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The present invention relates to a itutlng

for recording, printing or the I|k referred to typically as
"recordi ng") characters synbol s, i i ke (hereinafter, referred
to typically as "images") by dlscharglng I nk, functional liquid or the |ike
(hereinafter, referred to : B

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 separately 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




typically as "ink") on a record holdlng body including a po §HWS®@EELHBQBEEN
pl astic sheet, a piece of cloth, and an articte (hereinafter, reREPLAGEDO
typically as "paper"); an ink Jenmhmaﬂﬂuﬁdﬁke gsubstrate;

_|nclud|ng an ink reservoir for re e supplied to the ink jet
head; and an ink jet appar at us’ fo |nk jet head. In the
present invention, the ink jet pen artrldge form having an ink

reservoir |ntegrated with-an ink jet head, and it further includes another
formin which an ink jet head and an ink reservoir are separately prepar ed
and are renovably conbined with each other. The ink jet pen is renovabl y
nmounted on a nounting neans such as a carriage of

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 iﬁfbrmation 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 havé been made to improve the ink

jet apparatus




an apparatus nain body. In the present invention, the ink ET}HEPéﬁQEWﬁN§BEEN'
SHEET 2 jet apparatus-includes a formintegrally or separatiely pirgpidegpon
i nf ormati on processing equi pment-such as a word procéssor - AE:a:cnﬂputetza;

an output termnal, and it furtheknbiifl HEARE her formused for a copying -
machi ne in conblnatlon Wi th inf g eqU|pnent or the like, a- '
facsim |l e having an i nfor mat [ oncﬂmmnﬂ Ilrecel ving _ }

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




function, a machine for performng textile printing on C|0th-nﬂ§%HEE¢HN§@%kN
2. Description of the Related Backgreund—ﬁf%—ﬁm i-Ak— et appératuspéﬁﬁggtg

feature capable of recording a highly

Dr eci se |nage at a hi th—speet
. ad opl ets at a high speed.

In-particular, an ink jet apparatus whi ch an el ectr ot her mal
converting body is used as an energy ans for generating energy
utilized for discharging ink and ink is discharged.by use of a bubble
generated in ink by a thermal ener gy produced by the electrotherwa
converting body, is excellent in perfornances

di scharging ink from a discharge oﬂhﬁ

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




such as high precision of inmage—high-speed--recordi.ng, and rieetes 5QPET PAS BEEN
" sizes of a head and the apparatus. In recent years there h begik s e no
dermands of markets towards these hmmhe I nk JeﬁEappatatus;=aﬂd===;
to neet the denmands, various atte nade to inprove the ink jet
appar at us. 3 One of .such attenp ng,the ink jet apparatus is
di sclosed in U S. Patent No. 4,458, 256 IS : '

on the bubbling surface of the heater. In such a projecting
portion on the bubbling surfaee, a step portien (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




reference, as shown in FIG_11, for exanple—return porti on TQT HR§%@EN
for inmparting electric energy to heat generating portions:-(herei %%;bED
sone cases, referred to as "ihiaSkettas Besh Reglaredt or s constit

el ectrot her mal converting bOdlﬁH nmon as a comon | ead

el ectrode, .and the conmon | ead m “;mEm “Iprc')vi ded to lie as a conductive
| ayer under an insulating | ayer. I's construction, a plurality of
heaters can be arranged to be closer to each other as conpared with the
conventional manner because they are not interrupted by the return portions

of the electrodes. Ink passages comunicated to di scharge openihgs are
provided to correspond to the heaters. :

of ink. By the effect of the heat thus accumulated, it

becomes.gradﬁally diffitult to keep the thermal control and
to kéep the normal bubbling phenbmenon on thé'bubbling
surface. As a:result, the discﬁarge performance is dropped
during discharge of ink. This problem significantly emerges
in the case that the 1nterva1 between the heaters is
shortened for ach1ev1ng 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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Accordingly, a higher densfty arrangenent...of _the jnk passag§§=€§ﬁ=ﬁEF
achi eved, |eading to a higher density arrangenent of the di §cHAPGEEET HAS BEEN.
openi ngs, thus obt.aining a hlgherTbﬁémeﬁmBﬁa lackhe hi gher || densi B§PLACED

arrangenment of the ink passages aI to saving In space, tO

t hereby further reduce the size-of i ned Japanese Wility

Model Publication No. HEl 6- 28272 al so |sc Ooses a construction in which a
metal |ayer as a common | ead el ectrode is provided under a. heatlng resi stor

| ayer by may of an under-coat Iayer As the material of the

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-




et

REPLACEMENT. SHEET 4 netal |ayer, there are nentioned tantalu
tungsten or the like. The present inventors have exanined th REPLACED
above-described ink jet heads, and Th$het HR®eenRag) fave undo FOHS——
advant ages descri bed above, but they ol | owi ng probl ens; :

nanely, the above-described ink jet Hmjﬂﬂmﬂ ml bly shortened in service
life contrary to the expectation or are po educed in discharge

per formance during discharge of ink. E

'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 combrisiné:

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



Wth respect to t he cause of the above problens, the present Lﬂﬁ&%@_ §
exam ned, and found -the fact 'that; for the commpn | ead el ect -

alum num a stress concentration regisHheddHY Begh RepREedj €Ct i NQ Lhagg'?" t

&' BEEN
fA% |

"hillock" is possibly formed on the common | ead el ectrode
due to the thermal effect. In partlc& HIIDI“’,B g&llﬂerature of a portion near
"the common | ead el ectrode under the aneously reaches the -
melting point of a metal material constituting the conmon | ead el ectrode
due to a high heat energy generated by the heater. Such stress
concentration in the common | ead el ectrode acts to accelerate the growth of

the hillock, or to generate a new hillock. The
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,



generation of hillocks is sequentially propagated upmardl&i A

various layers, with a result that—a projecting portion h@v?ﬁ6ﬂ5¥§@igﬁiBEFN
for exanple about 2 umis forneiﬁ REPLACENENT SHEET on t slrng -~ .||
surface of the heater. 1n such &a- % on on the bubbling -
surface, a step portion (corner pﬁﬁﬁﬁm ﬁﬂl the filmquality is weakene
I's concentratedly damaged by the arge variation in pressure .
and thermal stress generated on the bubbling surface (t-hese

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.
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effects are called "cavitation") due to the repeated bubbli g
passage, and flnaIIy I nk. perneahg§sﬁg{ ggm Shep portloﬂ' H
el ectric corrosion, resultlng in 'on of the.
brings a failure of the ink j et h ens the serV|ce
contrary to the expectation. Nbr appearing in the form of

t he projecting portion on the-bubbllng surface I's increased as the hillock
is grown, which gradually exerts adverse effect on the bubbling phenonmenon;
consequently the discharge performance is reduced during discharge of ink
The results of the exam nation on the above-descri bed problem al so showed
the foll owi ng point as one of the causes,

2 %’éE&TeISA

t BEPLIWAE SEEN

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 -



t hough there have been an uncl ear phenorrenon I'n the case wh

BEEN

EFe—the Co
| ead el ectrode is made of tantal H&{y&%@gﬁgﬁ ngsten or {heH ﬁlat'b:‘:aé"

Exam ned Japanese Wility Mdel P | 6- 28272,!S|nceﬂ?%kﬁc
resistivity of such a netal is rel H l

t he heat generated by the
nmetal itself is accunulated in the lon to the heat gener at ed

by the heater during discharge - REPLACEMENT SHEET 6

- invention;

FIG. 4B is a schematic sectional view seen from the
same direction in FIG. 1C, showing the mam portion of 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. Speci‘fically, an electrode
under a heater most susceptible to the heat generated by a
heaﬁer is const.ituted of a inulti—layer structure having a

plurality of layers which can function complementarily to




of ink. By the effect of the heat;thus“accunulated.it beciﬁﬁmQEREEEWAgBEEN
difficult to keep the-thermal control and to keep the normal bubREPDSCED

. phenonenon on the bubbling surfacg,isg},gqtgagmk(tiﬂ]aggdhe di scha

i s dropped during discharge of ink: ' significantly energes in
the case that the interval be_t-weenjlﬂuﬂﬂmv]mu shortened for achieving a
hi gher density arrangenent and thu !

accunul ated, or that the ink jet head is driven at a higher speed and thus

nmes easier to be
t he heat becones easier to be accunul ated. SUVMMARY OF THE | NVENTI ON An
obj ect of the present invention is to solve the

each other. Of a plufality of the layers, the ones on ﬁhe
lower side are.formed of a common electrode material having a

| larger_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 pqrtion other
than the high melting point metal layer according to the
present invention, a material 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 éleﬁent' 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 -



above-descri bed problens, and to prow de a substrate constltrJtTH@SHEETHKS Bt:EN
j et head capable of prol ongi ng sérvice 1TTe by reducing a f3g|lure RERLAGED -

and an ink jet head using the SUbsfthxs?sBe%tHég‘ hehi.QPi ect of tThe present =
i nvention is to provide a substrate an ink jet head capabl e of
continui ng preferable discharge of ﬂ period of tine, and an
ink jet head using the substrate. A t of the present invention
is to provide a substrate for an ink jet head provided with a plurality of
di scharge openings arranged in a high density for recording a

2500°C or more at 1 atm is most preferable. For example, Ta,
W, Cr, Ti, Mo, an allqy'containing two or more metals
selected from a groﬁp consisting of Ta, W, Cr, Ti, and Mb;
and an alloy containing at least one metal selected from_a
group consisting of Ta, W, Cr, Ti and Mo are preferable. Of
these metels, Ta is mest preferable.

In the present invention, the high melting point metal
layer is preferably formed to be applied.with a compreseive
stress for suppressing the geheration of stress cencentration
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 -



REPLACEMENT SHEET 7 high precise i.nage_at_a. thh_speed and

using the substrate. Still a further object of the pr esent mVé Wﬁgw

provide a substrate for constituti nlguszSheetsz reduce
saving a space of a base menber nade

such as -a single crystal silicon,

An even further object of the presen I'nve

in.c

y expensive nmateri al
ead using the substrate.

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 -



provide an ink jet pen including an ink reservoir for rese v&a aAn-dHAS BEEN

- be supplied to the above-descri bedThif¥hebt@tas BRAHeplredd : an i nkl | REBRAGEHS :

for nounting the ink jet head. Accor it aspect:
i nvention, there is provided a subst k jet head conprising a
base nenber and an el ectrothermal c formed on the base

menber, the el ectrothermal converting body including a resistor |ayer and a
pair of electrode |ayers connected to the resistor |layer wherein the
resistor |layer positioned between a pair of the electrode |ayers serves as
a heat generating portion for generating thermal energy utilized for

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 -



di scharging ink; wherein one of a_barr_of The etectrodeJ]ewg;ng@ﬁﬁgggg@ﬁe'

t he heat" generatlng portion; an EESIIIO E un@g@thgDheat .
ET la

generating portion has a multi-
conposed of a plurality of |ayers; one of -a plurality of the
tion, is made of a netal

| ayers, being nearest to the heat I¢
haV|ng a nelting p0|nt of 1500[err]

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
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According to a second aspect of the p%eéentminvenLLgn t her § T19
ink jet head conprising: a substrate for an ink Jet head, i;clusﬁﬁgﬁggggggﬁEN

menber and an el ectrother mal conver'lfll don the rse—fenbet—=th
el ectrot hermal converting body |nclu l'ayer and a pair of
el ectrode | ayers connected to the re ereln the resistor |ayer

positioped between a pair of the electrode layers serves as a heat
generating portion for generating thernmal energy utilized for discharging
ink; an ink path disposed to correspond to the heat generating portion; and

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 -



a di scharge opening for discharging ink, which is disposed ESH '
~communi cated to the ink path; wherein one of a pair of the Iec ) é%;& BEEN
passes under the heat generating porThisSheet S Ben@eplicedle | aye W

a plurality of layers; and at | east
nearest to the heat generatlng porti
I REPLACENENT SHEET

under the heat generating portion haan
0

r structure conposed of
ity of the |ayers, being
a metal having a nelting

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 -



9 point of 1500 C or nore at 1 atn1_According toathird aﬂpqgksgggghﬁASBEEN
present invention, there i.s provided aminkjet—pen—conprisjng: gEpAKepet '

head including: a substrate for an Hﬁk | et _head which. has-a
el ectrode | ayers connected to the re erein-the resistor |ayer

posi tioned between a pair of the electrode |ayers serves as a heat
generating portion for generating thermal energy utilized for discharging
ink; an ink path disposed to - ' -

an el ectrothermal converting body for o Repliced merrber, the - o
el ectrothermal converting body,incluji u , ﬂ | ayer and a pair of

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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correspond to the heat generatlng porti on; and a dlscharge i o _
di scharging ink, which is disposed to be commnicated to ;ﬂg&?% e S%EEF

