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g)  Substrate  for  ink  jet  recording  head,  ink  jet  recording  head  having  the  same  and  methods  for 
preparing  them. 

©  An  ink  jet  recording  head  comprises  a  discharg- 
ing  opening  (101)  for  liquid  discharge  and  an 
electricity-heat  converter  (104A).  The  electricity-heat 
converter  has  a  region  formed  by  oxidation  of  at 
least  part  of  an  electroconductive  material,  and  the 
region  is  adpated  to  generate  heat. 
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Substrate  for  Ink  Jet  Recording  Head,  Ink  Jet  Recording  Head  having  the  Same  and  Methods  for 
Preparing  Them 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

This  invention  relates  to  a  substrate  for  ink  jet 
recording  head,  ink  jet  recording  head  having  the 
same  and  methods  for  preparing  them. 

Related  Background  Art 

Ink  jet  recording  method  is  a  recording  method 
which  performs  recording  by  discharging  an  ink 
(liquid  for  recording)  through  discharging  opening 
provided  on  a  recording  head  and  attaching  this 
onto  a  recording  medium  such  as  paper,  etc.,  hav- 
ing  many  advantages  such  that  generation  of  noise 
is  very  small,  and  also  high  speed  recording  is 
possible  and  yet  no  paper  for  recording  of  special 
constitution  is  required,  etc.  and  various  types  of 
recording  heads  have  been  developed. 

Among  them,  the  recording  head  of  the  type 
which  permits  heat  energy  to  act  on  ink,  thereby 
discharging  the  ink  through  discharging  opening 
has  advantages  such  as  good  response  to  record- 
ing  signals,  easy  arrangement  of  multiple  discharg- 
ing  openings  at  high  density. 

The  recording  head  to  be  used  for  such  re- 
cording  method  has  typically  a  constitution  as 
shown  in  schematic  perspective  view  of  Fig.  1. 
Specifically,  it  is  provided  with  a  discharging  open- 
ing  101  provided  for  forming  flying  droplets  by 
discharging  ink,  a  liquid  channel  102  for  supplying 
ink  communicated  to  said  discharging  opening,  an 
electricity-heat  converting  element  having  a  heat 
generating  resistor  which  is  a  heat  energy  gener- 
ator  104A  and  provided  internally  of  the  liquid 
channel  102  and  electrodes  for  supplying  current  to 
the  heat-generating  resistor  and  a  liquid  chamber 
103  for  storing  ink  to  be  supplied  into  the  liquid 
channel  provided  upstream  side  of  the  liquid  chan- 
nel,  and  is  also  provided  with,  if  necessary,  a 
protective  film  having  the  action  of  enhancing  ink 
resistance  of  the  electricity  heat  converting  ele- 
ment. 

Such  head  is  generally  prepared  as  shown  in 
Fig.  2.  Fig.  2  shows  schematic  sectional  views  of 
the  preparation  steps  at  the  position  when  the 
recording  head  is  cut  at  the  A  -  A  portion  shown  in 
Fig.  1  .  First,  the  layer  251  a  part  of  which  becomes 
finally  the  heat  generating  resistor  (hereinafter 
called  heat-generating  resistance  layer)  and  the 
layer  252  a  part  of  which  becomes  electrodes 

(hereinafter  called  electrode  layer)  are  formed  on  a 
support  253  (steps  (a),  (b)).  Then,  the  electrode 
layer  252  is  subjected  to  patterning  utilizing 
photolithographic  technique  by  use  of  photoresist 

