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©  Method  of  manufacturing  a  substrate  for  a  liquid  jet  recording  head. 

©  This  specification  discloses  a  method  of  manu- 
facturing  a  substrate  for  an  ink  jet  recording  head 
having  an  electro-thermal  transducer  disposed  on  a 
substrate  supporting  member  and  generating  heat 
energy  available  to  discharge  ink.  Short-circuited 
electrode  wiring  portions  (207)  are  cut  with  a  laser 
beam.  Then  a  filler  (208)  and  a  protective  layer 

(204)  are  deposited  by  Laser  CVD  and  sputtering, 
respectively.  The  specification  also  discloses  a  sub- 
strate  for  an  ink  jet  recording  head  manufactured  by 
such  method,  an  ink  jet  recording  head  formed  by 
the  use  of  such  substrate,  and  an  ink  jet  recording 
apparatus  having  the  head. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

This  invention,  as  a  typical  manner  of  record- 
ing,  relates  to  a  method  of  manufacturing  a  sub- 
strate  used  as  constitutional  member  for  a  liquid  jet 
recording  head  which  causes  a  condition  change 
including  the  production  of  bubbles  in  liquid  by 
heat  energy,  discharges  the  liquid  from  a  discharge 
opening  by  the  condition  change  to  thereby  form 
flying  droplets,  and  causes  the  flying  droplets  to 
adhere  to  a  recording  surface  to  thereby  accom- 
plish  recording  of  information  such  as  characters 
and  images,  a  substrate  manufactured  by  the 
method,  a  liquid  jet  recording  head  formed  by  use 
of  the  substrate,  and  liquid  jet  recording  apparatus 
having  the  haed. 

Related  Background  Art 

The  non-impact  recording  methods  have  re- 
cently  drawn  more  attention  in  that  the  production 
of  noise  during  recording  is  negligibly  small. 
Among  them,  the  so-called  ink  jet  recording  meth- 
od  (the  liquid  jet  recording  method)  which  is  ca- 
pable  of  high-speed  recording  and  moreover  can 
effect  recording  on  plain  paper  without  requiring 
the  special  process  of  fixation  is  a  very  promising 
recording  method,  and  various  systems  using  it 
have  heretofore  been  proposed  and  apparatuses 
which  embody  them  have  been  desired,  and  some 
of  them  have  been  improved  and  commercialized 
and  some  are  still  now  under  the  effort  to  put  them 
into  practical  use. 

Among  them,  the  liquid  jet  recording  methods 
described,  for  example,  in  Japanese  Laid-Open 
Patent  Application  No.  54-59936  (corresponding 
USP  4723129,  4740796)  and  German  Laid-Open 
Patent  Application  (DOLS)  No.  2843064  have  a 
feature  differing  from  that  of  the  other  liquid  jet 
recording  methods  in  that  heat  energy  which  is 
energy  to  be  used  for  discharging  liquid  is  caused 
to  act  on  liquid  to  thereby  obtain  a  motive  force  for 
liquid  droplet  discharge. 

That  is,  in  the  typical  example  of  recording 
methods  disclosed  in  the  above-mentioned  publica- 
tions,  liquid  subjected  to  the  action  of  the  heat 
energy  causes  a  condition  change  involving  a 
steep  increase  in  volume,  and  by  an  action  force 
based  on  the  condition  change,  a  liquid  is  dis- 
charged  as  droplet  from  a  discharge  opening 
(hereinafter  referred  to  as  the  orifice),  for  example, 
provided  at  the  fore  end  of  a  recording  head  unit 
and  flies  and  adheres  to  a  recording  medium, 
whereby  recording  of  information  is  accomplished. 

The  liquid  jet  recording  method  disclosed  in 
the  above  Gazzette  can  not  only  be  very  effectively 

applied  to  the  so-called  drop-on  demand  recording 
method,  but  also  can  be  easily  realized  by  provid- 
ing  the  recording  head  unit  with  highly  dense  mul- 
tiple  orifices  over  the  full  line  width  thereof  cor- 

5  responding  to  the  recording  region  of  the  recorded 
member  and  therefore,  has  an  advantage  that  im- 
ages  of  high  resolution  and  high  quality  can  be 
obtained  at  a  high  speed. 

An  embodiment  of  the  recording  head  of  an 
io  apparatus  applied  to  the  above-described  recording 

system  is  provided  with  a  liquid  discharge  portion 
having  an  orifice  provided  to  discharge  ink  as 
droplet  therethrough  and  an  ink  liquid  path  pro- 
vided  with  a  heat-acting  portion  as  a  portion  com- 

75  municating  with  the  orifice  and  causing  heat  energy 
to  be  used  for  discharging  ink  to  act  on  the  ink, 
and  an  electro-thermal  transducer  provided  cor- 
responding  to  the  heat-acting  portion  as  means  for 
generating  the  heat  energy. 

20  A  typical  example  of  this  electro-thermal  trans- 
ducer  comprises  a  pair  of  electrodes,  and  a  heat 
generating  resistance  layer  connected  to  these 
electrodes  and  a  heat  generating  region  (a  heat 
generating  portion)  being  constituted  at  a  position 

25  corresponding  to  the  portion  between  the  elec- 
trodes.  The  heat  generating  resistance  layer  and 
electrodes  are  generally  formed  in  the  surface  por- 
tion  of  the  base  plate  of  the  ink  jet  recording  head 
as  a  layer.  An  example  of  the  prior-art  construction 

30  of  the  base  plate  in  which  such  an  electro-thermal 
transducer  is  formed  is  shown  in  Figures  1A  and 
1  B  of  the  accompanying  drawings.  The  example  of 
the  prior  art  will  hereinafter  be  described  with  refer- 
ence  to  these  figures. 

