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1. Field of the Invention

This invention relates to printers and printer heads.
More specifically, the present invention relates to a
printer, a printer head, and a method for fabricating a
printer head of a thermal method ink-jet printer. In the
present'invention, a heater élement is arranged so as to
overlie a wiring pattern layer carried by a semiconductor
substrate, or a wiring pattern portion for power. supplying
or a wiring pattern portion for grounding, the wiring
pattern portions being carried by a semiconductor substréte.
This allows heat of the heater element to be efficiently
transferred to a liquid ink chamber, even when a driving
circuit is formed with multi—layer wiring.

2. Description of the Related Art

In recent years, there are growing needs for
colorization of‘hard copies in the field of, for example,
image processing. In response to the needs, conventionally,
methods of colorizing hard copies are proposed, such as a
dye sublimation method, thermal wax transfer method, inkjet
method, electrophotography method, and thermally processed

silver process.



silver process. 15 Decenber 2004 2 In the inkjet nmethod, dots are forned i
such a manner that droplets of a recording liquid (ink)s Beentjeected from
nozzl es provided in a recording head and are attached to a recording

medi um al |l owi ng output of high-quality images wth a sinple
configuration. The inkjet nmethod is categorized, by the difference of
technologies of ejecting ink, into an electrostatic attracti on nethod,
continuous oscillation generating methdd-(piezoelectric nmethod), thernal
met hod, and the like. In the thermal nmethod, ink is locally heated to
generate bubbles causing ink to be pushed out fromoutlets and splashed

onto a printi %r@%umlky@tcme@hwmdia% aPEl @Bl\ﬁ"ﬁgad()flnc%lu%'he%. RGeS W th

sinple configuration. A printer enploying the er mal od i s provided

with thetsgt calbpledspbitnhekobead ihiyat il duq%.snk f Qfre Ged Erdigat er
el ement for heating ink, a driving circuit of a oglc i ntegrated circuit

for act uaxhcbﬁglé@ephaaﬁ_dédehﬁnﬁn'&:eCB%HQh"g' G 210 i ﬂeﬁa@a&i&i‘ th a
conventional printer head is illustrated in a partlal sectional view In

printer heacloﬁdmgemea&umsohaubqanr;egm;@ﬁt( H-efiadlitPXxinajdpn of

silicon) 3 for isolating a transistor are forneé;at a p-type silicon

substrat ewRthla simpdescshdiguration. The inkjet method is
categorized, by the difference of technologies of ejecting
ink, into an electrostatic attraction method, continuous
oscillation generating method (piezoelectric method),
thermal method, and the like.

In.the thermal method, ink is locally heated to
generate bubbles causing ink to be pushed out from outlets
and splashed onto a printing medium, which allows for
_printing of colored images with a simple configuration.

A printer employing the thermal method is provided with
the so-called a printer head that inciudes, for example, a
heater element for heating ink, a driving circuit of a logic
integrated circuit for éctuating the heater element.

Referring now to FIG. 6, such a conventional printer
head is illustrated in a partial sectional view. In a'
printer head 1, element isolation regions (LOCOS: Local .
oxidation of silicon) 3 for isolating a.transistor are
formed at a p-type silicon substrate 2. In a transistor
forming region left between the element isolation regions 3

are provided a gate oxide film and the like, so that a MOS

(Metal Oxide Semiconductor) switching transistor 4 is formed.

n
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formng region left. between the elenent isolation regions 3 are provided
a gate oxide filmand the like, so that a MOS (Mtal O6iDeehter cotuct or)
switchi-ng transistor 4 is formed. 15 Decenber 2004 3 Further, over
predeterm ned spots of the elenent isolation regions 3 is deposited HfB2,
TaAl, or the like by sputtering, or heater elenment material such as
polysilicon by CVD. This fornms a resistance filmlocally, thereby
providing a heater element 5 for heattng Fnk. In the printer head 1, the
switching transistor 4 and the heater element 5 are provided with a .
wiring pattern 8 made of Al or the like, so that the heater elenent 5 is’

connect ed wi t hpPenéii t SPLATpEERDEL Phed ggagggg%ﬁgtrtmgietﬂ]%@gnfteater el ement

5. Subsequently, i nsul ati on material suc deposited to

forman ipsoiatisg kayebnd 3298 aepdditeiMues, t BaR10eReSIRM li9cal)y above
the heater element 5 fo provide an anti-cavitation layer 7. Next, dry

film11, ﬁ?ﬁl@t@fsiﬁg,r@%i Reftekhelbhkar aBteadr isidf 44 Al yidi Bidon
sequentially deposited. Further, a liquid ink chanmber 14 having an

orifice 1Bytdwb.i Sripisn foties oattesisPahbe Bilhi techlals tReredyl | ow channel
for introducing ink into the liquid ink chanber 14, and the |like are
formed abprevitiénbeat heatkeneltmént 5 for heating ink.
In the printer head 1, the switching transistor 4 and
the heater element 5 are provided with a wiring pattern 8
made of Al or the like, so that the heater element 5 is
connected with the switching transistér 4 for actuating the
heater‘element 5.
Subsequently, insulation material such as SiO, or SiN is
deposited to form an insﬁlating layer 9, and a Ta film is
‘then deposited locally above the heater element 5 to provide
an anti-cavitation layer 7. WNext, a dry film 11, made of a
resin or the like, and an orifice plate 12 are sequentially
deposited. Further, a liquid ink chamber 14 having an
orifice 13 that is a miﬁute outlet in the orifice plate 12,
a flow channel for introducing ink into the liquid ink-
chamber 14, and the like are formed above the heater element
5.
In the printer head 1, ink is introduced into the
liquid ink chamber 14 and heat is generated at the heater
element 5 by switching operation of the switching transistor

- 4, thereby heating the ink locally. This heating generates

nucleus bubbles over a surface of the heater element 5, and



In the printer head 1, ink is introduced into the |liquid ink chanber 14
and heat is generated at the heater elenent 5 by sw t cith Depeoper 200bn of
the switching transistor 4, thereby heating the ink locally. This heating
generates nucl eus bubbl es over a surface of the heater elenent 5, and 15
Decenber 2004 4 the. nucl eus bubbl es conbine and grow into a filmbubble. In
the printer head 1, the increase in the bubble pressure causes ink to be
pushed out of the orifice 13 and to bEg 4sﬁlashed onto a printing nedia.
Thus, in a printer with the printer head 1, creation of a desired inmage is
achieved by selectively heating the heater elenment 5 so that ink is

interm ttenel justtashedbdned aoRblifbl AAITRGOH iltd he PrimtKibkead kn the
switching transistor 4 for energizing the heater elenment is controlled by

a logic theegraheercheed 1, RakudnageasMOS it RS IRIKE] & p b pe :
transistor. Such a logic integrated circuit is fabricated? concurrently
wi th t he sautehi hgkt tanbiespashédoputhef ¢ candlicieorl 3ubsd riad o, wher eby
the heater elenments (only one heater elenent 5 is shown) can be arranged
at a hi ghspileabetlyonthi 8 priatdegentdisher Fhase, ins aagapindert oritdc e
energi zing the heater elenent by a corresponding switching transistor. In
order to paintarhhghdqdal creatingeofi B idesigesksiamage is achieved by
selectively heating the heater element 5 so that ink is
intermittently attached onto a printing media.