5  254  and  etching  technique,  and  subsequently,  the 
heat-generating  resistance  layer  251  is  similarly 
subjected  to  patterning  to  form  heat-generating  re- 
sistor  and  electrodes  (steps  (c)  to  (k)).  Specifically, 
on  the  product  (b)  after  completion  of  the  step  (b) 

w  is  laminated  a  photoresist  254  such  as  photosen- 
sitive  resin,  etc.  (step  (c)),  the  photoresist  254  of 
the  product  (c)  is  subjected  to  pattern  exposure- 
(step  (d)),  followed  by  developing  of  the  photoresist 
254  of  the  product  (d)  (step  (e)).  By  the  step  (e), 

is  the  photoresist  254  has  only  unnecessary  portions 
removed  in  a  desired  pattern  shape.  Next,  the 
electrode  layer  252  exposed  on  the  product  (e)  is 
removed  by  etching  (step  (f)),  and  the  remaining 
resist  portion  254  of  the  product  (f)  thus  prepared 

20  is  removed  (step  (g)).  Thus,  a  desired  pattern  of 
the  electrode  layer  252  is  formed. 

The  pattern  of  the  heat-generating  resistance 
layer  251  is  also  formed  according  to  the  same 
steps  as  in  the  case  of  forming  the  pattern  of  the 

25  electrode  layer  252.  That  is,  the  pattern  of  the  heat 
generating  resistance  layer  251  is  formed  by  lami- 
nation  of  the  photoresist  254"  (step  (h)),  pattern 
exposure  on  the  photoresist  of  the  product  (h)  by 
use  of  a  photomask  (step  (i)),  developing  of  the 

so  photoresist  254  subjected  to  pattern  exposure  of 
the  product  (i)  for  removal  of  unnecessary  portions 
(step  (j))  and  etching  of  the  exposed  heat-generat- 
ing  resistance  layer  251  of  the  product  G)  (step  (k)). 
Then,  the  resist  254  is  peeled  off  (step  (I)).  Next, 

35  after  a  protective  film  255  having  the  purposes  of 
ink  resistance,  etc.  is  formed  (step  (m)),  a  pho- 
tosensitive  resin  256  is  laminated  (step  (n)),  fol- 
lowed  by  exposure  (step  (o))  and  developed  (step 
(p)),  to  form  a  wall  256'  with  the  hardened  film  of 

40  the  photosensitive  resin  subjected  to  patterning  (- 
(m)  to  (p)).  This  wall  constitutes  the  liquid  channel 
wall  which  can  be  filled  with  a  liquid.  Next,  on  the 
wall  256'  is  plastered  a  ceiling  257,  and  thereafter 
discharging  opening  is  formed  by  cutting  (not 

45  shown)  to  complete  an  ink  jet  recording  head  (step 
(q))- 

Thus,  the  preparation  method  which  has  been 
used  in  the  prior  art  comprises  many  steps,  and  in 
addition,  it  will  take  long  time  for  a  part  of  the 

so  steps,  particularly  the  etching  step,  and  there  has 
been  the  point  to  be  improved  in  that  much  prep- 
aration  time  is  required.  Also,  there  has  been  left 
room  to  be  improved  also  from  the  point  that  the 
positional  precisions  of  the  individual  members  are 
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vorsened,  because  the  number  of  patterning  is 
nany. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  has  been  accomplished 
n  order  to  solve  the  above  problems,  and  its  object 
s  to  provide  a  substrate  for  ink  jet  recording  head 
vhich  can  effect  shortening  of  the  preparation  time 
md  has  good  positional  precisions  of  the  respec- 
ive  members,  and  an  ink  jet  recording  head  having 
t.  Another  object  of  the  present  invention  is  to 
provide  methods  for  preparing  them. 

Still  another  object  of  the  present  invention  is 
:o  provide  an  ink  jet  recording  head  comprising  a 
discharging  opening  for  liquid  discharge  and  an 
slectricity-heat  converter,  said  electricity-heat  con- 
/ertor  having  a  region  formed  by  oxidation  of  at 
east  part  of  an  electroconductive  material,  said 
■egion  being  adapted  to  generate  heat. 

Still  another  object  of  the  present  invention  is 
:o  provide  a  process  for  preparing  a  substrate  for  a 
-ecording  head  having  on  a  support  an  electricity- 
neat  convenor  utilized  for  liquid  discharge,  which 
:omprises  forming  a  layer  of  electroconductive  ma- 
terial  on  said  support  and  oxidizing  at  least  part  of 
the  surface  region  of  said  layer  to  form  the  elec- 
trodes  and  heat-generating  resistor  portion  of  said 
3lectricity-heat  converter. 

