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SUBSTRATE FOR INK JET HEAD, INK JET HEAD, INK JET PEN, AND

INK JET APPARATUS

BACKGROUND OF THE INVENTION -
1. Field of the Invention
The present invention relates to a substrate

constituting an ink jet head for récording, printing or the
1ike (hereinafter, referred to typically as "recording”)
characters, symbols, images or the like (hereinafter;
referred to typically as "images") by discharging ink,
functional liquid or the like (hereinafter, referred to
typically as "ink") on a record holding body including a
paper sheet, a plastic sheet, a piece of cloth, and an
article (hereinafter, referred to typically as "paper"); an
ink jet head using the substrate; an ink jet pen including an
. ink reservoir for reserving ink to be supplied to the ink jet
head; and an ink jet apparatus for mounting the ink jet head.
In the present invention, the ink jet pen includes a
cartridge form havihg an ink reservoir integrated with an ink
jet head, and it further includes another fofm.in which an
ink jet head and an ink réservoir are sepérately prepared and
are removably combined with each other. The ink jet pen is
removably mounted on a ﬁounting means such as a carriage of

. an apparatus main body. In the present invention, the ink
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jet apparatus includes a form integrally or sepafately
provided on information processing equipment such as a word -
processor or a computer as an output terminal, and it further
includes another form used for a copying machine in
combination with information reading equipment or the like, a
facsimile having an iﬁszmation transmitting/receiving
function, a machine for performing textile printing on cloth,
and the like. '
2. Description of the Related Background Art

An ink jet apparatus has a feature capable of recording
a highly precise image at a high speed by discharging ink
from a discharge opening as small droplets at a high speed.
In particular, an ink jet apparatus of a type, in which an
electrothermal converting body is used as an energy
generating means for generating energy utilized for
discharging ink and ink is discharged by use of a bubble
generated in ink by a thermal energy produced by the
electrothermal converting body,- is excellent in performances
such as high precision of image, high speed recording, and
reduction in sizes of a head and the apparatus. In recent
years, there have been strohg demands of markets towards
these performances of the ink jet apparatus, and to meet the
demands, various attempts have been made to improve the ink

jet apparatus.
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One of such attempts for imprq&ing the ink jet
apparatus is disclosed in U.S. Patent No. 4,458,256. In this
reference; as'shown in FIG. 11, for ethple; return_portions'
of electrodes for imparting electric energy to heat |
generating portions (hereinafter, in some cases, referred to
as "heaters") of resistors constituting electrothermal
converting 5odies are made common as a common lead electrode,
and the common lead electrode is provided to lie as a
conductive layer under an insulating layer. With this
construction, a plurality of heaters can be arranged to be
closer to each other as compared with the conventional manner
because they are not interrupted by the return portions of
the electrodes. Ink passages communicated to discharge
openings are provided to correspond to the heaters.
Accordingly, a higher density arrangement of the ink passages
can be achieved, leading to a higher density arrangement of
the discharge openings, thus obtaininé a higher precise
image. The higher density arrangement of the ink passages
also contributes to saving in space, to thereby further
reduce phe.size of the head.

Examined Japanese Utility Model Publication No. HEI 6-
28272 also discloses a construction in which a metal layer as
a common lead electrode is provided under a heating resistor

layer by way of an under-coat layer. As the material of the
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metal layer, Eheré are mentioned tantalum, molybdenum,
tungsten or the like.

. The present inventors have examined the above—déscribed
ink jet heads, and found that they have.uﬁdoﬁbtédly various
advantages described above, but they present the following
problems; namely, the above-described ink jet heads are
possibly shortened in service life contrary to the
expectation or are possibly reduced in discharge performan¢e -
during discharge of ink.

With respect to the cause of the above problems, the
present inventors have examined, and found the fact that, for
the common lead electrode made of aluminum, a stress
concentration region having a projecting shape called a
*hillock" is possibly formed on the surface of the common
lead electrode due to the thermal effect.- In particular, the
temperature of a portion near the common lead electrode under
the heater instantaneously reaches the melting point of a
~metal material constituting the common lead electrode due to
a high heat energy generated by the heater. Such stress
concentration in the common lead electrode acts to acceleréte.
the growth of the hillock, or to generate a new hillock. The
generation of ﬁillocks is sequentially propagated upwardly by
way of various layers, with a result that a projecting

portion having a height of, for example about 2 um is formed

B
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on the bubbling surface of the heater. In such a projecting
portion on the bubbling surfaee, a step portidn (corner
portion) where the film quality is weakened is concentratedly
damaged by the effects of a large variation in pressure and
thermal stress generated on the bubbllng surface (these
effects are called "cavitation®") due to the repeated bubbllng
1n the ink passage, and finally ink permeates through the
step portion and causes electric corrosion, resulting in the
disconnection of the resistor. This brings a failure of the
ink jet head, and shortens the service life contrary to the
expectation. Moreover, a strain appearing in the form of the
projecting portion on the bubbling surface is increased as
the hillock is grown, which gradually exerts adverse effect
on the bubbling phenomepon; consequently the discharge
performance is reduced during discharge of ink.

. The results of the examination on the above-described
problem also showed the following point as one of the causes,
though there have been an unclear phenomenon. In the case
where the common lead electrode is made of tantalum,
molybdenum, tungsten or the like as in Examined Japanese
Utility Model Publication No. HEI 6-28272, since the
resistivity of such a metal is relatively large, the heat
Qenerated by the me;e;_itse;f is accumulated in the head in

addition to the heat generated by the heater during discharge
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of ink. By the effect of the heat thus accumulated, it
becomes.gradﬁally diffigult to keep the thermal control and
to kéep the normal bubbling phenbmenon on thé'bubbling
surface. As a:resulé, the discﬁarge performance is dropped
during discharge of ink. This problem significantly emerges
in the case that the interval between the heaters is
shortened for achieving'a higher density arrangement and thus
the heat becomes easier to be accumulated, or that the ink
jet head is driven at a higher speed and thus the heat

becomes easier to be accumulated.

SUMMARY OF THE INVENTION

An object of the present invention is to solve the
above-described problems, and to provide a substrate
comstituting an ink jet head capable of prolonging service
life by reducing a failure ratio, and an ink jet head using
the substrate.'

Another object of the present invention is to provide a
substrate constituting an ink jet head capable of continuing
preferable discharge of ink for a long period of time, and an
ink jet head using the substrate.

A further object of the present invention is to provide
a substrate for an 1nk jet head prov1ded with a plurality of

dlscharge openings arranged in a high dens1ty for recording a
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high precise image at a high speed, and an ink jet head using
the substrate. o

Still a further object of the present invention is to
provide a substrate for constituting an ink jet head reduced
in cost by saving a space of a base member made of a
relatively expensive material such as a single.crystal
silicon, and an ink jet head using.the substrate.

An even further object of the present invention is to
provide an ink jet pen including an ink reservoir for
reserving an ink to be supplied to the above-described ink
jet head, and an ink jet apparatus for mounting the ink jet
head.

According to a first aspect of the present invention,
there is provided a substrate for an ink jet head comprising
a base member and an electrothermal converting body formed on
the base member, the electrothermal converting body including
a resistor layer and a pair of electrode layers connected to
the resistor layer wherein the resistor layer positioned
between a pair of.the electrode layers serves as a heat
generating portion for generating thermal energy utilized for
discharging ink;

wherein one of a pair of the electrode layers passes
under the heat generating portion; an electrode layef

_positioned under the heat generating portion has a multi-
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'layer structure composea of a plurality of layeré; and at
least one of a plurality of the layers, being nearest to the
heat generating po;tion, is made of a metal having a melting
point of 1500°C or more at 1 atm.