‘an ink reservoir for reserving Inkﬁ&hp&ﬁ%@“ﬁfi Lo the -'

one of a pair of the el ectrode |aye t he heat generatlng
portion; an el ectrode |ayer posttEHﬂmm llm heat generating portion
has a nulti- layer structure conpos

| east one of a plurality of the |ayers, belng nearest to the heat

ity of |layers; and at
generating portion, is nmade -of a netal having a nelting point of 1500[err]C
or nore at 1 atm - : - : :

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 -



According to a fourth_aspect of. the present invention, - RERMLACEIVENT HRBIEEEN
10 there is provided -an ink j et—apparatus—eenpri-st ng: an | j et AEPRdCED
i ncluding: a substrate for an ink jet - head mhlch has a bas - o

el ectrot hermal converting body ﬂb ¢ .nenber, the L
el ectrothermal converting body in | st or Iayer and a pair of
el ectrode | ayers connected to the r mhereln the resistor -

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 openlng is provided.
Reference numeral 268 1nd1cates a member for mov1ng the blade
266 in the longitudinal direction. These are supported on
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¢2(36%).and N2 (18%),

- 22 -



~.a discharge opening for discharg

~layer positioned between a pair of the el ectrode layers ser
generating portion for generating thernau energy-utilized f

i nk; an ink path_disposed_Io-corr Pi o th heat gener at i

‘Hlsposed to be :
comuni cated to the.ink path; and ntlng the ink jet head,
wherein one of a pair of the elect ses under the heat
generating portion; an el ectrode |ayer p05|t|oned under the heat generating
portion has a nulti- layer structure conposed of a plurality of |ayers; and.
at least one of a plurality of the |layers, being nearest to the '

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
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heat generating portion, is wade of—anetal—having a neltilp
1500[err]C or nore at 1 atm The above and ot her objects, ?FegaggiigggBEEN

features, and advantages of 't co 5% on wi | |- bed

fromthe follow ng description t hereof taken in conjunction
~wi th the acconpanyi ng draw ngs. SHEET BRI EF DESCRI PTIL.ON OF
- THE DRAWNGS FIG 1A is a schenatlc sectional view seen fromthe

A plufalit& of substrates for ink jet heads shown in
FIGs. iA,'lB.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 Wllayer'was
formed so as to be applied with a compressive stress of 5X10°
dyn/cn? 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:y-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
W 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 obtéinéd. In this ink jet head 12, the
arrangement density of the diséharge 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 showg in

FIGs. 1A, 1B_and 1C were manufactured in the same manner as
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upper side of he'aters, ~showi ng a nai n__._p_o_r_t_LQn._of..—ehe enbodi freqd,<af . |
j ethead according to the present invention; FIG 1B is a scl*}ierrﬁalftsi @H%BEEN

| " Rep D |
sectional view taken along |ine %%‘ih&tﬂglg&nmﬁrghow ng thét—m;m—@g%;__l

of the ink jet head; FIG 1Cis a onal view taken along line
B-B of FIG 1A, showi ng the main§ “ ink jet head; FIG 2Ais a
schematic sectional view seen from I'rection as in FIG 1B,
"showing a main portion of a background art ink jet head,

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 fra_: toT:L _Namely, a 5,500 A thick A¢
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FIG 2B is a schematic sectional view seen fromthe sane (i T on |
FIG 1C, showing the main portion of the background art ifk {ﬁéshiFI %ﬁ@fN
3 is a graph for conparing an ink jet head of a first exafple mF 9%

background art. ink jet head in discharge endurance performance;, FIG- 4A7is
a schematic sectional view seen fromthe sane direction as in FIG 1B,
showing a main portion of an ink jet head.according to another enbodlnent

of the present

layer and a 2,000 A thick Ti layer were sequentially formed
by continuous sputtering. In this dase, the Ti layer was
formed so'ae to.be applied with a compressive stress of 5X10°
dyn/cnp by adjusting argon pressute 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 number 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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12 invention, FIG 4B is a schematic sectional view seen fif ams BEESRARS BEEN |
direction in FIG 1C, showing the main portion of the ink | et thEPLM:EBIG '
4A; FIG 5A is a schematic perspecirysnhediHavBah Repidetd t her i '

ink jet head of the present inventi a schematic sectional

view taken along line GC of Fig. imwmmlu ink jet head; and FIG -6
is a schematic perspective view. sho tion of an ink jet

apparatus nounting an ink jet pen in a cartridge form assenbled with the
ink jet head shown in FIGs.

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 thick Ti-Mo alloy (Mo: 5%, the

balance ‘1‘1) layer were sequent 'ly 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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5A and 5B. DESCRI PTI ON OF THE PREFERRED ENMBCODI MENTS ThelpneﬁgsHFEﬂyﬁ$§g§EN

have obtai ned the know edge t hat—the- above—descrrbed pr JIeWBHEFLNGEnHﬂvea

by a nmethod wherein an el ectrode under a hea:ﬁ S const fFrored—oF

~mul ti-layer structure having a s and at |east the
uppernost |ayer thereof is forne
basis of the know edge, the pres

ting point metal. On the

as been acconpli shed.
Specifically, an electrode under a heater npst susceptible to the heat
generated by a heater is constituted of a nulti-layer structure having a
plurality of |layers which can function conplenentarily to

dyn/cn3 b? adjusting argon'pressure upon spuﬁtering at the
same vaiue as that of Example 1. The.Aé]awér and Ti-Mo
alloy 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-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, excepﬁ_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 2,0QOrA_thick Ti-Cr alloy (Cr: 5%, the
balance: Ti)mlaﬁériheéeESeéﬁéqéiéily;formed by continuous
sputtering. In this_case, ﬁhe.Ti-Cr alloy layer was formed

so as to be applied with a compressive stress of 5X10°
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oo e et

.

are forned of a common el ectrode material having a | arger el eREPLACED

~conductivity for reducing a POWRRis $He&Has Béth Replred | east
formed of a high nelting point nost | ayer functlons to
diffuse the heat and to |lower th mmmmﬁ'ﬂ , and neverthel ess the-

- layer itself is not affected by t

prevent -or suppress the generation of a hill ock,

13 each other. O a plurality of the layers, the ones %n— IE&ME)MBHA@B@E&N
t

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 lowér _
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 sequentially formed by continuous
sputtering. In this fca.ée,.i thé Ti-A¢ -alloy lajer was formed

so as to be applied with a compressive stress of 5X10°
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and hence to prevent or suppress-the-for wati+-en—ef- a proj ect i
bubbling surface. As the material for form ng the el ectrade

WQan@srru_gn. .@e m;
Dor t | RERRRKOED

EN

oyt
CoeTTC

than the high nelting point metHhSS 4dg to the. pr
invention, a material commonly u rode materi al
can be adopt ed; however, a rret‘al ng point of .

inthis field
| ess t han

1500 C at 1 atmis preferable. For exanpl e, A[err], Cu, Alerr] -Si alloy
and Alerr] -Cu alloy are preferable, and At is nost preferable in the total
characteristics. In this specification, the term"netal"” includes netal
~elenent” and "alloy”, and al'so it includes a pure netal contarnLng no

|rrpur| ty and a . netal. containing .
dyn/cm? by adjusting argon pressure upon sputtering

at the

same value as that of Example 1. The Aflayer and Ti-A{

alloy layer were simultaneously patterned by dry-etch:.ng in

the same manner 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 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 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
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I mpurities.

a netal having a nelting point of 1500 Cor nore at 1 atmi§

: al having a nelting: p'ﬂusrﬁ aSBee O[err]Cor npre.at-
nost preferable. For exanple, , an alloy containing t
nore netals selected froma gro

and a. net al

As the high nelting point—metat—used i'n the prey§ e[g-h%fs'l]i\f%‘rl"HA%rBEEN

mlﬁ

an alloy containing at |east one net aI sel ected froma

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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~group -consi sting of Ta, W O, Ti and M are pr ef er abl e. Of I_n SBEEN
Ta is nost preferable. In the present .invention, the high ; :Fg“ggé s _EEN'
metal layer is preferably fornmed to be applied with a corrprua&slv R

for suppressing.the generatlon(ﬁTmﬂmmﬁﬂmﬂnﬂﬁ fagsat i on on the el ectrode

~.under the heater, thereby further generation of a hillock..
The conpressive stress applied to ng point metal layeér is .-

~preferable in the range from1 X [err rr] dyn/cnierr], nore -

preferably, in the range from1 X109 .to 1X10[err] dyn/cnferr]. FIG 1Ais'a .

schematic sectional view seen fromthe upper side of heaters, showi ng a
mai n portron of one

Ta layer were s:.multaneously patterned by dry-etching in the
'same manner as in Example 1, thus forming a lower electrode
layer 1110b mede 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 ndzzleé.

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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enbodi ment of an ink Jet head according to the present i nyer+or—

is a schematic sectional viewtaken along Ifme-A A of t@”ﬁ!ﬁ ﬁHprHASrBEEN
&)

the ink jet head shown in FI Gmnl&ee@ﬂgsgnﬁ 1C is a sche

tic ¢

vi-ew taken-along |line B-B of lased of the i nk J et _head showr 11
FIG 1A. The ink jet head of t ! S prowded with a plurality
of discharge openings 1101. ;An g  REPLACEMENT SHEET

same manner as""in.'.Example' 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 polys‘ﬁlfone was pressingly
joined to each of a plurality of the substrates 10 for ink
jet heads thus manufactured usin_t; a 'spring (not showri) .

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

jo:Lned to each of a plural:.ty of the substrates 10 for ink
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15 portion (heater) 11027 of “an el ectrothermal converting dwnjgmtt1kﬁ¥SBEEN
generating energy utili Zed[his@ﬁeeg]!-lfs@a&ﬂ@ B@di nk from each di schaggeapep Ng

1101, is provided for each connunlcated to -t

openi ng 1101. The. electréth}uﬂﬂﬂ ng body has a resistor |ayer 1103
cont ai ni ng the heat generat 02 and an el ectrode for supplying
el ectric energy to the resistor Iayer 1103. The el ectrode includes an _

i ndi vi dual el ectrode |ayer IIICH[ a connection electrode layer |1, and a
. conmmon | ead el ectrode | ayer:. The conmon | ead el ectrode | ayer has a

nul ti-layer structure incl-uding an upper electrode |ayer 110c and a

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
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| ower el ect rode | ayer 1110b, and which is not individual lj SRPaLat-eAAS WEENS
formed in a flat shape. The above connnn Iead electrode 1 § | AGED
mul ti - Iayer structure is formed of ceq03 by1

insul ating layer 1111. An upper 'ins 1112 i's provided on the
comon | ead el ectrode | ayer, and: thmﬂ !ﬂﬂﬁﬂﬁ ILOS are formed to be
patterned on ‘the upper- insul ating | ecified portions. The

resistor |ayer 1103, individual electrode |ayer 1110a and the connection
el ectrode | ayer 1110d are forned to be patterned on the upper insulating

| ayer 1112. The connection el ectrode |layer 111 CQd is connected to the common
| ead el ectrode | ayer by way of the

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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resistor layer 1103 at the though-hol e 1105. REPLACEME sflﬁﬁ@ghgngmgBEEN
resistor |ayer 1103, individual “el ectrode Iayer 1110a and cipnnectgs) ace
el ectrode | ayer | 11 Gd are covered mqsgmgsg WoTdle); ective-ll

upper protective layer 1114. The. su r an ink- Jet head in this
enbodi ment includes the base rrenber H bove- described vari ous

thin filmlayers fornmed on the base

A plurality'_of sﬁbstrates for ink jet heads shown in
FIGs. 4A apd 4B were manufactured in the same manner as in
Example 4, except thet Ehe process of patterning the lower
electrode material layer and upper electrode material layer

by etching 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 made 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
I-:xample 5, except that the process of pattern:l.ng the lower

electrode mater:.al layer and upper electrode material layer
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103. The ink j et paths 1108 are parTTTTUﬂEd—fTUnreaCh ot helf By T YRS BEEN
~menbers 1109. The end portlon of- the ink path 1108 on thee& desgﬁEE

the di scharge opening 1101 is comﬁgm ~ ¥ _?ﬁmn i nki ﬂhﬁ"‘f‘q@ﬂ%“’ 2
I nk supplied froman ink tank f.or__ r Hﬂm'lmﬁ tenporarily reserved in
t he common ink chanber 1106. The in he common i nk chanber
1106 is introduced in each ink path 1108, and is held in the state that .
meni scus is forned at the discharge opening 1101. Wen'the el ectrothernal
converting body is selectively driven for generating heat, the ink is
filmboiled, to thus forma bubble. Based on the growth of such a bubble,
t he ink .
o by etching was changed as follows. Namely,_different from
Example 5, the A{ lawei and Mo layer were patterned by dry-
'~ etching on the basis of such a pattern that the lower
elecﬁrode 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 polysulfbne 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 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 patﬁerned
by dry-etching on the basis of such a pattern that the lower

electrode layers 1110e made of Afand the upper electrode
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Is di scharged fromthe di scharge opening-1101. ln the ink |
according this enbodi nent, anong a plurality of the Iayers JﬁgiSHEETHQSEHEN