Still  another  object  of  the  present  invention  is 
to  provide  a  process  for  preparing  a  substrate  for  a 
recording  head  having  on  a  support  an  electricity- 
heat  convenor  utilized  for  liquid  discharge,  which 
comprises  forming  a  layer  of  electroconductive  ma- 
terial  on  said  support,  oxidizing  part  of  said  layer  to 
make  it  an  oxide,  and  oxidizing  at  least  part  of  the 
surface  region  of  residual  electroconductive  portion 
to  form  the  electrodes  and  heat-generating  resistor 
portion  of  said  electricity-heat  converter. 

Still  another  object  of  the  present  invention  is 
to  provide  an  ink  jet  recording  head  comprising  a 
discharging  opening  provided  for  forming  flying 
droplets  by  liquid  discharge  and  an  electricity-heat 
converter  having  a  heat-generating  resistor  and  a 
pair  of  electrodes  electrically  connected  to  said 
heat-generating  resistor,  said  electrodes  and  said 
heat-generating  resistor  being  formed  of  the  same 
material. 

Still  another  object  of  the  present  invention  is 
to  provide  a  process  for  preparing  an  ink  jet  re- 
cording  head  which  comprises  steps  of 

(a)  forming  on  a  support  a  film  having  elec- 
troconductive  property  and  heat  resistance  and  be- 
ing  capable  of  anodic  oxidation; 

(b)  anodizing  the  region  of  said  film  other 
than  regions  becoming  electrodes  and  a  heat-gen- 
erating  resistor; 

(c)  laminating  a  pnotosensitive  composuion; 
(d)  removing  partially  said  photosensitive 

composition  to  form  at  least  a  discharging  opening 
and  wall  members  and  expose  the  region  of  said 
film  becoming  a  heat-generating  resistor; 

(e)  plastering  a  top  plate;  and 
(f)  anodizing  the  exposed  surface  of  said  film 

to  form  a  heat-generating  resistor  while  leaving  the 
unanodized  region  of  said  film  as  electrodes. 

BRIEF  DEoUHIr  I  IUIN  Ur-  I  lie  UHAWIINtjS 

is  Fig.  1  is  a  schematic  perspective  view  of  a 
typical  constitution  of  a  recording  head  for  ink  jet 
recording. 

Fig.  2  shows  schematic  sectional  views  of 
the  preparation  steps  at  the  position  when  the 

20  recording  head  is  cut  at  the  A  -  A  portion  shown  in 
Fig.  1. 

Fig.  3  shows  schematic  sectional  views  of 
the  preparation  steps  of  a  recoVding  head  of  the 
present  invention. 

25  Fig.  4(a)  to  4(d)  are  schematic  plan  views  of 
the  prepared  products  corresponding  to  Fig.  3(d), 
(e),  (f)  and  (i),  respectively. 

Fig.  5  is  a  sectional  view  of  the  completed 
product  corresponding  to  A  -  A  in  Fig.  7. 

30  Fig.  6  is  a  schematic  plan  view  showing  the. 
shape  of  electrode  region  and  resistance  heating 
region. 

Fig.  7  is  a  schematic  plan  view,  partially 
enlarged,  of  Fig.  4(d). 

35 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

40  A  preferable  example  of  the  present  invention 
is  described  below  by  referring  to  the  drawings. 

First,  the  present  invention  is  briefly  described 
by  referring  to  Fig.  1  showing  an  embodiment  of  an 
ink  jet  recording  head  in  an  assembly  diagram. 