In the printer head 1, the switching transistor 4 for
energizing the heater element is controlled by a logic
integréted circuit including a MOS transistor or bipolar
transistor. Such a logic integrated circuit is fabricated
concurrently with the switching transistor 4 on the
.semiconductor substrate 2, whereby the heater elements (only
one heater element 5 is shown) can be arranged at a high
density. This arrangement, therefore, is adapted to secure

- energizing the heater element by a corresponding switching
transistor. |

In order to gain a high-quality image, it is necessary
to arrange the heater elements at a high density. That is,
to provide, for example, an equiﬁalent guality to 600 DPI,
the heater elements needs to be arranged at intervals of
42.333 pm. However, it is extremely difficult to provide a
discrete driving element for each of the heater elements

arranged in such a high-density. In the printer head 1,

therefore, the switching transistor and the like are



to arrange the heater elements at a high density. That is, to provide, for
exanpl e, an equivalent quality to 600 DPI, the heater H Powmmiseri2ééds to be
arranged at intervals of 42.333 pm However, it is extrenmely difficult to
provide a discrete driving elenent for each of the heater el enents
arranged in such a high-density. In the printer head 1, therefore, the
swtching transistor and the |ike are 15 Decenber 2004 5 fabricated above
the sem conductor substrate and are comRnected to the correspondi ng heater
element 5 by an integrated circuit technology. In addition, the driving
circuit fornmed above the sane sem conductor substrate perforns driving of

each sw t gabidcafednddve thd)ifen RICRNEATEN s oo SAFR| 4hY Rd secure
energi zi ng each heater elenent 5. In order to performprinting at a higher

printing rehaecard Rightle I@stddgdiing Hdad &dment §0pydshVving a
switching transistor also needs to be inproved in the printing rate and
per f or mandetefwatthics caindu fortddihalodifj ViTRg aeidigUidn Oft e RIdiRtig{g head with .
mul ti-layer wiring wusing alum num which is conductive material, is
envi sagedcireuinpriommedcelaper atliengamd & eniddndweto ans @b s argesent ,
however, the distance from the heater elenent 5 to the liquid ink chanber
14 is performs driving of each switching. transistor. This

arrangement can simplify and secure energizing each heater

element 5.

In order to perform printing at a higher printing rate

and higher resolution, a driving circuit for driving a

switching transistor also needs to be improved in the

printiné rate and performance. To this end, forming a

driving circuit of a printer head with multi-layer wiring

.using aluminum, which is conductive material, is envisaged

to improve the operating rate.

With such an arrangement, however, the distance from

the heater element 5 to the liguid ink chamber 14 is

increased, which poses é problem of inefficient heat

transfer from the heater element 5 to the liquid ink chamber

14. That is, when the driving circuit is formed with one-

layer wiring, the interlayer thickness on the heater element

5> is about 0.2 to 0.6 um. In contrast, when the wiring is

formed by adding another layer, the interlayer thickness on

the heater element 5 is increased by about 1 to 1.6 pm. Such

an increase in the interlayer thickness on the heater

element 5 results in inefficient heat transfer from the



i ncreased, which poses a problemof inefficient heat t4; f t he
heater .element 5 to the liquid ink chanber 14. That is15$%%eﬁ@eﬁ5 riving
circuit is formed with one- layer wiring, the interlayer thickness on the
heater element 5 is about 0.2 to 0.6 um In contrast, when the wiring is
formed by addi ng another |ayer, the interlayer thickness on the heater
element 5 is increased by about 1 to 1.6 um Such an increase in the
interlayer thi ckness on the heater elefeit 5 results in inefficient heat
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chanber, us reqU|r|ng greater power-"supply t9'd
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CF THE | NTICN present Tnvent1on provide aprin a
printer head, -ang q@l@c&ﬁeorréﬁbgsfﬁw@o@ Ll f}&@#@?agﬁem tCﬁ al | ow

efficient heat transtfer froma heater enent to anber .
Furt her enbodi nents provide a printer, a printer head, which allow
efficient heat transfer, even when a driving circuit is fornmed with

mul ti -1 ayeuMMaRIOF Ipcaerslanceyw th the first aspect of the invention

there is provided a printer that performs printing by heating ink in

liquid ink chamhewsiisenthRatofi k&lroptedst al Bvention provide a printer,
a printer head, and a method for fabricating a printer head,
which allow efficient heat transfer from a heater element to
a liquid ink chamber.

Further embodiments provide a printer, a printer head,
which allow efficient heat transfer, even when a driving
circuit is formed with multi-layer wiring.

In accordance with the first aspect of the invention,
there is provided a printer that performs printing by
heating ink in liquid ink chambers so that ink droplets are
ejected from selected ones of orifices, said printer
comprising:

a semiconductor substrate, said semiconductor substrate
carrying heater elements for heating the ink; |

switching transistors for actuating said  Theater
elements;

driving circuits for driving said switching
transistors; and

at least one wiring pattern layer,

wherein said heater elements overlie said at least one

wiring pattern layer.



ej ected fromsel ected ones of orifices, said printer ngﬂ&kﬁkﬁﬂ%o@h
sem conductor substrate, said sem conductor substrate carrying heater

el ements for heating the ink; swtching transistors for actuating said
heater elenents; driving circuits for driving said switching transistors;
and at |least one wiring pattern |layer, wherein said heater elenents overlie
said at |east one wring pattern layer._ 15 Decenber 2004 - 7 In
accordance with the second aspect of tﬁé7rhvention, there is provided a

PrLter ! hath PEEERiERRE DG Mhe A | DRER | 88 ALK IATRENS, SO

that ink droplets are ejected from selected ones of inter
Carrying ester olemints Far haat Fag e i mi owiend T s S
actuating isaitd ieate i€l 80gALE; 1k WRGuRIdLWd SthoF gfl?(v'd%ps_@ﬁ are
switching transistors; and at |east one wiring pattern |ayer,; said at
| east oneejected from selected ones of orifices, said printer
comprising:
a semiconductér substrate, said semiconductor substrate
carrying heater elements for heating the ink;
switching transistors for actuating salid heater
elements;
driving circuits for driving said switching
transistors; and
at least one wiring pattern layer, said at least one
wiring pattern layer including a wiring pattern portion for
power supplying and a wiring pattern portion for grounding,
wherein said heater elements overlie said wiring
pattern portion for power supplying or said wiring pattern

portion for grounding.

