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Description 

BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  invention 

The  present  invention  relates  to  a  method  and  an 
apparatus  for  thermally  recording  information  in  a 
recording  medium  and,  more  particularly,  for  realizing  an 
excellent  recording  by  controlling  the  peak  temperature 
of  heating  resistor  as  it  does  not  exceed  the  specific  tem- 
perature. 

2.  Description  of  the  Prior  Art 

Conventional  apparatuses  for  recording  information 
in  the  recording  medium  thermally  utilize  a  resistor  of  a 
metallic  compound  such  as  ruthenium  oxide  or  tantalum 
nitrido,  or  a  cermet  resistor  prepared  by  dispersing  an 
insulator  such  as  silicon  oxide  into  a  refractory  metal 
such  as  tantalum  in  the  heating  resistor  of  the  thermal 
head. 

Also  ceramic  materiales  comprising  electronically 
conducting  oxides  with  high  temperature  metallic/non- 
metallic  transition  phases  are  known  (Encyclopedia  of 
Chemical  Technology,  third  edition,  Vol.  10,  pages  1  -30) 
the  resistivity  of  which  rises  rapidly  thus  forming  a  resis- 
tor  material  with  a  positive  temperature  coefficient. 

When  a  proper  voltage  is  applied  to  the  aforemen- 
tioned  heating  resistor  of  the  thermal  head  using  such  a 
ceramic  material,  an  electric  current  flows  through  the 
heating  resistor  to  generate  the  Joule  heat,  and  this  state 
is  maintained  for  a  constant  time  to  give  heat-sensitive 
recording  paper  a  thermal  energy  necessary  for  the 
recording.  The  energy  of  the  Joule  heat  generated  by  the 
aforementioned  heating  resistor  is  determined  in 
dependence  upon  the  resistance  of  the  heating  resistor, 
the  applied  voltage  and  the  time  period  for  applying  the 
voltage. 

A  conventional  thermal  recording  apparatus  as 
described  in  JP-A-62/181  162  uses  BaTi03  ceramic 
material  to  prevent  overheating.  The  material  has  its  tem- 
perature  transition  phase  between  50°C  and  1  00°C  and 
so  adjusts  the  applied  voltage  or  the  time  period  for 
applying  the  voltage  according  to  the  heat  sensitivity  of 
the  heat-sensitive  papers  used,  the  background  temper- 
ature  around  the  heating  resistor,  the  temperature  of  the 
recording  medium  itself  and  the  thermal  conductivity 
which  the  thermal  energy  generated  by  the  heating  resis- 
tor  is  transmitted  from  the  heating  resistor  to  the  heat- 
sensitive  paper  that  it  obtains  the  optimum  recording 
quality  and  the  desired  recording  density. 

On  the  other  hand,  the  powered  transfer  recording 
apparatus  comprises  an  ink  donor  sheet  having  a  power 
heating  resistor  layer  which  consists  of  carbon  paint  and 
a  power  supply  head.  When  the  power  heating  resistor 
layer  is  powered  by  the  power  supply  head,  the  ink  donor 
sheet  is  heated  by  the  thermal  energy  generated  by  the 
power  heating  resistor  layer  so  that  the  ink  may  be  melted 

or  sublimated  and  transferred  to  the  recording  medium. 
It  so  adjusts  the  applied  voltage  or  the  voltage  applying 
time  period  according  to  the  sheet  resistance  of  the  pow- 
ered  heating  resistor  layer,  the  temperature  of  the  ink 

5  donor  sheet  and  the  electrode  temperature  of  the  power 
supply  head  that  it  makes  the  thermal  energy  generated 
the  powered  heating  resistor  layer  most  suitable  so  as  to 
obtain  the  optimum  recording  quality  and  the  desired 
recording  density. 

10  In  the  thermal  recording  method  of  the  prior  art,  for 
the  following  reasons,  the  adjustment  of  recording  ther- 
mal  energy  according  to  the  voltage  and  the  pulse  width 
to  be  applied  to  the  heating  resistor  is  seriously  trouble- 
some  to  raise  the  production  cost  for  the  recording  appa- 

15  ratus. 
The  thermal  energy  to  be  generated  in  the  heating 

resistor  by  applying  voltage  pulses  can  be  determined  in 
dependence  upon  the  voltage  or  the  pulse  width  of  the 
applied  pulses,  as  has  been  described  in  JP-A- 

20  61/035265,  which  discloses  the  rise  of  resistivity  due  to 
the  positive  resistance  characteristic  of  a  thermister  or 
posister  series-connected  to  the  heating  resistor,  if  the 
resistance  is  rised  up  over  a  certain  temperature. 
Despite  of  this  fact,  however,  the  temperature  of  the  heat- 

25  ing  resistor  will  fluctuate  with  the  pulse  applying  histories 
such  as  the  period  of  applying  the  pulse  and  the  number 
of  the  pulse  applied  continuously,  the  thermal  histories 
of  the  heating  resistor,  or  the  temperature  of  the  support- 
ing  substrate  of  the  thermal  head  or  the  environments. 

30  The  thermal  recording  mechanism  depends  directly 
not  upon  the  level  of  the  thermal  energy  generated  by 
the  heating  resistor  but  upon  the  temperature  of  the 
coloring  layer  of  the  heat-sensitive  recording  paper  or  the 
ink  layer,  i.e.,  the  temperature  of  the  heating  resistor.  If, 

35  therefore,  it  uniforms  the  temperature  of  the  heating 
resistor  at  the  heating  time  so  as  to  achieve  a  uniform 
thermal  recording  to  the  heat-sensitive  papers  or  the  like, 
it  needs  to  collect  or  predict  the  thermal  data  of  the  envi- 
ronment  and  histories  in  which  the  heating  resistor  is 

40  placed  at  the  instant  of  heating.  It  has  to  so  adjust  and 
determine  the  voltage  value  or  the  pulse  width  of  the 
applied  voltage  based  on  those  data  that  the  tempera- 
ture  of  the  heating  resistor  raises  to  the  desired  temper- 
ature. 

45  The  data  collecting  means,  data  predicting  means 
and  recording  condition  deciding  means  exert  seriously 
high  loads  upon  the  hardwares  such  as  a  variety  of  tem- 
perature  sensors  for  detecting  the  temperature  of  the 
thermal  head  substrate  of  the  environment,  memories  for 

so  storing  the  past  recorded  data  so  as  to  grasp  the  record- 
ing  histories,  simulators  such  as  a  thermal  equivalent  cir- 
cuit  for  predicting  the  thermal  states,  and  the  CPU  and 
gate  circuits  for  processing  data.  Seriously  complex  soft- 
wares  are  also  required  for  supporting  those  hardwares. 

55  Especially,  either  a  large-sized  highly  precise  thermal 
recording  apparatus  having  a  plurality  of  heating  resis- 
tors  or  an  apparatus  for  recording  data  with  continuous 
tone  of  density  has  to  process  massive  data  so  that  it 
cannot  avoid  the  increase  in  the  size  and  price  while  sac- 

2 
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rificing  the  recording  quality.  On  the  other  hand,  the 
processing  time  for  collecting  and  predicting  the  data  and 
deciding  the  recording  conditions  is  restricted  by  the 
CPU  or  the  like  to  trouble  the  high-speed  recording. 

Moreover,  the  thermal  head  is  usually  formed  with  a  5 
glazed  layer  as  a  heat  insulating  layer  for  enhancing  the 
thermal  efficiency.  This  glazed  layer  is  formed  by  a  thick 
film  process  so  that  its  thickness  disperses  over  ±  20% 
of  the  average  value  of  the  thickness  so  that  the  heat 
insulating  effect  by  the  glazed  layer  randomly  disperses  u 
among  the  individual  thermal  heads.  No  matter  how 
accurately  the  data  of  the  thermal  environment  of  the 
heating  resistor  might  be  grasped  and  processed  to 
decide  the  individual  recording  condition,  as  has  been 
described  herein-before,  the  highly  accurate  exothermic  n 
temperature  control  would  be  blocked  by  the  dispersion 
of  the  thermal  characteristics  of  the  thermal  heads.  If  a 
more  highly  accurate  control  of  the  exothermic  temper- 
ature  is  to  be  accomplished,  the  dispersion  of  the  thermal 
characteristics  of  the  individual  thermal  heads  also  has  2t 
to  be  incorporated  as  the  control  parameter  so  that  the 
mass-productivity  has  to  be  seriously  sacrificed  by 
adjusting  the  recording  apparatus  one  by  one.  If  it  is  con- 
sidered  to  replace  the  thermal  heads  in  the  recording 
apparatus  because  of  their  troubles  or  lifetimes,  it  is  21 
almost  difficult  to  adjust  the  settings  of  the  recording 
apparatus  for  the  individual  characteristics  of  the  thermal 
heads.  The  dispersions  of  the  thermal  capacity  and  the 
thermal  resistance  also  depend  upon  the  periphery  of 
the  heating  resistor  layer  in  the  powered  thermal  record-  3< 
ing,  thus  raising  problems  similar  to  those  of  the  afore- 
mentioned  case  of  the  thermal  head. 

SUMMARY  OF  THE  INVENTION 
3t 

An  object  of  the  present  invention  is  to  provide  an 
improved  method  and  apparatus  for  uniformly  controlling 
a  temperature  of  a  heating  resistor  on  which  the  thermal 
recording  mechanism  depends. 

