shift  registers  20,  24,  28  and  32  can  correspond  to  640 

15  dots. 
Further,  in  Fig.  1  1  ,  "OR-ON"  is  a  signal  for  deter- 

mining  whether  the  history  data  of  the  adjacent  heater 
elements  are  made  valid  or  not.  In  this  embodiment, 
when  the  ON/OFF  signal  is  input  it  has  the  same  func- 

20  tion  as  the  "OR-ON",  and  thus  no  "OR-ON"  is  input. 
According  to  the  history  processor  36  comprising 

the  logic  circuits  shown  in  Fig.  8,  a  high  speed  oper- 
ation  can  be  performed  and  it  is  possible  to  carry  out: 
the  history  processing  at  a  speed  of  several  nsec/bit. 

25  Further,  the  history  information  of  the  adjacent  heater 
elements  are  also  considered,  and  thus  even  during 
high  speed  printing,  duels  the  contraction  drive  con- 
trol,  high  quality  printing  can  be  performed.  The  print 
data  used  for  the  history  processing  are  circulated  in 

30  the  shift  registers  24,  28  and  32,  and  the  history  pro- 
cessing  is  carried  out  in  the  history  processor  36  in 
synchronism  with  the  print  data  circulation.  Hence, 
the  circuit  can  be  composed  of  an  extremely  small 
number  of  gates.  That  is,  when  the  history  processing 

35  is  conducted  in  the  conventional  apparatus  shown  in 
Fig.  1,  a  large  number  of  gate  circuits  must  be  com- 
bined.  Hence,  the  structure  becomes  complicated, 
and,  when  the  circuits  are  formed  as  IC  circuits,  the 
chip  size  is  enlarged  with  a  resultant  cost  increase. 

40  Further,  when  the  thermal  head  is  used  for  low 
speed  printing,  the  OFF  signal  is  supplied  to  the  AND 
circuits  44  and  45.  Hence,  the  outputs  of  the  OR  cir- 
cuits  42  and  43  are  stopped  by  the  AND  circuits  44 
and  45,  and  only  the  print  data  of  the  adjacent  heater 

45  elements  are  output  from  the  OR  circuits  46  and  47. 
In  this  instance,  the  application  energy  control  of  the 
present  heater  element  is  carried  out  according  to  the 
print  data  of  the  adjacent  heater  elements  and  the  his- 
tory  print  information  of  the  present  heater  element  to 

so  enable  the  concise  printing  control. 
In  Fig.  12,  there  is  shown  another  embodiment  of 

the  history  processor  36  shown  in  Fig.  6  along  with  the 
memory  cells,  having  the  same  construction  as  the 
embodiment  shown  in  Fig.  8,  except  that  the  outputs 

55  of  the  memory  cells  SD  and  SG  are  output  as  the  his- 
tory  dot  data  of  the  present  heater  element  through  an 
OR  circuit  41.  This  can  be  controlled  by  the  outputs 
of  3  bits,  and  thus  high  speed  processing  can  be  car- 

6 
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ried  out. 
In  this  embodiment,  as  shown  in  Fig.  8,  although 

the  three  information  items  (the  present  time,  the  pre- 
ceding  time  and  two  times  before)  of  the  print  infor- 
mation  and  the  print  history  information  of  the  left  and  5 
right  adjacent  heater  elements  is  altogether  con- 
sidered,  the  print  information  of  the  adjacent  heater 
elements  and  the  print  history  information  of  the  adja- 
cent  heater  elements  can  be  separately  extracted  and 
the  history  processing  of  the  separated  information  10 
can  take  place.  Further,  although  as  regards  the  print 
history  information  of  the  adjacent  heater  elements, 
the  preceding  and  two  times  before  information  is  con- 
sidered,  the  history'  processing  can  be  performed  in 
consideration  of  only  the  preceding  time  information.  15 

As  described  above,  the  history  processing  is  car- 
ried  out  on  the  basis  of  not  only  the  print  history  infor- 
mation  of  the  present  heater  element  but  also  the  print 
information  of  the  adjacent  heater  elements  and  the 
preceding  and  two  times  before  print  history  infor-  20 
mation  of  the  adjacent  heater  elements,  and  hence 
the  printing  of  the  zigzag  half  pattern  or  the  like  can 
be  performed  with  high  quality. 

Further,  in  case  of  using  shift  registers,  the  print 
information  can  be  readily  obtained  at  a  high  speed  by  25 
a  simple  circuit  structure. 

Further,  in  the  case  where  an  OR  output  of  the 
present  time  print  information  of  the  adjacent  heater 
elements  and  the  preceding  and  two  times  before 
print  information  of  the  adjacent  heater  elements  is  30 
taken,  in  case  that  an  AND  output  of  an  OR  output  of 
the  preceding  time  information  and  the  two  times  bef- 
ore  information  of  the  adjacent  heater  elements  and 
an  print  speed  signal  is  taken,  and  then  an  OR  output 
of  this  AND  output  and  the  present  print  information  35 
of  the  adjacent  heater  elements  is  taken,  and  an  OR 
output  of  the  preceding  time  print  history  information 
and  the  two  times  before  print  history  information  of 
the  present  heater  element  is  taken,  the  bit  data  to  be 
referred  to  can  be  reduced,  and  high  speed  proces-  40 
sing  can  be  carried  out  by  a  simple  circuit  structure. 