In accordance with the third aspect of the invention,
there is provided a printer head that ejects ink droplets
from selected ones of orifices by heating ink in liguid ink
Chambers, said printer head comprising:

a semiconductor substrate, said semiconductor substrate
carrying heater elements for heating the ink;

switching transistors for actuating said heater

elements;



wiring pattern layer including a wiring pattern pprtioq5ﬁﬂ&£nﬁ@p560%
supplying and a wiring pattern portion for grounding, wherein sard heater

el ements overlie said wiring pattern portion for power supplying or said
wiring pattern portion for grounding. In accordance with the third aspect
of the invention, there is provided a printer head that ejects ink
droplets from selected ones of orifices by heating ink in liquid ink
chanbers, said printer head conprising:7a sem conductor substrate, said
sem conductor substrate carrying heater elenents for heating the ink

swi tching transisitwirgy for cagbuatsng said heakeringl et g 15 RRGeAg; 2004
-7a- driving circuits for driving said switching “transistors; and at 7 east
one W ri ngypaidiestotsayeindwherein said heater elenments overlie said at

| east one wiring pattern layer. In accordance with the fourth aspect of
the invention, att Hevaest sorps ovi cliaty sppriater 1agad, that ejects ink droplets
fromsel ected ones of orifices by heating ink in liquid ink chanbers, said
printer head comissimgsaid seaatendadtemensybstucatle.e s&d1d S&ni cenducinle

substrate
wiring pattern layer.

In accordance with the fourth aspect of the invention,
there is provided a printer head that ejects ink droplets
from selected ones of orifices by heating ink in liquid ink
chambers, said printer head comprising:

a semiconductor substrate, said semiconductor substrate
carrying heater elements for heating the ink;

switching transistors for actuating said heater
elements;

driving circuits for driving said switching
transistors; and

at least one wiring pattern layer. Said at least one
wiring pattern layer including a wiring pattern portion for
power supplying and a wiring pattern portion for grounding,

wherein said heater elements overlie said wiring
pattern portion for power supplying or said wiring pattern

portion for grounding.

In accordance with the fifth aspect of the invention,
there is provided a method for fabricating a printer head
that has a semiconductor substrate, said semiconductor

substrate carrying heater elements, switching transistors



carrying heater elenents for heating the ink; swtchi ng5t[5@ééﬁ4b%}%§4for
actuating said heater elenents; driving circuits for driving sard
switching transistors; and at |east one wiring pattern |ayer. Said at

| east one wring pattern layer including a wiring pattern portion for
power supplying and a wiring pattern portion for grounding, wherein said
heater el enents overlie said wwring pattern portion for power supplying or
said wiring pattern portion for groundypg- In accordance with the fifth
aspect of the invention, there is provided a nethod for fabricating a

printer head &thahabasga $£0d CORAUGEOr cJURShiEal €, B8 dh§ e LRdU Oy
substrate carrying heater elenents, switching transistofs 15 Decenber 2004

- 7b  for cadtwialg nea @i swhesh efigekerBBl Sitotsl, Viaad Gt Clid st f ohe GhiVILAY
said switching transistors, and at |east one wiring pattern layer, said

met hod comartitsimg:laher Step dfmgitioyd deagpsastnheat er el enents so that said
heater elenments overlie said at | east one wiring pattern layer. In
accordance wi t thtehestsxtdt gepectdiofg tdelid nveatéoneleiwbete 6 phavi dadda
met hod for fabricating a printer head

heater elements overlie said at least one wiring pattern

layer.

In accordance with the sixth aspect of the invention,
there is provided a method for fabricating a printer head
that has a semiconductor substrate, said semiconductor
substrate carrying heater elements, switching transistors
for actuatiné sald heater elements, driving circuits for
driving said switching transistors, and at least one wiring
pattern layer including a wiring pattern portion for power
supplying and a wiring pattern portion for grounding, said
method comprising:

the step of providing said heater elements so that said
heater elements overlie said at least one wiring pattern

layer.

As a result, the heater elements can be arranged in
closer proximity to liquid ink chambers, as compared to a case
in which the heater elements are arranged to underlie the
wiring pattern poftion. Accordingly, heat of the heater
elements can be efficiently introduced to the 1liquid ink
chambers, even when, for example, driving circuits are formed

with multi-layer wiring.



that has a sem conductor substrate, said sem’conductor1 bst at§0@$rrying
heater el enents, switching transistors for actuating sal %@3#% enent s,
driving circuits for driving said switching transistors, and at |east one
wiring pattern layer including a wiring pattern portion for power
supplying and a wiring pattern portion for grounding, said nethod
conprising: the step of providing said heater elenents so that said heater
el enents overlie said at | east one witring pattern layer. As a result, the
heater el ements can be arranged in closer proximty to liquid ink
chanber s, BERIEOMESERIPDIEN COBETHE nDMWThGEhe heater el ements are arranged
to underlie the wring pattern portion. Accordingly, heat of the heater
el enents can b&Teff ilciientd pairtii bddgeedi d@al heidw hélvimk a cdranhense even
when, for exanmple, driving circuits are formed wth multi-layer wiring. 15
Decenber 20Qkintéxr -heBlRl EedESGROPECON GH rEHE RANINGDLFIE thd oreseant i al
sectional view show ng a structure of a printer head according to a first
enbodi nentinyfenthenpr esent invention; FIGS. 2A and 2B are partial sectional
views showi ng processes for fabricating the printer head of FIG 1,

FIGS. 2A and 2B are partial sectional views showing

processes for fabricating the printer head of FIG. 1;