Another  object  of  the  present  invention  is  to  provide  4t 
an  improved  method  and  apparatus  for  recording  contin- 
uous  tone  data  according  to  a  period  of  time  for  holding 
peak  temperature  of  a  heating  resistor. 

To  realize  above  objects,  the  present  invention  pro- 
vides  the  features  as  claimed  in  claim  1  .  « 

The  utilization  of  the  invention  gives  the  thermal 
head  itself  a  temperature  selfcontrol  function  to  prevent 
the  temperature  of  the  heating  resistor  from  exceeding 
a  predetermined  level. 

More  particularly,  there  is  provided  a  monitor,  which  st 
performs  a  temperature  change  equal  or  similar  to  that 
of  the  heating  resistor  in  synchronism  with  both  the  tem- 
perature  rise  of  the  heating  resistor  energized  and  the 
temperature  drop  of  the  heating  resistor  due  to  the  inter- 
ruption  of  the  power-supply  to  the  heating  resistor,  in  the  st 
path  which  the  electric  current  flows  to  the  heating  resis- 
tor. 

It  makes  the  monitor  of  a  material  of  phase  transition 
having  its  electric  conductivity  changed  metallic  at  a 

lower  temperature  across  a  predetermined  temperature 
range  and  non-metallic  at  a  higher  temperature.  When 
the  temperature  of  the  heating  resistor  is  raised  to  reach 
the  predetermined  temperature,  i.e.,  the  metallic/non- 
metallic  phase  transition  temperature  by  applying  the 
voltage  to  the  heating  resistor  so  as  to  generate  the  Joule 
heat,  the  phase  transition  material  has  its  resistance 
increased  substantially  to  that  of  an  insulator  or  semi- 
conductor  to  interrupt  the  current  substantially.  Since  thy- 
ristors  are  series-connected  to  the  monitor  and  heating 
resistor  means  the  electric  current  through  the  heating 
resistors  is  interrupted  as  soon  as  the  phase  transition 
temperature  is  reached  and  stays  stand-by  for  the  sub- 
sequent  input  impulse  applied  to  the  thyristor.  As  a  result 
the  heating  resistors  automatically  interrupt  their  heat 
generation,  the  temperature  of  the  heating  resistor  is  not 
raised  to  exceed  the  phase  transition  temperature  so  that 
its  peak  temperature  can  be  uniformly  controlled  within 
the  phase  transition  temperature  range.  By  this  uniform 
control  of  the  peak  temperature,  the  thermal  recording 
can  be  uniformed.  Further,  by  the  control  of  a  period  of 
time  for  holding  the  peak  temperature,  it  can  achive  a 
stable  and  excellently  reproducible  recording  of  conten- 
ious  tone  data. 

Further  more,  the  heating  resistor  itself  may  be 
made  of  the  material  of  phase  transition. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  plane  view  of  a  thermal  head; 
Figs.  2  and  3  are  graphical  representations  showing 
the  heating  temperature  characteristics  of  the  ther- 
mal  head  shown  in  Fig.  1  ; 
Figs.  4,  5,  6  and  1  1  are  diagrammatic  renditions  of 
a  burn  point  area  of  a  thermal  head;  Figs.  4(A),  5, 
6(A)  and  1  1  are  partially  plane  views  and  Figs.  4(B) 
and  6(B)  are  partially  sectional  views  of  the  thermal 
head  shown  in  Figs.  4(A)  and  6(A); 
Fig.  7  is  a  plane  view  of  an  embodiment  of  the  ther- 
mal  head  of  the  present  invention; 
Fig.  8  is  a  graphical  representation  showing  the 
heating  temperature  characteristics  of  the  thermal 
head  shown  in  Fig.  7; 
Fig.  9  is  a  block  diagram  of  an  embodiment  of  a  driv- 
ing  control  circuit  for  carrying  out  the  method  of  the 
present  invention; 
Fig.  10  is  a  timing  chart  showing  control  timing  of  the 
driving  control  circuit  shown  in  Fig.  9; 
Fig.  12  is  a  graphical  representation  showing  the 
heating  temperature  characteristics  of  the  thermal 
head  of  the  present  invention; 
Fig.  13  is  a  graphical  representation  showing  the 
contenious  tone  heating  temperature  characteristics 
of  a  thermal  head; 
Fig.  14  is  a  graphical  representation  showing  the 
temperature  dependency  of  the  linear  resistance  of 
the  material  exhibiting  the  metallic/non-metallic 
phase  transition; 
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Figs.  1  5  and  1  7  are  partially  sectional  views  of  appa- 
ratus  for  carrying  the  method  of  the  present  inven- 
tion; 
Fig.  16  is  a  partially  perspective  illustration  of  the 
thermal  recording  head  to  be  used  in  the  method  of  s 
the  present  invention;  and 
Fig.  18  is  a  partially  perspective  illustration  of  the 
power  heating  sheet  to  be  used  in  the  method  of  the 
present  invention. 

10 
DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

The  invention  will  now  be  described  with  reference 
to  the  accompanying  drawings  representing  an  embod- 
iment  thereof.  is 

Fig.  1  is  a  plan  view  of  an  embodiment  of  a  thermal 
head.  This  thermal  head  is  constructed  by  forming  thin- 
film  heating  resistors  1  ,  which  are  made  of  a  material 
having  metallic  characteristics  of  electric  conductivity  at 
a  lower  temperature  across  about  300°C  and  non-metal-  20 
lie  characteristics  at  a  higher  temperature  such  as  vana- 
dium  oxide  doped  with  about  0.1%  of  Cr  to  V,  over  a 
substrate  6  made  of  glazed  alumina  ceramics,  by  con- 
necting  one-side  terminals  of  the  heating  resistors  1  with 
individual  electrodes  2  and  the  other-side  terminals  with  25 
a  first  common  electrode  3,  and  by  connecting  the  indi- 
vidual  electrodes  2  with  current  switching  elements  4 
such  as  transistors.  Numeral  5  designates  a  second 
common  electrode  connected  with  the  switching  ele- 
ments  4.  The  thermal  head  need  not  be  equipped  with  30 
the  switching  elements  4  and  the  second  common  elec- 
trode  5  but  may  be  separately  provided  at  the  recording 
apparatus. 

The  first  common  electrode  3  is  fed  with  a  plus 
potential  whereas  the  second  common  electrode  5  is  fed  35 
with  a  minus  potential,  and  voltage  pulses  are  applied  to 
the  aforementioned  heating  resistors  1  by  switching  the 
switching  elements  4.  If  the  voltage  pulses  are  applied 
to  the  heating  resistors  1  ,  a  suitable  power  consumption 
is  caused  by  the  applied  voltage  and  the  resistances  of  40 
the  heating  resistors  1  ,  as  in  the  thermal  head  in  the  ther- 
mal  recording  of  the  prior  art,  to  generate  the  Joule  heat 
so  that  the  temperature  rise  of  the  heating  resistors  1  is 
started. 

Fig.  2  is  a  graphical  representation  showing  the  time  45 
changes  of  the  surface  temperature  of  the  heating  resis- 
tors  1  according  to  a  pulse  applying  in  the  thermal  head 
of  Fig.  1  .  In  Fig.  2,  letter  Tc  designates  the  temperature 
of  the  metallic/non-metallic  phase  transition  at  the  elec- 
tric  conductivity  of  the  heating  resistors.  Letter  ton  desig-  so 
nates  the  time  to  start  the  applying  of  pulses.  Letter  tp 
designates  the  time  at  which  the  surface  temperature  of 
the  heating  resistors  reaches  the  above-specified  phase 
transition  temperature  (Tc).  Letter  toff  designates  the  time 
to  end  the  pulse  applying.  For  the  period  between  the  55 
time  tp  and  the  time  toff,  the  heating  resistors  1  repeat 
the  metallic/non-metallic  phase  transitions  from  the 
higher  to  lower  temperatures  and  vice  versa  so  that  their 
surface  temperature  calms  down  in  the  vicinity  of  the 

aforementioned  phase  transition  temperature  Tc.  The 
actual  temperature  of  the  heating  resistor  may  be  raised 
to  a  slightly  higher  level  than  the  level  Tc  by  either  the 
heat  capacity  of  the  structural  member  in  the  periphery 
of  the  heating  resistors  themselves  or  the  thermal  inertia 
due  to  the  thermal  resistance.  The  surface  temperature 
of  the  heating  resistors  reaches  the  level  Tc  of  about 
300°C  for  a  time  period  as  short  as  about  0.5  millisecs 
from  the  time  ton  unless  a  heat  absorber  such  as  heat- 
sensitive  papers  are  brought  into  contact  with  the  heating 
resistors,  in  case  the  heating  resistors  1  have  an  area  of 
0.  015  mm2  corresponding  to  the  heating  resistor  density 
of  8  dots/mm,  in  case  the  heating  resistors  1  have  a 
resistance  of  about  1  ,000  £2  at  the  lower  temperature, 
and  in  case  the  applied  voltage  is  20  V.  This  time  period 
is  individually  different  for  the  structures  of  the  thermal 
head  because  the  thermal  characteristics  such  as  the 
thermal  resistance  or  heat  capacity  of  the  vicinity  of  the 
heating  resistors  are  different  in  dependence  upon  the 
glazing  thickness  of  the  glazed  substrate  6  of  the  thermal 
head  or  the  thickness  of  the  protecting  layer  coating  the 
surfaces  of  the  heating  resistors  1  .  Since,  however,  the 
peak  temperature  of  the  heating  resistors  1  is  deter- 
mined  by  the  aforementioned  phase-transition  tempera- 
ture  Tc  of  the  material  making  the  heating  resistors,  it 
does  not  depend  upon  the  aforementioned  thermal  char- 
acteristics  of  the  thermal  head  or  the  structure  of  the  ther- 
mal  head. 