According to a second aspect of the present invention,
there is provided an ink jet head comprising:

a substrate for an ink jet head, including a base
member and an electrothermal convérting body formed on the
base member, the electrothermal converting body including a
resistor layer and a pair of electrode layers connected to
the resistor layer wherein the resistor layer positioned
between a pair of the electrode layers serves as a heat
generating portion for gemerating thermal energy utilized for
discharging ink;

* an ink path disposed to correspond to the heat
generating portion; and

a discharge opening for discharging ink, which is
disposed to be communicated to the ink path;

wherein one of a pair of the électrode layers passes
under the heat generating portion; an electrode layer
posiﬁioned under the heat generating portion has a multi-
layer structure composed of a piurality of layers; and at
least one of a plurality of the layers, being nearest to the

hsatugenerating portion, is made of a metal having a melting
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point of 1500°C or more at 1 atm

According to a third aspect of the present invention,

there is provided an ink Jet pen compr1s1ng~

‘an ink jet head including: a substrate for an ink jet
head which has a base member_and an electrothermal converting
body férmed on the base member, éhe électrothermal converting
body including a resistor layer and a pair of electrode
layefs connected to the resistor layer wherein the reSistor
layer positioned between é pair of the electrode layers
serves as a heat generating portion for generating thermal
energy utilized for discharging ink; an ink path disposed to
correspond to the heat generating portion; and a discharge
opening for discharging ink, which is disposed to be
communicated to the ink path; and |

- an ink reservoir for reserving ink to be supplied to

the ink path;

wherein one of a pair of the electrode layers passes
under the heat generating portion; an electrode layer
positioned under the heat generating portion has a multi-
layer structure composed of a plurality of layers; and at
least one of a plurality of the layers, being nearest to the
heat generating portion, is made of a metal having a melting
point of 1500°C or more at 1 atm.

According to a fourth aspect of the present invention,
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there is provided an ink fét apparatus comprising:

an ink jeﬁ head inCluding: a substrate for an ink jet
head which has a_base member and an electrothermal con&erting
body formed on the base member, the electrothermal converting
body including a resistor layer and a pair of electrode |
layers connected to the resistor layer wherein the resistor
layer positioned between a pair of the electrode layers
serves as a heat generating portion for genexating thermal
energy utilized for discharging ink; an ink path disposed to
correspond to the heat generating portion; and a discharge
opening for discharging ink, which is disposed to be
communicated to the ink path; and

a means for mounting the ink jet head;

wherein one of a pair of the electrode layers passes
under the heat generating portion; an electrode layer
bositioned under the heat generating portion has a multi-
layer structure composed of a plurality of layers; and at
least one of a plurality of the layers, being nearest to the
heat generating portion,.is made of a metal having a melting
point of 1500°C or more at 1 atm.

The ébove and other objects, effects, features, and
advantages of the present invention will become more apparent
from the following description of embodiments thereof taken

in conjunction with the accompanying drawings.

- 10 -
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic sectional view seen from the
upper side of heaters, showing a main portion of oné
embodiment of an ink jet head according to the present
invention; |

FIG. 1B is a schematic sectional view taken along line
A-A' of FIG. 1A, showing the main portion of the ink jet
head;

FIG. 1C is a schematic sectional view taken along line
B-B' of FIG. 1A, showing the main portion of the ink jet
head; |

FIG. 2A is a schematic sectional view seen from the
same direction as in FIG. 1B, showing a main portion of a
background art ink jet head;

FIG. 2B is a schematic sectional view seen from the
same direction as in FIG. 1C, showing the main portion of the
background art ink jet head;

FIG. 3 is a graph for comparing an ink jet head of a
first example with the background art ink jet head in
discharge endurance performance;

FIG. 4A is a schematic sectional view seen from the
same direction as in FIG. 1B, showing a main portion of an

ink jet head accordihg to another embodiment of the present

- 11 -
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FIG. 4B is a schematic sectional view seen from the
same direction in FIG. 1C, showing the main portion éf the
ink jet head in FIG. 4a; -

FIG. 5A is a schematic perspective view of a further
embodiment of the ink jet head of the preSent invention;

FIG. 5B is a schematic sectional view taken along line
C-C' of Fig. 5A, showing the ink jet head; and |

FIG. 6 is a schematic perspective view showing a main
portion of an.ink jet apparatus mounting an ink jet pen in é
cartridge form assembled with the ink jet head shown in FIGs.

5A and SB.

DESCRIPTIOﬁ OF THE PREFERRED EMBODIMENTS

- The present inventors have obtained the knowledge that
the above-described problems can be solved by a method
wherein an electrode under a heater is constituted of a
multi—layer structure having a plurality of layers and at
least the uppermost layer thereof is formed of a high melting
point metal. On the basis of the knowledge, the present
invention has been accomplished. Specifically, an electrode
under a heater most susceptible to the heat generated by a
heéter is consﬁituted of a hplti—layer structure having a

plurality of layers which can function complementarily to
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each other. Of a plufality of the layers, the ones on t';he
lower side are .formed of a common electrode material having a
| largér_ electric .conductivity for reducing a power loss; while
at least the uppermost one is formed of a high melting point
metal. The uppermost layer functions to diffuse the heat and
to lower the thermal effect, and ﬁevertheless the layer

itself is not affected by the thermal effect. This is
effective to prevent or suppress the generation of a hillock,
.and hence to prevent or suppress the formation of a
projecting portion on a bubbling surface;

As the material for forming the electrode pc_ortion other
than the high melting point metal layer according to the
present invention, a ma_terial commonly used as an electrode
material in this field can be adopted; however, a metal
having a melting point of not less than 1500°C at 1 atm is
' preferai)le. For example, Af, Cu, A¢-Si alloy and A¢ -Cu
alloy are preferable, and A¢ is most preferable in the total
characteristics. In this specification, the term "metal”
includes "metal élexﬁent" and "alloy", and also it includes a
pure metal containing no impurity and a metal containing
impurities.

As the high melting point metal used in the present
invention, a metal having a melting point of 1500°C or more

at 1 atm is preferable, and a metal having a melting point of

- 13 -
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2500°C or more at 1 atm is most pref.erable. For example, Ta,
W, Cr, Ti, Mo, an alloy 'containing two or more metals
selected from a groﬁp consisting of Ta, W, Cr, Ti, and Mo,.
and an alloy containing at least one metal selected from a
group consisting of Ta, W, Cr, Ti and Mo are preferable. Of
these metéls, Ta is mést preferable.

In the present invention, the high melting point metal
layer is preferably formed to be appliedl with a compressive
stress for suppressing the genération of stress cbncentration
on the electrode under the heater, thereby further preventing
the generation of a hillock. The compressive stress applied
to the high melting point metal layer is preferable in the
range from 1X107 to 1X10!? dyn/cm?, more preferably, in the
range from 1X10° to 1X10%° dyn/cm?.

* FIG. 1A is a schematic sectional view seen from the
upper side of heaters, showing a main portion of one
embodiment of an ink jet head according to the present
invention. FIG. 1B is a schematic sectional view taken along
line A-A' of the main portion of the ink jet head shown in
FIG. 1A, and FIG. 1C is a schematic sectional view taken
along line B-B' of the main portion of the ink jet head shown
in FIG. 1A. | |

The ink jet head of this embodiment is provided with a
plurality of discharge openings 1101.- An heat generating

- 14 -
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pdrtion (heater) 1102 of an electrothermal convérting body
for generating energy utilized for discharging ink from each
discharge opening 1101,_is provided for. each ink path 1108
communicated to the discharge opening 1101. The
electrothermal converting body has a resistor layer 1103
containing the heat generating portion 1102 and an electrode
for supplying electric energy to the resistor layer 1103.
The electrode includes an individual electrode layer 1110a, a
connection electrode layer 11104, and a common lead electrode
layer. The common lead electrode layer has a multi-layer
structure including an upper electrode layer 1110c and a
lower electrode layer 1110b, and which is not individually
separated but is formed in a flat shape.