“common | ead el ectrode Iayer t he upfmasSl&étéhm@niEe aggder 11| ﬁ@rp#é\@Eﬂf a
high nelting point netal. According t tion of thi s substrate
for an ink jet head, with respect to MENT SHEET 17 el ectrode
posi'ti oned under the heat generating por

L=

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 pressmgly
joined to each of a. plurallty of. the substrates 10 for ink
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[ ——

and belng most susceptible to the heat generated by the h%a%ﬂggnggapm@ EEN

portion 1102, at |east the uppersest—tayer—{-upper—el ectraogde | aywprilld
made of a hlgh melting point nmetal, and the hlgh nmel'ting

functions to diffuse the heat andThigShe Be ¢k nal effect and
neverthel ess the tayer itself is n i“ the heat. Accordingly, it
“becones possible to prevent or sup ation of a hillock, and

- hence to prevent or suppress the generatlon of a projecting portion on the
bubbl i ng. surface. Nbreover, since the return portions of the el ectrodes are

made- common as a wi de conductive | ayer, voltage drop can be prevented or
suppressed, as conpared wth the case where

jet head according to the embodiment thus manufactured using
a spring (not shown). :Thus, a plurality of the ink jet'hegds
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, diﬁferent 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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they are individually provided for heaters. The substrate.ﬂdﬂSSHEEhHAﬁéﬁEN
head according to this enbodi nent can 5‘“nﬁﬁﬁfactured by |adopt iREPLACED m

formati on techni que used in nanuf f se onduct or s~ TSt, the
surface of the base nenber 103 tal silicaon is nade
insulating by formng a | ower i nsu ,tmm 11 conposed of a fil m of
an inorganic material such as sili i [icon-nitride on the base
menber 103 by using the known f|In1fornat|on techni que. Subsequently, a

filmof Alerr] or the like as the lower electrode layer and a filmof a
hi gh nelting point netal such as Ta as the upper el ectrode |ayer

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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103, for exanple by continuous sputtering, thus form ng tthe maRE&PLACEDayer s
for the common | ead el ectrode | ayer gh@gﬂasgednkke sbglyer “Strocture—1

case, the high nelting point netal- gﬂ!‘m Iy fornmed to be applied
a

18 are sequentially formed on the insulating surface of qhéHhhSESEEHESBEEN!’

Wi th a conpressive stress by’ adjustln e upon the conti nuous
- sputtering. Next, a plurality. of the yers for the common | ead
. electrode | ayer are S|nultaneously patterned to thus formthe common |ead
el ectrode |layer. In _ : '

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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FIG 1A, the patterning is perfornedm_a w._de and fl at shapeH,STgﬁEFT AS BEEN
manuf acture of the substrate for an ink jet head after for rPtloan th ggu
upper insulating layer 1112 is si mTIhBIShe,étmngtéar ghelpy usi n -

formation technique.- FIG 4Ais a sc naI Vi ew of a main
portion of another enbodi nent of th as seen fromthe sane
direction in FIG 1A, and FIG 4B|sas ectlonal -view of the main

portion shown.in FIG 4A, as seen fromthe same direction in FIG 1B. This
enbodinent is different fromthe preV| ous enbodinent in that the el ectrodes
under the upper I nsul ati ng

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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| ayer 1112 are .forned not as a corfon conductive Iayer||1£ ymgg%ﬁ@#qAé%EEN

shape,

structure having an upper electrod

- 1110e,

poi nt netal .

and the upper el ectrode |ay

nd a | owner electrode Iayer
med of a high nelting o
According to the construction of this substrate for an |nk Jet

but as individually separa d cO ers for each ﬁ@ﬁlACED
_generating portion 1102. Each of t Shect ﬁi]”i&g 14%%% has [ tpdAyror

head, with respect to the electrode p05|t|oned

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, the

graph showé the qu@?eriof;the disgharging pulse indicated

along the ordinate at the time'wheh either of the heat
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TR

under the heat generatlng portlon 1102 and bei ng nost susdepmgﬂHEEKHA§BEEN
heat generated by the heat generating portion 1102, at le st thBEﬂn@@EmDst

| ayer (upper electrode |ayer 1110[fh}sshétg§(§@m<§ﬂi@ce@l gh nel

and the high melting point netal | to diffuse the heat and to
- lower the thermal effect and never H "w B
by the heat. Accordingly, it beco

yer itself is not affected
prevent or. suppress the
generation of a hillock and hence to prevent or suppress the generation of.
a projecting portion on the bubbl i ng surface. Mreover, in the ink jet head
LE tEIS enbodi nment, since the |ower el ectrodes are'independently di sposed,
e heat ' - : I

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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- generated by each heaf generating portion 1102 is prevent gf—fFronr bern
‘transnitted to the adjacent heat generating portion by way| dH'% REEF %ég
pugh 5

el ectrode..

el ectrodes.can be also suppressed. The substrate for an ink jet head in

L

An energy |oss -due-to.the_ thernmal diffusion thr

-

Lo, erbodi rent |5 Tt za;zaez¢bnlnllrmﬂtllmﬂlmumtte”‘ e

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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per spective view show ng one eﬁﬁ_a‘nent““f_ah—Tnk~]et head &

enbodi nent in such a manner that the material |layers of the}
| ayers are separately and independently patterned. FIG 5A |Eq§%§§§§§%EﬁSBEEN

4}4¢mp—~»

present invention. FIG 5B is a ti view taken along |ine
C-C of the ink jet head shown | I E"ﬂi;l tion,—the" nai"n"_pd'r'f'*l“dh"“&f
the schematic sectional view taken of the |nk et he

shown in FIG 5A is eqU|vaIent to that shown in FIG 1A < ela _
is so constructed that a resin-nmade top plate 105 is pres _

substrate 104 for an ink jet head by using an elastic ne
spring.

4. A substrate for an ink jet head accordlng 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 substrate for an ink jet head according to claim 1,

wherein said layer nearest to said heat 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 insulating layer 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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The top plate 105 includes a di scharge opening plate 1104
di scharge openings 1101, anda path watt—menrber—1109 |nteg

T YIS d@% Mb BEEN

[ated kb '\ E@

|nn ink to the

di scharge opening plate 1104, A chanber 1106 is

top plate 105. Ink is supplied f ﬂm ,! m" or reserv
- comon ink-chanber 1106 by way .0 g 107. Th
t he common ink chanber 1106 is introduced |nto each ink
held in the stdte that neniscus is formed at the dlscharge
When the el ectrothermal converting body is driven for gene

change in the state including the filmboiling of ink occu
thus forma bubble. On the basis of the

11. A substrate for an ink jet head according

e ink supplied-to -

(This ISheblI0hS BedaRdplaced

£

to claim 1,

wherein said layer nearest to said heat generating portion

and said layers apart from said heat generating
formed in the same pattern

S 12, A substrate for an ink jet head accordlng

portion are

to clalm 10,'

whereln 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 head 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.

15. 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 ink 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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.. 21 growth of the bubbles, the ink is discharged fromthe jhf_g AL %fgﬁgN'
1101. FIG 6 is a schenatlc perspectlve view showi ng a ma *% ?%# ié@% ; l
ink jet apparatus 15 on which an ink jet pen in a cartridge_far A

with the ink jet head shown in FI Gs” S5A and5B-s—ount ed—As—a—dr-ve -npt-or

o T T R e

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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screw 256 is rotated. Since a pin (not shown) engaged wt eHﬁggﬁggmmggaeﬁN
255 of the | ead screw 256 |s—pr0vided—on a*carrtage 16 t e CarhE§GRCEﬁ S

reci procated in the direction: "a" and==
the rotation of the |ead scre nﬂﬁ uneral 253—+nd+eates—a—paper

pressing plate, which presses agalnst a pIaten 251 I n the
nmovi ng direction of the carriage 16. F@ference nurrer al Tﬁﬁﬂaﬂ

a phot o- coupler which acts-as a horme position detecting I
confirmng the presence of a |l ever 257 of the carriage 1

~switching the rotational direction of the notor 264. Reference nuner al 1
I ndi cat-es an ink jet pen of

layer nearest to said heat genereting portion is formed to be
applied with a compresSive stress.

21. An ink jet heaa according to claim 16, wherein each ef
said layers apart frem.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 aqcerding 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, wherein said
layer nearest to said heat generating portion and said layers
apart from said heat generating 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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a cartridge type integrally provided with an |nk t ank. Refe?amqssmﬁﬁﬁﬁﬂSBEEN

265 indicates a cap for capﬁ+ﬂg—the~+ﬂk di-sehar ge openi ng oﬁ t he REM.AGED

T

273 22 indicates a suctio rn1ng the suction fromthe_ink
di scharge opening by way of or- sucki ng ar and recoverlng t he
head by way of an opening 271 of the cap 265 Referenc Bé&ifReplaced

1 cat s a bl ade Tor ol can g ||\I\HI|| -

provided in common to a plurality of said heat generating

“pen. The cap 265 is supported ﬁ mmui ortl n menber 270.- RefFererce numer al

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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. shown in FIGs. 1A, 1B and 1C wer<

the surface on which the ink discharge opening is prOV|ded #@ieﬁggﬁﬁAngEN
numeral 268 indicates a nember for nmoving the bl ade 266 |nlthe Iﬁgglﬂogb nal

Tla
o

“direction. These are supported on the main body supporting —26F——Fhe

present invention will be nDre d with reference to the :
fol l ow ng exanpl es. Exanple 1. nm strates for-ink j&et heads
anucﬂe the folloy.n roc %1gm&

1.5 [err] thick lower insulating |ayer 1111 nade of silic S
fornmed on a base nenber 103 made of single

an ink reservorr for reserv1ng ink" to ‘be supplied to
said ink path

wherein one of a palr of said electrode layers passes
under sald heat generating portion; an electrode layer “
pos1tloned under said heat generating portion has a mu1t14
layer structure compcsed of a pluralitj of layers; and ac
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 ccmprising:

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; end

a means for mounting said ink jet head;

wherein one_of a pair of_said electrode layers passes

under said heat generatihgfﬁorﬁibn; an electrode layer
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crystal silicon by thermal oxidation. On the | ower insulatin

5,500 A thick Alerr] layer and a-2, 000—A-t-hick-TFa—tlayer were |

3 “é&néér‘wgz BEEN

formed by continuous sputtering. In this case, the Ta Iayen was P6FRAY
as to be applied with a conpress 9 dynfen2—by—ady-usti-ng—

argon pressure upon sputtering at”“llmmﬁlﬂuﬂmﬁxm ayer and Ta Iayer were

si mul t aneousl y patterned by dry- ng uSing 4

Ct2(36% and N2(18%, - . REPLACEI\/ENT SHEET ”II ”III, II I

positioned under 'sa"ia"heat generating portion has a multi-
layer stfucture 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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23 thus formng a | ower electrode |ayer 1110b nmade of At: -ant~ar=opper

el ectrode |ayer 1110c made of Ta forned thereon shown in; FHGSHEET HAG BREN
Next, a 1.4 Amthick upper insulating |ayer 1112 nade offsil?&ﬁﬁhﬁ@ﬂ%rmas
formed by plasma CVD, and then etched usi ng anmmoni um.fl usrrde, toO form

contact through-holes 1105. A 600 A thick tantalumnitride layer was formed:

by sputtering, and patterned by etching, thus formng 1 eahﬁg Len REMSEG 1103
" - having a shape shown in FIG 1. On the resistor |ayer mmﬁ Hfﬂﬁ}m\ t hi ck

pure Alerr] layer was fornmed by sputtering, and patter t hus
form ng individual electrodes 1110a and connecti on el ect

ABSTRACT OF THE DISCLOSURE

A substrate for an ink jet head comprisés a base member
and an electrothermal convertiﬁg 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 thérmal energy utilized for
discharging ink; 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 struéture 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. An ink jet head
using this substrate is able to prolong service life while
reduéing a failure ratio, and to continue preferable ink

discharge for a long period of time.
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~ shown in FIG 1A Mreover, a 1.0 Amthlck | ower proteczlmgayef%@m
~silicon oxide was forned by plasnma CVD. On the | ower pro ectl\/m:;i;_mn a

2,300 A thick upper protective |ayer 1114 nade of Ta was
sputtering. A top plate 105 made of polysul fone was preSS| ngl y JOI ned to
each of a plurality of the. substrates 10 for: i nk jet heads thus

manuf actured by using a spring (not shown). Thus, a plugg He&}HIBéeﬂﬁe 14k
jet heads 12 shown in FlGs. 5A and 5B were obtai ned. In t H! HE iEad

12, the arrangerment density of the discharge openings 11
nozzl es/nm and the nunber of the di scharge openi ngs 1102

FIG 1A
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1103N\\
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Exanpl e 2

heads shown in FI Gs.

in Exanmpl e 1,

case, the Wl ayer

1114
113
1112
1110c
1110b
1111

was .