Further,  the  dispersion  of  the  thermal  characteris- 
tics,  which  the  thermal  head  has,  appears  as  the  tem- 
perature  rising  gradient  from  the  time  ton  to  the  time  tp, 
1.  e.,  at  the  time  tp. 

In  the  direct  heat-sensitive  recording  system,  the 
color  developing  mechanism  is  the  chemical  reaction  of 
a  coloring  agent  due  to  the  heat  and  the  reaction  rate 
depends  upon  the  temperature.  In  the  thermal  transfer 
recording  system,  the  recording  mechanism  is  the  phys- 
ical  phase  change  such  as  the  melting  or  sublimation  of 
the  ink  and  is  dominated  by  the  temperature  of  the  ink. 
Therefore,  the  effect  of  the  dispersion  of  the  thermal 
characteristics  on  the  recording  characteristics  is  far 
smaller  than  those  of  the  prior  art  in  which  the  peak  tem- 
perature  of  the  heating  resistor  fluctuates. 

On  the  other  hand,  the  dispersion  of  the  resistance 
of  the  heating  resistors  may  exist  in  not  only  the  thermal 
head  in  the  thermal  recording  of  the  prior  art  but  also  the 
thermal  head  in  the  thermal  recording  of  the  present 
invention  in  dependence  upon  the  thickness  of  the  resis- 
tive  films.  However,  this  dispersion  appears  only  as  that 
of  the  period  from  the  time  ton  to  the  time  tp  in  the  thermal 
head  in  the  present  invention  so  that  the  peak  tempera- 
ture  of  the  heating  resistor  is  unvaried.  If  it  is  intended  to 
strictly  reduce  the  dispersion  of  the  temperature  rising 
gradient,  i.e.,  the  dispersion  of  the  time  tp  due  to  the 
resistance  dispersion  of  the  heating  resistors,  the 
applied  voltage  may  be  adjusted  and  set  to  uniform  the 
electric  power  according  to  the  magnitude  of  the  resist- 
ance  of  the  heating  resistors  in  the  metallic  electric  con- 

10 
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ductivity  phase  of  the  heating  resistors  at  the  lower 
temperature. 

As  has  been  described  hereinbefore,  the  effect  of 
the  thermal  characteristic  dispersion  and  resistance  dis- 
persion  of  the  thermal  head  upon  the  recording  charac- 
teristics  are  remarkably  small  in  the  case  of  the  thermal 
head  in  the  present  invention.  For  the  larger  applied 
pulse  width,  i.e.,  the  longer  time  period  from  the  time  ton 
to  the  time  toff  of  Fig.  2,  as  compared  with  the  tempera- 
ture  rising  period  from  the  time  ton  to  the  time  tp,  the 
changing  and  dispersing  rates  of  the  holding  time  period 
(W  ■  tp)  of  the  peak  temperature,  which  is  the  most  con- 
tributable  to  the  recording  characteristics,  are  reduced 
the  more  to  improve  the  recording  quality  the  better. 

As  described  above,  the  temperature  for  the  metal- 
lic/non-metallic  phase  transition  of  the  heating  resistors 
is  set  at  about  300°C.  In  the  case  of  a  thermal  head 
required  for  a  higher  recording  speed,  however,  the  heat- 
ing  resistors  used  have  a  higher  phase  transition  tem- 
perature  of  400  to  450  °C  so  that  their  resistance  may  be 
lowered  (or  the  applied  voltage  may  be  raised)  to 
increase  the  electric  power.  Then,  at  a  higher  tempera- 
ture  rising  rate  and  at  a  higher  peak  temperature,  the 
coloring  reaction  of  the  heat-sensitive  paper  is  suffi- 
ciently  effected  for  a  shorter  time  so  that  the  peak  tem- 
perature  holding  time  can  be  retained  for  a  shorter 
applied  pulse  width  (toff  -ton)  to  ensure  the  uniform 
recording  operation.  In  a  thermal  head  of  lower  speed 
and  power  consumption  type,  on  the  contrary,  the  power 
consumption  rate  in  the  heating  resistors  may  be 
reduced  by  dropping  the  applied  voltage  (or  by  increas- 
ing  the  resistance  of  the  heating  resistors),  or  the  afore- 
mentioned  phase  transition  temperature  may  be 
dropped  to  about  250°C.  Alternatively,  these  two  meth- 
ods  may  be  combined. 

Figs.  4(A)  and  4(B)  are  a  partially  plane  view  and  a 
partially  sectional  view  of  modified  thermal  head. 

The  thermal  head  disposes  a  monitor  8  between  the 
heating  resistor  7  and  the  individual  electrode  2.  The 
heating  resistor  7  is  made  of  ordinary  resistive  material 
such  as  tantalum  nitride.  The  monitor  8  is  made  of  the 
material  having  the  metallic/non-metallic  phase  transi- 
tion  used  in  the  heating  resistor  shown  in  Fig.  1  and  is 
set  to  have  a  lower  linear  resistance  than  that  of  the  heat- 
ing  resistor  7.  Therefore,  when  the  power  is  applied 
between  the  common  electrode  3  and  the  individual  elec- 
trode  2,  the  heat  contributable  to  the  recording  is  gener- 
ated  mainly  in  the  heating  resistor  7  and  the  monitor  8 
generates  a  far  lower  heat  than  that  at  the  heating  resis- 
tor  7.  If  the  material  used  to  make  the  monitor  8  could 
form  a  film  having  a  lower  sheet  resistance  such  as  sev- 
eral  tens  mm  £2  than  that  of  the  heating  resistor  7,  the 
individual  electrode  2  could  also  be  made  of  the  material 
of  the  metallic/non-metallic  phase  transition  without  dis- 
criminating  it  from  the  monitor  8. 

When  the  voltage  is  applied  to  the  heating  resistor 
7,  the  heating  resistor  7  is  heated  by  the  Joule  heat  and 
the  temperature  of  the  monitor  8  is  rised  by  the  heat  gen- 
erated  at  the  heating  resistor  7.  If  the  metallic/non-metal- 

lic  phase  transition  temperature  of  the  monitor  8  is 
200°C,  the  electric  current  flows  till  the  temperature  of 
the  monitor  8  reaches  200°C.  When  the  temperature  of 
the  monitor  8  reaches  200°C,  the  current  is  substantially 

5  blocked  by  the  non-metallic  electric  conductivity  of  the 
monitor  8  so  as  to  interrupt  the  generation  of  the  Joule 
heat.  When  the  temperature  of  the  monitor  8  is  below 
200°C,  the  current  flows  again  to  cause  the  heat  gener- 
ation  of  the  heating  resistor  7.  Thus,  the  temperature  of 

10  the  monitor  8  is  held  at  the  temperature  of  200°C  while 
the  voltage  is  being  applied.  Therefore,  the  temperature 
of  the  heating  resistor  7  is  substantially  constant  at  a 
higher  temperature  than  at  least  that  of  the  monitor  8  so 
that  the  surface  temperature  of  the  heating  resistor  7 

15  cannot  exceed  the  constant  level  but  is  controlled.  The 
accuracy  of  the  temperature  control  of  the  heating  resis- 
tor  7  is  the  higher  if  the  monitor  8  is  the  closer  to  the 
heating  resistor  7,  and  the  monitor  8  may  be  disposed  in 
the  burn  area  of  the  heating  resistor  7. 

20  Fig.  5  shows  a  burn  point  area  of  another  thermal 
head. 

The  thermal  head  disposes  monitors  8  made  of  the 
material  having  the  metallic/non-metallic  phase  transi- 
tion  at  the  two  sides  of  the  heating  resistor  7  made  of 

25  ordinary  resistive  material  such  as  tantalum  nitride. 
As  thus  far  described,  the  wiring  line  8  is  disposed 

in  contact  with  one  side  of  the  heating  resistor  but  may 
be  disposed  at  the  two  sides,  as  shown  in  Fig.  5.  In  case 
the  electric  conductivity  of  the  material  of  the  metal- 

30  lic/non-metallic  phase  transition  used  in  the  monitor  8  is 
not  so  small  that  an  electric  current  will  leak  even  at  a 
higher  temperature  to  raise  the  temperature  of  the  heat- 
ing  resistor  continuously,  or  in  case  the  monitor  8  is 
heated  by  the  leakage  current  at  the  higher  temperature, 

35  it  is  preferable  from  the  stand-point  of  the  temperature 
control  that  the  monitors  8  are  disposed  at  the  two  sides 
of  the  heating  resistor  7,  as  shown  in  Fig.  5,  to  enhance 
the  current  blocking  ability. 

Figs.  6(A)  and  6(B)  show  a  burn  point  area  of  still 
40  another  thermal  head. 