35  Figure  1A  is  a  fragmentary  plan  view  showing 
the  vicinity  of  an  electro-thermal  transducer  in  a 
substrate  (hereinafter  also  referred  to  as  the  base 
plate)  constituting  an  ink  jet  recording  head,  and 
Figure  1  B  is  a  fragmentary  cross-sectional  view  of 

40  a  portion  indicated  by  dot-and-dash  line  XY  in 
Figure  1A. 

In  these  figures,  the  base  plate  101  is  formed 
by  a  lower  layer  106,  a  heat  generating  resistance 
layer  107,  electrodes  103,  104,  a  first  upper  protec- 

45  tive  layer  108,  a  second  upper  protective  layer  109 
and  a  third  upper  protective  layer  110  successively 
laminated  on  a  supporting  member  105. 

The  heat  generating  resistance  layer  107  and 
electrodes  103  and  104  are  patterned  into  a  pre- 

50  determined  shape  by  etching.  That  is,  in  the  other 
portions  than  the  portion  being  constituted  the  heat 
generating  region  102,  they  are  patterned  almost 
into  one  and  the  same  shape,  and  in  the  portion, 
being  constituted  the  heat  generating  region  102, 

55  the  electrodes  are  not  laminated  on  the  heat  gen- 
erating  resistance  layer  107,  but  the  heat  generat- 
ing  resistance  layer  107  constitutes  a  heat  generat- 
ing  portion  111.  The  first  upper  protective  layer  108 
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and  the  third  upper  protective  layer  110  are  lami- 
nated  over  the  whole  surface  of  the  base  plate  101, 
while  the  second  upper  protective  layer  109  is 
patterned  so  as  not  to  be  laminated  on  the  heat 
generating  region  102. 

The  material  to  be  used  for  forming  each  layer 
provided  in  the  surface  portion  of  the  base  plate 
formed  as  described  above  is  suitably  chosen 
based  on  characteristics  such  as  heat-resisting 
property,  liquid-resisting  property,  heat  conductivity 
and  insulativeness  required  corresponding  to  re- 
spective  portion  of  layers.  The  main  function  of  the 
first  upper  protective  layer  108  in  the  above-de- 
scribed  example  of  the  prior  art  is  to  keep  the 
insulativeness  between  the  common  electrode  103 
and  the  selected  electrode  104,  the  main  function 
of  the  second  upper  protective  layer  109  is  to 
prevent  the  permeation  of  liquid  and  resist  the 
liquid,  and  the  main  function  of  the  third  upper 
protective  layer  110  is  to  reinforce  the  liquid-resist- 
ing  property  and  mechanical  strength. 

Now,  of  the  first  and  third  protective  layers  108 
and  110  lying  on  the  upper  layer  of  the  heat 
generating  region  (hereinafter  also  referred  to  as 
heater  portion  for  discharging)  102,  the  third  pro- 
tective  layer  110  is  in  contact  with  ink,  and  with 
regard  to  the  defects  of  the  film  forming  these 
layers,  care  must  be  particularly  taken  of  insulative- 
ness  or  the  like.  Pin-holes  and  dust  in  the  film  may 
be  mentioned  as  the  defects  of  the  film,  and  with 
regard  to  pin-holes,  for  example,  as  shown  in  JP 
Laid-Open  Patent  Application  No.  60-157872 
(corresponding  USP  4777494),  could  be  dissolved 
by  anode-oxidizing  the  ground  of  the  film  portion, 
but  the  entry  of  dust  into  the  film  could  not  be 
sufficiently  dissolved. 

That  is,  in  the  ink  jet  system  in  which  heat  is 
caused  to  act,  the  first  and  third  protective  layers 
108  and  110  need  to  be  formed  thin  (for  example, 
3  urn  at  greatest)  in  view  of  efficiency  of  heat 
conductivity  and  accordingly,  as  the  forming  meth- 
od  therefor  the  vacuum  accumulation  method  has 
been  preferred.  The  vacuum  accumulation  method, 
because  of  its  system,  cannot  avoid  the  entry  of 
dust  into  the  film  with  a  certain  probability.  And  this 
is  because,  for  example,  when  a  vacuum  container 
is  made  vacuum  or  again  made  vacuum  after  film 
formation,  part  of  the  film  which  has  peeled  from 
the  wall  of  the  vacuum  container  adheres  to  the 
base  plate  and  becomes  dust  in  the  film. 

In  the  case  of  a  base  plate  on  which  about 
twenty-four  heater  portions  for  discharging  are 
formed,  the  probability  with  which  the  base  plate 
becomes  unsatisfactory  due  to  the  entry  of  dust 
does  not  become  extremely  high  and  therefore, 
there  will  be  a  little  problem  if  base  plate  entered 
dust  is  dealt  with  as  unsatisfactory  one,  but  in  the 
case  of,  for  example,  a  base  plate  on  which  one 

thousand  or  more  heater  portions  for  discharging 
are  formed,  the  entry  of  dust  into  a  base  plate  may 
become  great  and  therefore  many  problems  cause. 
In  either  case  due  to  the  entry  of  dust  in  the  film 

5  durability  of  the  head  itself  may  become  bad.  That 
is,  if  dust  is  present  in  the  film,  the  dust  will 
separate  from  within  the  film  due  to  the  action 
force  during  the  extinction  of  a  bubble  for  discharg- 
ing  ink  and  it  will  provide  a  pin-hole.  The  ink  may 

io  come  into  such  pin-hole  and  come  into  contact  with 
the  heater  portion  for  discharging  and  react  thereto, 
whereby  the  heater  portion  for  discharging  may  be 
disconnected. 