REPLACENMENT SHEET 24 A pIurallty of substrates_for ink jet

1A, 1B and 1C were nanufactured in thé ﬁ%ngﬁpgﬁqg&sgééN
except that the material of the upper electrfide T
-changed fromTa to W Nanely, a 5,500 A thick Alerr] |ayer

thick Wlayer were sequentlally forned by conti nuous SPULLE1TH9

NEPLACED

Fr—this

is Sheet Has Been RTlaced

FIG 1B

1116 1108 1109
105
N \
7
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. 1) /
1102

> 104

—
1105

/



formed so as to be applied with a corrpresswe stress of 5 199—”6‘%3
adj usting argon pressure upon sputtering at the sane val.uél &gt
- Exanpl e ‘1. The Atlayer and W/l ayer were sinul taneously pat er nef
dry-etching in the same manner as in Exanple 1, thus fornming a I ower N
el ectrode |ayer 1110b nmade of Alerr] and an upper el ectrode [ayer 1110c

made of Wformed thereon shown in FIGs. 1B and 1C. A top Q#gg t HAoB AR ASIREd o
0 Eﬁlﬂ I‘gina

pol ysul fone was pressingly joined to each of a plurality

10 for ink jet heads thus manuf act us a i ng (not
plurality of the ink jet heads ‘12 FlEuo i@ CgA A and SB
In this ink jet head 12, the

1108 1109
1116 y )
105
s N T
7
1114
1113 = A
1112 | ——r—
1110 T T T T T T T BT 7 104
11111\ 103 \
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1102
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- nozzles. Exanple 3 A plurality of substrates for ink jet h

- arrangenent density of the dlscharge openi ngs 1101 was set-at=2%6

‘nozzl es/mMm and the nunber of the discharge openings 1101 \ 3118 SHERT HASEBEEN
ads RERUWAGED

FI Gs. 1A, 1B and 1C were manufactured in the sanme nmanner as 25 11
‘Exanpl e 1, except that the material of the upper el ectrode Iayer was
changed fron1Ta to Cr. Nanely a 5,500 Athick Alerr] T

Sheet Has Been Replaced

TN

F1G. 3

EXAMPLE 1

O

108-

EXA MPLE OF THE
BACKGROUND
5%107- (COMPARATIVE EXAMPLE)
107 -
5%10° -

1.3 14 15
DRIVING VOLTAGE (Vop)/BUBBLE FORMING VOLTAGE (Vth)

DISCHARGING PULSE NUMBER




| ayer and a 2,000 A thick Cr.layer were sequentially for i§ 5 H&'
sputtering. In this case, the O .layer was forned so as ﬂ be BED ]
a conpressive stress of 5X109 dyn/cn? by adjusting argon gssure upon
sputtering at the sane value as that of Exanple 1. The Alerr] layer and Cr

| ayer were sinultaneously patterned by dry-etching in the same-manfner—as—in -
Exanple 1, thus forming a | ower electrode |ayer 1110b nade of A[err] and an
upper el ectrode layer 1110c made of Cr forned thereon shomsmat '
1C. A top plate 105 made of pol ysul fone was pressingly j uﬂl\u

plurality of the substrates 10 for i he hus manu
spring (not shown). F G A

1116 1108 109
| Vil

\ 105 ‘\\\
3 o\

| 1114
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104d =R === i
Y
r 1102

> 104
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Thus, a plurality of the ink jet heads 12 shown in FIGs. 5 1
obtained. In this ink jet head 12, the arrangenent density O?H'Pﬁé*E@Té‘!ﬁ%Wé@l
openi ngs 1101 was set at 16 nozzl es/nm and the number of Khe diReRHCRP

openi ngs 1101 was set at 128 nozzles. Exanple 4 A plurality of substrates"
for.ink jet heads shown in FIGs. 1A 1B and 1C were manufactured in the .
same manner as.in Exanple 1, except that the nmet erial of. the upper

el ectrode |ayer was changed fromTa to Ti. Nanely, a 5, 500 ThisShdeftifas Bk 'il

FIG. 5A




261 ayer ‘and a 2,000 A thick Ti layer were sequentially fopmed-by—e—— 7~
continuous sputtering. In this case, the Ti |ayer was forngdr89 SasETr HASEBEEN
applied with a conpressive stress of 5X109 dyn/cnR by'adju$tjng RERINCED

pressure upon sputtering at the sanme value as that of ExangFe=tF—Frc—AFCFrF
| ayer and Ti |ayer were simultaneously patterned by dry-etching in the sane

manner as in Exanple 1, thus formng a | ower el ectrode | aygiohediidiBe a6h
At and an upper el ectrode |ayer 1110c made of Ti forned th
FIGs. 1B and IC. Atop plate 105 nade of polysul fone was p




t _heads thus.

joined to each of a plurality of the substrates 10 for ink j
nanufactureq using a spring (not shown). Thus, a plurality g
héads 12 shown in FI.Gs. 5A and SB were obtai-ned. In this ink
the arrangenent density of the discharge openings 1101 was g
nozzl es/ mMm and the nunber of the discharge openings 1101

R’eﬁ‘?ﬁﬁhﬁlgxe SHEET
e{ba@t. ﬁg 0CT 1995

nozzl es. Exanple 5 A plurality of substrates for ink jet heads shown in

FI Gs. 1A, 1B and 1C were nmanufactured jn the sane manner as
except that the material of ‘the upper~etectrode |ayer was ch
to Mb. Nanely, a 5,500 A thick At

SUBSTRATE FOR INK JET HEAD, INK JET HEAD, INK JET

INK JET APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

in Exanmpl e 1,

anged from Ta

PEN, AND

The present invention relates to a substrate

constituting an ink jet head for recording, printing or the

like (hereinafter, referred to typically as "recording")

characters, symbols, images or the like (hereinafter,

referred to typicélly 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 shéet, 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 having an ink reservoir integrated with an ink

jet head, and it further includes another form in which an

ink jet head and an ink reservoir are separately prepared and

are removably combined with each other. The ink jet pen is

removably mounted on a mounting means such as a carriage of

an apparatus main body. In the present invention,

the ink




| ayer and'a 2,000 A thick Mo |ayer were sequentially formed

sputtering. In this case, the M |ayer was 27 formed so ay
with a conpressive stress of 5X109 dyn/cn® by adjusting argor

sputtering at the sane value as that of Exanple 1. The Alerr]

y'?%’g‘g‘}eé%f SHEET
BLESFA LTI .

| ayer were sinultaneously patterned by dry-etching in the same nmanner as iIn
Exanple 1, thus formng a | ower el ectrode |ayer 1110b nade of Alerr] and an

upper el ectrode | ayer 1110c nade of
2

-

jet apparatus includes a form integrally or separately

provided on information processing equipment such as a word

processbr 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 information 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 strong 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.



Mo formed thereon shown in FIGs. 1B and 1C. A top plate 105
pol ysul fone was pressingly JOIned to each of a pIuraI]ty of

lg'fCEMENT SHEET

plurality of the ink jet heads 12 shown-in FIGs. 5A and SB
In this ink jet head 12, the arrangenent density of the discharge openlngs
1101 was set at 16 nozzles/nn] and the nunber of the di scharge openings
1101 was set at 128 nozzles. Exanple 63A plurality of substrates for ink

j et heads shown in FIGs. 1A, 1B and 1Cwere manufactured in the sane manner
as : '

One of such attempts for improving the ink jet
apparatus is disclosed in U.S. Patent No. 4,458,256. In this
reference, as shown in FIG. 11, for example; 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 co 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 heape:s. _
Accordingly, e higher density arrangement of the ink passages
can be achieved, leading to a higher density arrangement of
the discharge openings, thus obtaining a higher precise
image. The higher density arrangement of the ink passages
also contributes to-saving in space, to thereby further
reduce the 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




I n Exanple 1, except that the material of the upper electro
changed fron1Ta to Ti-M alloy. Namely, a 5,500 A thick Ale rrkﬁééégmgﬁasyEET

2,000 Athick Ti-M alloy (M: 5% the balance: Ti) |ayer
forned by continuous sputtering. In this case, the Ti-M aIH

formed so as to be applied with a conpressive stress of 5X109 28 dyn/ch
by adjusting argon pressure upon.sputtering at the same value as that of
Exanpl e 1. The At | ayer and Ti-M 4 :

metal 1ayer, £here are mentioned tantalum, molybdenum,
tungsten or the like.

The present inventors have examined the above-described
ink jet heads, énd found that they have uﬁdoubtedly 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 performance
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_tﬁe common lead electrode due to
'a high heat energy generated by the heater. Such stress
concentration in the common lead electrode acts to accelerate
the growth of the hillock, or to generate a new hillock. The
generation of hillocks 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



all oy layer were sinultaneously patterned by dry-etching in
as in Exanple 1, thus formng a | ower electrode |ayer 1110b
an upper electrode |ayer 1110c made of Ti-M alloy forned th e
FIGs. 1B and 1C. Atop plate 105 nade of pol ysul fone was pre
to each of a plurality of the substrates 10 for ink jet heads thus

manuf actured using a spring (not shown). Thus, a plurality of the ink jet
heads 12. shown in FIGs. SA and 5B were gpbtained. In this ink jet head 12,
the arrangenent density of the discharge openings 1101 was set at 16
nozzl es/mMm and the nunber of the discharge openings 1101

EPAPEERY eer

N, 4hbatT 9%

on the bubbling surface of the heatex. In such a projecting
portion on the bubbling surface, a step portion (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 bubbling surface (these
effects are called "cavitation") due to the repeated bubbling
in the ink'paésage, 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, énd shortens the service life contrary to the h
expectation. Moreover, a strain appearing in the form of the
projecting portion on the bubbling surface is increased as
the hillock is grown, which giadually exerts adverse effect
on the bubbling.phenomenon; consequently the discharge
performance is reduced during discharge of ink.

The résults of tﬁe éxamination on the above-described
problem alsq showed the following point as one of the causes,
_though there have been an unclear phenomenon. In the case
where the comhon 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 metal itself is accumulated in the head in

addition to the heat generated by the heater during discharge



was set at 128 nozzles. Exanple 7 A plurality of substrates h@ﬁLA@EMEﬁ?SHEET

heads shown in FIGs.- 1A, 1B and 1C were manufactured in t-hgl sane manner

in Exanple 1, except that the material of the upper el ectrcdgageay[eq @@‘p ]gg5

changed fromTa to Ti-C alloy. Nanely, a 5,500 A thick Al axs AY-EF

2,000 Athick Ti-Cr alloy (Cr: 5% the balance: Ti) |layer were sequentially

formed by continuous sputtering. In this case, the Ti-C alloy |ayer was
formed so as to be applied with a conggessive stress of 5X109

of ink. By the effect of the heat thus accumulated, it
becomes gradually difficult to keep the thermal control and
to keep the normal bubbling phenbmenon on the bubbling
surface. As a result, the discharge 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 invéntion is to provide a
substrate éonstituting_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 6bject of the present invention is to provide
a substrate for an ink jet head provided with a plurality of

discharge openings arranged in a high density for recording a



29 dyn/chQ by adj usting argon pressure upon sputtering at '
that of Exanple 1. The At layer and Ti-C alloy |ayer were si%ﬁﬁggﬁﬁghggngT

patterned by dry-etching in the sane manner as in Exanple-
| ower el ectrode |ayer 1110b nmade of Alerr] and an upper el rédé HVﬁr“ """"

1110c nmade of Ti-Cr alloy fornmed thereon shown in FIGs. 1B and 1C. A top
pl ate 105 nade of polysulfone was pressingly joined to each of a plurality
of the substrates 10 for ink jet heads_thus nmanufactured using a spring
(not shown). A

high precise image at a high speed, and an ink jet head using
the substrate. |

Still a further object of the present invention is to
provide a substrate for constituting an ink jet head reduged
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 suppliéd to the above-described ink
jet head, and an ink jet apparatus for mounting the ink jet
head. '

According to a first aépeét 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 genera:ing thermal energy utilized for
discharging ink;

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-



obtained. In this ink jet head 12, the arrangenent density
openi ngs 1101 was set at 16 nozzles/mm and the nunber of .