The above common lead electrode layer having a multi-
layer structure is formed on a base member 103 by way of a
lower insulating iayer 1111. An upper insulating layer 1112
is provided on the common lead electrode layer, and through-
holes 1105 are formed to be patterned on the upper insulating
layer 1112 at specified portions. The resistor layer 1103,
individual electrode layer 1110a and the connection electrode
layer 11104 are formed to be patterned on the upper
insulating layer 1112. The connection electrﬁde layer 11104
is connected to the common lead electfodé layer by way of the

resistor layer 1103 at the though-hole 1105.

- 15 -
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The fesistor layer 1103, indiViduél electiode layer
1110a and connection electrode layer 11104 are covered with a
" lower protective layer 1113 and an upper protective layer
1114. The substrate 104 for an ink jet head in this '
embodiment includes the base member 103 and ﬁhe above-
described various thin film layers formed on the base member
103.

The ink jet paths 1108 are partitioned from each other
by path wall members 1109. The end portion of the ink path
1108 on the side opposite to the discharge opening 1101 is
communicated to a common ink chamber 1106. Ink supplied from
‘an ink tank for reserving ink is temporarily reserved in the
common ink chambef 1106. The ink supplied in the common ink
chamber 1106 is introduced in each ink path 1108, and is held
in the state that meniscus is formed at the discharge opening
1101. when the electrothermal converting body is selectively
driven for generating heat, the ink is film-boiled, to thus
form a bubble. Based on the growth of such a bubble, the ink
is discharged from the discharge opening 1101.

In the ink jet head according this embodiment, among a
plurality of the layers constituting the common lead
electrode layer, the upper electrode layer 1110c is formed of
a high melting point metal. According to the constructiqn of

this substrate for an ink jet head, with respect to the

- 16 -
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electrode positioned under fhe heat genereting portion 1102
and being most susceptible to the heat generated by the heat
generating portion 1102, at least the uppermost layer (upper
electrode layer 1110C) is made of a high melting point metal,
and the high melting point metal layer functions to diffuse
the heat and to iower the thermal effect and nevertheless the
layer itself is not affected by the heat. Accordingly, it
becomes possible to prevent or suppress the generation of a
hillock, and hence to prevent or suppress the generation of a
- projecting portion on the bubbling surface.

Moreover, since the return portions of the electrodes
are made common as a wide conductive layer, voltage drop can
be prevented or suppressed, as compared with the case where
they are individually provided for heaters. .

- The substrate for an ink jet head according to this
embodiment can be manufactured by adopting a f£ilm formation
technique used in manufacture of semiconductors. First, the
" surface of the base member 103 made of single crystal silieon
is made insulating by forming a lower insulating layer 1111
composed of a film of an inorganic material such as silicon
oxide or silicon nitride on the base member 103 by using the
known film formation technique. Subsequently, a film of Al
or the like as the lower electrode layer and a film of a high

melting point metal such as Ta as the upper'electrode layer

- 17 -
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are sequentially formed on the insglating surface of thé base
member 103, for example by aontinuous sputtering, thus
forming the material layers for the common lead electrode
layer having a multi-layer structure. In'this case, the'high
" melting point metal layer is preferably formed to be applied
_with a compressive stress by adjusting argon pressure upon
the continuous sputﬁering. Next, a plurality of the material
layers for the common lead electrode layer are simultaneously
patterned, to thus form the common lead electrode layer. In
FIG. 1A, the patterning is performed in a wide and flat
shape. The manufacture of the substrate for an ink jet head
after formation of the upper insulating layer 1112 is
similarly performed by using the known f£ilm formatioh
technique.

. FIG. 4A is a schematic sectional view of a main portion
of another embodiment of the ink jet head, as seen from the
same direction in FIG. 1A; and FIG. 4B is a schematic
sectional view of the main portion shown in FIG. 4A, as seen
from the same direction in FIG. 1B.

This embodiﬁent is different from the previous
embodiment in that the electrodes underlthe upper insulating
layer 1112 are formed not as a common conductive layer in a
wide and flat shape, but as 1nd1v1dually separated conductive

layers for each heat generatlng portlon 1102 Each of the

- 18 -
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electrodes has a multi-layer structure having an upper
electrode layer 1110f and a lower electrode layer 1110e, and
the upper electrode layer 1110f is formed of a high melting
point metal. According to the construction of this substrate
for an ink jet head, with respect to the electrode positioned
under the neat generating portion 1102 and being most |
susceptible to the heat generated by the heat generating
portion 1102, at least the uppermost layer (upper electrode
layer 1110f) is made of a high melting point metal, and the
high melting point metal layer functions.to diffuse the heat
and to lower the thermal effect and nevertheless the layer
itself is not affected by the heat. Accordingly, it becomes
possible to prevent or suppress the generation of a hillock
and hence to prevent or suppress the generation of a
projecting portion on the bubbling surface.

Moreover, in the ink jet head in this embodiment, since
the lower electrodes are independentlj disposed, the heat
generated by each heat generating portion 1102 is prevented
from being transmitted to the adjacent heat generating
portion by way of the lower electrode. An energy loss due to
the thermal diffusion through the lower electrodes can be
aiso suppressed.

The substrate for an 1nk Jet head in this embodiment is

manufactured by changlng the pattern used in the previous

- 19 -
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embodiment in such a manner that ﬁhe material layers of the
electrodellayers are éeparately and independently patterned.

FIG. 5A is a séhématic berspective view showing one
embodiment of an ink jet head accoiding to the present
invention. FIG. 5B iS a schematic sectional view taken along
line C-C' of the ink jet head shown in FIG. 5A. In addition,
the main portion of the schematic séctional view taken along
line D-D' of the ink jet head shown in FIG. 5A is equivalent
to that shown in FIG. 1A. .

An ink jet head 12 is so constructed that a resin-made
top plate 105 is pressingly joined to a substrate 104 for an
ink jet head by using an elastic member such as a spring.

The top plate 105 includes a discharge opening plate 1104
provided with discharge openings 1101, and a path wall member
1109 integrated Qith the discharge opening plate 1104. A
common ink chamber 1106 is provided in the top plate 105.
Ink is supplied from an ink tank for reserving ink to the
common ink chamber 1106 hy way of a supply opening 107. The
ink supplied to the common ink chamber 1106 is introduced
into each ink path 1108, and is held in the state that
meniscus is formed at the discharge opening 1101. ‘When the
electrothermal cbnverting body is ariven for generating heat,
a change in the state including the film-boiling of ink

occurs in ink, to thus form a bubble. On the basis of the

N
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growth of the bubbles, the ink is discharged ffom the
discharge’openiné!llOl.

FIG. 6 is a schematic pgrspective view showing a main'
poftion of an ink jet apparatus 15 on which an ink jet pen in
a cartridge form assembled with the ink jet head shown in
FIGs. 5A and 5B is mountéd.