Thus,  the  presence  of  defects  in  the  protective 
is  layers  of  the  heat  generating  portion  due  to  the 

entry  of  dust  into  the  film,  reduces  the  durability  of 
the  head  remarkably.  Again,  in  such  a  case,  if  the 
base  plate  is  one  on  which  for  example,  about 
twenty-four  heater  portions  for  discharging  are 

20  formed,  the  probability  with  which  the  base  plate 
becomes  unsatisfactory  is  low  and  therefore,  it  will 
pose  no  problem  in  terms  of  yield  to  regard  base 
plate  entered  dust  as  being  unsatisfactory,  but  in 
the  case  of,  for  example,  a  base  plate  on  which 

25  one  thousand  or  more  heater  portions  for  discharg- 
ing  are  formed,  the  probability  of  heater  portions 
for  discharging  which  suffer  from  the  entry  of  dust 
into  a  base  plate  will  become  great  and  if  all  these 
are  regarded  as  being  unsatisfactory,  it  will  cause  a 

30  reduction  in  yield. 
On  the  other  hand,  when  in  the  liquid  jet  re- 

cording  head  as  described  above,  short-circuiting 
has  occurred  between  wirings  during  the  manufac- 
turing  process,  the  short-circuited  wiring  portion 

35  has  been  cut  by  the  use  of  a  laser  beam  to  thereby 
separate  the  wirings  from  each  other,  but  when  a 
laser  beam  is  thus  used,  as  shown  in  Figures  2A-1 
and  2B-1  of  the  accompanying  drawings,  a  damage 
has  been  imparted  to  the  heat  generating  resis- 

40  tance  layer  202  on  the  support  member  201  of  the 
substrate  for  recording  head  to  form  a  large  hole 
(recess)  206.  Then,  in  order  to  protect  the  wirings 
from  recording  liquid  (ink),  an  upper  protective  lay- 
er  204  is  formed  near  the  wirings  203  by  a  film 

45  making  method  such  as  the  sputtering  method,  but 
in  the  location  of  this  large  hole  206,  the  wiring  203 
could  not  be  sufficiently  covered  with  the  upper 
protective  layer  204. 

Therefore,  as  indicated  by  arrow  K  in  Figure 
50  2B-2  of  the  accompanying  drawings,  during  the 

use,  the  ink  has  sometimes  permeated  into  the 
portion  in  which  the  hole  206  has  been  formed  to 
thereby  corrode  the  electrodes  203,  and  finally  this 
has  sometimes  led  to  the  disconnection  of  the 

55  wirings.  The  reference  numeral  205  designates  that 
portion  of  the  electrode  which  has  been  corroded 
by  the  ink. 

3 
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So,  an  attempt  has  been  made  to  further  pro- 
vide  a  second  upper  protective  layer  on  the  protec- 
tive  layer  204,  but  in  the  case  of  such  a  large  hole 
206  (usually  having  a  depth  of  1  urn  or  more), 
bubbles  have  collected  there  or  have  been  repelled 
by  the  protective  film,  and  it  has  been  the  case  that 
the  wirings  cannot  be  covered  well  even  with  the 
second  upper  protective  layer.  Also,  aluminum  has 
heretofore  been  generally  used  as  the  material  for 
the  wirings,  and  in  order  to  prevent  the  above- 
described  corrosion,  attempts  have  been  made  to 
find  out  other  electrically  conductive  materials  than 
aluminum,  but  there  has  not  been  yet  found  out 
anticorrosive  conductive  materials  optimum  in  re- 
spect  of  manufacturing  cost,  workability  and  re- 
sistivity  characteristic. 

Thus,  heretofore,  it  has  happened  that  the  ink 
permeates  from  the  portion  in  which  the  wirings 
have  been  cut  by  a  laser  beam  and  the  wirings  are 
corroded  and  thereby  disconnected,  and  this  has 
sometimes  reduced  the  reliability  of  the  recording 
head. 

An  object  of  the  invention  is  to  provide  a  meth- 
od  of  manufacturing  a  substrate  for  an  ink  jet 
recording  head  which  is  free  of  the  possibility  of 
recording  liquid  permeating  from  a  recess  created 
by  the  short-circuited  wiring  portion  of  electrodes 
being  cut  to  thereby  corrode  the  wiring  and  which 
is  high  in  reliability,  a  substrate  manufactured  by 
the  method,  a  liquid  jet  recording  head  using  the 
substrate,  and  a  liquid  jet  recording  apparatus  hav- 
ing  the  head. 

According  to  the  invention  there  is  provided  a 
method  of  manufacturing  a  substrate  for  a  liquid  jet 
recording  head  provided  with  a  support  member, 
an  electro-thermal  transducer  provided  on  said 
support  member  and  having  a  heat  generating  re- 
sistance  layer  and  electrodes  connected  to  said 
heat  generating  resistance  layer,  characterised  by 
the  steps  of:  cutting  the  short-circuited  wiring  por- 
tion  of  said  electrodes;  embedding  a  filler  into  a 
recess  created  in  said  support  member  by  said 
cutting;  and  providing  a  protective  layer  on  said 
embedded  filler  and  said  electrodes. 