This  thermal  head  disposes  electrodes  22  between 
the  heating  resistor  7  and  the  monitors  8  in  the  thermal 
head  shown  in  Fig.  5  and  the  behavior  of  the  monitor  8 
by  the  heating  of  the  heating  resistor  7  is  not  changed. 

45  Especially  in  case  the  materials  of  the  heating  resis- 
tor  7  and  the  monitor  8  may  possibly  change  their  char- 
acteristics  as  a  result  of  chemical  reactions  at  a  high 
temperature,  it  is  more  effective  because  the  electrode 
22  may  be  made  of  a  stable  metal  such  as  gold  in  corn- 

so  bination  with  at  least  the  material  of  the  monitor  8  to  sep- 
arate  the  monitor  8  from  the  heating  resistor  7. 

Fig.  3  shows  the  behaviors  of  the  surface  tempera- 
ture  changes  of  the  heating  resistor  when  the  aforemen- 
tioned  thermal  heads  are  driven  with  continuous  pulses. 

55  The  peak  temperature  is  constant  for  the  time  period 
from  the  first  pulse  to  the  n-th  pulse,  and  the  temperature 
rising  time  by  the  first  pulse  is  the  longer  for  the  lower 
initial  background  temperature  of  the  heating  resistors, 
but  the  heating  curves  are  substantially  identical  on  and 

5 
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after  the  second  pulse.  Thus,  the  self-control  can  be 
made  to  a  constant  heating  temperature  without  any  driv- 
ing  control.  The  large  length  of  the  heating  temperature- 
rising  time  by  the  first  pulse  raises  no  especial  problem 
even  in  the  sublimation  type  continuous  tone  printer.  In  5 
case  a  strict  recording  density  management  is  neces- 
sary,  the  applied  pulse  width  may  be  elongated  the  more 
for  the  temperature-rising  time  only  in  case  the  first 
pulse,  i.e.,  the  background  temperature  is  low,  to  control 
the  peak  temperature  holding  time  uniform.  j< 

In  the  recording  apparatus  for  the  continuous  tone 
recording,  it  is  ordinary  to  control  the  continuous  tone 
according  to  the  width  of  the  applied  pulses  no  matter 
whether  the  recording  might  be  of  the  direct  heat-sensi- 
tive  type  or  the  sublimation  transfer  type.  In  the  thermal  n 
head  of  the  prior  art,  the  continuous  tone  control  is  diffi- 
cult  due  to  the  fluctuations  of  the  peak  temperature  of 
the  heating  resistor  because  the  peak  temperature  will 
change  together  with  the  pulse  width. 

In  the  above  described  thermal  heads,  on  the  con-  2t 
trary,  the  peak  temperature  is  self-controlled  to  a  con- 
stant  level  so  that  the  continuous  tone  can  be  more  finely 
controlled  with  the  parameter  of  time  only  independently 
of  the  peak  temperature.  In  the  example  of  the  prior  art, 
some  relative  density  control  performs  sixty  four  contin-  21 
uous  tones,  but  the  absolute  density  control  is  restricted 
to  sixteen  continuous  tones  at  most.  In  the  said  thermal 
head  the  absolute  density  control  can  be  facilitated  to 
one  hundred  and  twenty  eight  continuous  tones  or  two 
hundreds  and  fifty  six  continuous  tones,  as  has  been  3< 
apparent  from  the  description  thus  far  made.  Fig.  1  3  is  a 
diagram  showing  the  waveforms  of  the  surface  temper- 
ature  of  the  heating  resistor  with  respect  to  the  pulse 
width  applied  to  the  heating  resistor,  in  case  the  thermal 
head  of  the  present  invention  is  utilized  in  the  continuous  3t 
tone  recording.  A  heating  resistor  temperature  waveform 
(18-1)  by  the  first  gradation  pulse  (19-1)  starts  its  cooled 
drop  midway  of  the  temperature  rise.  Even  with  this  gra- 
dation  pulse  setting,  the  continuous  tone  accuracy  is 
high  if  the  heating  peak  by  all  pulses  to  the  N-th  contin-  4t 
uous  tone  is  within  the  time  range  controlling  the  peak 
temperature  flat. 

The  aforementioned  embodiments  are  embodi- 
ments  controlling  uniformly  the  temperature  generated 
by  the  heating  resistor  of  the  thermal  head  to  apply  the  « 
heat  on  the  recording  medium  such  as  the  heat-sensitive 
recording  paper  or  the  ink  donor  sheet  in  the  direct  heat- 
sensitive  recording  system  or  the  thermal  transfer 
recording  system. 

In  the  powered  thermal  recording  system  in  which  st 
the  heat-sensitive  recording  paper  or  the  ink  donor  sheet 
having  a  heat  resistive  layer  itself  is  heated  by  applying 
the  power  on  the  heat  resistive  layer,  too,  the  heating 
temperature  of  the  heat  resistive  layer  is  uniformed  by 
making  the  heat  resistive  layer  of  the  material  having  the  st 
metallic/non-metallic  phase  transition  so  that  it  can 
record  uniformly.  The  present  invention  in  the  powered 
thermal  recording  will  be  described  in  the  following  in 
connection  with  the  embodiments  thereof. 

Fig.  15  shows  a  powered  thermal  recording  device 
of  the  present  invention. 

A  head  60  has  a  pair  of  electrodes  61  ,  62.  A  powered 
heat-sensitive  recording  sheet  50  is  composed  of  a  base 
sheet  52  such  as  a  plastic  sheet,  a  coloring  recording 
layer  51  disposed  on  one  surface  of  the  base  sheet  52 
and  a  heat  resistive  layer  53  disposed  on  another  surface 
of  the  base  sheet  52.  The  coloring  recording  layer  51  is 
compounds  of  coloring  agent  and  binder.  The  heat  resis- 
tive  layer  53  is  made  of  the  material  having  the  metal- 
lic/non-metallic  phase  transition.  The  powered  heat- 
sensitive  recording  sheet  50  is  sandwiched  between  a 
platen  55  and  the  head  60  and  is  carried  by  rotating  the 
platen  55.  When  voltage  pulses  are  applied  between 
electrodes  61  ,  62,  the  electric  current  flows  from  the  por- 
tion  of  the  heat  resistive  layer  53  coming  in  contact  with 
the  electrode  61  to  the  portion  of  the  heat  resistive  layer 
53  coming  in  contact  with  the  electrode  62  so  that  the 
heat  is  generated  in  the  aforementioned  area  of  the  heat 
resistive  layer  53.  The  heat  is  transmitted  to  the  coloring 
recording  layer  51  through  the  base  sheet  52  so  that  the 
area  of  the  coloring  recording  layer  51  corresponding  to 
the  heated  area  of  the  heat  resistive  layer  53  generates 
color  with  the  chemical  reaction  of  the  coloring  agent  due 
to  the  heat. 

Fig.  1  7  shows  a  powered  thermal  transfer  recording 
device  of  the  present  invention.  An  ink  donor  sheet  is 
composed  of  a  base  sheet  54  made  of  metal  having 
lower  conductivity  than  that  of  the  heat  resistive  layer  53, 
the  heat  resistive  layer  53  disposed  on  one  surface  of  the 
base  sheet  54  and  an  ink  layer  66  disposed  on  another 
surface  of  the  base  sheet  54.  The  ink  layer  66  is  made 
of  the  thermal  melting  ink.  The  ink  donor  sheet  and  a 
recording  paper  67  are  sandwiched  between  a  platen  55 
and  a  head  having  an  electrode  61  and  is  carried  by  rotat- 
ing  the  platen  55.  Further,  an  electrode  65  is  disposed 
in  contact  with  the  heat  resistive  layer  53.  When  voltage 
pulses  are  applied  between  electrodes  61  ,  65,  the  elec- 
tric  current  flows  from  the  electrode  61  to  the  electrode 
65  through  the  heat  resistive  layer  53  and  the  base  sheet 
54.  The  electric  current  flows  mainly  in  the  depth  direc- 
tion  in  the  heat  resistive  layer  53  because  the  base  sheet 
54  has  lower  conductivity  than  that  of  the  heat  resistive 
layer  53.  Therefore,  the  portion  of  the  heat  resistive  layer 
53  being  in  contact  with  the  electrode  61  generates  the 
heat.  The  heat  is  transmitted  to  the  ink  layer  66  through 
the  base  sheet  54  so  that  the  portion  of  the  ink  layer  66 
corresponding  to  the  electrode  61  is  melted  by  the  heat 
and  the  melted  ink  is  transferred  to  the  recording  paper 
67. 