45  That  is,  the  ink  jet  recording  head  to  which  the 
present  invention  is  suitably  applied  is  an  ink  jet 
recording  head  having  a  discharging  opening  1 
provided  for  forming  flying  droplets  by  discharging 
a  liquid  as  represented  by  ink,  a  liquid  channel  2 

so  for  supplying  the  liquid  to  the  discharging  opening 
1,  a  liquid  chamber  3  for  storing  the  liquid  to  be 
supplied  to  the  liquid  channel  2  provided  upstream 
thereof,  a  heat-generating  resistor  which  is  a  heat 
energy  source  for  forming  flying  dorplets  by  dis- 

ss  charging  the  liquid  and  is  provided  corresponding 
to  the  liquid  channel  2,  and  at  least  a  pair  of 
electrodes  electrically  connected  to  the  heat-gen- 
erating  resistor  on  a  substrate  5,  forming  an 

3 
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electricity-heat  converter  4A  with  a  pair  of  elec- 
trodes  and  the  heat-generating  resistor,  the  sub- 
strate  comprising  one  material  selected  for  the 
above  heat-generating  resistor  and  electrodes  and 
the  same  material  which  has  been  oxidized.  Also, 
the  methods  for  preparing  such  substrate  and  re- 
cording  head  are  proposed  here. 

Such  ink  jet  recording  head  can  be  prepared 
according  to,  for  example,  the  steps  of: 

(a)  forming  a  film  which  exhibits  electro- 
conductivity  and  heat  resistance,  and  can  be  anodi- 
cally  oxidized  on  a  substrate; 

(b)  anodically  oxidizing  the  above  film  except 
for  the  portions  which  become  electrodes  and  heat- 
generating  resistor  to  convert  it  into  an  insulating 
material; 

(c)  laminating  a  photosensitive  composition 
wholly  thereon; 

(d)  removing  partially  the  photosensitive 
composition  to  form  at  least  the  discharging  open- 
ing  and  the  liquid  channel  side  face  simultaneously 
with  exposing  the  above  film  at  the  portion  which 
becomes  the  heat-generating  resistor; 

(e)  plastering  the  ceiling  plate;  and 
(f)  introducing  an  electrolyte  into  the  liquid 

chamber  and  the  channel  formed  in  the  step  (e), 
oxidizing  the  exposed  surface  of  the  above  film  by 
anodic  oxidation  to  form  the  heat-generating  resis- 
tor.  The  details  are  described  by  referring  to  Fig.  3- 
(a)  to  (k). 

Fig.  4(a)  to  (d)  show  schematic  plan  views  of 
the  prepared  products  corresponding  to  Fig.  3(d), 
(e),  (f)  and  (i),  respectively.  That  is,  Fig.  4(a)  shows 
the  state  when  the  step  shown  in  Fig.  3(d)  is 
practiced.  Fig.  4(b)  that  shown  in  Fig.  3(e),  Fig.  4(c) 
that  shown  in  Fig.  3(f)  and  Fig.  4(d)  that  shown  in 
Fig.  3(i). 

It  should  be  noted  that  the  schematic  sectional 
view  of  the  recording  head  shown  in  Fig.  1  as 
described  above  does  not  coincide  with  the  shape 
of  the  recording  head  shown  below  in  the  prepara- 
tion  procedure  as  described  below. 

First,  on  a  support  5  such  as  glass,  etc.,  a 
material  which  can  become  both  the  heat  generat- 
ing  resistor  and  electrodes  is  formed  into  a  film  (- 
(a)).  As  the  material,  those  which  exhibit  heat  resis- 
tance  and  electroconductivity  after  film  formation, 
and  can  be  anodically  oxidized  can  be  utilized.  For 
example,  Ta,  V,  Nb,  Zr,  Mg,  Zn,  Ni,  Gd,  Co,  etc. 
may  be  employed.  The  thickness  of  the  film 
formed  (film  of  the  starting  material)  4  should  be 
preferably  made  about  500  to  20000  A.  The  film 
forming  method  may  be  determined  depending  on 
the  material  and,  for  example,  the  vacuum  deposi- 
tion  method  generally  known  in  the  art  such  as 
sputtering,  vacuum  vapor  deposition,  etc.  may  be 
preferably  utilized. 