In  this  manner  the  filler  is  embedded  into  the 
recess  created  in  the  support  member  by  cutting 
the  short-circuited  wiring  portion  of  the  electrodes 
by  a  laser  beam  or  the  like,  whereby  the  great  level 
difference  of  the  recess  is  eliminated,  and  the 
protective  layer  is  provided  on  the  embedded  filler 
and  the  electrodes  so  that  the  covering  property  of 
the  protective  layer  may  be  improved  and  there- 
fore,  the  permeation  of  recording  liquid  into  the 
electrodes  can  be  eliminated  to  thereby  prevent 
the  corrosion  of  the  electrodes.  Also,  an  insulating 
material  is  used  as  the  embedded  filler,  whereby 
the  reliability  of  the  recording  head  during  the  long- 
term  use  thereof  in  the  recording  liquid  can  be 

improved. 
In  the  accompanying  drawings: 

Figures  1A  and  1B  are  a  top  plan  view  and  a 
cross-sectional  view,  respectively,  showing  the 

5  construction  of  a  base  plate  for  ink  jet  head  for 
the  purpose  of  reference. 
Figures  2A-1  ,  2A-2  and  2B-1  ,  2B-2  are  perspec- 
tive  views  showing  for  reference  purposes  a 
main  portion  of  an  ink  jet  apparatus. 

io  Figures  3A  and  3B  show  for  reference  only  a 
top  plan  view  of  a  base  plate  and  a  cross- 
sectional  view,  respectively,  taken  along  line  X-Y 
in  the  plan  view. 
Figures  4  to  6  show  for  reference  cross-sec- 

15  tional  views  illustrating  the  process  of  filling  a 
pore. 
Figures  7  to  10  show  for  reference  cross-sec- 
tional  views  illustrating  the  process  of  filling  a 
pore. 

20  Figures  11A-1,  11A-2,  11A-3,  11A-4  and  11B-1, 
11B-2,  11B-3,  11B-4  are  plan  views  and  cross- 
sectional  views,  respectively,  showing  the  steps 
of  an  embodiment  of  the  present  invention. 
Figure  12  shows  for  reference  a  fragmentary 

25  perspective  view  of  a  recording  head. 
Figure  13  shows  for  reference  a  perspective 
view  of  a  further  recording  head. 
Figure  14  is  cross-sectional  view  showing  a 
known  printer  to  which  a  substrate  for  ink  jet 

30  recording  head  of  the  present  invention  may  be 
applied. 

Example  1  (The  subject  of  co-pending  EPC  ap- 
plication  no.  90302165.7) 

35 
Figures  3A  and  3B  are  a  top  plan  view  and  a 

side  cross-sectional  view,  respectively,  of  a  base 
plate  (also  called  a  substrate)  for  a  recording  head. 
In  these  figures,  feature  elements  similar  to  those 

40  shown  in  Figures  1A  and  1B  are  given  similar 
reference  numerals  and  need  not  be  described.  In 
Figures  3A  and  3B,  on  a  lower  layer  comprising 
Si02  on  which  a  supporting  member  105  compris- 
ing  Si  is  formed,  a  heat  generating  resistance 

45  member,  a  layer  comprising  HfB2  and  Al  conduc- 
tive  layer  to  form  electrode  are  formed  by  the  use 
of  the  vacuum  thin  film  making  technique.  Subse- 
quently,  the  patterns  of  a  heat  generaitng  resis- 
tance  member  102  and  electrodes  103  and  104  are 

50  formed  by  the  photolithography  technique.  Further, 
a  first  protective  layer  108  formed  of  Si02  is 
formed  with  a  thickness  of  0.5  urn  by  sputtering. 

After  the  first  protective  layer  108  has  been 
formed,  the  base  plate  is  inspected  by  means  of  an 

55  optical  microscope,  and  the  base  plate  having  a 
defect  112  in  the  protective  layer  108  for  the  heat 
generating  resistance  member  102  is  extracted. 
This  extracted  base  plate  is  then  placed  into  a 

4 
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powerful  ultrasonic  wave  tank,  and  dust  (foreign 
substance)  in  the  defect  112  is  removed.  The  result 
is  shown  in  Figure  4,  wherein  the  reference  char- 
acter  112A  designates  the  pore  from  which  the 
foreign  substance  has  been  removed. 

Then,  in  order  to  fill  a  filler  in  this  pore,  the 
base  plate  is  placed  into  a  vacuum  chamber  and 
silane  (SihU)  and  NO2  are  poured  thereinto  to  pro- 
vide  an  atmosphere  of  1  Torr.  Subsequently,  a 
laser  beam  is  applied  to  the  pore  112A,  and  in  this 
portion,  silane  (SihU)  and  NO2  are  caused  to  react 
to  each  other.  As  a  result,  as  shown  in  Figure  5,  a 
filler  113  comprising  SiCfe  is  accumulated  in  the 
pore  112A.  The  amount  of  SiCfe  accumulated  in  the 
pore  is  adjusted  by  adjusting  the  application  time 
of  the  laser  beam.  When  the  filling  of  the  pore  is 
completed,  upper  protective  layers  109  and  110 
are  formed  as  shown  in  Fgiure  6,  whereupon  the 
manufacturing  process  for  the  base  plate  is  com- 
pleted. 

As  another  example  of  filling  the  pore,  there  is 
a  method  as  shown  below. 

As  shown  in  Figure  7,  SiCfe  layer  116  is  formed 
into  film  having  a  thickness  of  0.5  urn  on  the  base 
plate  as  shown  in  Figure  4  by  sputteirng.  Resist 
114  (OFPR  800;  trade  name,  manufactured  by  TOK 
Co.,  Ltd.)  is  then  applied  with  a  thickness  of  4  urn 
by  spin  coat.  A  pattern  having  a  window  114A 
formed  corresponding  to  the  pore  is  formed  by  the 
photolithography  technique.  Further,  resist  115 
(OFPR  800;  trade  name,  manufactured  by  TOK 
Co.,  Ltd.)  is  applied  with  a  thickness  of  1  urn  by 
spin  coat.  The  thickness  of  the  resist  115  applied 
later  is  smaller  than  the  thickness  of  the  resist  114 
applied  earlier  and  therefore  is  not  flattened,  but 
assumes  a  shape  as  shown  in  Figure  8. 