In  the  devices  shown  in  Figs.  1  5  and  1  7,  the  peak 
temperature  of  the  heat  resistive  layer  53  is  always  con- 
stant  independently  of  the  applied  voltage,  the  power 
apply  time,  the  sheet  resistance  of  the  heat  resistive  layer 
53,  the  temperature  of  the  head,  and  the  temperature  of 
the  platen  55  and  the  environment  because  the  heat 
resistive  layer  53  is  made  of  the  material  having  the 
metallic/non-metallic  phase  transition. 
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Fig.  16  shows  a  modified  head  for  applying  the 
power  in  the  powered  thermal  recording  system.  A  head 
is  composed  of  a  supporting  substrate  63,  the  electrodes 
61  disposed  on  the  supporting  substrate  63  and  for 
applying  the  power,  and  portions  64  disposed  at  the  each  5 
pointed  end  of  the  electrodes  61  .  Each  portion  64  is 
made  of  the  material  having  the  metallic/non-metallic 
phase  transition,  has  a  function  to  interrupt  the  electric 
current  base  on  its  temperature  and  is  contact  with  the 
powered  recording  medium  having  the  heat  resistive  w 
layer.  When  the  applied  voltage  pulse  is  applied  to  the 
heat  resistive  layer  of  the  powered  recording  medium  by 
the  head,  the  heat  resistive  layer  generates  the  heat.  The 
temperature  of  the  portion  64  rises  accompanying  the 
temperature  rise  of  the  heat  resistive  layer.  If  the  temper-  15 
ature  of  the  portion  64  reaches  the  phase  transition  tem- 
perature  of  the  material  having  the  metallic/non-metallic 
phase  transition,  the  portion  64  changes  to  non-metallic 
phase  and  interrupts  the  electric  current.  As  a  result,  the 
head  can  control  the  peak  temperature  of  the  heat  resis-  20 
tive  layer  to  a  constant  level.  In  this  case,  the  heat  resis- 
tive  layer  can  be  made  of  conventional  material  such  as 
tantalum  nitride. 

Here,  the  aforementioned  material  having  the  metal- 
lic/non-metallic  phase  transition  is  exemplified  by  a  com-  25 
pound  of  vanadium  oxide.  This  vanadium  oxide  will 
change  the  metallic/non-metallic  electric  conductivity,  if 
doped  with  a  minute  amount  of  Cr,  in  a  region  at  a  higher 
temperature  than  the  room  temperature.  The  doped 
vanadium  oxide  has  a  non-metallic  electric  conductivity  30 
at  a  higher  temperature  and  a  metallic  electric  conduc- 
tivity  at  a  lower  temperature.  Both  vanadium  and  its  oxide 
are  refractory  materials  and  can  be  used  to  make  the 
heating  resistors.  The  heating  resistorfilm  can  be  formed 
by  the  thin-film  process  such  as  the  sputtering  or  by  the  35 
thick-film  process  of  spreading  either  a  paste,  which  is 
prepared  by  powdering  the  material  and  mixing  it  with  a 
binder,  or  an  organic  metal.  In  either  case,  the  filmed 
vanadium  oxide  component  is  required  to  have  at  least 
a  polycrystalline  structure.  The  sputtering  process  is  40 
exemplified  either  by  sputtering  an  alloy  target  of  metallic 
vanadium  and  chromium  or  a  metallic  vanadium  target 
having  buried  chromium  with  a  mixture  gas  of  argon  and 
oxygen,  or  by  high-frequency  sputtering  a  target,  which 
is  sintered  of  vanadium  oxide  powder  and  chromium  45 
oxide  power,  with  argon  gases  or  a  mixture  gas  of  argon 
and  minute  oxygen.  In  either  sputtering  method,  the  tem- 
perature  to  be  filmed  is  desirably  at  several  hundreds  °C 
or  higher  so  as  to  crystalize  surely. 

In  the  case  of  doping  of  a  proper  amount  of  Cr,  the  so 
electric  conductivity  will  change  by  2  to  3  orders  at  the 
aforementioned  phase  transition  temperature.  If,  there- 
fore,  the  material  is  used  to  make  the  heating  resistor  of 
the  thermal  head  and  the  heating  resistive  layer  of  the 
heat-sensitive  papers,  the  power  to  be  consumed  around  55 
the  aforementioned  phase  transition  temperature  in  the 
state  of  constant  voltage  application  change  by  2  to  3 
orders  and  it  follows  from  this  that  it  takes  hold  of  heating 
state  and  non-heating  state  substantially  from  the  ther- 

mal  recording  standpoint.  The  phase  transition  temper- 
ature  can  be  changed  according  to  the  ratio  of  the  doping 
Cr  so  that  the  peak  temperature  of  the  heating  resistors 
can  be  set.  Further,  the  phase  transition  temperature 
shifts  to  lower  temperature  side  as  the  ratio  of  the  doping 
Cr  increases.  The  vanadium  oxide  having  no  dopant  of 
Cr  has  its  resistance  changing  at  a  small  rate  and  gently 
for  the  temperature.  Since,  however,  the  resistance  rises 
by  one  order  form  the  lower  to  higher  temperatures 
across  about  400°C,  the  undoped  vanadium  oxide  can 
also  be  used  in  the  thermal  head  of  the  present  invention. 

Fig.  14  is  a  diagram  showing  the  temperature 
changes  of  the  linear  resistance  of  the  heating  resistor 
exhibiting  the  metallic/non-metallic  phase  transition.  The 
linear  resistance  itself  presents  a  reference  because  it  is 
changed  with  the  film  thickness  and  the  line  width.  How- 
ever,  the  vanadium  oxide  doped  with  about  0.5%  of  Cr 
has  its  resistance  changed  by  3  orders  at  about  1  50  °C, 
as  indicated  by  a  linear  resistance  characteristic  curve 
31.  The  temperature  range  for  causing  the  resistance 
change  with  the  dope  of  Cr  is  so  changed  with  the 
increase  of  the  dopant  Cr  that  it  is  gradually  shifted  to 
the  lower  temperature  side.  If  the  doping  ratio  of  Cr  to  V 
of  the  vanadium  oxide  exceeds  several  percentages,  the 
change  of  increasing  the  resistance  from  the  lower  to 
higher  temperatures  disappears  so  that  the  object  of  the 
present  invention  cannot  be  achieved.  Since  the  doping 
ratio  of  Cr  changes  the  temperature  characteristics  of  the 
resistance  change,  as  has  been  described  hereinbefore, 
the  change  of  the  linear  resistance  may  be  made  gentle 
to  have  a  certain  temperature  width,  as  indicated  by  a 
curve  32  in  Fig.  1  4,  by  the  inhomogeneity  of  Cr  doped  in 
the  vanadium  oxide  even  if  the  doping  ratio  of  Cr  to  V  of 
the  vanadium  oxide  is  0.5%.  With  this  gentle  change,  the 
object  of  the  present  invention  can  be  achieved.  When  a 
heating  resistor  having  a  side  of  several  mm  below  1  , 
for  example,  is  to  be  energized  and  heated,  its  resistance 
change  appears  gentle,  as  indicated  by  the  curve  32  of 
Fig.  14,  in  case  the  above-specified  material  is  used  to 
make  the  heating  resistor  of  the  thermal  head,  because 
the  temperature  rise  is  not  spatially  uniform  in  the  heating 
resistor.  In  this  case,  too,  the  temperature  rise  and  the 
energization  stop  are  caused  in  a  micro  manner  so  that 
the  heating  resistor  can  realize  the  temperature  rise  or 
not  without  any  problem. 

Further,  the  material  having  the  metallic/non-metal- 
lic  phase  transition  characteristic  is  a  mixed  crystal,  rep- 
resented  by  Bax  Pbi  _x  TD3,  composed  of  barium  titanate 
and  lead  titanate.  In  this  case,  it  has  the  phase  transition 
temperature  of  about  300°C  and  the  electric  conductivity 
changes  by  2  to  3  orders  at  the  phase  transition  temper- 
ature  when  x  is  equal  to  0.55. 

Next,  another  driving  method  of  the  thermal  head  or 
the  power  supply  head  in  the  thermal  recording  method 
of  the  present  invention  will  be  described  in  connection 
with  the  embodiment  thereof. 

Fig.  7  is  a  top  plan  view  showing  the  thermal  head 
in  which  the  switching  element  of  the  aforementioned 
thermal  head  of  Fig.  1  is  made  of  a  thyristor.  The  thyris- 
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tors  10,  which  are  connected  at  1  :  1  with  the  individual 
heating  resistors  1  having  the  metallic/non-metallic 
phase  transition  characteristics  are  turned  on  by  input- 
ting  a  turn-on  signal  to  their  gates  1  1  at  an  arbitrary  tim- 
ing  according  to  the  recorded  data.  The  first  common  5 
electrode  3  is  fed  with  a  plus  potential  ,  and  the  second 
common  electrode  5  is  fed  with  a  minus  potential.  When 
the  thyristors  10  are  turned  on,  the  heating  resistors  1 
are  substantially  fed  with  the  difference  between  the  plus 
and  minus  potential  so  that  they  start  to  pass  the  electric  w 
currents.  Upon  this  energization,  the  heating  resistors  1 
generate  the  Joule  heat  so  that  their  temperature  rises 
are  started.  When  the  temperature  of  the  heating  resis- 
tors  1  reach  the  metallic/non-metallic  phase  transition 
temperature  of  the  material  making  the  heating  resistors,  75 
the  value  of  the  current  flowing  through  the  heating  resis- 
tors  drops  by  2  to  3  orders  if  the  heating  resistors  are 
made  of  vanadium  oxide  doped  with  Cr,  for  example.  If 
elements  having  suitable  turn-off  characteristics  are 
selected  as  the  thyristors  10,  these  thyristors  10  are  20 
turned  off  by  interrupting  the  current  through  the  heating 
resistors  1  .  Once  the  thyristors  1  0  are  turned  off,  the 
heating  resistors  1  cannot  be  energized  again  so  long  as 
the  turn-on  signal  is  not  inputted  to  the  gate  1  1  ,  so  that 
the  heating  resistors  1  interrupt  their  heat  generations.  25 
In  other  words,  the  heating  resistors  1  automatically 
interrupt  their  heat  generations,  when  they  are  energized 
to  have  their  temperature  reaching  the  aforementioned 
phase  transition  level,  and  are  cooled  down  to  stand-by 
for  the  subsequent  input  of  the  thyristor  turn-on  signal.  30 