FIGS. 3A and 3B are partial sectional views showing
processes for fabricating the printer head of FIG.'l;

FIG. 4 is a partial sectional view of a printer head
according to a second embodiment of the present invention;

FIG. 5 is a partial sectional view of a printer head
according to a third embodiment of the present invention;
and

FIG. 6 1s a partial sectional view of a conventional



FIGS. 3A and 3B are partial sectional views show ng processes for
fabricating the printer head of FIG 1; FIG 4 is a partsRdcesezrpotal view
of a printer head according to a second enbodi nent of the present
invention; FIG 5 is a partial sectional view of a printer head according
to a third enbodi nent of the present invention; and FIG 6 is a partial
sectional view of a conventional 15 Decenber 2004 8 printer head.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT8Embodi nents of the present
invention will now be described, by way of exanple, with reference to the
acconpanyi ng drawi ngs. (1) Enbodinent 1 (1-1) Configuration of First
Enbodi menprkhGerlhesada partial sectional view of a printer head. A printer
head 21 is used in a printer according to a first enbodi nent of the
present invention. In this enbodinent, elenents that are identical to
those of the printer head previously described in conjunction with FIG 6
are denot BASCRIPIIDNKOFr @HEr eREFERRER’ EMBopamENdescri ption of such
el enents shall be omitted for brevity. In fabrication of the printer head
21, as shown iFmbBdiments of the present invention will now be

.described, by way of example, with reference to the

accompanying drawings.

(1) Embodiment 1
(1-1) Configuration of First Embodiment

FIG. 1 is a partial sectional view of a printer head. A
printer head 21 is used in a printer according to a first
embodiment of the present invention. In this embodiment,
elements that are identical to those of the printer head
previously described in conjunction with FIG. 6 are denoted
with like reference numerals, and description of such
elements shall be omitted for brevity.

In fabrication of the printer head 21, as shown in FIG.
2h, element isolation regions (LOCOS: local oxidation of
silicon) 23 which isolate transistors are formed on a pre-
cleaned p-type silicon substrate 22. To fabricate element
isclation regions 53, a silicon nitride fiim is first formed
on the p-type silicon substrate 22, and patterned by
lithography and reactive ion etching to remove part of the
Silicon nitride film. Further, the resulting structure is

subjected to thermal oxidation treatment with the pattern.



2A, elenment isolation regions (LOCOS: |ocal oxidation of silicon) 23 which
isolate transistors are formed on a pre- cleaned p-typelshédetter 20pst rat e
22. To fabricate elenent isolation regions 23, a silicon nitride filmis
first formed on the p-type silicon substrate 22, and patterned by

| i t hography and reactive ion etching to renove part of the silicon nitride
film Further, the resulting structure is subjected to thermal oxidation
treatment with the pattern. 15 Decenbar 22004 9 Subsequently, after:a

cl eani ng- process, gates having a tungsten silicide/polysilicon/thermally
oxide filmstructure are forned in transistor form ng regions that have

been |eft betS\@I@@eaglhéﬂ’eDji,'i sptati @nc1§9h9ﬁ§ BBockHEl hghtelsORavifR anting
for form ng source/drain regions and thermal "treating are perforned to

form MOS tunagstenordlithaedpbDEstilansndtoesmpnayi @ iRl W t16hitg-ddtanss st or
24A, which is connected via a heater elenent to a power supply of 30V,
for energazenformedhdat erankéseot, fartiag tegisinst ahaddBfe dddgileft
integrated circuit, which is operated by a power supply of 5V, for
driving thetweenckiegentr arsilation24AgiAnBPSG.( BBngphesphasinl i.cate d ass)
film25 is then deposited by CvD (Chem cal Vapor Deposition), and contact
hol es ar eimptantiapoferafdimfing enurapddrisioumrees/csaiais) tifermal
treating are performed to form MOS transistors.
These MOS transistors provide a switching transistor
24A, which is connected via a heater element to a power
supply of 30 V, for energizing the heater element, and a
transistor 24B of a logic integrated circuit, which is
operated by a power supply of 5 V, for driving the switching
transistor 24A.
A BPSG (BorophosphoSilicate Glass) film 25 is then
deposited by CVD (Chemical vapor Deposition), and contact
holes are formed above a diffusion layer (sources/drains) bf
the semiconductor substrate by photolithography and reactive
ion etching with a CFx éas.
Subsequently, as shown in FIG. 2B, after a cleaning
process with dilute hydrofluoric acid, a titanium film
having a thickness of 20 nm and a titanium nitride film
having a thiqkness of 60 nm are sequentially deposited by
spuftering. Further, aluminum containing copper of 0.6
atomic percent is deposited to have a film thickness of 600

nm. The resulting structure is, then subjected to

photolithography and dry etching to form a first wiring



t he sem conduct or substrate by photolithography and reactive ion etching
with a CFx gas. Subsequently, as shown in FIG 2B, aft b5 Reirdan2ogy
process with dilute hydrofluoric acid, a titaniumfilm having a thickness
of 20 nmand a titaniumnitride film having a thickness of 60 nmare
sequentially deposited by sputtering. Further, alum num contai ning copper
of 0.6 atomc percent is deposited to _have a filmthickness of 600 nm
The resulting structure is, then subrééted'to phot ol i t hography and dry
etching to forma first wiring 15 Decenber 2004 - 10 pattern layer 28. In
the printer head 21, the first wiring pattern |layer 28 and the MOS

transi st opa@é8rhhdbyeengsit utestha girivteo BeAGURL,atRel MieseoRieehad,
thereby formng the logic integrated circuit. Next, on the first wiring

pattern |pyete?f, lahkeeh2Bsandadacofosl wrangistiosr dapositiaad cosiditeates
oxidation film(the so-called "TECS') 29, which is subsequently planarized
by a CMra(dhewingl ciechani eak Pakkegbbngkctredr,edihstredtyc Edmacikngridress
Thereafter, as shown i'n FIG- 3A, a via hole connecting to the first |ayer
al umi num Wgiagintefiorired byrcphotol i t hography and dry etching. An al um num
wiring layer is then fornmed by sputtering in the same manner as the first
Next, on the first wiring pattern layer 28, which is
made of aluminum, is deposited a silicon oxidation film (the
so-called "TEOS") 29, which is subsequently planarized by a
CMP (Chemical Mechanical Polishing) or resist etch-back
process
Théreéfter, as shown in FIG. 3A, a via hole connecting
to the first layer aluminum wiring is formed by
photolithography and dry etching. An aluminum wiring layer
is then formed by sputtering in the same manner as the first
'wiring layer, and is subjected to photolithography and dry
etching to form a second aluminum wiring pattern layer 30.
The second wiring pattern layer 30 provides a wiring pattern
portion 31 for power suﬁplYing and a wiring pattern portion
32 for grounding. Subsequently, a silicon nitride film 34
is deposited by CVD and planarized by a resist etch-back
process or the like. H
Next, as shown in FIG. 3B, a via hole connecting to the
second aluminum wiring pattern layer is formed by
photolithography and dry etching. Further, a titanium £ilm