Subsequently,  in  the  completed  product,  the 
film  4  except  for  the  portions  which  become  the 
heat-generating  resistor  and  electrodes  are  covered 
with  a  resist  7.  For  this  purpose,  the  lithographic 

5  technique  known  in  the  art  may  be  utilized  ((b)  to 
•  (d)). 

Next,  the  film  at  the  portion  not  covered  with 
the  resist  7  is  converted  to  an  insulating  material 
by  the  anodic  oxidation  method  (e),  and  thereafter, 

10  the  resist  7  is  peeled  off.  As  the  treating  solution  to 
be  used  in  this  case,  there  may  be  included  aque- 
ous  solutions  of  boric  acid,  tartaric  acid,  malonic 
acid,  phosphoric  acid,  etc.  These  aqueous  solu- 
tions  may  be  preferably  used  particularly  for  anodic 

is  oxidation  of  Ta  film. 
Subsequently,  the  photosensitive  resin  8  of  dry 

film,  etc.  is  wholly  laminated  (g).  Thereafter,  partial 
exposure  and  developing  are  practiced  to  effect 
patterning  of  the  photosensitive  resin  8  to  form  a 

20  pattern  of  the  cured  layer  of  the  photosensitive 
regin  ((h)  -  (i)).  The  cured  layer  defines  the  liquid 
channel  and  the  discharging  opening.  For  this  step, 
a  material  which  can  be  finely  patterned  after  lami- 
nation  can  be  utilized,  including  photosensitive  res- 

25  ins.  A  schematic  plan  view  of  the  product  com- 
pleted  up  to  this  step  is  shown  in  Fig.  4(d),  and  a 
sectional  view  (sectional  view  corresponding  to  A  - 
a'  in  Fig.  7)  of  the  completed  product  for  reference 
in  Fig.  5.  The  dashed  portion  in  Fig.  4  shows  the 

30  portion  converted  to  insulating  material  by  anodic 
oxidation,  and  the  dotted  portion  the  portion  where 
the  photosensitive  composition  is  provided. 

As  shown  in  Fig.  4(d),  care  is  taken  so  that  the 
film  at  the  portion  which  becomes  the  heat-generat- 

35  ing  resistor  may  not  be  covered  with  the  photosen- 
sitive  resin  8  at  least  after  patterning,  and  the  film 
at  the  portion  which  becomes  electrodes  may  be 
covered  with  the  photosensitive  resin  8.  However, 
since  this  is  the  point  which  should  be  considered 

40  for  practicing  the  later  step  (Fig.  (k))  within  the 
range  having  no  trouble,  even  the  film  at  the  por- 
tion  which  becomes  electrodes  may  be  the  portion 
where  no  such  point  should  be  taken  into  consider- 
ation  as  a  matter  of  course  in  view  of  the  operation 

45  of  that  step. 
Next,  on  the  cured  layer  8'  of  the  photosen- 

sitive  resin  defining  the  liquid  channel  and  the 
discharging  opening,  etc.,  a  ceiling  6  of  glass,  etc. 
is  plastered  (adhered)  to  form  the  liquid  channel, 

so  etc.  Finally,  an  electrolyte  solution  (treating  solu- 
tion)  containing  an  electrolyte  is  introduced  into  the 
liquid  chamber  and  the  liquid  channel  and  again 
anodic  oxidation  is  practiced  ((k)  the  portion  to  be 
anodically  oxidized  is  not  shown).  By  doing  so,  the 

55  film  surface  at  the  portion  which  is  not  covered  with 
the  cured  layer  of  the  photosensitive  resin  is  con- 
verted  into  an  oxide  to  form  a  heat-generating 
resistor,  and  resistance  at  this  portion  is  increased 

4 
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3y  using  the  oxide  as  the  protective  film,  thus 
completing  the  ink  jet  recording  head  as  shown  in 
Fig.  1. 