Fig.  8  is  a  diagram  showing  the  time  changes  of  the 
surface  temperature  of  the  heating  resistors  in  case  the 
heating  resistors  1  of  the  thermal  head  shown  in  Fig.  7 
are  continuously  driven  by  the  aforementioned  thyristors 
1  0.  Numeral  1  3  indicates  the  surface  temperature  of  the  35 
heating  resistors,  and  numeral  14  indicates  the  gate 
input  signal  of  the  thyristors  10,  i.e.,  the  timing  signal  for 
starting  the  heating.  Letters  Tc  designate  the  aforemen- 
tioned  phase  transition  temperature.  No  matter  what  tim- 
ing  gate  input  pulses  1  4  might  be  inputted,  as  is  apparent  40 
from  Fig.  8,  the  surface  temperature  of  the  heating  resis- 
tors  would  not  exceed  the  level  Tc,  but  the  temperature 
rising  and  dropping  curve  in  the  vicinity  of  the  peak  tem- 
perature,  which  belongs  to  the  most  important  tempera- 
ture  for  the  thermal  recording,  is  identical  for  either  heat  45 
generation. 

In  the  foregoing  description  of  the  temperature  rising 
and  dropping  curve,  it  has  been  clarified  that  the  curve 
is  not  influenced  by  the  heating  history  of  a  specific  one 
of  the  heating  resistors.  However,  the  rising  and  dropping  so 
curves  of  the  peak  temperature  of  the  specific  heating 
resistor  1  are  not  influenced  to  realize  the  uniform  heat 
generation  at  all  times  even  for  the  simultaneous  heat 
generations,  the  histories  of  the  past  heat  generations  of 
the  heating  resistors  adjacent  to  or  around  the  specific  55 
heating  resistor  or  the  temperature  of  the  substrate  6  of 
the  thermal  head.  Moreover,  even  if  the  applied  power 
dispersion  accompanying  the  dispersion  of  the  resist- 
ances  of  the  heating  resistors  and  the  thermal  charac- 

teristic  dispersion  accompanying  the  dispersion  of  the 
glazed  layer  thickness  exists  between  either  the  individ- 
ual  heating  resistors  or  the  individual  thermal  heads,  the 
peak  temperature  to  be  determined  by  the  aforemen- 
tioned  phase  transition  temperature  and  the  heating 
waveforms  in  the  vicinity  of  the  peaktemperature  are  uni- 
formed. 

In  the  case  of  the  thermal  head  having  the  combina- 
tion  of  the  aforementioned  material  for  the  metallic/non- 
metallic  phase  transition  and  the  thyristor,  the  peak  tem- 
perature  of  the  heating  resistor  is  always  constant.  As  a 
result,  under  the  identical  thermal  driving  conditions,  the 
recording  density  will  be  different  in  case  the  coloring 
sensitivity  is  different  due  to  the  difference  of  the  kinds 
of  the  heat-sensitive  paper.  As  shown  in  Fig.  12,  the  sur- 
face  temperature  of  the  heating  resistors  changes  with 
the  voltage  applied  to  the  heating  resistors,  as  indicated 
bytemperature  rising  curves(15,  16and  17).  In  case  the 
heat-sensitive  paper  of  standard  sensitivity  is  used,  for 
example,  the  aforementioned  applied  voltages  are  so  set 
as  to  follow  the  rising  curve  1  6  of  the  heating  resistor 
surface  temperature.  In  the  case  of  the  heat-sensitive 
paper  of  low  sensitivity,  the  applied  voltage  is  set  by  low- 
ering  the  applied  voltage  to  elongate  the  temperature 
maintaining  time  of  the  vicinity  of  the  peak  temperature, 
as  indicated  by  the  curve  17.  In  the  case  of  the  heat- 
sensitive  paper  of  high  sensitivity,  on  the  contrary,  the 
applied  voltage  is  raised  to  reach  the  peaktemperature 
instantly,  as  indicated  by  the  curve  1  5.  Thermal  head  can 
correspond  to  the  difference  in  the  recording  sensitivity 
characteristics  of  the  heat-sensitive  paper  by  solely 
changing  the  applied  voltage. 

Another  effective  method  for  coping  with  the  sensi- 
tivity  difference  is  also  exemplified  by  a  preheat  of  the 
heat-sensitive  paper  or  the  ink  donor  sheet  immediately 
before  heating  of  the  heating  resistor.  In  the  case  of  low 
heat-sensitive  paper,  for  example,  no  change  in  the  volt- 
age  applied  to  the  heating  resistor  can  be  sufficient  if  the 
aforementioned  preheating  temperature  is  set  at  a  high 
level. 

The  thyristor  can  be  utilized  in  switching  the  power 
applied  to  the  head  60  in  the  powered  thermal  recording 
device  shown  in  Fig.  15.  In  this  case,  a  circuitous  current 
path  is  left  so  that  an  extremely  current  reduction  cannot 
be  desired,  even  if  a  minute  portion  corresponding  to  one 
picture  element  turns  inconductive,  because  the  heat 
resistive  layer  53  is  widely  planar.  It  is,  therefore,  neces- 
sary  to  provide  a  circuit  having  a  large  turn-off  current. 
Further,  it  can  reduce  the  circuitous  current,  can  ensure 
the  current  blocking  property  of  the  heat  resistive  layer 
53  and  can  achieve  the  fine  recording  property  by  which 
the  heat  resistive  layer  53  is  divided  into  a  plurality  of 
islands  53a  having  a  similar  size  to  the  recording  picture 
element,  as  shown  in  perspective  view  in  Fig.  18. 

Fig.  9  shows  one  embodiment  of  the  heating  drive 
control  circuit,  and  Fig.  10  is  a  driving  timing  chart  of  the 
thermal  head  using  the  drive  control  circuit.  In  Fig.  9,  ref- 
erence  numeral  35  designates  serial-in  parallel-out  shift 
registers  having  a  serial  input  terminal  31  and  a  shift 
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clock  terminal  32,  and  numeral  36  designates  an  AND 
gate  which  is  fed  with  the  parallel  outputs  of  the  shift  reg- 
isters  55  and  the  heating  timing  signal  coming  from  an 
input  terminal  33  and  which  has  an  output  terminal  34. 
This  output  terminal  34  of  the  AND  gate  36  is  connected 
with  the  gate  11  of  a  thyristor  10,  which  in  turn  is  con- 
nected  with  the  heating  resistor,  so  that  it  can  turn  on  the 
thyristor  1  0  selectively.  In  Fig.  10,  numeral  41  designates 
video  data  of  one  recording  line,  and  numeral  42  desig- 
nates  a  shift  clock.  If  the  video  data  41  are  arrayed  in  the 
aforementioned  shift  registers  35,  a  heating  timing  signal 
43  is  inputted  in  the  form  of  pulses  of  several  microsecs 
so  that  the  input  signal  44  of  the  gate  1  1  of  the  thyristor 
1  0  is  outputted  in  the  form  of  pulses  of  several  microsecs 
from  the  aforementioned  output  terminal  34  in  accord- 
ance  with  the  content  of  the  video  data  41  .  When  the 
input  signal  44  is  outputted,  the  drive  control  circuit 
shown  in  Fig.  9  can  be  released  from  the  heating  oper- 
ation  and  shifted  to  a  series  of  the  aforementioned  prep- 
arations  for  the  next  line. 

The  drive  control  circuit  of  the  conventional  thermal 
head  is  enabled  to  perform  the  high-speed  processing 
by  having  a  latch  circuit  so  that  the  recording  video  data 
may  be  written  in  parallel  with  the  heating  operations  of 
the  heating  resistors.  However,  in  the  present  invention, 
the  high-speed  parallel  processing  can  be  accomplished 
without  the  latch  circuit  by  combining  the  heating  resis- 
tors  of  the  metallic/non-metallic  transition  and  the  thyris- 
tors.  As  a  result,  it  is  possible  not  only  to  reduce  the  size 
and  drop  the  cost  of  the  drive  control  circuit  but  also  to 
reduce  the  size  of  the  thermal  head  packaging  the  drive 
control  circuit. 

In  all  the  embodiments  excepting  the  aforemen- 
tioned  powered  recording  one,  the  peak  temperature  of 
the  heating  resistors  is  unvaried  no  matter  whether  the 
recording  medium  such  as  the  heat-sensitive  papers  act- 
ing  as  an  endothermic  source  might  contact  with  the 
heating  resistors  or  not.  As  a  result,  the  thermal  head  of 
the  present  invention  is  freed  from  the  deterioration  or 
breakage  of  the  heating  resistors  due  to  an  abnormal  rise 
of  the  peak  temperature,  which  might  otherwise  be 
caused  in  the  state  of  no  paper  feed  of  the  heating  resis- 
tors  of  the  thermal  head  of  the  prior  art.  Moreover,  a  high 
reliability  is  exhibited  even  in  the  event  of  malfunction  or 
runaway  of  the  drive  control  circuit  of  CPU  due  to  noises. 