having a thickness of 10 nm, and a titanium nitride or

tantalum film having a thickness of 100 nm are sequentially



wiring layer, and is subjected to photolithography and dry etching to form
a second alumnumw ring pattern | ayer 30. The second 16iDédeenteabd® n | ayer
30 provides a wiring pattern portion 31 for power supplying and a wiring
pattern portion 32 for grounding. Subsequently, a silicon nitride film 34
I s deposited by CVD and planarized by a resist etch-back process or the

| i ke. Next, as shown in FIG 3B, a via qup connecting to the second

alum numw ring pattern layer is forne&' y photolithography and dry
etching. Further, a titaniumfilm having a thickness of 10 nm and a
titaniumnitride or tantalumfilmhaving a thickness of 100 nmare

sequent i afl¢goaEt@dcéndpwr tRe0dowetllagepodiyt eputteminigs | Ther rhaydtiby
sputtering. The resulting structure is then subjected to photolithography
and dry SfERCHEreols abhppasubiepsatetoepbnsol i¥boguaphy ansi Idmyon nitride
film36 that serves as an ink protection layer is formed with a thickness
of about eEhhRY tanfabrigatsel amheptararlegeas 35t -cavitation filmis

formed wth a_thickness of 200 to, 300 D”‘bé Sguttering; Finally, a Iliquid
i nk chamber 1A®X%E £ | {yf thifrel RleRide hEiinkabaEBatopRrETSE02Fr 8% dakt he

conpleted printer head 21 as shown .in, FIG 1. (1-2 eration of First
EnggdinEHQ otection ?ayer %s formed with a thic&ne S %% about 300 nm,

and a tantalum film 37 as an anti-cavitation film is formed
with é thickness of 200 to 300.nm by sputtering. Finally, a
ligquid ink chamber 14, a flow channel, and the like are

formed to provide the completed printer head 21 as shown in

FIG. 1.

(1-2) Operation of First Embodiment

In the above configuration of the printer head 21, as
shown in FIG. 2A, the switching transistor 24A and the
transistor 24B of the driving circuit are firstly fabricated
on the p-type silicon substrate 22. WNext, as shown in FIG.
2B, the first wiring paﬁtern layer 28 is formed to connect
the transistor 24B of the driving circuit, thereby
constituting the driving circuit. Subsequently, the
insulating layer 29 is formed, and then, as shown in FIG. 3A,
the second wiring pattern layer 30 is formed, thereby
connecting the driving circuit to the wiring pattern portion
for power supplying and the switching transistor 24A.
Further, a wiring battern portion for connecting the

switching transistor 24A to the heater element, and the



In the above configuration of the printer head 21, as shown in FIG 2A,
the switching transistor 24A and the transistor 24B of13 becahiieri2ng4circuit
are firstly fabricated on the p-type silicon substrate 22. Next, as shown
in FIG 2B, the first wiring pattern layer 28 is fornmed to connect the
transi stor 24B of the driving circuit, thereby constituting the driving
circuit. Subsequently, the |nsulat|ng jbayer 29 is forned, and then, as
shown in FIG 3A, the second wiring pattern | ayer 30 is forned t her eby
connecting the driving circuit to the wiring pattern portion for power
supplying and the swtching transistor 24A. Further, a wiring pattern
portion ﬂ@#rkﬁﬁnﬁﬁﬁt¢ﬁptmﬁﬁt%ﬂWt%hlﬁ@rt¢©hsest®n92nhetbe@m@rhééﬁmmﬂéienent
and the 15 Decenber 2004 12 wring pattern portion 31 for connecting the
heat er elENEhtPOYDE o5 HRIEY %@%pﬁ®r®@£ formed. Next, the heater elenment 35
Is fabricated so as to overlie those wiring atterns and then the
protection | ayext 3¢ daaternmienant 3n i b Eégétcg?eéréosé&uéﬁtlalIy
deposited to Drntthe I|qg|d i nk chanber and the |ike. This .arrangenent
al | ows tH&Y @rRPLTERtT 559 tRABECT AP | *BHeBNED tB@ P6Q§ESQ%Q?tﬁ%¥%ﬁrlng

pattern t|o for ower I n so that the heater ment 35 is in
cont act (éh ?ﬂ?ﬁgﬁ r13¥ey; %tﬁé p?&ﬂ&@?ﬁ&ﬁll ver 36 and the
anti -

deposited to form the liquid ink chamber and the like. This
arrangement allows the heater element 35 to be fabricated so
as to overlie the wiring pattern portion for power supplying,
so that the heater element 35 is in contact with the liquid
ink chamber 14 via the protection layer 36 and the anti~
cavitation layer 37. Thus, in the printer head 21, heat
generated by the heater element 35 can be rapidly
transmitted to the liquid ink chamber 14, thus allowing heat
6f the heater element 35 to be efficiently transferred to
the liguid ink chamber 14. As a result, the heater element
35 can be energized with small electric power to eject an
ink droplet from the printer head 21; therefore, the
reliability of the heater element 35 is enhanced to allow

for high rate printing.