Furthermore,  in  particular,  in  the  case  where 
there  is  provided  a  switching  part  for  changing  ON  and 
OFF  the  preceding  time  print  information  and  the  two 
times  before  print  information  of  the  adjacent  heater  45 
elements,  and  in  the  case  where  an  AND  output  of  an 
OR  output  of  the  preceding  time  information  and  the 
two  times  before  information  of  the  adjacent  heater 
elements  and  a  print  speed  signal  is  taken,  and  then 
an  OR  output  of  this  AND  output  and  the  present  print  50 
information  of  the  adjacent  heater  elements  is  taken, 
the  processing  considering  the  print  processing 
speed  can  be  carried  out. 

55 
Claims 

1.  A  drive  control  apparatus  for  a  thermal  head  for 

carrying  out  drive  control  on  the  basis  of  print 
information  of  a  plurality  of  aligned  heater  ele- 
ments,  comprising: 

processor  means  for  carrying  out  the  pro- 
cessing  of  print  information  on  the  basis  of  history 
information  of  a  present  heater  element  to  be  dri- 
ven,  print  information  of  adjacent  heater  elements 
adjacent  to  the  present  heater  element,  and  his- 
tory  information  of  preceding  and  two  times  bef- 
ore  print  information  of  the  adjacent  heater 
elements;  and 

controller  means  for  controlling  application 
energy  of  the  present  heater  element  according  to 
the  print  information  processed  by  the  processor 
means. 

2.  The  apparatus  of  claim  1,  further  comprising 
memory  cells  for  storing  print  information  of  the 
heater  elements. 

3.  The  apparatus  of  claim  1  ,  further  comprising: 
a  first  shift  register  for  storing  present  time 

print  information  of  the  heater  elements; 
a  second  shift  register  for  storing  preced- 

ing  time  print  history  informatiorof  the  heater  ele- 
ments; 

a  third  shift  register  for  storing  two  times 
before  print  history  information  of  the  heater  ele- 
ments;  and 

a  history  processor  for  inputting  the  print 
history  information  of  the  present  heater  element 
to  be  processed  and  the  print  information  and  the 
print  history  information  of  the  adjacent  heater 
elements  from  the  first,  second  and  third  shift 
registers  and  carrying  out  a  history  processing  of 
the  present  heater  element  on  the  basis  of  the 
input  information. 

4.  The  apparatus  of  claim  1  ,  wherein  the  processor 
means  includes  an  OR  circuit  for  outputting  an 
OR  output  of  the  present  time  print  information  of 
the  adjacent  heater  element  and  the  preceding 
and  two  times  before  print  information  of  the  adja- 
cent  heater  element  to  process  it  as  the  print  infor- 
mation  of  the  adjacent  heater  element. 

5.  The  apparatus  of  claim  2,  wherein  the  processor 
means  includes  an  OR  circuit  for  outputting  an 
OR  output  of  the  present  time  print  information  of 
the  adjacent  heater  element  and  the  preceding 
and  two  times  before  print  information  of  the  adja- 
cent  heater  element  to  process  it  as  the  print  infor- 
mation  of  the  adjacent  heater  element. 

6.  The  apparatus  of  claim  3,  wherein  the  history  pro- 
cessor  includes  an  OR  circuit  for  outputting  an 
OR  output  of  the  present  time  print  information  of 
the  adjacent  heater  element  and  the  preceding 

7 
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and  two  times  before  print  information  of  the  adja- 
cent  heater  element  to  process  it  as  the  print  infor- 
mation  of  the  adjacent  heater  element. 

7.  The  apparatus  of  claim  4,  wherein  the  processor 
means  includes  a  switch  part  for  carrying  out  an 
ON  and  OFF  operation  of  the  preceding  and  two 
times  before  print  information  of  the  adjacent  hea- 
ter  element. 

8.  The  apparatus  of  claim  5,  wherein  the  processor 
means  includes  a  switch  part  for  carrying  out  an 
ON  and  OFF  operation  of  the  preceding  and  two 
times  before  print  information  of  the  adjacent  hea- 
ter  element. 

9.  The  apparatus  of  claim  6,  wherein  the  history  pro- 
cessor  includes  a  switch  part  for  carrying  out  an 
ON  and  OFF  operation  of  the  preceding  and  two 
times  before  print  information  of  the  adjacent  hea- 
ter  element. 