Thus, a plurality of the ink jet heads 12 shown in FIGs. SAj
t
openings 1101 was set at 128 nozzles. Exanple 8 A plurality,

for ink jet
sane nmanner
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upstrates

heads shown in FIGs. 1A, 1B and 1C were manufactured in the
as in Exanple 1, except that the material of the upper

el ectrode | ayer was changed from Ta to_ Ti-At alloy. Nanely, a 5,500 A

thick At layer and a 2,000 A thick Tiuﬁgerr] alloy' (At: 5% the bal ance:

Ti) layer were sequentially forned by continuous

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 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 conver;ing body férmed on the
base member, the electrothermal converting body including a
resistor layer and a bair of electrode layers connected to B
the resistor layer wherein the resistor layer positioned
between a pair of the electrode layérs serves as a heat
generating portion for generating thermal energy utilized for
discharging ink;

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

a discharge opening for discharging ink, which is
disposed to be communicated 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 piurality 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




sputtering. In this case, the Ti-Alerr] alloy |ayer was for '
applied with a conpressive stress of 5X109 REPLACEMENT S %*&gﬁﬁiMéh{EhEET

dyn/cnferr] by adjusting argon pressure upon sputtering at. t ane {vatpe
as that of Exanple 1. The Allayer and Ti-Al alloy |ayer wer ga%fr‘ré'mﬂh'usﬁ%S

patterned by dry-etching in the sane manner as in Exanple 1, thus formng a
| ower eleqtrode | ayer 1110b nade of Al err] and an upper el ectrode

9
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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 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 the base member, the electrothermal converting
body including a resistor layer and a pair of electrode
layefs 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; an ink path disposed to
correspond to the heat generating portion; and a discharge
opening for discharging ink, which is diéposed 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 undef 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,



| ayer 1110c made of Ti-Alerr] alloy formed thereon shown inj RGDLAGEMENMSHEET
1C. Atop plate 105 nmade of pol ysul fone was pressingly join FE ﬁg @
plurality of the substrates 10 for ink jet heads thus manuf tu&ed 59 -----------
spring (not shown). Thus, a plurality of the ink jet heads 1

FI Gs. 5A and 5B were obtained. In this ink jet head 12, the arrangenent
density of the discharge openings 1101 was set at 16 nozzles/mm and the
nunber of the di scharge openings 1101 s set at 128 nozzles Exanple 9 A
plurality of substrates for ink jet h s shown in

there is provided an ink jet apparatus 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 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; an ink .path disposed to
correspond to the heat generating portion; and a discharge B
opening for disdharging ink, which is disposed to be
communicated to the ink path; and

a means for mpuﬁting 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 1ayérs; 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 moré at 1 atm.

The above 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.



FIGs. 1A, 1B and 1C were manufactured in the same nmanner as| RerEXGERMERT SHEET
except that the material of the tower el ectrode |ayer was from
Alerr] to Cu. Nanely, -a 5,500 A thick Cu layer ‘and a 2,000 Bafehilck OCF. 1995 . .
| ayer were sequentially fornmed by continuous sputtering.

Ta |l ayer was formed so as to ‘be applied wwth a conpressive stress of 5X 109
dyn/cnferr] by adjusting argon pressure upon sputtering at the
REPLACEMVENT SHEET 31 11

BRIEF DESCRIPTION OF THE DRAWINGS

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 FIG. 1A, showing the main portion of the ink jet
head;

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

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
backgroﬁnd 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 according to another embodiment of the present



same value as that of Exanple 1. The Cu layer and Ta |ayer WEE@VLﬁbLMENTSHEET
si mul taneously patterned by dry-etching in the sanme manner dE In Exanple 1,

thus forming a | ower electrode |ayer 1110b made of Cu and ar| waper 1..0CT.. 995m";

1D f\n.-.l 3

el ectrode | ayer 1110c nmade of Ta forned thereon shown in F

=2 7~

top plate 105 nmade of pol ysul fone 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.,qf the ink jet heads 12 shown in

FI Gs. 5A and 5B were obtalned In thlggink jet head 12, the arrangenent
density of the discharge openings 1101 was set at 16 nozzles/mm and the
nunber of the di scharge openings 1101

invention;

FIG. 4B is a schematic sectional view seen from the
same direction in FIG. 1C, showing the main portion 6f 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 ihvention;

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'schema;ic perspective view showing a main
portion of an ink jet apparatus mounting an ink jet pen in ;.

cartridge form assembled with the ink jet head shown in FIGs.

SA and 5B.

DESCRIPTION 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 tolthe heat generated by a
heater is constituted of a multi-layer structure having a

plurality of layers which can function complementarily to



was set at

heads shomn—rn FI'Gs. 1A, 1B and 1C were
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changed fro

alloy (Si

wer e sequent I
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10 A[err]) | ayer and a 2,000 A thick Ta | ayer

contlnuous sputtering. In this case, the Ta

| ayer was forned so as to be applied W3th a conpressive stress of 5X109
by adj usting argon pressure upon sputtering at the sane val ue

dyn/cnferr]
as that of

Exanple 1. The Alerr]-Si alloy |ayer and

each othér. Of a plurality of the layers, the ones on the
lower side are formed of a common electrode material having a
larger 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 nevertheless 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 portion other
than the high melting point metal layer according to the
present invention, a material commonly used as an electrode
material in this field can be adopted; however, a metal
having a meltiné point of not less than 1500°C at 1 atm is
preferable. 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 élement' 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




32 Ta layer were sinmultaneously patterned by dry-etching i,.';n-_.x_;t_-:,-t@m-rranam_
as in Exanple 1, thus formng a | ower electrode |ayer 111(b made| f @tqggﬂ
-Si alloy and an upper electrode |ayer 1110c nade of Ta f rnﬁg;____h,g;r__,_

shown in FIGs. 1B and 1C. A top plate 105 made of pol ysul
pressingly joined to each of a plurality of the substrates 10 for ink jet
heads t hus manufactured using a spring (not shown). Thus, a plurality of
the ink jet heads 12 shown in FIGs. 5A14

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

In the present invention, the high melting point metal
layer is preferably formed to be applied with a compressive
stress for suppressing the generation of stressconceﬁtration
on the electrode under the heater, thereby further preventir;g
the generation of a hillock. The compressive stress applied
to the high melf:ing point metal layer is preferable in the
range from 1X107 to 1X10%2 dyn/cmz, more preferably, in the
range from 1X10° to 1X10 &yn/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 opeﬁings 1101.. An. heat generating



and 5B were obtained. In this ink jet head 12, the arrange i ==
t he di scharge openings 1101 was set at 16 nozzles/mm and t/pn&ERLAGEMENT SHEET
di scharge openings 1101 was set at 128 nozzles. Exanple 11'{A pluralj

substrates for ink jet heads shown in FIGs. 1A 1B and 1C vePatetar ﬁQﬁEﬁk@éd-
in the same manner as in Exanple 1, except that the material—of the fower———
el-ectrode | ayer was changed fromAferr] to Alerr] -Cu alloy. Nanely, a

5,500 A thick Alerr]-Cu alloy (Cu: 10%<the bal ance: Alerr]) layer and a
2,000 Athick Ta |layer were sequential B~ ornmed by continuous sputtering.

In this case, the Ta | ayer was forned

portion (heater) 1102 of an electrothermal converting 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
contaihing 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
llower_insulating layer 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 1110& and the connection electrode
layer 11104 are formed to be patterned on the upper
insulating layer 1112. The connection electréde layer 11104
is connected to the common leéd electrode layer by way of the

resistor layer 1103 at the though-hole 1105.



so as to be applied with a conpressive stress of 5X109 dy g%ﬁh&%F@E§¥§ﬁ[gé

argon pressure upon sputtering at the sane val ue. as that _
Alerr] -Cu alloy layer and Ta | ayer were sinultaneously p .hernehib&CT'BQS_
dry-etching in the REPLACEMENT SHEET 33 sanme manner as |l aﬁx%ﬂptﬁ"ﬁj """"""

thus forming a lower eiectrode layer 1110b nmade of Alerr] -Cu alloy and an
upper el ectrode |ayer 1110c nade of Ta formed thereon shown in FIGs. 1B and
1C.

16
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‘The resistor layer 1103, individual electrodé layer
1110a and connection elec;rode 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 the 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 portidn of the ink path
1108 on the side 6pposite to the discharge openihg 1101 is B
communicated to a common ink chamber 1106. Ink supplied from
an ink taﬁk for.feserving ink is temporarily reserved in the
common ink chamber 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 tﬁe discharge openihg 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 pbint metal. According to the comstruction of

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



A top plate 105 nade of pol ysul fone was pressingly joined ChéﬁﬂﬂtgﬁEﬁTSHEET
plurality of the substrates 10 for ink jet heads thus manuflactur gbg%
spring (not shown). Thus, a plurality of the ink jet heads qgﬂghgwhiﬁg? ____________
FIGs. 5A and 5B were obtained. In this ink jet head 12, th ane

density of the discharge openings 1101 was set at 16 nozzles/nn1 and the
nunber of the di scharge openings 1101 was set at 128 nozzles. Exanple 12 A
plurality of substrates for ink jet h? ds shown in FIGs. 4A and 4B were
manuf actured in the sane manner as i anple 1, except that the process of
patterning the | ower

electrode positioned under the heat 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 1110C) is made of a high melting point metal,
and the high melting poinﬁ 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, since the returh 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 £ilm formation
technique used in manufacture of semiconductors. First, the
'surface'of the base member 103 made of single crystal silicon
is made insulating by forming a lower insulating layer 1111
composed of a £ilm 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 f£ilm of A
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



el ectrode nateri al Iayér and upper electrode material |ayer :
changed as follows. Nanely, different from Exanple 1, the A R%PFA@EMEQﬁ@ﬁ?ET

Ta | ayer were patterned by dry- etching on the basis of sud D%BpatqeﬂﬁTr@gg

the lower electrode |ayers |11Ce nmade of Alerr] and the upq L ectiode

| ayers 1110f nmade of Ta were separately and independently forned as shown
in FIGs. 4A and 4B. A top plate 105 nade of pol ysul fone was preSS|neg
joined to each of a plurality of the S%Pstrates 10 for ink

are sequentially formed on the insulating surface of the base
member 103, for example by continuous 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 sputtering. Next, a plurality of the material
layers for the common lead electrode layer are simultaneously
patterned, to thus form the éommbn lead electrode layer. In
FIG. 1A, the patterning is performed in a wide and flat B
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 £ilm formation
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 embodiment is different from the previous
embodiment in that the electrodes under the upper insulating
layer 1112 are formed not as a common conductive layer.in a
wide and flat shapé, but as individually separated conductive

layers for each heat generating portion 1102. Each of the



REPLACEMENT SHEET 34 jet head according to the enbodi nent t
using a spring (not shown). Thus, a plurality of the ink jeit
according to the enbodi nent shown in FIGs. 5A and 5B were o
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~density in arrangenent of the discharge openings 1101 of t
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12 was set at 16 nozzl es/nmm and.-the nunber of the discharge openlngs 1101
was 128 nozzles. Exanple 13 A plurality of substrates for ink jet heads
shown in FIGs. 4A and 4B were nanufactgbed in the same manner as in

e

eléctrodes has a multi-layer structure having an uﬁper
electrode layer 1110f and a lower electrode iayer 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 heat 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 independently 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 ink jet head in this embodiment is

manufactured by changing the pattern used in the previous



Exanpl e 2,

mat eri al
foll ows.

except that the process of patterning the |ower eh@@LA@gmgNT HEET
| ayer and upper el ectrode material |ayer by etching was q ng
Namely, different from Exanple 2, the Alerr] layer)| aag@.Wl'aye I...’Q ........

were patterned by dry- etching on the baS|s of such a patteean +hat—t he
| ower el ectrode layers |11 Oe made of Alerr] and the upper electrode |ayers
1110f nade of Wwere separately and i ndependently fornmed as shown in FlGs.

4A and 4B.

A top plate 105 nade of pol ysul fone was pressingly joined to

each of a plurality of the substrates 28 for ink jet head accordirg to the
enbodi nent thus manufactured u5|ng a spring (not shown). Thus, a plurality
of the ink jet heads

embodiment in such a manner that the mater1a1 layers of the
electrode layers are separately and independently patterned.
FIG. 5A is a schematic berspective view showing one

embodiment of an ink jet head according 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 sectional 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 sﬁch 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 with 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 by 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. Wwhen the
electrothermal converting body is driven 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



12 according to the enbodi nent shown in FIGs. SA and 5B met&iwmnesmsmTSMEET
density in arrangenment of the discharge EPLACEMENT SHEET 35 o BgS19
1101 of the ink jet head 12 was set at 16 nozzles/mm and matenul ep“gf Pﬁe

di scharge openi ngs 1101 was 128 nozzles. Exanple 14 A pIurar~*w o

substrates for ink jet heads shown in
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growth of the bubbles, the ink is discharged from the
discharge opening 1101.

FIG. 6 is a schematic perspective 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. SA and 5B is mounted.