As a drive motor 264 is nqrmally or reversely rotated
by way of drive force transmission éearé 262, 260, a lead
screw 256 is rotated. Since a pin (not shown) engaged with a
screw groove 255 of the lead screw 256 is provided on a
carriage 16, the carriage 16 is reciprocated in the
directions shown by the arrows "a" and "b" along with the
rotation of the lead screw 256. Reference numeral 253
indicates a paper pressing plate, which presses a paper sheet
272- against a platen 251 in the moving direction of the
carriage 16. Reference numeral 258 and 259 indicate a photo-
coupler which acts as a home position detecting means for
confirming the presence of a lever 257 of the carriage 16 in
this range and switching the rotational direction of the |
motor 264. Reference numeral 11 indicates an ink jet pen of
a cartridge type integrally provided with an ink tank.
Reference numeral 265 indicates a cap for capping the ink
discharge openlng of the ink jet pen. The cab 265 is

supported by a supportlng meMber 270 Reference numeral 273

- 21 -
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indicates a suction.ﬁeans for performing-the suction from the
ink discharge_opening'by way of the cap 265 and for sucking
and recovering the head by way of an opening 271 of the cap
265. Reference nﬁmeral 266 indicates a blade for cleaning
the surface on which the ink discharge opening is provided.
Reference numeral 268 indieates a member for moving the blade
266 in the longitudinal direction. These are-supported oh
the main body supporting plate 267.

The present invention will be more clearly understood
with reference to the following examples.

Example 1

A plurality of substrates for ink jet heads shown in
FIGs. 1A, 1B and 1C were fabricated in the following
procedure.

- A 1.5 um thick lower insulating layer 1111 made of
silicon oxide was formed on a base member 103 made of single
crystal silicon_by thermal oxidation. On the lower
insulating layer 111, a 5,500 A thick A¢ layer and a 2,000
A thick Ta layer were sequentially formed by continuous
sputtering. In this case, the Ta layef was formed so as to
be applied with a compressive stress of 5X10° dyn/cm? by
adjusting argon preséure upon sputtering at 1.8 Pa. The A{
layer and Ta layer were simultaneously patterned by dry-

etching using a mixed gas of BCl3(46%), C£;(36%) and N,(18%),
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thus formlng a lower electrode layer 1110b made of‘At and an
upper electrode layer 1110c made of Ta formed thereon shown
in FIGs. 1B and 1C. Next, a 1.4 um thick upper insulating
layer 1112 made of silicon oxide was formed by plasma CVD,
and then etched using ammonium fluoride, to form contect
through-holes 1105. A 600 A thick tantalum nitride layer
was formed by sputtering, and patterned by etching, thus
forming a resistor layer 1103 having a shape shown in FIG. 1.
On the resistor layer 1103, a S,SOO.A thick pure A{ layer was
formed by sputtering, and patterned by etching, thus forming
individual electrodes 11ll10a and connection electrodes 1110d
shown in FIG. 1A. Moreover, a 1.0 um thick lower protective
layer made of silicon oxide was formed by plasma CVD. On the
lower protective layer, a 2,300 A thick upper protective
layer 1114 made of Ta was formed by sputtering.

A top plate 105 made of polysulfone was pressingly
joined to each of a plurality of the substrates 10 for ink
jet heads thus manufactured by using a spring (not shown).
Thus, a plurality of the ink jet heads 12 shown in FIGs. 5A
and 5B wefe obtained. In this ink jet head 12, the
-arrangement density of the discharge openings 1101 was set at
16 nozzles/mm, and the number of the discharge openings 1101

was set at 128 nozzles.

Example 2

- 23 -
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A plufalitj'( of substrates for ink jet heads shown in
FIGs. iA, 1B .and 1C were manufacﬁuied in the same manner as
in Example 1, except that the. material of thé upper electrode
layer was changed from Ta:to W. Namely, a 5,500 A thick A¢
layer and a 2,000 A thick W layer were sequentially formed
by continuous sputtering. In this case, the W llayer | was
formed so as to be applied with a compressive stress of 5X10°
dyn/ cm? by adjusting argon pressure upon sputtering at the
same value as that of Example 1. The A{ layer and W layer
were simultaneously patterned by d:l_:'y-etching in the same
manner as in Example 1, thus forming a lower electrode layer
1110b made of A¢ and a.n.upper electrode layer 1110c made of
W formed thereon shown in FIGs. 1B and 1C.

A top plaite 105 made of polysulfone was pressingly
joined to each of a pluré.lity of the substrates 10 for ink
jet heads thus manufactured using a spring (not shown).

Thus, a plurallty of the ink jet heads 12 shown in FIGs. 5A
and 5B were obta:.ned In this ink jet head 12, the
arrangement density of the di-séharge openings 1101 was set at
16 nozzles/mm, and the number of the discharge openings 1101
was set at 128 nozzles.
_ Example 3 _
A plurality of substrates for ink jet heads shom in

FIGs. 1A, 1B_and 1C were manufactured in the same manner as
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in Example 1, except that the materiél of the upper electrode
layer was changed from Ta to Cr. Naxﬁely, a 5,500 A thick A ¢
layer and a 2,000 A thic_:k Cr layer were sequentially formed
by continuous sputtering. In this cése, _the Cr layer was
formed so as to be applied with a compressive stress of 5X10°
dyn/ cm? by adjusting argori pressure upon sputtering at the
same value as that of Example 1. The A¢ 1é1yer and Cr layer
were simultaneously patterned by dl:y-etching_ in the same
manner as in Exampie 1, thus forming a lower electrode layer
1110b made of A¢ and an upper electrode layer 1110c made of
Cr formed thereon shown in FIGs. 1B and 1C.

A top plate 105 made of polysulfone waé pressingly
joined to each of a plurality of the substrates 10 for ink
jet heads thus manufactured using a spring (not; shown) .

Thus, a plurality of the ink jet heads 12 shown in FIGs. S5A
and 5B were obtained. In this ink jet head 12, the
arrangement density of the discharge openings 1101 was set at
16 nozzles/mm, and the number of the discharge openings 1101
was set at 128 nozzles.

Example 4

A plurality of substrates for 1nk jet heads shown in
FIGs. 1A, 1B and 1C were manufactured in the same manner as
in Example 1, except that the material of the upper electrode
layer was .c':_l'__xang___e_d"'-ifr?m Ta toT:L _Namely, a 5,500 A thick A¢
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layer and a 2,000 A thick Ti layer were sequentially formed
by continuous sputtering. In this dasé, the Ti layer was
formed so'aé to.be applied with a compressive stress of 5X10°
dyn/cnp by adjusting argon pressure upon sputtering at the
same value as that of Example 1. The A{ layer and Ti layer
'Were simultaneously patterned by dry-etching in the same
manner as in Example 1, thus forming a lower electrode layer
1110b made of A¢ and an upper electrode layer 1110c made of
Ti formed thereon shown in FIGs. 1B and 1C.

A top plate 105 made of polysulfone was pressingly
joined to each of a plurality of the substrates 10 for ink
jet heads thus manufactured using a spring (not shown).

Thus, a plurality of the ink jet heads 12 shown in FIGs. 5A
and 5B were obtained. 'In this ink jet head 12, the
arrangement density of the discharge openings 1101 was set at
16'nozzles/mm, and the nu;ber of the discharge openings 1101
was set at 128 nozzles.

Example 5

A plurality of substrates for ink jet heads shown in
FIGs. 1A, 1B and 1C were manufactured in the same manner as -
in Example 1, except that the material of the upper electrode
layer was changed from Ta to Mo. Namely, a 5,500 A thick A¢
layer and a 2,000 A thick Mo layer were sequentially formed

by continuous sputtering. In this case, the Mo layer was
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formed so as to be applied with a compressive stress of 5X10°
dyﬁ/ cm? by adjusting argon pressure upon sputtering at the
same .value as that of Example 1. The A{ layer and Mo layer
were simultaneously patterned by dry-etching in the same
manner as in Example 1, thus forming a lower electrode layer
1110b made of A{¢ and an upper electrode layer 1110c made of
Mo formed thereon shown in FIGs. 1B and 1C. |

A top plate 105 made of polysuifone was pressingly
joined to each of a plurality of the substrates 10 for ink
jet heads thus manufactured using a spiing (not shown).
Thus, a plurality of the ink jet heads 12 shown in FIGs. 5A
and 5B were obtained. In this ink jet head 12, the
arrangement .density of the discharge openings 1101 was set at
16 nozzles/mm, and the number of the discharge openings 1101
was set at 128 nozzles.