In  the  case  as  described  above,  the  first  anodic 
Dxidation  should  preferably  convert  the  portion  to  5 
be  anodically  oxidized  completely  to  an  insulating 
material,  while  the  second  anodic  oxidation  should 
oe  effected  so  that  adequate  electroconductivity 
may  remain  at  the  portion  to  be  anodically  ox- 
idized.  Thus,  the  respective  anodic  oxidations  are  w 
required  to  be  practiced  corresponding  to  these 
requirements. 

The  ink  jet  recording  head  completed  as  de- 
scribed  above  is  formed  of  the  heat-generating 
resistor  and  electrodes  by  use  of  the  same  material  is 
as  the  starting  material,  but  the  heat-generating 
resistor  is  essentially  thinner  than  the  portion  other 
than  that,  namely  electrodes,  to  be  greater  in  resis- 
tance  value. 

The  anodic  oxidation  of  the  film  4  which  is  the  20 
starting  material  in  the  above  step  is  to  be  de- 
scribed  in  more  detail. 

The  case  of  forming  tantalum  (Ta)  as  the  start- 
ing  material  film  on  the  support  is  to  be  specifically 
described  below.  25 

Based  on  the  steps  (a)  to  (d)  in  Fig.  3,  the 
support  having  the  cured  film  of  photosensitive 
resin  provided  on  Ta  film  with  a  thickness  of  1000 
A  was  subjected  to  anodic  oxidation  treatment  by 
use  of  1%  by  weight  of  an  aqueous  phosphoric  so 
acid  solution  as  the  treating  solution  at  a  current 
density  of  10mA/cm2  for  a  treatment  time  of  120 
sec.  By  this  treatment,  the  Ta  film  in  contact  with 
the  treating  solution  was  oxidized  substantially, 
completely  in  its  thickness  direction  to  be  con-  35 
verted  into  an  insulating  material  (Fig.  3,  step  (e)). 

Next,  after  the  ceiling  plate  of  the  recording 
head  was  bonded  based  on  the  steps  (f)  to  (k)  in 
Fig.  3,  1%  by  weight  of  an  aqueous  phosphoric 
acid  solution  was  supplied  into  the  recording  head,  40 
and  by  oxidizing  anodically  the  surface  portion  of 
the  Ta  film  so  that  a  desired  resistance  value  may 
be  obtained  at  a  current  density  of  5  mA/cm2  to 
form  the  portion  which  becomes  the  heat-generat- 
ing  resistor  (Fig.  3,  step  (k)).  45 

When  recording  was  performed  practically  by 
supplying  ink  to  the  ink  jet  recording  head  thus 
prepared,  recording  could  be  done  with  extremely 
stable  discharging  characteristics. 

In  the  foregoing  examples,  when  the  width  of  so 
electrodes  can  be  taken  greater  than  that  of  the 
heater,  the  second  anodic  oxidation  only  of  the 
heater  region  (by  which  heater  resistance  can  be 
made  sufficiently  greater  than  electrode  resistance) 
becomes  unnecessary.  55 

The  shapes  of  the  electrode  region  and  the 
heat-generating  resistor  region  may  be  any  desired 
ones  as  shown  in  the  schematic  plan  view  in  Fig.  6. 

In  Fig.  6,  601  is  the  electrode  region  and  buz  tne 
rieat-generating  resistor  region. 

As  shown  in  Fig.  4(d),  the  pattern  formed  of  the 
cured  film  of  the  photosensitive  resin  may  have  the 
iquid  channel  formed  corresponding  to  the  heat- 
generating  resistor  portion.  Therefore,  the  cured 
film  of  the  photosensitive  resin  may  be  also  pro- 
dded  in  the  region  401  in  Fig.  4(d).  Fig.  7  is  a 
schematic  plan  view,  partially  enlarged,  of  Fig.  4- 
(d). 

In  the  above  description,  the  substrate  under 
the  state  where  the  electrode  region  and  the  heat- 
generating  resistor  portion  region  are  formed  by 
anodic  oxidation  may  be  previously  formed,  and 
the  liquid  channel,  etc.  may  be  formed  thereof  to 
prepare  a  recording  head. 