This  effect  is  commonly  applied  to  the  powered  ther- 
mal  recording  by  enhancing  the  reliability  and  safety  of 
the  apparatus  with  neither  the  abnormal  heat  generation 
or  firing  of  the  powered  heat-sensitive  recording  paper 
due  to  the  runabout  of  the  circuit  nor  the  breakage  of  the 
parts  such  as  the  platen. 

Fig.  1  1  is  a  top  plan  view  showing  an  essential  por- 
tion  of  the  thermal  head,  in  which  the  heating  simulator 
23  made  of  the  material  of  the  metallic/non-metallic 
phase  transition  is  arranged  in  series  with  the  individual 
electrode  2  at  a  position  apart  from  the  heating  resistor 
7  made  similar  to  that  of  Fig.  4.  The  aforementioned  heat- 
ing  simulator  23  is  given  a  linear  resistance  lower  than 
that  of  the  heating  resistor  7  and  higher  than  the  individ- 

ual  electrode  2.  If  the  heating  resistor  7  is  energized  to 
generate  the  heat,  the  heating  simulator  23  starts  a  gen- 
tle  heat  generation.  If  the  temperature  of  the  metal- 
lic/non-metallic  phase  transition  of  the  heating  simulator 

5  23  is  set  at  about  120°C,  for  example,  the  heating  simu- 
lator  23  is  heated  by  the  Joule  heat  to  about  1  20°C  simul- 
taneously  with  the  temperature  rise  of  the  heating 
resistor  7  so  that  it  is  transferred  to  the  non-metallic 
phase.  As  a  result,  the  current  flowing  through  the  indi- 

10  vidual  electrode  2  connected  in  series  with  the  heating 
simulator  23  and  the  heating  resistor  8  can  be  blocked 
like  the  aforementioned  individual  embodiments  to  real- 
ize  the  heating  control  of  the  heating  resistor  7.  The  heat- 
ing  and  cooling  behaviors  of  the  heating  simulator  23  are 

15  substantially  similar  to  those  of  the  aforementioned  heat- 
ing  resistor  7  but  are  highly  different  in  the  peak  temper- 
ature.  The  heating  simulator  23  is  not  directly  influenced 
by  the  temperature  changes  due  to  the  voltage  pulse 
applied  to  the  heating  resistor  7  because  it  is  positioned 

20  apart  from  the  heating  resistor  7.  The  heating  simulator 
23  is  most  seriously  influenced  by  the  background  tem- 
perature  resulting  from  the  flow  heat  storage  or  rise  of 
the  thermal  head  substrate  due  to  the  heat  storage 
around  the  exothermic  simulator  itself,  the  environmental 

25  temperature  or  the  heat  generation  of  the  heating  resis- 
tor.  As  a  result,  the  heat  generation  by  the  heating  resis- 
tor  cannot  be  completely  controlled,  but  a  sensitive 
reaction  is  exhibited  for  the  fluctuations  of  the  apparent 
coloring  sensitivity  due  to  the  temperature  fluctuations  of 

30  the  heat-sensitive  papers  accompanying  the  fluctuations 
of  the  environmental  temperature  and  the  inside  temper- 
ature  of  the  recording  apparatus.  As  to  the  influences  of 
the  heating  resistors  around  or  adjacent  to  a  heating 
resistor  being  noted,  the  peripheral  heating  simulator 

35  thermally  interfere  with  one  another  to  effect  the  heating 
simulations  of  the  grouped  heating  resistors,  if  the  heat- 
ing  simulators  23  are  aligned  with  one  another  like  the 
positional  relationship  of  the  heating  resistors  7,  as 
shown  in  Fig.  1  1  .  Since,  moreover  the  heating  simulator 

40  is  not  heated  to  a  high  temperature  but  has  a  small  ther- 
mal  impact,  it  is  advantageous  in  the  heat-resisting  reli- 
ability  for  the  material  of  the  metallic/non-metallic  phase 
transition.  If  a  protecting  layer  over  the  heating  resistor 
is  likewise  formed  over  the  heating  simulator,  the  relia- 

45  bilities  are  improved  against  the  oxidation  or  thermal 
degradation  of  the  heating  simulator  and  against  the 
impact  of  the  crystalline  structural  change  accompany- 
ing  the  aforementioned  phase  transfer. 

Incidentally,  in  all  the  embodiments  thus  far 
so  described,  the  characteristics  of  the  material  used  in  the 

heating  resistor,  the  heat  resistive  layer,  the  leading  end 
of  the  power  supply  electrode,  the  wiring  line  and  the 
heating  simulator  need  not  have  the  electric  conductivity 
changed  discontinuously  at  the  predetermined  temper- 

55  ature  but  may  have  the  conductivity  changed  continu- 
ously  within  a  temperature  range  having  a 
predetermined  width.  In  order  to  ensure  the  exhibition  of 
the  effects  of  the  present  invention,  the  electric  conduc- 
tivity  is  at  least  1  order  or  desirably  2  orders  or  more.  This 
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necessary  change  means  the  practically  minimum 
changing  ratios  of  both  the  resistance,  which  is  invited 
by  the  power  consumption  (or  energy)  to  enable  the  heat- 
ing  temperature  rise  to  reach  a  level  necessary  for  the 
recording,  and  the  resistance  which  the  power  consump- 
tion  (or  energy)  becomes  lower  than  the  level  for  main- 
taining  the  temperature  of  at  least  the  heating  resistor  or 
the  heat  resistive  layer  at  the  temperature  level  relating 
the  recording  under  the  condition  of  a  constant  applied 
voltage.  In  short,  in  order  to  extract  the  actions  of  the 
point  of  the  present  invention,  it  is  important  to  make  use 
of  the  material  which  has  its  electric  conductivity 
changed  at  the  aforementioned  minimum  ratio  in 
dependence  upon  the  temperature. 

According  to  the  present  invention,  as  has  been 
described  hereinbefore,  the  following  excellent  effects 
can  be  exhibited: 

(1)  The  peak  temperature  of  the  heating  resistor  can 
be  uniformly  controlled  for  all  the  temperature  envi- 
ronments  in  which  the  heating  resistor  of  the  thermal 
head  or  the  heat  resistive  layer  of  the  powered  heat- 
sensitive  recording  sheet  is  placed; 
(2)  The  dispersion  of  the  recording  characteristics 
can  be  suppressed  for  the  thermal  characteristic  dis- 
persion  such  as  the  glazed  layer  of  the  thermal  head  ; 
(3)  The  recording  characteristic  dispersion  can  also 
be  suppressed  for  the  dispersion  of  the  sheet  resist- 
ance  of  the  heat  resistive  layer; 
(4)  The  highly  precise  density  gradation  control  is 
facilitated; 
(5)  The  heating  drive  control  circuit  can  be  simply 
constructed  to  reduce  the  sizes  of  the  circuit,  the 
thermal  head  and  the  power  supply  head  substrate; 
(6)  The  recording  can  be  speeded  up  with  ease; 
(7)  The  temperature  data  collection  circuit  or  the 
recording  density  correction  circuit  such  as  the  tem- 
perature  detections  of  the  recording  apparatus  need 
not  be  used  so  that  the  apparatus  can  be  provided 
with  a  small  size  and  at  a  reasonable  cost;  and 
(8)  A  high  reliability  and  safety  can  be  obtained 
against  the  runaway  of  the  heating  resistor. 

Claims 

1.  An  apparatus  for  thermally  recording  data  in  a 
recording  medium,  comprising: 

heating  resistors  (1)  connected  to  a  constant 
voltage  power  supply,  the  power  consumption  of 
each  said  heating  resistor  being  controlled  by  an 
external  pulse  signal  supplied  to  monitor  means,  dis- 
posed  in  a  path  for  supplying  said  electric  power  to 
said  heating  resistors  for  generating  heat,  said  mon- 
itor  means  undergoing  a  temperature  change  by  the 
heat  generated  by  the  monitor  means  itself,  and 
wherein  said  monitor  means  are  made  of  a  material 
having  a  metallic/non-metallic  phase  transition  at  a 
predetermined  temperature  so  that  the  monitor 
means  reduce  the  electric  current  flowing  through 

said  heating  resistors  when  the  temperature  of  the 
monitor  means  reaches  a  predetermined  tempera- 
ture  high  enough  for  recording,  with  the  resistance 
of  the  monitor  means  rising  rapidly  and  substantially 

5  around  said  predetermined  temperature,  character- 
ized  in  that  said  heating  resistors  are  series-con- 
nected  to  said  constant  voltage  power  supply 
through  thyristors  (1  0)  which  interrupt  said  electric 
current  through  said  heating  resistors  as  soon  as  the 

10  phase  transition  temperature  is  reached  until  a  fur- 
ther  external  pulse  signal  is  applied  again  to  the 
gates  (1  1)  of  said  thyristors  (10). 

2.  An  apparatus  according  to  claim  1,  wherein  said 
15  monitor  means  consist  of  vanadium  oxide  doped 

with  a  minute  amount  of  chromium  providing  a 
phase  transition  temperature  between  150°C  and 
450°C. 

20  3.  An  apparatus  according  to  claim  1,  wherein  said 
monitor  means  consist  of  barium  titanate  and  lead 
titanate  (Bax,  Pbi_x,  Ti03)  providing  a  phase  transi- 
tion  temperature  of  about  300°C  with  x  equal  to  0,55. 