Example 6

A plurality of substrates for ink jet heads shown in
FIGs. 1A, 1B and 1C were manufactured in the same manner as
in Example 1, except that the material of the upper electrode
"layer was changed from Ta to Ti-Mo alloy. Namely, a 5,500 A
thick Al layer and a 2, 000 A th:Lck Ti-Mo alloy (Mo: 5%, the

balance ‘1‘1) layer were sequent ally formed by continuous
_sputter:.ng. In this case, the Ti-Mo alloy layer was formed

so as to be applied with a compressive stress of 5X10° ,
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dyn/ cm? by adjustlng argon pressure upon sputterlng at the
same value as that of Example 1. The A{ layer and Ti-Mo
alloy layer were simultaneously pattei:ned by dry-etching in
the same manner as in Example 1, thus forming a lower
electrode layer 1110b made of A{¢ and an upper electrode
layer 1110c made | of Ti-Mo alloy formed thereon shown in FIGs.
1B and 1C.

A top plate 105 made of polysulfone was pressingly
joined to each of a plurality of the substfates 10 for ink
jet heads thus manufactured using a spring (not shown).

Thus, a plurality of the ink jet heads 12 shown in FIGs. 5A
and 5B were obtained. In this ink jet head 12, the
arrangement density of the discharge openings 1101 was set at
16 nozzles/mm, and the number of the discharge openings 1101
was set at 128 nozzles.

Example 7

A plurality of substrates for ink jet heads shown in
FIGs. 1A, 1B and 1C were manufactured in the same manner as
in Example 1, except  that the material of the upper electrode
layer was changed from Ta to ‘pi-cr alloy. Namely, a 5,500 A
thick Al layer and-a 2,00_0 A thick Ti-Cr alloy (Cr: 5%, the
balance: Ti).e-lai;éxf}. were sequentlaily formed by continuous
sputtering. In this ‘case, .the. Ti-Cr alloy layer was formed

so as to be applied with a compressive stress of 5X10°
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dyn/ cm? by adjusting argon pre_s_sﬁre upon sputtering at the
same value as that of Example 1. The A{¢ layer and Ti-Cr
alloy layér were simultaneously patterned by dry-etching in
the same manner as in Example 1, thus forming a lowsr _
electrode layer 1110b made 6f.At and an upper electrode
layer 1110c made of Ti-Cr alloy formed thereon shown in FIGs.
1B and 1C. | _

A top plate 105 made of polysulfone was pressingly
.joined to each of a plurality of the substrates 10 for ink
jet heads thus manufactured using a spring (not shown).

Thus, a plurality of the ink jet heads 12 shown in FIGs. 5A
and 5B were obtained. 1In this ink jet head 12, the
arrangement density of the discharge openings 1101 was set at
16 nozzles/mm, and the number of the discharge openings 1101
was" set at 128 nozzles.

Example 8

A plurality of substrates for ink jet heads shown in
FIGs. 1A, 1B and 1C were manufactured in the same manner as
in Example 1, except that the material of the upper electrode
layer was changed from Ta to Ti-A{ alloy. Namely, a 5,500 A
thick Af layer and a 2,000 A thick Ti-A¢ alloy (Al : 5%, the
balance: Ti) layer were sequent:.ally formed- by continuous
sputtering. In this case, the TJ.—AC ~alloy layer was formed

so as to be applied w:.th a compressive stress of 5X10°

- 29 -~



e _ THISSH-L_._I.HQPE:EN
_ : REPLACED

This Sheet Has Been Reﬂlaced

dyn/cm? by adjusting argon préssure ﬁpon sputtering at the
same valué as that of E:xamplé 1. The Aflayer and Ti-A{
alloy layer were simultaneously patterned by dry-etch:.ng in
the same Ipanner as in Example 1, thus form:l.ng a lower
electrode layer 1110b made. of A¢ and an upper electrode
1aYer 1110c made of Ti-A ¢ alloy formed thereon showr; in
FIGs. 1B and 1C.

A top plate 105 made of. polysulfone was pressingly
joined to each of a plurality of the substrates 10 for ink
jet heads thus manufactured using a spring (not shown).

Thus, a plurality of the ink jet heads 12 shown in FIGs. 5A
and 5B were obtained. In this ink jet head 12, the
arrangement density of the discharge openings 1101 was set at
16 nozzles/mm, and the number of the discharge openings 1101
was set at 128 nozzles.

Example 9

A plurality of substrates for ink'jet heads shown in
FIGs. 1A, 1B and 1C were manufactured in the same manner as
in Example 1, except that the material of the lower electrode
layer was changed from A¢ to Cu Namely, a 5,500 A thick cu
layer and a 2,000 A thick Ta layer were sequentially formed
by continuous sputtering. In this case, the Ta layer was
formed so as to be appl:.ed w1th a compress:.ve stress of 5X10°

dyn/ cm? by adjusting argon pressure upon sputtering at the

- 30 -



" THIS SHEET HAS BEEN
' REPLACED

Sheet Has Been Reilaced '

H|I||\| MRA

same value as that of_ Example 1. The Cu layer and Ta layer
were si.multa._néously pattei'ned by dry-etching in the same
manner as in Example 1, thus forming a lower electrode layef
illOb made of Cu and an uppér electrode layer 1110c maide of
Ta formed thereon shown in FIGs. 1B and 1C.

A top plate 105 made of polysulfoﬁe was pressingly
joined to each of a plurality of the substrates 10 for ink
jet heads thus manufactured using a spring (not shown).

Thus, a plurality of the ink jet heads 12 shown in FIGs. 5A
and 5B were obtained. In this ink jet head 12, the
arrangement density of the discharge openings 1101 was set at
16 nozzles/mm, and the number of the discharge openings 1101
was set at 128 nozzles.
Example 10

- A plurality of substrates for Iink jet heads shown in
FIGs. 1A, 1B and 1C were manufactured in the same manner as
in Example 1, except that the material of the lower electrode
layer was changed from A¢ to A¢ -Si alloy. Namely, a 5,500A
thick A ¢ -Si alloy (S_i: 10%, the balance: A¢) layer and a
2,000 A thick Ta layer were sequentially formed by
continuous sputtering. In this case, the Ta layer was formed
so as to be applied with a compressive stress of 5X10°
dyn/ cm? by adjustz.ng argon pressure upon sputtering at the
same value as that of Example 1. The Af-Si alloy layer and
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Ta layer were 's’i‘mﬁitaneouslj patterned by dry-etching in the..
'same manner as in Example 1, thus forming a lower electrode
layer 1110b mé.de of Al -Si al]'.oy' and an upper electrode layer
1110c made of Ta formed thereon shown in FIGs. 1B aﬂd 1c.

A top plate 105 made of polysulfone was pressingly
joined to each of a plurality of tﬂe substrates 10 for ink
jet heads thus manufactured using a spring (not shown).

Thus, a plurality o_f the ink jet'heads 12 shown in FIGs. S5A
and 5B were obtained. 1In this ink jet head 12, the
arrangement density of the discharge openings 1101 was set at
16 nozzles/mm, and the number of the discharge openings 1101
was set at 128 ndzzlés.