(1-3) Advantage of First Embodiment

| According to the above configuration, a heater element
is arranged so as to overlie a wiring pattern portion for
power supplying, the wiring pattern portion for power

supplying being ‘arranged at an uppermost wiring pattern.



cavitation layer 37. Thus, in the printer head 21, heat generated by the
heater element 35 can be rapidly transnmitted to the |il§leteimber 8bthber 14,
thus al'l owi ng heat of the heater elenent 35 to be efficiently transferred
to the liquid ink chanber 14. As a result, the heater elenment 35 can be
energized with small electric power to eject an ink droplet fromthe
printer head 21; therefore, the reliabjdity of the heater elenent 35 is
enhanced to allow for high rate printing. (1-3) Advantage of First

Enbodi nent According to the above configuration, a heater elenment 1is
arranged so as to overlie a wiring pattern portion for power supplying,
the wiri nghpat perangemensn toersdaee, addpiws raf s e tarheniydorais fer
uppernost wiring pattern. 15 Decenber 2004 - 13 This arrangenent,
therefore?raml53§ BeeterepleReat tramsfldquii dmk ihandmer etemprien o a
l'iquid iné chanber, even when a driving circuit is formed with nmulti-Iayer
wiring. (2YLlEABEdFAERIIE REf dPrmed Mawh SURtG-layer pwiming. head to be

i ncorporated in a printer according to a second énbodi nrent of the present
invention is shown in a partial sectional view In the configuration shown
in FIG 4 I nt.s that . are identical to those of the printer head
previousl&z? ﬁHBodlmen% 2

Referring now to FIG. 4, a printer head to be
incorporated in a printer according to a second eﬁbodiment
of the present invention is shown in a partial sectional
view. In the configuration shown in FIG. 4, elements that
are identical to those of the printer head previouély
described in conjunction with FIG. 1 are denoted with like
reference numerals, and description of such elements shall
be omitted for brevity.

In a printer head 41, a first wiring pattern layer 42A
and a second wiring pattern layer 42B form a logic
integrated circuit. Further, the first wiring pattern layer
421 iﬁterconnects a driVing circuit and the switching
transistor 24A. A third wiring pattern layer 42C connects
the driving circuit to a ground and a power supply, and also
provides a wiring pattern for the heater element 35. ~In the
printer head_él, therefore, the heater element 35 is
arranged so as to overlie the wiring pattern portion for
power supplying, the wiring pattern portion for éower
supplying being arranged at the uppermost wiring pattern

layer of the three-layer wiring structure. Thereafter, the



described in conjunction with FIG 1 are denoted with |ike reference
nunmeral s, and description of such el enents shall be oribtDeaentber 2004vity.
In a printer head 41, a first wiring pattern | ayer 42A and a second wring
pattern layer 42B forma logic integrated circuit. Further, the first
wiring pattern |ayer 42A interconnects a driving circuit and the sw tching
transi stor 24A. A third wiring pattern,l,ayer 42C connects the driving
circuit to a ground and a power supply, and also provides a wiring pattern
for the heater elenent 35. In. the printer head 41, therefore, the heater
element 35 is arranged so as to overlie the wring pattern portion for
power suppr9iegtienelaverngdpather anpbrcavatadiopolarersdgpl yindg thei ng
arranged at the uppernost wiring pattern |ayer of the three-layer wiring
st ruct ur el 1gnéd edRkefharher 154 peabdbthe2ddke- arge fpraedsti on | ayer 36, the
anti-cavitation layer 37, and the |iquid ink chanber 14, and the like are
formed. Accor AFRPEIGLARL R drte TRt i Frrahbon FROFRGLRAFIBRed  hERBer el enent
is arranged so as.to overlie the wiring pattern paortion far power ‘
suppl yi ngteRher wht PRE pat f eRRE2BERE BA PﬁrtBoﬂEPrE&SpWFﬁhﬁlﬁémﬁb arr anged
at the uppe st wiring layer. This arrangenent can ,provi de the sane
advantagegﬁégg ntﬂgr#Fggt%éﬁbBHVﬁEn§?PB€¥gnﬂortﬂFrWH51n9 pattern

portion for power supplying being arranged at the uppermost

wiring layer. This arrangement can provide the same

advantage as in the first embodiment, even for wiring

patterns of a three-layer structure.

(3) Embodiment 3

Referriﬁg now to FIG. 5, a printer head to be
incorporated in a printer according to a third embodiment of
the present invention is shown in a partial sectional view.
In the configuration shown in FIG. 5, elements that are
identical to those of the printer head previously described
in conjunction with FIG. 1 are denoted with like reference
numerals, and description of such elements shall be omitted
for brevity.

In a printér head 51, a first wiring pattern layer 52a
and a second_wiring pattern layer 52B form a logic
integrated circuit. Further, the first wiring pattern layer
522 interconnects a driving circuit and the switching
transistor 24A. The second wiring pattern layer 52B

connects the driving circuit to a ground and a power supply,



patterns of a three-layer structure. (3) Enbodinent 3 Referring nowto FIG
5 a printer head to be incorporated in a printer accdsdigvgnber200hird
enbodi ment of the present invention is shown in a partial sectional view
In the configuration shown in FIG 5, elements that are identical to those
of the printer head previously described in conjunction wwth FIG 1 are
denoted with like reference nunerals, 1&d description of such el enents
shall be omtted for brevity. In a printer head 51, a first wiring pattern
| ayer 52A and a second wiring pattern layer 52B forma logic integrated
circuit. (£ er, the férst wWrin g pattern |layer 52A intercqgnnects a
driving @R SQNRF?% EI%% 2 cYit Ry 9t PAREPERoL T4 RheTReasE8 0 fd Sferitng > -

pattern |l agyer connects th |V|n circuit to.,a ground and a power
suppl v, t@y ce %r SHe%ehnte 3 g pFBv BglguﬁﬁﬁlW&tﬁaﬁt§ﬁﬁ‘#@ﬁthe heat er

i ring stPUEC S TR CrRG BhEE FRETHAFS! RBSCPFATERS RHSFBY, ﬁ%ee'%g; er

I I t tt ti
pover sundlS et Eh e enE 3 b ot R eR ke BBFboROr 8P pEuEe SEaidh Wiy boi ng
arrangedgﬁﬁlngé%lon Sﬁnénrwﬁgﬁ gfgabgﬁﬁg gﬁ%ﬁiy&ng,h%h%}%H%E_re Accordi ng

to the c
pattern portion for power supplying being arranged at the

uppermost wiring pattern layer of the structure.

According to the configuration shown in FIG. 5, the
heater element is arranged so as to overlie the wiring
patternlportion for power supplying, the wiring pattern
portion for power supplying béing arranged at the uppermost
wiring layer. This arrangement can provide the same
advantage as in the first embodiment, even for wiring

patterns of a two-layer structure.