25  4.  A  method  for  recording  continuous  tone  data  using 
a  heating  resistor  which  generates  heat  by  electric 
power  supply,  and  monitor  means  which  according 
to  claim  1  through  3  are  made  of  a  material  giving 
metallic/non-metallic  phase  transition  at  a  predeter- 

30  mined  temperature  which  are  disposed  in  series- 
connection  to  a  thyristor  in  a  path  for  the  electric 
power  supply  as  well  as  undergoes  a  temperature 
change  equivalent  or  similar  to  temperature  change 
of  the  heating  resistor,  and  which  maintain  a  peak 

35  temperature  of  said  heating  resistors  at  a  tempera- 
ture  corresponding  the  predetermined  temperature 
of  the  monitor  means  during  the  electric  power  sup- 
ply,  comprising  the  steps  of: 

determining  a  period  of  maintaining  the  peak 
40  temperature  according  to  a  tone  of  the  continuous 

tone  data; 
and  applying  a  constant  voltage  to  said  thyr- 

istor  having  a  pulse  width  based  on  said  period. 

45  Patentanspruche 

1.  Vorrichtung  zur  thermischen  Datenaufzeichnung 
auf  einem  Datentrager,  enthaltend: 
Heizwiderstande  (1),  die  an  eine  Stromversorgung 

so  konstanter  Spannung  angeschlossen  sind,  wobei 
der  Stromverbrauch  jedes  Heizwiderstands  durch 
ein  externes  Impulssignal  gesteuert  wird,  das  an  ein 
Uberwachungsmittel  gegeben  wird,  das  in  einem 
Pfad  zum  Liefern  dieser  elektrischen  Energie  an  die 

55  Heizwiderstande  zwecks  Generierens  von  Warme 
angeordnet  ist,  wobei  dieses  Uberwachungsmittel 
durch  die  vom  Uberwachungsmittel  selbst  generi- 
erte  Warme  einer  Temperaturanderung  unterliegt, 
und  wobei  das  Uberwachungsmittel  aus  einem 

10 



19 EP  0  423  708  B1 20 

Material  gefertigt  ist,  das  bei  einer  bestimmten  Tem- 
peratur  einen  Metall/Nichtmetall-Phasenubergang 
aufweist,  so  daB  das  Uberwachungsmittel  den 
durch  die  Heizwiderstande  flieBenden  Strom  reduz- 
iert,  wenn  die  Temperatur  des  Uberwachungsmittels  5 
eine  vorgegebene  Temperatur  erreicht,  die  zum 
Aufzeichnen  hoch  genug  ist,  wobei  der  Widerstand 
des  Uberwachungsmittels  im  wesentlichen  urn 
diese  vorgegebene  Temperatur  herum  rapid 
ansteigt,  dadurch  gekennzeichnet,  daB  diese  w 
Heizwiderstande  in  Reihenschaltung  an  dieser 
Stromversorgung  konstanter  Spannung  liegen 
durch  Thyristoren  (10),  die  den  elektrischen  Strom 
durch  diese  Heizwiderstande  unterbrechen,  sobald 
die  Phaseniibergangstemperatur  erreicht  ist,  bis  ein  15 
weiteres  externes  Impulssignal  wieder  an  die  Gatter 
(11)  dieser  Thyristoren  (10)  gelegt  wird. 

2.  Vorrichtung  gemaB  Anspruch  1  ,  in  dem  das  Uberw- 
achungsmittel  aus  Vanadiumoxid  besteht,  das  mit  20 
einer  geringfiigigen  Menge  Chrom  dotiert  ist  und 
eine  Phaseniibergangstemperatur  zwischen  150°C 
und  450°C  vorsieht. 

3.  Vorrichtung  gemaB  Anspruch  1  ,  in  dem  das  Uberw-  25 
achungsmittel  aus  Bariumtitanat  und  Bleititanat 
(Bax,  Pbi_x,  Ti03)  besteht,  das  eine  Phaseniiber- 
gangstemperatur  von  etwa  300°C  vorsieht,  wobei  x 
gleich  0,55  ist. 

30 
4.  Ein  Verfahren  zur  Aufzeichnung  kontinuierlicher 

Tondaten  unter  Verwendung  eines  Heizwider- 
stands,  der  durch  die  Zufuhr  elektrischer  Energie 
Warme  generiert,  und  Uberwachungsmittel  vorges- 
ehen  sind,  die  gemaB  Anspruch  1  bis  Anspruch  3  35 
aus  Material  gefertigt  sind,  das  bei  vorgegebener 
Temperatur  einen  Metall/Nichtmetall-Phaseniiber- 
gang  vorsieht,  die  in  Reihenschaltung  an  einen  Thy- 
ristor  in  einem  Pfad  fur  die  elektrische 
Stromversorgung  gelegt  sind,  und  einer  Temper-  40 
aturanderung  unterzogen  wird,  gleich  oder  ahnlich 
einer  Temperaturanderung  des  Heizwiderstands, 
und  das  eine  Spitzentemperatur  des  Heizwider- 
stands  beibehalt  bei  einer  Temperatur,  die  der 
vorgegebenen  Temperatur  des  Uberwachungsmit-  45 
tels  wahrend  der  Zufuhr  der  elektrischen  Energie 
entspricht,  enthaltend  die  Schritte: 
Bestimmung  einer  Periode  der  Beibehaltung  der 
Spitzentemperatur  gemaB  einem  Ton  der  kontinui- 
erlichen  Tondaten;  so 
und  Anlegen  einer  konstanten  Spannung  an  den 
Thyristor  mit  einer  Impulsbreite  auf  der  Grundlage 
dieser  Periode. 

Revendications  55 

1.  Appareil  d'enregistrement  thermique  de  donnees 
sur  un  support,  comprenant  : 
des  resistances  chauffantes  (1)  reliees  a  une  ali- 

mentation  a  tension  constante,  la  consommation 
d'energie  de  chaque  resistance  chauffante  etant 
commandee  par  un  signal  impulsionnel  exterieur 
envoye  a  des  moyens  de  controle  places  sur  un  tra- 
jet  d'envoi  de  I'energie  electrique  aux  resistances 
chauffantes  pour  la  production  de  chaleur,  ces  moy- 
ens  de  controle  subissant  un  changement  de  tem- 
perature  par  la  chaleur  qu'ils  produisent,  et  dans 
lequel  les  moyens  de  controle  sont  faits  d'une  mat- 
iere  ayant  une  transition  de  phase  metallique/non 
metallique  a  une  temperature  determinee  af  in  qu'ils 
reduisent  le  courant  electrique  passant  dans  les 
resistances  chauffantes  lorsque  la  temperature  des 
moyens  de  controle  atteint  une  valeur  determinee 
suffisamment  elevee  pour  I'enregistrement,  la 
resistance  des  moyens  de  controle  augmentant  rap- 
idement  et  de  maniere  importante  autour  de  cette 
temperature  determinee, 
caracterise  par  le  fait  que  les  resistances  chauffan- 
tes  sont  reliees  en  serie  a  I'alimentation  a  tension 
constante  par  I'intermediaire  de  thyristors  (10)  qui 
interrompent  le  courant  electrique  dans  les  resist- 
ances  chauffantes  des  que  la  temperature  de  tran- 
sition  de  phase  est  atteinte  et  jusqu'a  ce  qu'un 
nouveau  signal  impulsionnel  exterieur  soit  applique 
aux  gachettes  (1  1)  des  thyristors  (10). 

2.  Appareil  selon  la  revendication  1,  dans  lequel  les 
moyens  de  controle  sont  constitues  d'oxyde  de 
vanadium  dope  avec  une  quantite  minime  de 
chrome  donnant  une  temperature  de  transition  de 
phase  comprise  entre  1  50  et  450  °C. 

3.  Appareil  selon  la  revendication  1,  dans  lequel  les 
moyens  de  controle  sont  constitues  de  titanate  de 
baryum  et  de  titanate  de  plomb  (Bax  Pbi_x  Ti03) 
donnant  une  temperature  de  transition  de  phase 
d'environ  300  °C  lorsque  x  est  egal  a  0,55. 

4.  Procede  d'enregistrement  de  donnees  a  tons  conti- 
nus  au  moyen  d'une  resistance  chauffante  qui  pro- 
duit  de  la  chaleur  par  alimentation  electrique  et  de 
moyens  de  controle  qui,  selon  les  revendications  1 
a  3,  sont  faits  d'une  matiere  ayant  une  transition  de 
phase  metallique/non  metallique  a  une  temperature 
determinee  et  sont  montes  en  serie  avec  un  thyristor 
sur  un  trajet  d'alimentation  electrique  et  subissent 
un  changement  de  temperature  equivalent  ou  sem- 
blable  au  changement  de  temperature  de  la  resist- 
ance  chauffante,  et  qui  maintiennent  la  temperature 
maximale  des  resistances  chauffantes  a  une  valeur 
correspondant  a  la  temperature  determinee  des 
moyens  de  controle  pendant  I'alimentation  elec- 
trique,  comprenant  les  operations  suivantes  : 
determination  d'une  duree  de  maintien  de  la  tem- 
perature  maximale  d'apres  un  ton  des  donnees  a 
tons  continus  et 
application  au  thyristor  d'une  tension  constante 

55 
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ayant  une  largeur  compulsion  basee  sur  ladite 
duree. 
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