Thereafter,  CF+  and  H2  are  poured  at  a  ratio  of 
1  :  1  by  the  use  of  a  reactive  ion  etching  appara- 
tus,  and  etching  is  effected  at  a  power  of  400  W.  At 
this  time,  the  etching  speed  of  the  resist  is  500 
A/min.  and  that  of  Si02  is  500  A/min.  and  there- 
fore,  the  resist  and  Si02  are  etched  at  an  equal 
speed.  By  this  etching,  that  portion  of  the  heat 
generating  resistance  member  to  which  the  resist 
has  been  applied  is  such  that  the  thickness  of  Si02 
116  is  0.5  urn,  whereas  the  thickness  of  the  resist 
115  is  1  urn  and  therefore,  the  surface  formed  by 
etching  becomes  flat  and  accordingly,  the  resist  is 
etched  while  keeping  its  original  shape.  At  a  point 
of  time  whereat  the  resist  is  no  longer  etched  in 
said  portion  of  the  heat  generating  resistance 
member  102,  etching  is  terminated.  As  a  result,  the 
shape  of  the  base  plate  becomes  such  as  shown  in 
Figure  9.  Subsequently,  the  resists  114  and  115 
are  peeled  off,  and  a  second  protective  layer  109 
formed  of  organic  polyimide  is  formed  as  a  protec- 
tive  layer  for  electrodes  103  and  104.  Finally,  Ta  is 
formed  into  film  as  a  third  protective  layer  110  by 

sputtering,  to  thereby  provide  such  a  shape  as 
shown  in  Figure  10. 

The  result  of  the  discharge  durability  test  of  a 
recording  head  having  the  shape  as  shown  in  Fig- 

5  ure  12  made  by  the  use  of  the  substrate  formed  in 
the  manner  described  above  will  be  shown  below. 

As  a  comparative  example,  use  was  made  of  a 
recording  head  constructed  of  a  base  plate  having 
a  defect  of  about  3  urn  diameter.  Also,  as  the 

10  applied  pulse,  use  was  made  of  a  rectangular  pulse 
having  a  frequency  of  2  kHz  and  a  pulse  width  of 
10  us,  and  the  applied  voltage  was  1.2  times  as 
great  as  the  voltage  value  for  ordinary  discharge. 

As  a  result,  in  the  above  mentioned  two  exam- 
15  pies,  the  life  of  the  recording  head  filled  pore  was 

more  than  5  times  that  of  the  comparative  example. 
As  is  apparent  from  the  foregoing  description, 

according  to  the  present  invention,  the  insulation 
between  the  ink  and  the  electro-thermal  transducer 

20  is  reliably  ensured. 
As  a  result,  it  becomes  difficult  for  the  dis- 

connection  or  the  like  of  the  electro-thermal  trans- 
ducer  to  occur  with  the  use  of  the  recording  head, 
and  the  durability  of  the  recording  head  is  ex- 

25  tremely  improved. 
Also,  the  defects  of  the  base  plate  can  be 

reduced  and  the  yield  is  improved  with  a  result  that 
the  manufacturing  cost  of  the  recording  head  can 
be  reduced. 

30 
Example  2 

Figures  11A-1  to  11A-4  and  11B-1  to  11B-4 
show  the  steps  of  an  embodiment  of  the  present 

35  invention,  and  Figures  11A-1  to  11A-4  are  plan 
views  showing  the  course  of  the  steps,  and  Figures 
11B-1  to  11B-4  are  corresponding  cross-sectional 
views  along  line  X  -  Y  in  Figures  11A-1  to  11A-4 
which  show  the  course  of  the  steps.  The  reference 

40  numeral  201  designates  a  support  member  for  a 
substrate  (also  called  a  base  plate)  201  A  for  a 
recording  head,  the  reference  numeral  201  B  de- 
notes  a  lower  layer  formed  on  the  support  member, 
the  reference  numeral  202  denotes  a  heat  generat- 

45  ing  resistance  layer  provided  on  the  lower  layer 
201  B,  the  reference  numeral  203  designates  lead- 
out  electrodes  of  aluminum  connected  to  the  heat 
generating  resistance  layer  202,  the  reference  nu- 
meral  204  denotes  an  upper  protective  layer 

50  formed  of  Si02  and  provided  on  the  heat  generat- 
ing  resistance  layer  202  and  the  electrodes  203, 
the  reference  numeral  206  designates  a  hole  (a 
recess)  created  in  the  support  member  201  by  the 
cutting  by  a  laser  beam,  the  reference  numeral  207 

55  denotes  a  short-circuited  wiring  portion,  and  the 
reference  numeral  208  designates  a  filler  formed  of 
an  insulating  material  such  as  Si02  embedded  in 
the  hole  206.  The  electro-thermal  transducer  has  at 

5 
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least  the  heat  generating  resistance  layer  202  and 
the  electrodes  203. 

First,  when  manufacturing  a  recording  head, 
the  heat  generating  resistance  layer  202  formed  of 
HfB2  is  laminated  on  the  lower  layer  201  B  formed 
of  heat-oxidized  Si02  on  the  Si  (silicon)  support 
member  201,  and  the  electrodes  203  of  aluminum 
are  deposited  thereon  by  evaporation  with  a  thick- 
ness  of  5000  A  and  are  subjected  to  patterning  and 
wiring.  In  this  process,  in  Figure  11A-1,  the  portion 
207  is  short-circuited. 