Example 11

A plurality of substrates for ink jet heads shown in
FIGs. 1A, 1B and 1C were manufactured in the same manner as
in Example 1, except that the material of the lower electrode
layer was changed from A¢ to A¢-Cu alloy. Namely, a 5,500
A thick Af-Cu alloy (Cu: 10%, the balance: Af) layer and
a 2,000 A thick Ta layer were sequentially formed by
continuous sputtering. In this case, the Ta layer was formed
so as to be applied with a compressive stress of 5X10°
dyn/cm® by adjusting argon pressure upon sputtering at the

same value as that of Example 1 The A¢ -Cu alloy layer and

Ta layer were s:.mult eously patterned by d.ry—etchmg in the
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same manner'as”inTExample 1, thus forming a lower electrode._.
layer 1110b made of A7 -Cu alloy ahd an upper electrode layer
"1170c made 6F Ta formed thereon shown in FIGs. 1B and 1C.

A’top-plate 105 made of polysﬁlfone was pressingly
joined to each of a plurality of the substrates 10 for ink
jet heads thus manufactured usiné a 'spring (not showﬁ).
Thus, a plurality of the ink jet heads 12 shown in FIGs. 5A
and 5B were obtained. In this ink jet head 12, the
arrangement density of the discharge openings 1101 was set at
16 nozzles/mm, and the number of the discharge openings 1101
was set at 128 nozzles. |

Example 12

A plurality of substrates for ink jet heads shown in
FIGs. 4A and 4B were manufactured in the same manner as in
Example 1, except that the process of pattetning the lower
electrode material layer and upper electrode material layer
by etching was changed as follows. Namely, different from
Example 1, the A{¢ layer and Ta layer were patterned by dry-
etching on the basis of such a pattern that the lower
electrode layers 1110e made of Af and the upper electrode
layers 1110f made of Ta were separately and independently
formed as shown in FIGs. 4A and 4B.

A top plate 105 made of polysulfone was pressingly

jOlned to each of a plurallty of the substrates 10 for ink
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jet heéd according to the eMbodiment thus manufactured using
a spring (nbt shown). Thus, a plurality of the ink jet heads
12 according to the embodlment shown in FIGs. 5A and 5B were
obtained. The dens1ty 1n arrangement of the dlscharge
openings 1101 of the ink jet head 12 was set at 16
nozzles/mm, and the number of the dischafge openings 1101 was
.128 nozzles.

Example 13

A plurality of substrates for ink jet heads shown in
FIGs. 4A and 4B were manufactured in the same manner as in
Example 2, except that the process of patterning the lower
electrode material layer and upper electrode material layer
by etching was changed as follows. Namely, different from
Example 2, the A ¢ layer and W layer were patterned by dry-
etching on the basis of such a pattefn that the lower
electrode layers 1110e made of A ¢ and the upper electrode
layers 1110f made of W were separately and independently
formed as shown in FIGs. 4A and 4B.

A top plate 105 made of polysulfone was pressingly
joined to each of a'plurality of the substrates 10 for ink
jet head according to the embodiment thus manufactured using
a spring (not shown). Thus, a plurality of the ink jet heads
12 according to the embodiment shown in FIGs. S5A and SB were

obtained. - The density in arrangement of the discharge

- 34 -~



'l THIS SHEET HAS BE
| REPLACED

i

. This Sheet Has Been Replaced

openings 1101 of the ink jet head 12 was set at 16

nozzles/mm, and the number of the discharge openings 1101 was

128 nozzlés.
Exaﬁple'14

A plurality of substrates for ink jet heads shown in
FIGs. 4A and 4B were manufactured in the same manner as in
Example 3, except that the process of patterning the lower
electrode material layer and upper electrode material laye;
by etching was changed as follows. Namely, different from
Example 3, the A¢ lawér and Cr layer were patterned by dry-
etching on the basis of such a pattern that the lower
electrode layers 1110e made of Afand the upper electrode
layers 1110f made of Cr were separately and independently
formed as shown in FIGs. 4A and 4B.

- A top plate 105 made of polysulfone was pressingly
joined to each of a plurality of the substrates 10 for ink
jet head according to the embodiment thus manufactured using
a'spring (not shown). Thus, a plurality of the ink jet heads
12 according to the embodiment shown in FIGs. 5A and 5B were
obtained. The density in arrangement of the discharge
openings 1101 of the ink jet head 12 was set at 16
nozzles/mm, and the number of the discharge openings 1101 was
128 nozzles.

Example 15
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A plurality'pf sﬁbstrates for ink jet heads shown in
FIGs. 4A aﬁd 4B were manufactured in the same manner as in
Example 4k except thét Ehe process of patterning the lower
electrode material layér and upper electrode material layer
by étching was changed as follows. Namely, different from
Example 4, the A¢ layer and Ti layer were patterned by dry-
etching on the basis of such a pattern that the lower
electrode layers 1110e made of Af¢ and the upper electrode
layers 1110f madé of Ti were separately and independently
formed as shown in FIGs. 4A and 4B.

A top plate 105 made of polysulfone was pressingly
joined to each of a plurality of the substrates 10 for ink
jet head according to the embodiment thus manufactured using
a spring (not shown). Thus, a plurality of the ink jet heads
12 according to the embodiment shown in FIGs. 5A and 5B were
obtained. The density in arrangement of the discharge
openings 1101 of the ink jet head 12 was set at 16
nozzles/mm, and the number of the discharge openings 1101 was
128 nozzles.

Example 16

A plurality of substrates for ink jet heads shown in
FIGs. 4A and 4B were manufactured in the same manner as in
Exampleis, except that the process qf patterning the lower

electrode material layer and upper electrode material layer
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by etching was changed as follows. Namély,_ different from
Example 5, the A{ lay_ei and Mo layer were patterned by dry-
~ etching on the basis of such a pattern that the lower |
electrode layers 1110e made of A¢ and the upper electrode
layers 1110f made of Mo were separately and independently '
formed as shown in FIGs. 4A and 4B.

A top plate 105 made of polysulf'one was pressingly
joined'to each of a plurality of the sgbst:rates 10 for ink
jet head according to the embodiment thus manufactured using _
a spring (not shown). Thus, a plurality of the ink jet heads
12 according to the embodiment shown in FIGs. 5A and 5B were
obtained. The density in arrangement of the discharge
openings 1101 of the ink ﬁet head 12 was set at 16
nozzles/mm, and the number of the discharge openings 1101 was
128 nozzles.

Example 17

A plurality of'substrates for ink jet heads shown in
FIGs. 4A and 4B were manufactured in the same manner as in
Example 6, except that the process of patterning the lower
electrode material layer and upper electrode material layer
by etching was changed as follows. Namely, different from
Example 6, the A¢ layer and Ti-Mo alloy layer were patﬁemed
by dry-etching on the basis of such a pattern that the lower

electrode layers 1110e made of A ¢ and the upper electrode
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layers 1110f made of Tifﬁo alloy were separately and
indépendently. formed as shown in FIGs. 4A and 4B. |

A tbp plate 105 made of polysulfone was preséingly
joined to each of a plurality of the substrates 10 for ink
jet head according to the embodiment thus manufactured using
a spring (not shown). Thus, a plurality of the ink jet heads
12 according to the embodiment shown in FIGs. 5A and 5B were
obtained. The density in urangénent of the discharge
openings 1101 of the ink jet head 12 was set at 16
nozzles/mm, and the number of the discharge openings 1101 was
128 nozzles.