As a drive motor 264 is normally or reversely rotated
by way of drive force transmission gears 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 h
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 preéses 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 opening of the ink jet pen. The cap 265 is

-supported by a supporting member 270. Reference numeral 273



except that the process of patterning the | ower el ectrode teriqlhgﬂyquQS
and upper el ectrode material |ayer by etching was changed. gisDétel:l.oe: v mseomere e

Nanely, different from Exanple 3, the Alerr] layer and Cr | €
patterned by dry- etching on the basis of such a pattern that the | ower
el ectrode layers |11 Ce nade of Alerr] and the upper electrode |ayers 1110f

made of Cr were separately and indepe@ently formed as shown in FIGs. 4A
and 4B. A top plate 105 nade of pol ysulfone was pressingly joined to each
of a plurality of the substrates 10 for ink jet head according to the
enbodi nent thus manufactured using

indicates a suction means 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 numeral 266 indicates a blade for cleaning

the surface on which the ink discharge opening is provided.
Reference numeral 268 indicates a member for moving the blade
266 in the longitudinal direction. These are supported oﬁ
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 iayer 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 1.8 Pa. The Al
layer and Ta layer were simultaneously patterned by dry-
etching using a'mixed gas of BCl;3(46%), C¢2(36%).and N2 (18%),



a spring (not shown). Thus, a plurality of the ink jet headsR&PLACENMENT SHEET
to the enbodi nent shown in FIGs. 5A and 5B were obtai ned.
arrangenment of the di scharge openings 1101 of the ink jet .
at 16 nozzles/mm and the nunmber of the discharge openings
nozzl es. Exanple 15 36 Aplurality of substrates for ink jet heads shown

in
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thus f_orming a lower elec_:tfode layer 1110b made of At. and an
upper electrode layer 1110c.made of Ta formed thereén 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 contact
through-holes 1105. A 600 A thick tantalum nitride layer
was formed by sputtering, and patternéd by etching, thus
forming a resistor layer 1103 having a shape shown in FIG. 1.
'On the resistor layer 1103, a 5', 500 A thick pure Af layer was
formed by sputt:ering, and patterned by etching, thus forming”
individual electrodes 1110a and connection electrodes 11104
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
.la.tyer 1114 made of Ta was formed by sputtering.

A t:op'plate 105 made of polfsulfone 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 plui:ality of the ink jet heads 12 shown in FIGs. 5A
and SB 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 2



FI Gs. 4A and 4B were manufactured in the sane manner as in ﬁﬁmmMABEMENTSHEET
except that the process of patterning the | ower el ectrode teriathag§f1ggs
and upper electrode material |ayer by etching was changed .af babt.Qws.. . AR

Nanely, different from Exanple 4, the Alerr] layer and Ti | e
patterned by dry- etching on the basis of such a pattern that the | ower
el ectrode layers |11 Ce nade of At and the upper electrode |ayers 1110f made

of Ti were separately and independently, forned as shown in FIGs. 4A and 4B.
A top plate 105 nmade of pol ysul fone maé_pressingly joined to each of a
plurality of the substrates 10 for ink jet head according to the enbodi nent
t hus manuf actured using

A pluralit& of substrates for ink jet heads shown in
FIGs. 1A, 1B and 1C were manufacﬁured in the same manner as
in Example 1, except that the material of the upper electrode
layer was changed from Ta to W. Namely, a 5,500 A thick A¢
layer and a 2,000 Afthick W layer were sequentially.formed
by continuous sputtering. In this case, the W layer was
formed so as to be applied with a compressive stress of 5X 10°
dyn/cm® by adjusting argon pressure upoﬁ sputtering at the
‘same value as that of Example 1. The A ¢ layer and W 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
W 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. 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 thé number of the discharge openings 1101
was set at 128 nozzles. -
Example 3
A plurality of substrates for ink jet heads shown in

FIGs. 1A, 1B and 1C were manufactured in the same manner as



.a spring (not shown). Thus, a plurality of the ink jet head§ / ' :
to the enbodi ment shown in FIGs. 5A and 5B were obtained. The é%%ﬁigﬁg?ﬁ;;fr
arrangenent of the di scharge openings 1101 of the ink jet h 42 ‘was’ s eryvy
at 16 nozzles/mm and the nunber -of the discharge openings (Ll
nozzl es. Exanple 16 A plurality. of substrates for ink jet heads shown in
FI Gs. 4A and 4B were nmanufactured in the sanme manner as in Exanple 5,
except that the process of patterning the |ower electrode nmaterial |ayer
and upper el ectrode material |ayer 25

in Example 1, except that the material of the upper electrode
layer was changed from Ta to Cr. Namely, a 5,500 A thick a¢
layer and a 2,006 A thick cr layer were sequentially formed
by continuous sputtering. In this case, the Cr layer was
formed so as to be applied with a compressive stress of 5X10°
dyn/cmF by adjusting argon pressure upon sputtering at the
same value as that of Example 1. The A{ layer and Cr layer
were simultaneously patterned by dry-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 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 jeﬁ_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 4
A plurality of substrates for igk jet heads shown in

FIGs. 1A, 1B and 1C were manufactured in the same manner as
in Ekample 1, except that the material of the upper electrode

layer was changed from Ta to Ti. Namely, a 5,500 A thick A¢
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REPLACEMENT SHEET by etching was changed as foll ows. Nanel
Exanple 5, the Alerr] layer and M | ayer were patterned by
the basis of such a pattern that the | ower el ectrode |ayer
At and the upper electrode |ayers 1110f nmade of Mo were se o
I ndependently formed as shown in FIGs. 4A and 4B. A top plate 105 nmade of
pol ysul fone was pressingly joined to each of a plurality of the substrates
10 for ink jet head according to the i%podinent t hus manuf act ured usi ng

layer and a 2,000 A thick Ti layer were sequentially formed
by continuous éputtering. In this dasé, ﬁhe Ti layer was
formed so as to be applied with a compressive stress of 5X10°
dyn/cu? by adjusting argon pressure upon sputtgring at the
same value as that of Example 1. The Af layer and Ti layer
were simultaneously patterned by dry-etching in the same
manner as in Example 1, thus fdrming 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 dischargé openings 1101 was set at
16 nozzles/mm, and the number 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



a spring (not shown). Thus, a plurality of the ink jet hea L

to the embodinent shown in FIGs. 5A and 5B were obtained. TnhBER ééﬁéﬂ#%ﬁEET
arrangenent of the discharge openings 1101 of the ink jet head 121Wa CEel995
at 16 nozzles/mm and the nunber of the discharge openi ngs | 1 PRI ‘v o

nozzl es. Exanple 17 A plurality of substrates for ink jet heads shown in
FIGs. 4A and 4B were manufactured in the same manner as in Exanple 6,
except that the process of patterning 4fe |ower el ectrode material |ayer
and upper el ectrode material Tayer by ching was changed as foll ows.
Nanely, different from '
formed so as to be applied with a compressive stress of 5X 107
dyn/cm3 by adjusting argon pressure upon sputtering at the
samelvalue as that of Example 1. Thé A ¢ layer and Mo layer
were simultaneously patterned by dry-etching in the same
manner as ih 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 polysulfone was pressingly
joined to each of a plurality of the substrates 10 for ink
jet heads thus manufactured using a spring (not shown).
Thu#, 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
waé 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 Af layer and a 2,000 A;thick Ti-Mo alloy (Mo: 5%, the
balance: Ti) layer were sequentlally formed by contlnuous

sputtering. In this case, the Ti-Mo alloy layer was formed

so as to be applied with a compressive stress of 5X10°



Exanpl e 6,

the At layer and Ti-M alloy |layer were patterned hEPINGENMENHSHEET

on the basis of such a pattern that the | ower electrode |ayé@rs |1

of At and the upper el ectrode REPLACEMENT SHEET 38 | ayer
Ti-M alloy were separately and independently formed as sho

and 4B. A top plate 105 made of pol ysul fone was pressingly joined to each
of a plurality of the substrates 10 for ink
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dyn/cm? by adjusting argon pressure upon sputtering at the
same value as that of Example 1. The A{¢ layer and Ti-Mo
alloy layer were simultaneously patterned by dry-etching in
the same manner as in Example 1, thus forming a lower
electrode iayer 11105 made of At 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 poiysulfone was pressingly
joined to each of a piurality of the substrates 10 for ink
jet heads thus maﬁufactured using a spring (not shown).

Thus, a plurality of the ink jet heads 12 shown in FIGs. 5A

and 5B wére obtained. In this ink jet head 12, the

arrangement density of ;he'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 Ti-Cr alloy. Namely, a 5,500 A
thick Aflayer and a 2,000 A thick Ti-Cr alloy (Cr: 5%, the
balance: Ti) layer were sequentially formed by continuous
sputtering. In this case, the Ti-Cr alloy layer was formed

so as to be applied with a compressive stress of 5% 10’

naxa:afﬁs@w %




j et head according to the enbodi nent thus manufactured usi ngggpgmgmng@g@ET
shown). Thus, a plurality of the ink jet heads 12 accordin H

embodi ment shown in FIGs. 5A and 5B were obtained. The den |gyte| ______ 1 OCT1995 _____
arrangenent of the discharge openings 1101 of the ink jet

at 16 nozzles/mm and the nunber of the discharge openings 1101 was 128
nozzles. Exanple 18 A plurality of substrates for ink jet heads shown in
FI Gs. 4A and 4B were manufactured in tp@ same nmanner as in Exanple 7,
except that the process of patterning The |ower electrode material |ayer
and upper electrode material |ayer :

dyn/ cm? by adjusting argon pressure upon sputtering at the
same value as that of Example 1. The A{ layer and Ti-Cr
alloy layer were similtaneously patterned by dry-etching in
the éame manner as in Example 1, thus forming a lower
electrode layer 1110b made of A¢ 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).
Thué, a plurality of the ink jet heads 12 shown in FIGs. S5A
and 5B wére 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 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¢ élloy. Namely, a 5,500 A
thick Af layer and a 2,0b0 A thick Ti-A¢ alloy (A¢: 5%, the
balance: Ti) layer were sequentially formed by continuous
sputtering. In this case, the Ti-A{¢ alloy layer wé.s formed

so as to be applied with a compressive stress of 5X10°



by etching was chang_ed as follows. Nanely, different from anmudeMEHﬁESHEET
| ayer and Ti-Cr alloy layer were patterned by dry-etching of the q]aia@ f’f]
such a pattern that the lower electrode |layers 1110e nade of] Bgter.r Qi Pi%s

upper el ectrode |ayers 1110f nade of Ti-Cr alloy were separ
i ndependently formed as shown in FIGs. 4A and 4B. A top plate 105 made of
pol ysul fone was pressingly joined to each of a plurality of the substrates
10 for ink 39 30

dyn/cm? by adjusting argoﬁ pressure upon sputtering at the
same value as that of Example 1. The A¢layer and Ti-A¢
élloy layer were simﬁltan_eously patterned by dry-etching in
the same manner as ianxaniple 1, thus forming a lower
electrode layer 1110b made of A¢ and an upper electrode
layer 1110c made of Ti-A¢ alloy formed thereon shovﬁ in
FIGs. 1B and 1C.

A top plate 105 made of polysulfone was pressingly
301ned to each of a plural:.ty of -the substrates 10 for ink
jet heads thus manufactured using a spr:.ng (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

'léyer was changed. from A¢ to Cu. Namély, 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 applied with a compressive stress of 5X 10°

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



jet head according to the enbodi nent thus manufactured using|| RERANCEMENTOSHEET
shown). Thus, a plurality of the ink jet heads 12 according o the,
enbodi ment shown in FIGs. SA and 5B were obtai ned. The densi }{34@1100]’ _____________
arrangenent of the di scharge openings 1101 of the ink jet het

at 16 nozzles/mm and the nunber of the discharge openings 1101 was 128
nozzles. Exanple 19 A plurality of substrates for ink jet heads shown in
FI Gs. 4A and 4B were manufactured in ti3d sanme manner as in Exanple 8,
except that the process of patterning tThe | ower electrode material |ayer
and upper el ectrode material |ayer :

same value as that of Example 1. The Cu layer and Ta layer
were simultaneously patterned by dry-etching in the same
manner as in Example 1, thus forming a lower electrode layer
1110b made of Cu and an upper electrode layer 1110c made of
Ta formed thereon shown in FIGs. 1B and 1C.