Subsequently,  this  short-circuited  wiring  portion 
207  is  cut  by  a  laser  beam.  When  the  short- 
circuited  wiring  portion  207  was  actually  short  three 
times  by  a  laser  beam  having  a  wavelength  of  1  .06 
linn,  a  beam  intensity  of  20  mJ/puls  and  a  pulse 
width  of  20  nS,  the  short-circuited  wiring  portion 
207  could  be  cut.  Figure  11A-2  shows  the  state  of 
that  portion  after  cut,  and  it  is  seen  that  as  shown 
in  Figure  11B-2,  a  hole  206  is  formed  on  the 
support  member  201  at  the  cut  portion  thereof. 

Subsequently,  the  insulating  material  208  as  a 
filler  is  embedded  into  this  hole  206.  It  is  to  be 
understood  that  the  depth  of  the  hole  206  is  2  urn. 
Therefore,  the  substrate  201  -  204  is  placed  into  a 
vacuum  chamber,  not  shown,  and  a  mixture  gas  of 
silane  (SihU)  and  nitrogen  dioxide  (NO2)  is  caused 
to  flow  into  the  chamber  to  thereby  provide  an 
atmosphere  of  1  Torr.  When  a  laser  beam  is  ap- 
plied  to  the  hole  206,  SihU  (silane)  and  NO2  react 
to  each  other  in  this  hole  206,  whereby  SiCfe  208  is 
accumulated  therein.  At  that  time,  the  application 
time  of  the  laser  beam  is  determined  so  that  the 
hole  206  may  be  filled.  The  state  in  which  the  hole 
206  has  been  filled  with  the  insulating  material  208 
which  is  Si02  by  such  laser  CVD  (vapor  phase 
growing  method)  is  shown  in  Figure  11A-3.  As 
shown  in  this  figure,  particularly  the  filler  208  which 
is  the  insulating  material  is  formed  with  said  ap- 
plication  time  adjusted  so  that  there  may  hardly  be 
provided  a  level  difference  with  respect  to  the 
height  of  the  electrodes  203  of  the  wiring. 

Subsequently,  the  layer  204  of  SiCfe  as  an 
upper  protective  layer  is  formed  with  a  thickness  of 
1  urn  on  the  filler  208  and  the  electrodes  203  by 
the  sputtering  method.  As  shown  in  Figures  11A-4 
and  11B-4,  the  protective  layer  204  of  SiCfe  suffi- 
ciently  covers  the  hole  206  formed  by  cutting  the 
short-circuited  wiring  portion  of  the  electrodes  203 
by  the  laser  beam  and  the  lead-out  electrodes  203. 

Figure  12  shows  an  example  of  a  recording 
head  made  by  forming  discharge  openings  of  re- 
cording  liquid  in  the  recording  head  substrate 
made  in  this  manner,  and  actually  mounting  an 
integrated  circuit  thereon.  In  this  figure,  the  refer- 
ence  numeral  21  1  designates  heat  generating  por- 
tions  (heater  portions),  the  reference  numeral  402 
denotes  discharge  opening,  the  reference  numeral 

403  designates  an  ink  path  wall  forming  liquid 
paths,  the  reference  numeral  404  denotes  a  com- 
mon  liquid  chamber,  the  reference  numeral  405 
designates  a  top  plate,  and  the  reference  numeral 

5  406  denotes  ink  supply  ports. 
The  liquid  jet  recording  head  shown  in  Figure 

12  was  subjected  to  an  ink  permeation  test  for  a 
long  period  of  time,  but  there  occurred  no  corro- 
sion  of  the  electrodes  203  by  the  permeation  of  ink 

10  from  the  portion  in  which  the  hole  206  was  created, 
i.e.,  the  portion  filled  with  the  filler  208.  Accord- 
ingly,  it  could  be  confirmed  that  the  reliability  of  the 
recording  head  can  be  enhanced  by  filling  the 
recess  created  in  that  portion  of  the  support  mem- 

15  ber  in  which  the  short-circuited  wiring  portion  was 
cut  by  the  laser  beam  as  in  the  present  embodi- 
ment  with  a  filler  such  as  an  insulating  material. 

The  filler  embedded  into  the  hole  may  prefer- 
ably  be  an  insulating  material,  because  there  is  the 

20  possibility  of  short-circuiting  being  caused  between 
the  wirings  if  the  filler  is  not  an  insulating  material. 
However,  in  the  above-described  embodiment,  the 
insulating  material  embedded  into  the  recess  is 
Si02,  but  of  course,  another  insulating  material 

25  may  be  used.  That  is,  at  least  one  kind  selected 
from  Si02,  Si3N+,  SiC,  Ta205,  AI2O3,  AIN,  BN, 
B2O3,  BeO,  TiN,  TiCfe  and  WO3  can  be  used  as  a 
preferred  material.  Also,  in  the  above-described  all 
embodiments,  as  shown  in  Figure  12,  the  direction 

30  of  ink  discharge  is  the  surface  direction  of  the 
heater  portion  21  1  ,  but  the  present  invention  is  also 
applicable  to  a  liquid  jet  recording  head  as  shown 
in  Figure  13  wherein  ink  is  discharged  in  a  direc- 
tion  almost  perpendicular  to  the  heater  portion  21  1  . 