Example 18

A plurality of substrates for ink jet heads shown in
FIGs. 4A and 4B were manufactured in the same manner as in
Example 7, gxcept that the process \of patterning the lower
electrode material layer and upper electrode material layer
by etching was changed as follows. Namely, different from
Example 7, the A¢ layér and Ti-Cr alloy layer were patterned
by dry-etching on the basis of such a pattern that the lower
. electrode layers 1110e made of A ¢ and the upper electrode
layers 1110f made of Ti-Cr alloy were separately and
-independently formed as shown-in FIGs. 4A and 4B.

A top plate 105 made of _polysulfone was pressingly
joined to each of Q.plyrallty of the substrates 10 for ink
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jet head according to the embodiment thus manufactured using
a spring (not shown). :Thus, a plurality of the ink jet'heads
12 according to the embbdiment shown in FIGs. 5A and 5B were
obtained. The density in arrahgement of the discharge
openings 1101 of the ink jet head 12 was set at 16
nozzles/mm, and the nﬁmber of the discharge openings 1101 was
128.nozz1es.

Example 19

A plurality of substrates for ink jet heads shown in
FIGs. 4A and 4B were manufactured in the same manner as in
Example 8, except that.the process of patterning the lower
electrode material layer and upper electrode material layer
by etching was changed as follows. Namely, different from
Example 8, the A¢ layer and Ti-A¢ alloy layer were patterned
by-dry-etching on the basis of such a pattern that the lower
electrode layers 1110é made of Af¢ and the upper electrode
layers illOf made of Ti-A{¢ alloy were separately and
independently formed as shown in FIGs. 4A and 4B.

A top plate 105 made of polysulfone was pressingly
joined to each of a plurality of the substrates 10 for ink
jet head according to the embodiment thus manufactured using
a spring (not shown). Thus, a plurality of the ink jet heads
12 accptding to the embodiment shown in FIGs. 5A and 5B were

obtained. The density in arrangement of the discharge
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openings 1101 of the ink jet heaa 12 was set at 16
nozzles/mm, and the number of the discharge openings 1101 was
128 nozzles. |
Example 20

A plurality of substrates for ink jet heads shown in
FIGs. 4A and 4B were manufactured in the same manner as in
Example 9, except that the process of patterning the lower
electrode material layer and upper electrode material layer
by etching was changed as follows. Namely, different from
Example 9, the Cu layer and Ta alloy layer were patterned by
dry-etching on the basis of such a pattern that the lower
electrode layers 1l110e made of Cu and the upper electrode
layers 1110f made of Ta alloy were separately and
independently formed as shown in FIGs. 4A and 4B.

- A top plate 105 made of polysulfone was pressingly
joined to each of a plurality of the substrates 10 for ink
jet head according to the embodiment thus manufactured using
a spring (not shown). Thus, a p;urality of the ink jet heads
12 according to the embodiment shown in FIGs. 5A and 5B were
obtained. The density in arrangement of the discharge
openings 1101 of the ink jet head 12 was set at 16
nozzles/mm, and the number of the discharge openings ;101 was

128 nozzles.

L 3 ';1e 21
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A plurality of substrates for ink jet heads shown in
FIGs. 4A and 4B were manufactured in the same manner as in
Example 10, except that the process of patterning.the lower
electrode material layer and upper electrode material layer
by etching was changed as follows. Namely, different from
Example 10, the A ¢ -Si alloy layer and Ta alloyulayer were
patterned by dry-etching on the basis of such a pattern that
the lower electrode layers 1110e made of A¢ -Si alloy and the
upper electrode layers 1110f made of Ta alloy were separately
and independently formed as shown in FIGs. 4A and 4B.

A top plate 105 made of polysulfone was pressingly
joined to each of a plurality of the substrates 10 for ink
jet head,according to the embodiment thus manufactured using
a spring (not shown). Thus, a plurality of the ink jet heads
12-according to the embodiment shown in FIGs. 5A and 5B were
obtained. The density in arrangement of the discharge
openings 1101 of the ink jet head 12 was set at 16
nozzles/mm,_and the number of the discharge openings 1101 was
128 nozzles.

Example 22

A plurality of substrates for ink jet heads shown in

' FIGs. 4A and 4B were manufactured in the same manner as in

Example 11, except that the process of patterning the lower

electrode materlal Iayer and upper electrode material layer
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by. etching was changed as follows. Namely, different from
Example 11, the A¢ -Cu alloy layer aﬁd Ta alloy layer were
patterned by dry-etching on the basis of such a ﬁattern that
the lower electrode layers 1110e made of A¢ -Cu alloy .and the
upper electrode layers 1110f made of Ta alloy were separately
and independently formed as shown in FIGs. 4A and 4B.

A top plate 105 tma.de of polysulfone was pressingly
joined to each of a piurality of the substrates 10 for ink
jet head according to lthe embodiment thus manufactured using
a spring (not shown). Thus, a plurality of the ink jet heads
12 according to the embodiment shown in FIGs. 5A and 5B were
obtained. The density in arrangement of the discharge
openings 1101 of the ink jet head 12 was set at 16
nozzles/mm, and the number .of the discharge openings-z. 1101 was
128 nozzles.

Comparative Example

A plurality of substrates for ink jet heads shown in
FIGs. 2A and 2B were manufactured in the same manner as in
Example 1, except that the process of forming the lower
electrode layer and upper electrode layer was changed as
follows. Namely, a 7,500 A thick pure A¢ layer was formed

by sputtering, and patterned by dry-etching using the same

gas as that in Example 13:: :th w'ormlng an electrode layer

1110g hav:Lng a s:.ngle layer structure of Al.
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A top plate 105‘@ade of polysulfone was pressingly
joined to each of é plurality of thé substrates 10 for ink
jet head according to:the embodimeﬁt thus manufactured using
a spring (not showhf. Thus, a plurality of the‘ink jet héads
12 according to the émbodiment showp in FIGs. 5A and SB were |
obtained. The density in arrangement of the discharge
openings 1101 of the ink jet head 12 was set at ;6-.
nozzles/mm, and the number of the discharge openings 1101 was
128 nozzles. :

Evaluation

Each of the ink jet heads 12 obtained in Example 1 and
. Comparative Example was assembled in the ink jet pen 11, and
the ink jet pen 11 was mounted on the ink jet apparatus shown
in FIG. 6. The discharge endurance tést for each ink jet
head was made by performing ink discharge using the above ink
jet apparatus 15.

FIG. 3 is a graph for comparing the ink jet head of
Example 1 with that of Comparative Example (Background Art)
in the discharge endurance performance. In the graph of FIG.
3, the ordinate indicates the discharging pulse number, and
the abscissa indicates the input energy amount in driving
- voltage (Vop)/bubble forming voltage (Vth). Namely, tﬁe
graph showé the qquerjofgthe disqharging pulse indicated

along the ordinate at the time'wheh either of the heat
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generators ig_broken in accordance with an iﬁput energy
amount indicated along the abscissa. With respect to each of
Ex;mple 1 and Comparative'Example, 10 pieces of ink jet heads
were tested, and the average value thereof was plotted in the
graph shown in FIG. 3. In this test, the width of the
discharging pulse was 5 us.

As is apparent from FIG. 3, the ink jet head in Example
1 exhibits an excellent dﬁrability which is about four times
that of the ink jet head in Comparative Exémple.