A top plate 105 inade of polysﬁlfoﬁe was pressingiy
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 opénings 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 subétrates for ink jet heads shown iﬁ
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 Af to A{-Si alloy. Namely, a 5,500A
thick A¢-Si alloy (Si: 10%, the balahce: AI) layer and a
2,000 A thick Ta layer were sequentially formed by
continuous sputtering. 1In this case, the Ta layer was formed
so as to be applied with a compressive stress of 5X 10°
dyn/cm® by adjusting argon pressure upon sputtering at the
same value as that of Example 1. The A{-Si allof layer and



by etching was changed as follows. Nanely, different from
Alerr] layer and Ti-Alerr] alloy |layer were patterned by-dr
basis of such a pattern that the | ower el ectrode |ayers |I1
Alerr] and the upper electrode |layers 1110f made of Ti-Ae

|D§£

&ﬁ =t

de 10f0 CT 1985 .

weres SO

separately and i ndependently formed as shown in FIGs. 4A and 4B. A top

pl ate 105 nade of polysulfone was pressingly joined to each of a plurality
of the substrates 10 for ink jet head affordl ng to the enbodi nent thus
manuf actured using a spring (not shown)=—Thus, a plurality of the ink jet
heads 12 according to the enbodi nent shown in FIGs. SA and 5B were

obt ai ned. The density in arrangenent of the discharge

Ta 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 ¢ -Si alloy and an upper electrode layer

1110c made of Ta 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. 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 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 Al -Cu alloy layer and

Ta layer were simultan_eousljr patterned by dry-etching in the
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1101 of- the ink jet head 12 was set at 16 nozzles/mm and thge
di scharge  openi ngs 1101 was 128 nozzles. Exanple 20 A plural

: Fﬁ‘éﬁﬁ@”ﬁ%‘”ﬂﬁ“ |

substrates for ink jet heads shown'in
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same manner as in Example 1, thus forming a lower electrode

layer 1110b made of A ¢ -Cu alloy and an upper electrode layer

1110c made of Ta 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 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 patterning 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 Afand 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

joined to each of a plurality of the substrates 10 for ink



FI Gs. 4A and 4B were manufactured in the same nmanner as innE
except that the process of patterning the | ower el ectrode

X ﬁEﬁLRcEMENT SHEET

,terla

and upper el ectrode materi al Iayer by et ching was changed as
Nanely, different from Exanple 9, the Cu layer and Ta alloy?®
patterned by dry-etching on the basis of such a pattern that

the | ower

el ectrode layers |11 Ce nade of Cu and the upper electrode |ayers 1110f made
of Ta alloy were separately and i ndepeddently forned as shown in FIGs. 4A

and 4B. A top plate 105 made of pol ysulT©®ne was pressingly j
of a plurality of the substrates 10 for ink jet head accordi
enbodi nent thus manufactured using

oi ned to each
ng to the

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 13
A plurality of substrates for ink jet heads

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

shown 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 pattern 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 5B were

obtained. The density in arrangement of the discharge



a spring (not shown). Thus, a plurality of the ink jet heads
to the enbodi nent shown in FIGs. 5A and 5B were obtained. Th
arrangenent of the discharge openings 1101 of the ink jet he
at 16 nozzles/mm and the nunmber of the discharge openings 1
nozzl es.. Exanpl e 21 REPLACEMENT SHEET 41
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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 14
A plurality of substrates for ink jet heads shown in

FIGs. 4A and 4B were manufactured in the same ﬁanner as in
Example 3, except that the process of patterning the lower
electrode material layer and upper electrode matgrial layer
by etching was changed as follows. Namely, different from
Example 3, the A¢ layer and Cr layer were patterned by dry—”
etching on the basis of such a pattern that the lower
electrode layersl 1110e made of A ¢ and the upper electrode
layers 1110f made of Cr were separately and independently
formed as shown in FIGs. 4A andl4B. |

- 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 ménufactured 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



A plurality of substrates for ink jet heads shown in FIGs. |4AERHCEMENE SHEET
manuf actured in the sane manner as in Exanple 10, except that the1prQCE3995
of patterning the | ower electrode naterial |ayer and upper.eP@EﬁPade -------------------
material |ayer by etching was changed as follows. Nanely,
Exanple 10, the Alerr]-Si alloy layer and Ta alloy |ayer were patterned by
dry-etching on the basis of such a pattern that the | ower el ectrode |ayers
111 Ce made of A e-Si alloy and the uppgg el ectrode |ayers 1110f nade of Ta
all oy were separately and i ndependent B—forned as shown in FIGs. 4A and 4B.
A top. plate 105 nade of pol ysul fone was pressingly joined to each.of a
plurality of the substrates 10 for ink '

A plurality of substrates for ink jet heads shown in
FIGs. 4A and 4B were manufactured in the same manner as in
Example 4, except that the process of patterning the lower
electrode material layer 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 A ¢ and the upper electrode
layers 1110f made of Ti were separately and indépendently
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
obtainéd. 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-éubstrates for ink jet heads shown in
FIGs. 4A and 4B were mahufactured in the same manner as in
Example 5, except that the process of patterning the lower

electrode material layer and upper electrode material layer



jet head according to the enbodi ment thus manufactured using; g R ACEMENTOSHEET
shown). Thus, a plurality of the ink jet heads 12 according E: the11 UCT'QQS
enbodi ment shown in FIGs. 5A and 5B were obtained. The densi § Yodtdl:....c.oeerercerersessns
arrangenment of the discharge openings 1101 of the ink jet hegd—t2pas=set——"—
at 16 nozzles/mm and the nunber of the discharge openings 1101 was 128
nozzles. Exanple 22 A plurality of substrates for ink jet heads shown in
FI Gs. 4A and 4B were manufactured in't same nmanner as in Exanple 11,
except that the process of patterning | ower el ectrode material |ayer
and upper electrodé material |ayer '

by etching was changed as follows. Namely, different from
Example S, the A¢ layer and Mo layer.were patterned by dry-
etching on the basis of sﬁch a pattern that the lower
elecﬁrode 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 polysulfone was pressingly
joined to each of a plurality of the substrates 10 for ink
jet head accordlng to the embodiment thus manufactured u51ng
a spring (not shown). Thus, a plurality of the ink jet heads
12 according to the embodiment shown in FIGs. SA and SB 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 6penings 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 patterned
by dry-etching on the basis of such a pattern that the lower

electrode layers 1110e made of A ¢ and the upper electrode




42 by etching was changed as follows. Nanely, different from
the Alerr]-Cu alloy layer and Ta alloy |layer were patterned b
on the basis of such a pattern that the | ower el ectrode |ayer
of At -Cu alloy and the upper el ectrode |ayers 1110f nade of VA
separately and independently forned as shown in FIGs. 4A and 4B. Atop

pl ate 105 nmade of polysul fone was pressingly joined to each of a plurality
of the substrates 10 for ink 38

layers 1110f made of Ti-Mo 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'wé;
128 nozzles.

Example 18

A plurality of substrates for ink jet heads shown in
FIGs. 4A and 4B were manufactﬁred in the same manner as in
Example 7, except tﬁat thé process‘bf patterning the lower
electrode material layer and upper electrode material layer
by etching was changed as follows. Namely, different from
Example 7, the Af layer and Ti-Cr alloy layer were patterned
by dry-etching oﬁ the basis of such a pattern that the lower
electrode layers 1110e made 6f Al 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 polysulfoné was pressingly

joined to each of a_pluraLity of the substrates 10 for ink



j et head according to the enbodi nent thus manufactured using ¢

.shown) . Thus, a plurality of the ink jet heads 12 according t
enbodi ment shown in FIGs. 5A and 5B were obtained. The densit
arrangenent of the discharge openings 1101 of ‘the ink jet he

dats1 1.0CT ..

----------------------------

at 16 nozzles/mm and the nunber of the di scharge openings 1101 was 128
nozzl es. Conparative Exanple A plurality of substrates for ink jet heads
shown in FIGs. 2A and 2B were manufact®%ed in the sane manner as in Exanple
1, except that the process of formng The | ower el ectrode |ayer and upper

el ectrode | ayer was changed as

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. SA and 5B were

obtained. The density in arraﬁgement 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 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.t 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 Afand the upper electrode

layers 1110f 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 according to the embodiment shown in FIGs. SA and 5B were

obtained. The density in arrangement of the discharge



follows. Nanely, a 7,500 A thick pure Alerr] |ayer was for ) e
sputtering, and patterned by dry-etching using the same gas §E¥h%?EMﬁNTSHEET
Exanple 1, thus formng an el ectrode layer |11 Qg having a single Idyhl()CT 1995 .
structure of Alerr]. REPLACEMENT SHEET 43 A top plate 10 Pﬁ@ """"""""""""
pol ysul fone was pressingly joined to each of a plurality of The substrates

10 for ink jet head according to the enbodi nent thus manufactured using

40

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 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 1ayérs 1110e made of Cu and the upper electrode
layers 1110f méde of Ta alloy were separately and
independently formed as shown in FIGs. 4A and 4B.

- A top plate 105 made of polysulfbne was pressingly
joined to each of a plurality of the substrates 10 for ink
jet head accdrding to the embodiment thus manufactured using
a spring (not shown). Thus, a plurality of the ink jet heads
12 according td the embodiment shown in FIGs. S5A and 5B were
obtained. The density in arrangement of the discharge

. openings 1101 of the ink jet head 12 was set at 16
nozzleé/mm, and the nﬁmber of the discharge openings 1101 was

128 nozzles.

Example 21



a spring (not shown). Thus, a plurality of the ink jet heads lﬁEﬁQNGEMENgSHEET
to the enbodi nent shown in FIGs. SA and 5B were obtained. Thej densist

arrangenment of the di scharge openings 1101 of .the ink jet he Aa! Qél""m"";
at 16 nozzles/mm and the nunmber of the discharge openings 1 =
nozzl es. Evaluation -Each of the ink jet heads 12 obtained in Exanple 1 and
Conpar ative Exanple was assenbled in thgq ink jet pen 11, and the ink jet

pen 11 was nounted on the ink jet apparatus shown in FIG 6. The discharge

endurance test for each ink jet head was made by perform ng ink discharge
usi ng the above ink

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 alloy layer 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 separate}y
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 sprihg (not shown). Thus, a plurality of the ink jet heads
12-according to the embodiment sﬁown in FIGs. 5A and 5B were
obtained. The density in arrangement of.thé 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 material layer and upper electrode material layer



jet apparatus 15. FIG 3 is a graph for conparing the ink jéE;EgENCEMENfSHEET

Exanple 1 with that of Conparative Exanple (Background Art)‘ n the 1.0CT m

di scharge endurance perfornmance. In the graph of FIG 3, thﬁi@kgyngie ............. gim

i ndi cates the discharging pul se nunber, and the abscissa in '
| nput energy anmount in driving voltage (Vop)/bubble form ng voltage (\ﬁh)

Nanmel y, the graph shows the number of the discharging pul se indicated al ong
the ordinate at the time when either q&zthe heat

by etching was changed as follows. Namely, different from
Example 11, the A¢ -Cu alloy layer and Ta alloy layer were
patterned by dry-etching on the basis of such a pattern 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 made of polysulfone was pressingly
joined to each of a piurality 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 embodimeﬁt shown in FIGs. S5A and 5B were
obtained. The density in arrangement of the discharge
openingslilol of the ink jet head 12 was set at 16
nozzles/mm, and the number of the discharge openings 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 drybetching using the same
gas as that in Example 1, thus forming an electrode layer

1110g having a single layer structure of Af.



44 generators is broken in accordance with an input energy r7§§HHa' ”wﬁ@nEET
al ong the abscissa. Wth respect to each of Exanple 1 and C@%paraiﬁ@%LT.wgs
| .

Exanpl e, 10 pieces of ink jet heads were tested, and the avgrage. val ¥e’ e
t hereof was plotted in the graph shown in FIG 3. In this tgsi_—tha ' '
of the discharging pulse was 5 [err] As is apparent fromFI G 3, the ink
jet head in Exanple 1 exhibits an excellent durability which is about four
tinmes that of the ink jet head in Co §rative Exanple. The ink jet heads in
Exanpl e 1 and Conparative Exanple megg—disassenbled for the sane

di schargi ng pul se nunber, and

A top plate 105 made of polysulfone was pressingly
joined to each of é 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
noziles/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 test 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 performancé. 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 foiming voltage (Vth). Namely; the
graph shows the number of the discharging pulse indicated

along the ordinate at the time when either of the heat




the state of the bubbling surface was observed. As a resullff ¢bLA&§mENTSHEETJ
confirnmed that in the ink jet head in Exanple 1, the pres hce of ﬂ
portions was little observed on the bubbling surface, as qup@gnéfkmngiuz.e .
ink jet head in Conparative Exanple. The ink jet heads in §.he_othes >
exanples were simlarly subjected to conparative test. As a result, it was
confirnmed that each of the other exanples showed the excell ent perfornance
simlar to that of Exanple 1. 44

generators is bquen in accordance with an input energy
amount indicated along the abscissa. With respect to each of
Example 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 durability which is about four times
that of the ink jet head in Comparative Example. 3
| 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 othe: examples were similarly
subjected to comparative test. As a result, it was confifmed

that each of the other examples showed the excellent

performance similar to that of Example 1.
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45 What we Claimis: 1. A substrate for an iTnk jet head ﬁpA §MEQT%HEET

base nenber and an el ectroth f d
menber, said electrot her:n?ll g(r)rr]rs @ y'j MJHI'EEE‘I{M ﬁgng r.e. is@ggﬂ%

a pair of electrode |ayers connecCts stor | ayd
resistor |ayer positioned between a pair of said electrode |ayers serves as
a heat generating portion for generating thermal energy utilized for

di charging ink; wherein one of a paipsgof said electrode |ayers passes under
sai d heat generating portion; an el ectrode | ayer

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 electrothermal 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 therﬁal energy utilized fo;_
dicharging ink; |

wherein one §f a pair of said electrode layers passes
under said heét generating portion; an electrode layer
positioned under said heat generating portion has a multi-
layer structuré composed of a plurality of 1ayefs; 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 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 an alloy

containing at least two or more metals selected from a group

of éonsisting of Ta, W, Cr, Ti and Mo.



positioned under said heat generating portion has a nulti- Iayﬁﬁﬁgn&gmmw¢gHEET
conposed of a plurality of layers; and at Teast one of a plurallty{1

| ayers, being nearest to said heat n, is mad eDgé_m,ingtT(b
having a nelting point of 1500[err] %ﬂml}mm&m;" ggm 2. A eB St rat 6 e o
for an ink jet head according to clamrm Id netal has a nelting
poi nt of 2500[err]C or nore at 1 atm 3. A substrate for an ink jet head
according to claiml1l, wherein said netag¢ is Ta, W Cr, Ti, M, or an alloy
containing at least two or nore netals selected froma group of consisting
of Ta, W G, Ti and M.