35  As  described  above,  according  to  the  present 
invention,  the  recess  formed  in  the  support  mem- 
ber  of  the  substrate  by  cutting  the  short-circuited 
wiring  portion  by  a  laser  beam  or  the  like  is  filled 
with  a  filler  and  the  great  level  difference  of  the 

40  recess  is  eliminated  so  that  the  covering  property 
of  the  upper  protective  layer  for  protecting  the 
wiring  may  be  improved  and  therefore,  the  perme- 
ation  of  the  recording  liquid  into  the  electrode  wir- 
ing  portion  can  be  prevented  and  the  wiring  is  not 

45  corroded  with  a  result  that  disconnection  does  not 
occur  and  the  long-term  reliability  of  the  recording 
head  can  be  improved. 

Figure  14  is  a  schematic  perspective  view 
showing  an  example  of  the  ink  jet  recording  ap- 

50  paratus  IJRA  to  which  the  present  invention  is 
applied.  A  carriage  HC  which  engages  with  a  spiral 
groove  5004  of  a  lead  screw  5005  being  rotatable 
through  driving  force  transmitting  gears  501  1  ,  5009 
in  conjunction  with  the  reciprocal  rotation  of  a  drive 

55  motor  5013  has  a  pin  (not  shown)  and  is  recipro- 
cated  in  the  directions  of  arrows  a,  b.  5002  is  a 
paper  holding  plate  and  presses  paper  against  a 
platen  5000  throughout  the  range  of  the  movement 
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of  the  carriage.  5007,  5008  are  photocouplers, 
which  are  used  as  home  position  detecting  means 
for  detecting  the  presence  of  the  lever  5006  of  the 
carriage  in  the  predetermined  area  to  switch  the 
direction  of  rotation  of  the  motor  5013.  5016  is  a 
member  which  holds  a  capping  member  5022  for 
capping  the  front  surface  of  a  cartridge  recording 
head  IJC  integrally  provided  with  an  ink  tank.  5015 
is  a  suction  means  for  suction  of  the  inside  of  the 
cap  and  effects  suction  recovery  of  the  head 
through  a  opening  5023  in  the  cap.  5017  is  a 
cleaning  blade  and  5019  is  a  member  for  moving 
the  blade  forward  and  afterward,  the  both  being 
supported  on  a  mainbody  supporting  member 
5018.  The  shape  of  the  blade  is  not  limited  to  that 
shown  in  the  figure,  and  any  one  of  well  known 
blades  may  be  employed  for  this  example.  5012  is 
a  lever  for  starting  suction  for  suction  recovery, 
which  moves  in  conjunction  with  the  movement  of 
a  cam  5020  engaged  with  the  carriage,  whereby 
the  driving  force  of  the  drive  motor  is  transmitted 
by  a  conventional  transmitting  means  such  as 
clutch  transfer  and  the  like  to  be  utilized  for  control. 

The  present  invention  brings  about  excellent 
effects  particularly  in  a  recording  head,  recording 
device  of  the  bubble  jet  system  among  the  ink  jet 
recording  system. 

As  to  its  representative  constitution  and  princi- 
ple,  for  example,  one  practiced  by  use  of  the  basic 
principle  disclosed  in,  for  example,  U.S.  Patents 
4,723,129  and  4,740,796  is  preferred.  This  system 
is  applicable  to  either  of  the  so  called  on-demand 
type  and  the  continuous  type.  Particularly,  the  case 
of  the  on-demand  type  is  effective  because,  by 
applying  at  least  one  driving  signal  which  gives 
rapid  temperature  elevation  exceeding  nucleus 
boiling  corresponding  to  the  recording  information 
on  an  electricity-heat  convertors  arranged  corre- 
sponding  to  the  sheets  or  liquid  channels  holding 
liquid  (ink),  heat  energy  is  generated  at  the 
electricity-heat  converters  to  effect  film  boiling  at 
the  heat  acting  surface  of  the  recording  head,  and 
consequently  the  bubbles  within  the  liquid  (ink)  can 
be  formed  corresponding  one  by  one  to  the  driving 
signals.  By  discharging  the  liquid  (ink)  through  an 
opening  for  discharging  by  growth  and  shrinkage  of 
the  bubble,  at  least  one  droplet  is  formed.  By 
making  the  driving  signals  into  pulse  shapes, 
growth  and  shrinkage  of  the  bubble  can  be  effected 
instantly  and  adequately  to  accomplish  more  pref- 
erably  discharging  of  the  liquid  (ink)  particularly 
excellent  in  response  characteristic.  As  the  driving 
signals  of  such  pulse  shape,  those  as  disclosed  in 
U.S.  Patents  4,463,359  and  4,345,262  are  suitable. 
Further  excellent  recording  can  be  performed  by 
employment  of  the  conditions  described  in  U.S. 
Patent  4,313,124  of  the  invention  concerning  the 
temperature  elevation  rate  of  the  above-mentioned 

heat  acting  surface. 
As  the  constitution  of  the  recording  head,  in 

addition  to  the  combination  constitutions  of  dis- 
charging  orifice,  liquid  channel,  electricity-heat  con- 

5  verter  (linera  liquid  channel  or  right  angle  liquid 
channel)  as  disclosed  in  the  above-mentioned  re- 
spective  specifications,  the  constitution  by  use  of 
U.S.  Patent  4,558,333,  4,459,600  disclosing  the 
constitution  having  the  heat  acting  portion  arranged 

io  in  the  flexed  region  is  also  included  in  the  present 
invention.  In  addition,  the  present  invention  can  be 
also  effectively  made  the  constitution  as  disclosed 
in  Japanese  Patent  Laid-Open  Application  No.  59- 
123670  which  discloses  the  constitution  using  a  slit 

is  common  to  a  plurality  of  electricity-heat  converters 
as  the  discharging  portion  of  the  electricity-heat 
converter  or  Japanese  Patent  laid-Open  Application 
No.  59-138461  which  discloses  the  constitution 
having  the  opening  for  absorbing  pressure  wave  of 

20  heat  energy  correspondent  to  the  discharging  por- 
tion. 