The ink jet heads in Example 1 and Comparative Example
were disassembled for the same discharging pulse number, and
the state of the bubbling surface was observed. As a result,
it was confirmed that in the ink jet head in Example 1, the
presence of projecting portions was little observed on the
bubbling surface, as compared with the ink jet head in
Comparative Example. -

The ink jet heads in the other examples were similarly
subjected to comparative test. As a reéult, it was confirmed
that each of the other examples showed the excellent

performance similar to that of Example 1.
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What we Claim is:

1. A substrate for an ink jet head comprising a base
member and an electrothermal converting body formed on the
base member, said electrothérmél converting body including a
resistor layer and a pair of electrode layers connected to
said resistor layer wherein said resistor layer positioned
between a pair of said electrode layers serves as a heat
generating portion for generating thermal energy utilized for
dicharging ink;

wherein one of a pair of said electrode layers passes
under said heat generating portion; an electrode layer
positioned under said heat generating portion has a multi-
layer structure composed of a plurality of layers; and at
least one of a plurality of said layers, being nearest to
said heat generating portion, is made of a metal having a
melting point of 1500°C or moie at 1 atm.
2. A substrate for an ink jet head according to claim 1,
wherein said metal has a melting point of 2500°C or more at 1
atm.
3. A substrate for an ink jet head according to claim 1,
wherein said metal is Ta, W, Cr, Ti, Mo, or am alloy
contalnlng at least two or more metals selected from a group

of con31st1ng of Ta, W, Cr, Tl and Mo.
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4. | A subsﬁrate for an ink jet head accbrding to claim 1,
wherein said metal is an alloy;containing at least one metal
selected from a group cénsisting of Ta, W, Cr, Ti and Mo.

5. A substfaté for an ink jet head according to claim 1,
wherein said layer nearest to said heét generating portion is
formed to be applied with a compressive stress. |

6. A substrate for an ink jet head according to claim 1,
wherein each of said layers apart from said heat generating
portion is made'of a metal having a melting point less than
1500°C at 1 atm.

7. A substrate for an ink jet head according to claim 1,
wherein each of said layers apart from said heat generating
portion is made of A¢, Cu, an A{-Si alloy, or an A¢-Cu
alloy.

8. - A substrate for an ink jet head according to claim 1,
wherein an insulating layer is provided between said resistor
layer and said layers apart from said heat generating
portion.

9. A substrate for an ink jet head according to claim 8;
wherein said'insulatihg 1ayér is made of silicon oxide or
silicon nitride.

10. A substrate for an ink jet head according to claim 1,
wherein a plurality of said heat generating portions are

provided.
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11. A substrate for an ink jet head according to claim 1,
wherein said layer nearest to said heat generating portion
and said layers épart from said heat generatiﬁg,portion are
formed in the same pattern.

C12. A subétrate for an ink jet head according to.claim 10,
wherein a plurality of layers is a common lead electrode
provided in common to a plurality of said heat generating
portions.

13. A substrate for .an ink jet héad according to claim 10,
wherein a plurality of said layers are separately and
independently provided to correspond to a plurality of said
heat generating portions.

14. A substrate for an ink jet head according to claim 1,
wherein at least the surface of said base member is
insulating.

15l A substrate for an ink jet head according to claim 1,
wherein a protective layer is formed on said electrothermal
converting body.

16. An ink jet head comprising:

a substrate for an iﬁk jet head, including a base
member and an electrothermal converting body formed on said
base member, said electrothermal converting body including a
resistor layer and a pair of electrode layers connected to

said resistor layer wherein said resistor layer positioned
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between a pair of said electrode layers serves as a heat

generating portion for generating thermal energy utilized for
discharging ink;' |

an ink path disposed to éorrespond to said heat
generating portion; and

a discharge opening for discharging ink, which is
disposed to be communicated.to said ink path;

wherein one of a pair of said electrode layers passes
under said heat genérating portion; an electrode layer
positioned under said heat generating portion has a multi-
layer structure composed of a plurality of layers; and at
least one of a plurality of said layers, being nearest to
said heat generating portion, is made of a metal having a
melting point of 1500°C or more at 1 atﬁ.
17.- BAn ink jet head according to claim 16, wherein said
| metal has a melting point of 2500°C or more at 1 atm.
18. An ink jet head according to claim 16, wherein said
metal is - Ta, W, Cr, Ti, Mo, or an alloy contéining at least
two or more metals selected from a group of consisting of Ta,
W, Cr, Ti and Mo.
19. An ink jet head according to claim 16, wherein said
metal is an alloy containing at least one metal selected from
a group consisting of Ta, W, Cr, Ti and Mo.

20. An ink jet head according to claim 16, wherein said
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layer nearest to said heat generéting portion is formed to be
applied with a compresSive stress.

21. An ink jet heaa according to claim 16, wherein each df
said layers apart frém.said heat generating portibn is made
of a metal having“a melting point less than 1500°C at 1 atm.
22. An ink jet head aqcbrding to claim 16, wherein each of
said layers apart from said heat generating portion is made
of A, Cu, an Af-Si alloy, or an A ¢ -Cu alloy.

23. An ink jet head according to claim 16, wherein an
insulating layer is provided between said resistor layer and
said layers apart from said heat generating portion.

24. An ink jet head according to claim 23, wherein said
insulating layer is made of silicon oxide or silicon nitride.
25. An ink jet head according to claim 16, wherein a
plurality of said heat generating portions are provided, and
a plurality of said heat generating bo:tions are provided to
correspond to a plurality of said discharge openings
respectively.

26. An ink jet head according to claim 16, whgrein said
layer nearest to said heat generating portion and said layers
apart from said heat génerating portion are formed in the
same pattern. |
27. " An ink jet head according to claim 25, wherein a

plurality of layers constitute a common lead electrode
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provided in common to a plurallty of sald heat generating
portions.
28. An ink jet head according to claim 25, wherein a
plurality of said layers are separately and independently
provided to correspond to a plurality of said heat generating
portions respectively. |
29. an ink jet head according to claim 16, wherein said
electrothermal converting body is provided on a base member
having at least the insulating surface. |
30. An ink jet head according to claim 16, wherein a
protective layer is formed on said electrothermal converting
body. |
31. An ink jet pen comprising:

an ink jet head including: a substrate for an ink jet
head which has a base member and an electrothermal converting
body formed on said base member, said electrothermal
converting body in¢luding a resistor layer and a pair of
electrode layers connected to said resistor layer wherein
said resistor layer positioned between a pair of said
electrode layers serves as a heat generating portion for
generating thermal energy utilized for discharging ink; an
ink path disposed to correspond to said heat generating
portion; and a discharge opening for discharging ink, which
is disposed to be communicated to said ink path; and
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an ink reservoxr for reserv1ng ink" to ‘be supplied to

said ink path

wherein one of a pair of said electrode layers paséés
under said heat generating portion; aﬁ_eléctrodé layer o
positionéd under said heat generating portion has a multi4
layer structure compésed of a pluralitj of layers; and aﬁ
least one of a plurality of said layers, being nearest to
said heat generating portion, is made of a metal having a
melting point of 1500°C or more at 1 atm.
32. An ink jet apparatus cqmprising:

an ink jet head including: a substrate for an ink jet
head which has a base member and an electrothermal converting
body formed on said base member, said electrothermal
converting body including a resistor layer and a pair of
electrode layers connected to said resistor layer wherein
said resistor layer positioned.betweep a pair of said
electrode layers serves as a heat generating portion for
generating thermal energy utilized for discharging ink; an
ink path disposed to correspond to said heat generating
portion; and a discharge opening for discharging ink, which
is disposed to be communicated to said ink path; énd

a means for mounting said ink jet head;

wherein one_of a pair of_said electrode layers passes

under said heat generatihgfﬁoiﬁibn; an electrode layer
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positioned under 'sa"ia"heat generating portion has a multi-
layer stfucturé composed of a plurality of layers; and at
least one of a plurality of sa:.d layers, being nearest to
said heat generating portion, is made of a metal having a

melting point of 1500'C or more at 1 atm.
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