The  gaps  between  the  respective  heat-generat- 
ing  resistance  elements  are  not  necessarily  re- 
quired  to  be  anodically  oxidized,  but  unnecessary 
portions  may  be  removed  by  etching,  and  the 
electrode  region  and  the  heat-generating  portion 
forming  the  heat-generating  resistance  elements 
can  be  also  anodically  oxidized,  if  desired,  to  form 
heat-generating  resistance  elements. 

(Effect  of  the  Invention) 

As  described  in  detail  above,  in  the  present 
invention,  since  the  ink  jet  recording  head  can  be 
prepared  by  two  patterning  steps  and  one  film 
forming  step,  the  number  of  steps  can  be  short- 
ened  to  a  great  extent.  Also,  according  to  the 
present  invention,  patterning  is  possible  only  by 
anodic  oxidation  without  utilizing  etching  step,  and 
in  addition  to  the  above  reason,  preparation  time 
can  be  also  effected  in  this  respect.  Further,  ac- 
cording  to  the  present  invention,  the  location  posi- 
tional  precisions  of  the  respective  members  can  be 
improved. 

In  addition,  according  to  the  present  invention, 
since  the  upper  surface  of  the  heat-generating  re- 
sistance  element  (substrate  upper  surface)  has  little 
unevenness,  peeling  of  the  respective  members, 
etc.  will  occur  with  difficulty,  whereby  a  recording 
head  enriched  in  durability  can  be  provided. 

Also,  within  the  scope  of  the  present  invention, 
the  preparation  order  of  the  recording  head,  the 
constitution  of  the  recording  head  can  be  changed 
as  desired  as  a  matter  of  course. 

An  ink  jet  recording  head  comprises  a  dis- 
charging  opening  for  liquid  discharge  and  an 
electricity-heat  converter.  The  electricity-heat  con- 
verter  has  a  region  formed  by  oxidation  of  at  least 
part  of  an  electro-conductive  material,  and  the  re- 
gion  is  adpated  to  generate  heat. 

5 
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Claims 

1.  An  ink  jet  recording  head  comprising  a  dis- 
charging  opening  for  liquid  discharge  and  an 
electricity-heat  converter,  said  electricity-heat  con- 
verter  having  a  region  formed  by  oxidation  of  at 
least  part  of  an  electroconductive  material,  said 
region  being  adapted  to  generate  heat. 

2.  The  ink  jet  recording  head  according  to 
Claim  1  ,  wherein  said  oxidized  region  is  formed  by 
anodic  oxidation  of  said  material. 

3.  The  ink  jet  recording  head  according  to 
Claim  1  ,  wherein  said  material  is  selected  from  the 
group  consisting  of  Ta,  V,  Nb,  Zr,  Mg,  Zn,  Ni,  Gd 
and  Co. 

4.  The  ink  jet  recording  head  according  to 
Claim  1,  wherein  a  protective  layer  is  further  pro- 
vided  on  at  least  part  of  said  electricity-heat  con- 
verter. 

5.  A  process  for  preparing  a  substrate  for  a 
recording  head  having  on  a  support  an  electricity- 
heat  converter  utilized  for  liquid  discharge,  which 
comprises  forming  a  layer  of  electroconductive  ma- 
terial  on  said  support  and  oxidizing  at  least  part  of 
the  surface  region  of  said  layer  to  form  the  elec- 
trodes  and  heat-generating  resistor  portion  of  said 
electricity-heat  converter. 

6.  The  process  according  to  Claim  5,  wherein 
said  oxidation  is  anodic  oxidation. 

7.  The  process  according  to  Claim  5,  wherein 
said  material  is  selected  from  the  group  consisting 
of  Ta,  V,  Nb,  Zr,  Mg,  Zn,  Ni,  Gd  and  Co. 