4. A substrate for an ink jet head according to claim 1,

wherein said metal is an alloy containing at least one metal

selected frpm a group cohsisting of Ta, W, Cr, Ti and Mo.

5. A substrate for an ink jet head according to claim 1,

wherein said layer nearest to said heat generating portion is

formed to be applied with a compressive stress;

6. A substrate for an ink jet head according to c;aim 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 Af -Cu

alloy. |

é. - 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 insulating layér 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.



4. A substrate for an ink jet head according to claimi, i = :
metal is an alloy containing at |east one netal selected fr %‘?Lglro EN-'GSHEET

==
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'generating-portion is forned to be. afpl ifedtwith g ressive stress. 6.

A substrate for an ink jet head according to claim1, wherein each of said
| ayers apart from said heat generating490rtion is made of a netal having a
mel ting point |less than - .

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

12. A substrate 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 head according to claim 10,
wherein a plurality of said layers are separately and N
independently provided to corfespond to a plurality of said
heat generating portions.

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

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

16. An ink jet head comprising:

a substrate for an ink 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



1500[err]C at 1 atm 7. A substrate for an n i nk ] et head ﬁQQQYQUMMéMTSHEET

claim 1, wherein each of said |ayers eat neratjn

portion is made of At, Cu, an Alerr]- gmmﬂmmmﬂal [err] TRy 1?0 _______
A substrate for an ink jet head -accordfng‘ta c i ' '
| ayer is provided between said resistor |layer and said | ayers apart from

sai d heat generating portion. 9. A substrate for an ink jet head

according to claim8, wherein said i ating layer is made of silicon

oxide or silicon nitride. '

between a pair of said electrode layers serves as a heat
generating portion fér generating thermal energy utilized for
discharging ink;

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

a discharge obening 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 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 pluraiity 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.
17.- An ink jet head according to-claim 16, wherein said
metal has a melting point Gf 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 containing at least
two or more metals sélected ffom a group of consisting of Ta,
W, Cr, Ti andMo.
19. An ink jet head according to claim 16, wherein said
metal is an élloy cohtaining 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




10.

A substrate for an ink jet head—according-to- c+ain11 Rmyg . -
plurality of said heat generating portions._are rov * f?ABE&ENTSHEET

substrate for an ink jet head accorlj!lu "ﬂﬂ!“}]ill vvherel n §>@Fg |1aV€UCT 1995

nearest to said heat generating por

er s apar PO S AT e e

heat generating portion are fornmed i'n the sane pattern A substrate
for an ink jet head according to claim10,

49

layer nearest to said heat generating portion is formed to be
applied with a compressive stress.

21. An ink jet heaa according to claim 16, 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.
22. An ink jet head according to claim 16, 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.

23. An ink jet head according to claim 16, whefein 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 portions are provided to
correspond to a plurality of said discharge openings
respectively.

26. An ink jet head according to claim 16, wherein said
layer nearest to said heat generating portion and said layers
apart from said heat generating 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



wherein a plurality of layers is a- COHHBH44%¥¥4¥£%&FOde pr
to a plurality of said heat generatin ortlons A su

ink jet head accordi.ng to clai m10 mﬁwﬂl I|ty of L4, |ayers’ ALY
separately and |ndependently prOVI to a pl ;

heat generating portions. A subs rate %o af ink j et head according

to claiml1, wherein at Ieast the surface of said base nenber is insulating.

A substrate for an ink jet head ggcording to claim1, wherein a
protective layer is formed on said el ectrot hernal

provided in common to a plurélity of said heat generating

portions.
| 28. An ink jet head according to claim 25, wherein a
plurality of said layers are separatelyland 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 pase member
having at least the insulating surface.
30. An ink jet head according to claim 16, wherein a
protective layet is formed on said electrothermal converting
body.
31. An ink jet pen comprising:

an ink jet head including: a sﬁbStrate for an ink jet

head which has a base member and an électrothermal converting
body formed on said base member, said electrothermal
converting body in¢luding a resistor layer and a pair of
electfode 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
geherating 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



j et head,
formed on said base nenber, said ele

converting body. 16. An ink jet head compr+sing._a_ substra %pr éﬁ¥SHEET
r
| ayer and a pair of electro %

I ncl udi ng a base nenber anggiﬂ el ectrot hermal conv

resi stor

LT

% tFnlﬂu&CﬂgﬂQS

| ayer wherein said resistor |ayer p05|t|oned " 48 between a pair of said
el ectrode | ayers serves as a heat

51

an ink reservoir for reserving ink to be supplied'to
said ink path; | |

ﬁherein one of a pair of said electrode layers passes
under said heat generatiﬁg 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 léyers, 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 5ét 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 between a pair of said
electrode layers serves as a heat generating portion for
generating thefmal 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

a means for mounting said ink jet head;
wherein one of a pair of said electrode layers passes

under said heat generating portion; an electrode layer



generating portion for generating thermal eﬁergy ati'lized fo E%M¥M¥%HEET

ink; an ink path disposed to corre t generathng portlon
and a di scharge openi ng forchscha.“ﬂ mm l i s di spos Q1EO del OCT 995
comuni cated to said ink path; mherelncone r of sai dLelEEtEaga

| ayers passes under said heat generating portion; an el ectrode |ayer
posi ti oned under said heat generating portion has a nmulti- |layer structure
conposed of a plurality of layers; and s |east one of a plurality of said

| ayers, being nearest to said heat gen&rating portion, is made of a netal
havi ng a '

posi;ioned 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 atm.



melting point of 1500[err]C or nore at 1 atm 17.- An ink j tREFEKbEMENTSHEET:

according to-claim 16, wherein said netal has a nelting poifjt of fiog‘f Br
nore at 1 atm 18. An ink jet head according to claim16, e &l 1995

netal is Ta, W C, Ti, M, or an alloy containing at |east
netals selected froma group of consisting of Ta, W Cr, Ti and-M. 19.
An ink jet head according to claim16, wherein said netal is an alloy
containing at | east one netal selected,froma group consisting of Ta, W
Cr, Ti and M. 20. An ink jet head aLcording to claim-16, wherein said
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REPLACEMENT SHEET | ayer nearest to said heat generating portl -EMEET |
to.be applied with a conpressive stress. 21. An ink jet ha ]g
claim 16, wherein each of said |ayers apart from said heat F;%gr h@C 19
portion is nade of a nmetal having a nelting point |ess thani [ EPYT O A

atm 22. An ink jet head according to claim16, wherein each of sai d

| ayers apart fromsaid heat generating portion is nmade of A, Cu, an

Alerr]-Si alloy, or-an Alerr]-Cu alloy._ 23.
2,

claim 16, wherein an
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insulating layer is provided between said resistor |ayer anci ﬁ@pgAégmgm SHEET
apart fromsaid heat generating portion. 24. An ink jet head acg qqg %
claim 23, wherein said insulating |ayer is made of silicon xbg@ .0r. Slli.can.....

i |

nitride. 25. An ink jet head according to claim16, whereil
of said heat generating portions are provided, and a plurality of said heat
generating portions are provided to correspond to a plurality of said

di scharge openings respectively. 26. An ink jet head according to claim
16, wherein said |ayer nearest to sai d-heat .generating portion and said

| ayers apart from said heat generathqI)orCon QAorrred inthe
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same pattern. 27. An ink jet head according to claim25, whererf= T
plurality of |layers constitute a comon | ead el ectrode 50 5pﬁ‘WLé§HMENTSHEET
common to a plurality of said heat generating portions. 28. «, An ink 1 8CT 1995
head according to claim25, wherein a plurality of said |ayerisPaig. i,
separately and independently provided to correspond to a plurafTty of sart———=
heat generati ng ‘
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portions respectively. 29.

said electrothermal converting body is provided on a bas

| east the insulating surface.

An ink jet head according t BERIACHWENTSHEET
menber { G 1905t
An ink jet head accorldPat ‘t-eciain 16"

30.

wherein a protective layer is fornmed on said el ectrothern&F——converti ng

body. 31.

An ink jet pen conprising: an ink jet head including: a

substrate for an ink jet head which has a base nenber and an el ectrot hernal

converting body forned on sai

body including a resistor |ayer and

d base nenber, said el ectrothermal converting
air of

FIG. 4A
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| ayer positioned between a pair of said electrode |ayers s

el ectrode | ayers connected to said resistor |ayer wherein %
generating portion for generating thernmal energy utilized f

ARGPLAGFVENT SHEET

oy 0

ink; an ink path disposed to correspond to said heat generat
and a di scharge opening for discharging ink, which is dispo
communi cated to said ink path; and REPLACEMENT SHEET 51
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-an ink reservoir for reserving ink to be supplied to said

one of a.pair of said electrode | ayers passes under said he
portion; an el ectrode |ayer positioned under said heat gener
has a multi- |ayer structure conposed of a plurality of lay

défﬁﬁpepfﬁﬁ‘r%ﬁker
25 obr86b 985
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| east one of a plurality of said |ayers, being nearest to said heat
generating portion, is nmade of a netal having a nelting point of 1500[err]C
or nore at 1 atm 32. An ink jet apparatus conprising: an ink jet head
including: a substrate for an ink jet head which has a base nenber and an

el ectrot hermal converting ' :




body formed on said base nenber, said el 0 e |H&PWMm®wnNTSHEET
including a resi"stor"""l'"a‘yTa_r"""'a_rid a pair of 'I"(? %HE ﬁtségr@sé :)nnectf-qu be 1-919951

said electrode |la heat generatlng portion fi 11y
t hermal energy ut arging ink; an ink path disposed to
correspond to said g portion; and a di scharge opening for
di schargi ng ink, which |s dlsposed to be comunicated to said ink path; and
a neans for nDunting said ink jet head; wherein one of a pair of said
el ectrode | ayers passes under said heat generating portion; an el ectrode
| ayer ' SUBSTRATE .FOR INK JET HEAD, INK JET HEAD,

INK JET PEN, AND INK JET APPARATUS

ABSTRACT OF ‘I'I-IE DISCLOSURE

resistor |ayer Wh%1 hr;etﬁ_gggeeﬁﬁ stor | ay 1D Paif o
i

A substréte for an ink jet head comprises 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
layer poéitioned 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. An ink jet head
‘using this substrate is able to prolong service life while
reducing a failure ratio, and to continue preferable ink

discharge for a long period of time.
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mul ti- |ayer structure conposed of a plurality of |ayers; amd at IggsUAﬂr‘gga
bf m-plurality of said layers, being nearest to said heat g¢nBatati-nhg

portion, is made of a metal having a nelting point of 1500[ eFFcor—RBFe—at—
1 atm '

SUBSTRATE FOR INK JET HEAD, INK JET HEAD,

INK JET PEN, AND INK JET APPARATUS
ABSTRACT OF THE DISCLOSURE

A substrate (104) for an ink jet head comprises a base member (103) and an electrothermal converting body formed on
the base member (103), the electrothermal converting body including a resistor layer (1103) and a pair of electrode
layers connected to the resistor layer (1103) wherein the resistor layer (1103) positioned between a pair of the electrode
layers serves as a heat generating portion (1102) for generating thermal energy utilized for discharging ink; wherein one
of a pair of the electrode layers passes under the heat generating portion (1102); an electrode layer positioned under the
heat generating portion (1102) has a multi-layer structure composed of a plurality of layers (1110a, 1110b, 1110c); and
at least one of a plurality of the layers (1110a, 11106b, 1110c), being nearest to the heat generating portion (1102), is
made of a metal having a melting point of 1500°C or more at 1 atm. An ink jet head using this substrate (104) is able to
prolong service life while reducing a failure ratio, and to continue preferable ink discharge for a long period of time.
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each other. Of a plurality of the layers, the ones on the
lower side are formed of a common electrode material baving a
larger electric conductivity for reducing a power loss; while
at least the uppermost one is formed of a high melting point
metal. The uppermost layer functioﬁs to diffuse the heat. and
to lower the thermal effect, ‘and pevertheless the layer
itself is not affected by the thermal effect. This is
effective to prevent or suppress the generation of a hillock,
and h;—_—nce to prevent icar suppress the formation of a
projecting portion on a bubbling surface.

As the material for forming the electrode portion other
than the high melting point metal layer according to the
present invention, a material commonly used as.an electrode
matérié.l in this field can be adopted; however, a metal
having a melting point of - 'less than 1500°C at 1 atm is
preferable. For example, A¢, Cu, Af-Si alloy and A¢ -Cu
alloy are 'preferable, and A¢ is most preferable in the tota.l
‘characteristics. I;z th:.s épecification, the term "metal®
includes "metal .élement" and "alloy", and also it includes a

N

pure metal containing =r'i'c;_ J.mpurJ.ty 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