- (4) Other Embodiments

In the embodiments described above, the heater element
has been described as being arranged closer to a power
supply and being actuated by a switching transistor; however,
tﬁe present invention is.not limited thereto. For example,
the present invention can be widely applied, as.opposed to
the aforementioned embodiments, to a case in which a heater
element is energized with negative power supply, wherein the
heater element is arranged closer to a ground and is

actuated by a switching transistor. In such a case, the



heater elenment is arranged so as to overlie the wring pattern portion for
power supplying, the wiring pattern portion for power 1Supsdeybreg 2@ ng
arranged at the uppernost wiring layer. This arrangenent can provide the
same advantage as in the first enbodi nent, even for wiring patterns of a
two-| ayer structure. (4) O her Enbodinents In the enbodi nents descri bed
above, the heater elenment has been desgfibed as being arranged closer to .a
power supply and being actuated by a swtching transistor; however, the
present invention is not limted thereto. For exanple, the present
I nvention can be mﬁdel¥ applied, as opposed to the aforenentioned
enbodi ment8ater glemseti Mayhbehazrpagesr scelasndimt Gt @ 7Zebr g h
negative power supplzh wherein the " heater element is arranged closer to a
ground and@FECTBCPRELEANDLTCH FRPUBHILAG rt LAY iVEHOMY IRRERRIM PNt he 15
Decenber §004 - 16 _.heater elenment may be arranged so as, to overlie a
wiring pat¥ePROPBREPEnPROPIGRELABTRE, atthETWURBRFINRt ork 1o t1FET f or
groundi ng_bei n ranged at an uppernost wiring layer carried by a
senicondu%?B?lgﬂgéYrﬁtEngHOPHHCEHEo&ﬁaﬁﬂﬁ?Qﬁscribed above, the
description h _€Een iven fo tae case i,n i ch the qgivin circyit and
the 1ike areaﬁbr | ﬁﬁ?%gh%??fgl ﬁﬁ?rﬁﬁﬁpn ggﬁﬁme&éﬁ, Qﬂfrf%tlonlﬁas

been given for the case in which the driving circuit and the

like are formed with multi-layer wiring; however, the

present invention is not limited thereto. For example, even

when the driving circuit and the like are formed with one-

layer wiring, arranging a heater element so that the heater

element overlies a wiring pattern portion for power

supplying or a wiring pattern portion for grounding allows

for closer arrangement of the heater element to a liquid ink

chamber by a thickness of the wiring pattern. This allows

efficient heat transfer from the heater element to the

liguid ink chamber, as compared to a conventional one.

Further, in the embodiments described above, the
description has been given for the case in which the heater
element is formed by deposition of a titanium nitride film

"and a titanium film, the wiring pattern portions by
deposition of aluminum and the like, and the anti-cavitation
layer by tantalum. However, the present invention is not
limited thereto. For example, the present invention can be

widely applied to cases in which a heater element, wiring

patterns, and an anti-cavitation layer are formed of various



present invention is not limted thereto. For exanple, even when the
driving circuit and the like are formed with one- | ayeri3dedenther2004ngi ng a
heater el ement so that the heater elenent overlies a wiring pattern
portion for power supplying or a wiring pattern portion for grounding
allows for closer arrangenent of the heater elenent to a liquid ink
chanber by a thickness of the wiring patiern. This allows efficient heat
transfer fromthe heater elenent to the |iquid ink chanber, as conpared to
a conventional one. Further, in the enbodi ments described above, the
.description has_been given for the case in which the heater elenent is
formed byMABBBARLFoniBFLEAiNgaAi GAFAI L0 HRLCH wheak@adan ShemaRY 15 t he
W ring pattern _portions b{,dep05|t|on of alum numand the |like, and the
anti - cavi taFRef °FapelyByLi§RPal um However, the present invention is not
limted thereto. <Eor exanple, the rese |nventbon can be wdely applied

to cases in mh%%h SSHeLPe! @Perents cﬁPFahﬁg EQtF PnBregpgtadnvention,
oL oo AL apckeeLaate o e ehounios 15 BeRe 0T
Roat or ol BRERERS TV PENGEATeR abY, § SUBr LR elRRs: RyP At Toyr carri ed
by a Se”‘ﬁ??gﬁﬁtﬁétﬁggﬁtﬁgE%loﬁrf@r power supplylng or a wiring
| pattern portion for grounding, the wiring pattern portions
being carried by a semiconductor substrate. This allows
heat of a heater element to be efficiently transferred to a
1iquid-ink chamber, even when a driving circuit is formed
with multi-layer wiring.
While the present invention has been particularly shown
and described with reference to specific embodiments thereof,
.it should be understood that other embodiments of the
present invention beyond embodiments specifically described
herein may be made or practiced without departing from the
scope of the invention. Accordingly, such undisclosed and
apparent embodiments, changes, variations, and modifications

are considered to be within the spirit and scope of the

present invention.



wWiring pattern portion for power supplying or a wiring pattern portion for
grounding, the wiring pattern portions being carried by RBecaibeeonoict or
substrate. This allows heat of a heater elenent to be efficiently

transferred to a liquid ink chanber, even when a driving circuit is forned
with nmulti-layer wiring. While the present invention has been particularly
shown and described with reference to specific enbodi nents thereof, it

shoul d be understood that other enbadingnts of the present invention beyond
enbodi ments specifically described herein may be made or practiced w thout
departing fromthe scope of the invention. Accordingly, such undi sclosed

and app t iments,, changes, variations, and nodifications are
consider@giEoIggB%ggﬁ%H S spirit and scope of the present invention. 15

Decenber 2004 - 18 WHAT IS CLAIMED IS: 1. A printer that performs printing
by heating ink in Iliquid ink chanbers so that ink droplets are ejected

T I O et e 8 o
heating §Bg,kAK nRMEhGRNAFs FA1HaY Ak o AN SAA A &Iy ©f enent s
selected ones of orifices, said printer comprising:
a semiconductor substrate; said semiconductor substrate
carrying
heater elements for heating the ink; switching
transistors for ac£uating said heater elements;
driving circuits for driving said switching
transistors; and
at least one wiring pattern layer;

wherein saild heater elements overlie said at least one

wiring pattern layer.

2. The printer of claim 1, wherein said at least one
wiring pattern layer comprises a plurality of wiring pattern

layers.