8.  The  process  according  to  Claim  5,  wherein 
said  material  is  formed  by  vacuum  deposition. 

9.  The  process  according  to  Claim  8,  wherein 
said  vacuum  deposition  is  sputtering  or  vapor  de- 
position. 

10.  The  process  according  to  Claim  5,  wherein 
said  oxidation  of  at  least  part  of  the  surface  region 
is  carried  out  utilizing  a  resist  provided  on  said 
layer  of  electroconductive  material. 

1  1  .  The  process  according  to  Claim  5,  wherein 
a  protective  layer  is  further  formed  on  at  least  part 
of  said  electricity-heat  converter. 

12.  A  process  for  preparing  a  substrate  for  a 
recording  head  having  on  a  support  an  electricity- 
heat  converter  utilized  for  liquid  discharge,  which 
comprises  forming  a  layer  of  electroconductive  ma- 
terial  on  said  support,  oxidizing  part  of  said  layer  to 
make  it  an  oxide,  and  oxidizing  at  least  part  of  the 
surface  region  of  residual  electroconductive  region 
to  form  the  electrodes  and  heat-generating  resistor 
portion  of  said  electricity-heat  converter. 

13.  The  process  according  to  Claim  12, 
wherein  said  oxidation  is  anodic  oxidation. 

14.  The  process  according  to  Claim  12, 
wherein  said  material  is  selected  from  the  group 
consisting  of  Ta,  V,  Nb,  Zr,  Mg,  Zn,  Ni,  Gd  and  Co. 

15.  The  process  according  to  Claim  12, 
wherein  said  material  is  formed  by  vacuum  deposi- 
tion. 

16.  The  process  according  to  Claim  15, 
5  wherein  said  vacuum  deposition  is  sputtering  or 

vapor  deposition. 
17.  The  process  according  to  Claim  12, 

wherein  said  insulating  material  is  formed  utilizing 
photolithographic  technique. 

w  18.  The  process  according  to  Claim  12, 
wherein  said  at  least  part  of  the  surface  region  is 
formed  utilizing  photolithographic  technique. 

19.  The  process  according  to  Claim  12, 
wherein  a  protective  layer  is  further  provided  on  at 

75  least  part  of  said  electricity-heat  convenor. 
20.  An  ink  jet  recording  head  comprising  a 

discharging  opening  provided  for  forming  flying 
droplets  by  liquid  discharge  and  an  electricity-heat 
convenor  having  a  heat-generating  resistor  and  a 

20  pair  of  electrodes  electrically  connected  to  said 
heat-generating  resistor,  said  electrodes  and  said 
heat-generating  resistor  being  formed  of  the  same 
material. 

21.  The  ink  jet  recording  head  according  to 
25  Claim  20,  wherein  said  material  is  selected  from 

the  group  consisting  of  Ta,  V,  Nb,  Zr,  Mg,  Zn,  Ni, 
Gd  and  Co. 

22.  The  ink  jet  recording  head  according  to 
Claim  20,  wherein  a  protective  layer  is  further  pro- 

30  vided  on  at  least  part  of  said  electricity-heat  con- 
verter. 

23.  A  process  for  preparing  an  ink  jet  recording 
head  which  comprises  steps  of 

(a)  forming  on  a  support  a  film  having  elec- 
35  troconductive  property  and  heat  resistance  and  be- 

ing  capable  of  anodic  oxidation; 
(b)  anodizing  the  region  of  said  film  other 

than  regions  becoming  electrodes  and  a  heat-gen- 
erating  resistor; 

40  (c)  laminating  a  photosensitive  composition; 
(d)  removing  partially  said  photosensitive 

composition  to  form  at  least  a  discharging  opening 
and  wall  members  and  expose  the  region  of  said 
film  becoming  a  heat-generating  resistor; 

45  (e)  plastering  a  top  plate;  and 
(f)  anodizing  the  exposed  surface  of  said  film 

to  form  a  heat-generating  resistor  while  leaving  the 
unanodized  region  of  said  film  as  electrodes. 

50 
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