Further,  as  the  recording  head  of  the  full  line 
type  having  a  length  corresponding  to  the  maxi- 
mum  width  of  recording  medium  which  can  be 

25  recorded  by  the  recording  device,  either  the  con- 
stitution  which  satisfies  its  length  by  combination  of 
a  plurality  of  recording  heads  as  disclosed  in  the 
above-mentioned  specifications  or  the  constitution 
as  one  recording  head  integrally  formed  may  be 

30  used,  and  the  present  invention  can  exhibit  the 
effects  as  described  above  further  effectively. 

In  addition,  the  present  invention  is  effective  for 
a  recording  head  of  the  freely  exchangeable  chip 
type  which  enables  electrical  connection  to  the 

35  main  device  or  supply  of  ink  from  the  main  device 
by  being  mounted  on  the  main  device,  or  for  the 
case  by  use  of  a  recording  head  of  the  cartridge 
type  provided  integrally  on  the  recording  head  it- 
self. 

40  Also,  addition  of  a  restoration  means  for  the 
recording  head,  a  preliminary  auxiliary  means,  etc. 
provided  as  the  constitution  of  the  recording  device 
of  the  present  invention  is  preferable,  because  the 
effect  of  the  present  invention  can  be  further  stabi- 

45  lized.  Specific  examples  of  these  may  include,  for 
the  recording  head,  capping  means,  cleaning 
means,  pressurization  or  aspiration  means, 
electricity-heat  converters  or  another  heating  ele- 
ment  or  preliminary  heating  means  according  to  a 

50  combination  of  these,  and  it  is  also  effective  for 
performing  stable  recording  to  perform  preliminary 
mode  which  performs  discharging  separate  from 
recording. 

Further,  as  the  recording  mode  of  the  record- 
55  ing  device,  the  present  invention  is  extremely  ef- 

fective  for  not  only  the  recording  mode  only  of  a 
primary  stream  color  such  as  black  etc.,  but  also  a 
device  equipped  with  at  least  one  of  plural  different 
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colors  or  full  color  by  color  mixing,  whether  the 
recording  head  may  be  either  integrally  constituted 
or  combined  in  plural  number. 

In  the  examples  of  the  present  invention  as  set 
forth  above,  the  use  of  liquid  ink  is  discussed  but  5 
any  ink  which  is  solid  or  softened  at  room  tempera- 
ture  may  also  be  used  in  the  present  invention.  In 
the  ink  jet  recording  apparatus  as  described  above 
it  is  a  common  practice  to  control  the  temperature 
of  ink  itself  within  a  range  of  30  to  70  °C,  thus  10 
adjusting  the  viscosity  of  the  ink  to  be  within  the 
stable  ejection  range.  Accordingly  any  ink  which  is 
liquid  upon  applying  a  recording  signal  may  be 
used.  Furthermore,  any  ink  which  is  liquefied  upon 
application  of  thermal  energy  may  also  be  used  in  is 
the  present  invention.  Such  a  type  of  inks  include, 
for  example,  one  which  upon  application  of  thermal 
energy  depending  on  recording  signal,  is  liquefied 
to  be  ejected  in  the  form  of  ink  droplet  and  one 
which  is  being  solidified  at  the  time  of  arriving  at  a  20 
recording  medium.  Such  a  type  of  inks  are  used 
for  the  purpose  of,  for  example,  positively  utilizing 
thermal  energy  as  the  energy  for  phase  change  of 
ink  from  solid  to  liquid  to  prevent  temperature 
elevation  due  to  thermal  energy  or  using  an  ink  25 
which  is  solidified  when  left  to  stand  to  prevent 
evaporation  of  ink.  When  such  an  ink  is  to  be  used, 
the  ink  may  be  held  in  the  form  of  liquid  or  solid  in 
recessed  portions  or  through  holes  of  a  porous 
sheet  while  facing  the  electro-thermal  transducer  as  30 
shown  in,  for  example,  Japanese  Laid-Open  Patent 
Application  Nos.  54-56847  and  60-71260.  In  the 
present  invention,  the  most  useful  system  for  use 
of  the  inks  as  described  above  is  the  system 
effecting  film  boiling  as  described  above.  35 

A  substrate  for  a  liquid  jet  recording  head 
manufactured  by  a  method  according  to  any  of 
claims  1  to  3. 

A  liquid  jet  recording  head  formed  by  the  use 
of  a  substrate  for  a  liquid  jet  recording  head 
according  to  claim  4,  characterised  in  that  liq- 
uid  is  discharged  from  a  discharge  opening  by 
the  utilization  of  heat  energy. 

Claims 

1.  A  method  of  manufacturing  a  substrate  for  a 
liquid  jet  recording  head  provided  with  a  sup-  40 
port  member,  an  electro-thermal  transducer 
provided  on  said  support  member  and  having 
a  heat  generating  resistance  layer  and  elec- 
trodes  connected  to  said  heat  generating  resis- 
tance  layer,  characterised  by  the  steps  of:  cut-  45 
ting  the  short-circuited  wiring  portion  of  said 
electrodes;  embedding  a  filler  into  a  recess 
created  in  said  support  member  by  said  cut- 
ting;  and  providing  a  protective  layer  on  said 
embedded  filler  and  said  electrodes.  so 

2.  A  method  according  to  claim  1,  characterised 
in  that  an  insulating  material  is  used  as  said 
filler. 

3.  A  method  according  to  claim  1  or  2,  charac- 
terised  in  that  said  step  of  cutting  is  effected 
by  the  use  of  a  laser  beam. 
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