10.  The  apparatus  of  claim  1,  wherein  the  processor 
means  includes  an  AND  circuit  for  outputting  an 
AND  output  of  an  OR  output  of  the  preceding  time 
print  information  and  the  two  times  before  print 
information  of  the  adjacent  heater  element  and  a 
printing  speed  signal,  and  an  OR  circuit  for  out- 
putting  an  OR  output  of  the  AND  output  of  the 
AND  circuit  and  the  present  time  print  information 
of  the  adjacent  heater  element  to  process  the 
print  information  of  the  adjacent  heater  element. 

11.  The  apparatus  of  claim  2,  wherein  the  processor 
means  includes  an  AND  circuit  for  outputting  an 
AND  output  of  an  OR  output  of  the  preceding  time 
print  information  and  the  two  times  before  print 
information  of  the  adjacent  heater  element  and  a 
printing  speed  signal,  and  an  OR  circuit  for  out- 
putting  an  OR  output  of  the  AND  output  of  the 
AND  circuit  and  the  present  time  print  information 
of  the  adjacent  heater  element  to  process  the 
print  information  ofthe  adjacent  heater  element. 

12.  The  apparatus  of  claim  3,  wherein  the  history  pro- 
cessor  includes  an  AND  circuit  for  outputting  an 
AND  output  of  an  OR  output  of  the  preceding  time 
print  information  and  the  two  times  before  print 
information  ofthe  adjacent  heater  element  and  a 
printing  speed  signal,  and  an  OR  circuit  for  out- 
putting  an  OR  output  of  the  AND  output  of  the 
AND  circuit  and  the  present  time  print  information 
of  the  adjacent  heater  element  to  process  the 
print  information  of  the  adjacent  heater  element. 

13.  The  apparatus  of  claim  1,  wherein  the  processor 
means  includes  an  OR  circuit  for  outputting  an 
ORoutputof  the  preceding  time  print  history  infor- 

mation  and  the  two  times  before  print  history 
information  ofthe  present  heater  element  to  pro- 
cess  the  print  history  information  of  the  present 
heater  element. 

5 
14.  The  apparatus  of  claim  4,  wherein  the  processor 

means  includes  an  OR  circuit  for  outputting  an 
ORoutputof  the  preceding  time  print  history  infor- 
mation  and  the  two  times  before  print  history 

10  information  of  the  present  heater  element  to  pro- 
cess  the  print  history  information  of  the  present 
heater  element. 

15.  The  apparatus  of  claim  6,  wherein  the  history  pro- 
is  cessor  includes  an  OR  circuit  for  outputting  an 

ORoutputof  the  preceding  time  print  history  infor- 
mation  and  the  two  times  before  print  history 
information  ofthe  present  heater  element  to  pro- 
cess  the  print  history  information  of  the  present 

20  heater  element. 

16.  The  apparatus  of  claim  11,  wherein  the  processor 
means  includes  an  OR  circuit  for  outputting  an 
ORoutputof  the  preceding  time  print  history  infor- 

25  mation  and  the  two  times  before  print  history 
information  ofthe  present  heater  element  to  pro- 
cess  the  print  history  information  of  the  present 
heater  element. 

30  17.  The  apparatus  of  claim  12,  wherein  the  history 
processor  includes  an  OR  circuit  for  outputting  an 
ORoutputof  the  preceding  time  print  history  infor- 
mation  and  the  two  times  before  print  history 
information  ofthe  present  heater  element  to  pro- 

35  cess  the  print  history  information  of  the  present 
heater  element. 

18.  The  apparatus  of  claim  10,  wherein  the  processor 
means  controls  current  supply  time  in  a  priority 

40  order  of  the  preceding  time  print  history  infor- 
mation  of  the  present  heater  element,  the  two 
times  before  print  history  information  of  the  pre- 
sent  heater  element,  and  the  print  information  of 
the  adjacent  heater  elements. 

45 
19.  The  apparatus  of  claim  12,  wherein  the  history 

processor  controls  current  supply  time  in  a  priority 
order  of  the  preceding  time  print  history  infor- 
mation  of  the  present  heater  element,  the  two 

so  times  before  print  history  information  of  the  pre- 
sent  heater  element,  and  the  print  information  of 
the  adjacent  heater  elements. 

20.  The  apparatus  of  claim  15,  wherein  the  history 
55  processor  controls  current  supply  time  in  a  priority 

order  of  the  preceding  time  print  history  infor- 
mation  of  the  present  heater  element,  the  two 
times  before  print  history  information  of  the  pre- 

8 



15  EP  0  501  707  A2  16 

sent  heater  element,  and  the  print  information  of 
the  adjacent  heater  elements. 

21.  The  apparatus  of  any  of  claims  1  to4,  furthercom- 
prising  second  controller  means  capable  of  skip-  5 
ping  over  a  priority  order  (increment  function), 
and  wherein,  when  a  current  supply  time  is  con- 
trolled  in  the  priority  order  of  the  preceding  history 
print  information  of  the  present  heater  element, 
the  two  times  before  history  print  information  of  10 
the  present  heater  element  and  the  print  infor- 
mation  of  the  adjacent  heater  elements,  the 
priority  order  is  skipped  over  by  the  second  con- 
troller  means. 
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