3. A printer that performs printing by heating ink in
liguid ink chambers so that ink droplets are ejected from'
. selected ones of orifices, said printer comprising:
a semiconductor substrate; said semiconductor substrate
carrying

heater elements for heating the ink;



driving circuits for driving said swwtching transistors; and at |east one
wiring pattern |ayer; wherein said heater el enents over1i Besamitbr 2004 east
one wring pattern layer. 2. The printer of claiml1l, wherein said at |east
one wring pattern |ayer conprises a plurality of wiring pattern |ayers.
3. Aprinter that perforns printing by heating ink in [liquid ink chanbers
so that ink droplets are ejected from selected ones of orifices, said _
printer conprising: a sem conductor supgtrate; said sem conductor substrate
carrying heater elenents for heating the ink; 15 Decenber 2004 - 19
switching transistors for actuating said heater elenents; driving circuits
for driving said switching transistors; and at |east one wiring pattern

| ayer, said a$WibGBingnErapFipkgrpaiedr ROtAPEANhAaid RLaE® ri ng pattern
portion for power supplying and a wiring pattern portion for grounding,
wher ei n §aFBeR&&tier el ements overlie said wiring pattern portion for power

supplying or 32591%%f%2%c83%ée%2r driving said switching
transistors; and
at least one wiring pattern léyer, said at least one’
wiring pattern layer including a wiring pattern portion for
power supplying and a wiring pattern portion for grounding,
wherein said heater elements overlie said wiring

pattern portion for power supplying or said wiring pattern

portion for grounding.

4. The printer of claim3 , wherein said at least one
wiring pattern layer comprises a plurality of wiring pattern

layers.

5. A printer head that ejects ink droplets from
selected ones of orifices by heating ink in liquid ink
chambers, said printer head comprising:

a semiconductor substrate; said semiconductor substrate
carrying

heater elements fér heating the ink;

switching transistors for actuating said heater
elements;

driving circuits for driving said switching

transistors; and



portion for grounding. 4. The printer of claim3 , wherein said at |east
one wring pattern |ayer conprises a plurality of w ritgDeantler2004ayers.
5. Aprinter head that ejects ink droplets from selected ones of orifices
by heating ink in liquid ink chanbers, said printer head conprising: a
sem conduct or substrate; said sem conductor substrate carrying heater

el ements for heating the ink; switching transistors for actuating said
heater elenents; driving circuits foradriving said switching transistors;
and 15 Decenber 2004 - 20 at |least one wiring pattern |layer; wherein said
heater elements overlie said at |east one wring pattern layer. 6. A
printer head thah cts ink dro Iets from selected ones of orifices by
heating ink iff &é O W Patterny Iaviefier head conprising: a

sem conduct or ubstrate i d, sem ondu tor substrate . carrying heater
el ements for H Fﬁ@ Fﬁédf%ﬁater elements overlie said at Yeast one

wiring pattern layer.

6. A printer head that ejects ink droplets from
selected ones of orifices by heating ink in liquid ink
chambers, said printer head comprising:

a semiconductor substrate; said semiconductor substrate
carrying

heater elements for heating the ink;

switching transistors for actuating said heater
elements;

driving circuits for driving said switching
transistors; and

at least one wiring pattern layer, said at least one
wiring pattern layer including a wiring pattern portion for
power supplying and a wiring pattern portion for grounding,

wherein said heater elements overlie said wiring
pattern portion for power supplying or said wiring pattern

portion for grounding.

7. A method for fabricating a printer head that has a
semiconductor substrate, said semiconductor substrate
carrying heater elements, switching transistors for

actuating said heater elements, driving circuits for driving



switching transistors for actuating said heater elenents; driving circuits
for driving said switching transistors; and at |east otfeDeganibeg2pédtern

| ayer, said at | east one wring pattern layer including a wiring pattern
portion for power supplying and a wiring pattern portion for grounding,
wherein said heater el enents overlie sa%g wiring pattern portion for power
supplying or said wiring pattern porfi for grounding. 7. A nethod for
fabricating a printer head that has a sem conductor substrate, said

sem conductor substrate carrying heater elenments, switching transistors
for actuatahg switchéayetrehsimhdss,dandi ag teasti baef adirdngvipagtézn
Decenber 2004 - '21 said switching transistors, and at | east one wring
pattern |byeer, sadddmeehbddcoappissngg:t he step of providing said heater
el ements so that said heater elenents overlie said at | east one wiring
pattern |ayer.ti®e steptdibdroridang isatd ngeaterialenchbadsehthahasaad

sem conduct or substrate, said sem conductor substrate carrying heater

el enents, BoREeRi Ageneans| everticoraidcatalbAgtsand waatlag QE@W@NDS

driving circuits for driving
layer.

8. A method for fabricating a printer head that has a
semiconductor substrate, said semiconductor substrate
carrying heater elements, switching transistors for
actuating said heater elements, driving circuits for driving
said switching transistors, and at least one wiring pattern
layer including a wiring pattern portion for power supplying
and a wiring pattern portion for grounding, said method

- comprising:

the step of providing said heater elements so that said

heater elements overlie said at least one wiring pattern

layer.

9. A method of printing onto a print medium, comprising
the step of printing using the printer of any one of claims 1

to 4 or thée print head of any one of claims 5 and 6.



said switching transistors, and at |east one wiring pattern |ayer
including a wiring pattern portion for power supplying 15dPepembsr 200
pattern portion for grounding, said nethod conprising: the step of

provi ding said heater elenents so that28ard heater elenents overlie said
at least one wiring pattern layer. 9. A nethod of printing onto a print
medi um conpri sj e ST o] S rd - y one of
clains 1 to 4 %‘?ﬂ%‘%%@br‘i‘%ﬁ%%’% o%ﬁhr%#?%%ﬁg%ﬁ%tﬁ%q&@ PRI NTER,
PRI NTER HEAD, AND METHOD FOR FABRFRANTER BRARTER HEAD ABSTRACT OF THE

Dl SCLOSURE A printer and a printer head enploying a thermal inkjet nethod
are di scldBEPRANT ekt BHE ePEREChOSUBEarranged so as to overlie a wiring
pattern layer carried by a sem conductor substrate, or a wiring pattern
portion for power supplying or a wiring pattern portion for grounding, the
wWring pattern portions being carried by a sem conductor substrate. This
arrangenent alft RIELHERE Jthet REN ST theadecmplogivgedt thesnpd énkjetently

transferred to_a liquid ink chanber. ) ‘
method are disclosed. A heater element is arranged so as to

overlie a wiring pattern layer carried by a semiconductor
substrate, or a wiring pattern portion for power supplying
or a wiring pattern portion for grounding, the wiring
pattern portions being carried by a semiconductor substrate.
This arrangement allows heat generated by the heater element

to be efficiently transferred to a liquid ink chamber.

Figure 1



