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PRI NTER HEAD BACKGROUND OF THE I NVENTION 1. Field of t1sDédunsidricond This
i nvention relates to printers and printer heads. More specifically, the

pr esent

invention relates to a printer, a printer head, and a net hod

for
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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.



15 Decenber 2004 2 In the inkjet nethod, dots are forned in such a manner
that droplets of a recording liquid (ink) are ejected fisdDecenier o4

provi ded
al | owi ng

in a recording head and are attached to a recording nedi um

out put of high-quality images wth a sinple configuration. The

i nkjet nmethod is categorized, by the difference of technol ogi es of

ej ecting

ink, into an electrostatic attracti on nethod, conti nuous

oscillation generating method (piezoeteétric nmethod), thernmal method,
In the thermal nethod, ink is locally heated to generate bubbles

the like.
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I solating a transistor are forned at a p-type silicon substrate 2. In a
t ransi st owith oa ns igpl egeonflightrathenweenhéhénkljefenethsa aki on regi ons 3

are provided a gate oxide filmand the like, so that a MOS

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.



(Metal Oxide Sem conductor) switching transistor 4 is formed. 15 Decenber
2004 3 Further, over predeterm ned spots of the el enenti5 Deeirddler 0004 egi ons
3 is deposited H B2, TaAl, or the like by sputtering, or heater el enent
material such as polysilicon by CVD. This forns a resistance film

| ocal |y, thereby providing a heater elenent 5 for heating ink. In the
printer head 1, the switching transistor 4 and the heater elenent 5 are
provided with a wiring pattern 8 made3of Al or the like, so that the
heater elenment 5 is connected with the switching transistor 4 for
actuating the heater elenent 5. Subsequently, insulation material such as

SiQ or SiN imyrdepesibedrtorias ﬁﬁiﬁ@auég%iceggkaxﬁre %11%@%@ Ta filmis
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and an orifice plate 12 are sequentially dep6sited. Further, a liqudid ink
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plate 12, a flow channel for introducing ink into the li'quid i nk chanber

14, and thbe tvie arieis ofobms abovesibeafieat i1l eBBANL1Y., hhelda@yprinter head
1, ink is introduced into the |Iliquid ink chanber 14 and heat is generated
at the heprevideéhgmanhehtky elemehtng @per alka®imf itdie. switching transistor
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



4, thereby heating the ink locally. This heating generates nucl eus bubbl es
over a surface of the heater elenent 5, and 15 Decenberi5dDésémber B80Ahucl eus
bubbl es conbine and grow into a filmbubble. In the printer head 1, the

i ncrease in the bubble pressure causes ink to be pushed out of the orifice
13 and to be splashed onto a printing nmedia. Thus, in a printer with the
printer head 1, creation of a desired inmage is achieved by selectively
heating the heater elenent 5 so that rnk s intermttently attached onto a
printing nedia. In the printer head 1, the switching transistor 4 for

energi zing the heater elenent is controlled by a logic integrated circuit
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circuit is fabricated concurrently with the switching transistor 4 on the
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el ement 5.is shown) can be arranged at a high density. This arrangenent,

t her ef or ecatiseaddpkedot bespaghed ener gifzithg tdie fien €3 edredrets by a
corresponding switching transistor. In order to gain a high-quality imge,
it i s necepdashedt onor ange iniénkheakdiacl efhnss dh a Iprghtdensditbh tHeat i s,
to provide, for exanple, an equivalent quality to 600 DPI, the heater

el ement s peédterohkadadrapgedtaoni piferaydes iofed 4MBRS jmn acloiveved byt is
extrenely difficult to provide a

.

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



di screte driving elenent for each of the heater elements arranged in such
a high-density. In the printer head 1, therefore, the Hécdmba 2004nsi st or
and the like are 15 Decenber 2004 5 fabricated above the sem conduct or
substrate and are connected to the correspondi ng heater elenent 5 by an
integrated circuit technology. In addition, the driving circuit formed
above the sane sem conductor substrate perforns driving of each sw tching.
transistor. This arrangenent can sinpl iy and secure energizing each
heater element 5. In order to performprinting at a higher printing rate
and higher resolution, a driving circuit for driving a swtching

transi st ofaphr3@ RIS B b HaHeRGidudtsr PihsK+NGe e éﬁﬁ per f or mance.
Wi T

To this end, forming a driving circuit of a printer head th nulti-layer
Wring usbhgeattisd rMaMtidicyY sttt iNea @t e8] hent S5 €pyi saged to

I nprove the operating rate. Wth such an arrangenent, however, the distance
from theihtageatedermincditd cddimdliogy d TRK ad@drien 14 He adinangpsed,
whi ch poses a problem of inefficient heat transfer fromthe heater el ement
5 to the kigoudti forteairtzdroviet. t hEhatanies s edtiaroideceb vimgs€racait is fornmed
with one- layer wiring, the interlayer thickness on the heater elenent 5
i s about PpeZfpamE @riminon ofbreacstgwititdnindetmans hgtds. 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
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addi ng anot her layer, the interlayer thickne 2 ter
is increased by about 1 to 1.6 um Such an ??é%gggggfn&?ﬁe

r thickness on the heater elenent 5 results in inefficient_heat
transfer fromthe 15 Decenber 2004 -6- heater elenent 5 to the liquid ink

chanber, thus requiring greater power supply to actuate the heater el enent

5. This

can also inpair the reliability of the heater elenent 5. SUWARY
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provided a printer that per printing

a

k chanbers so that ink droplets are ejected from sel ected ones of

said printer conprising: a sem conductor substrate, said

CUMMISUWOSIF atier QarEyrney heat er el enents for heating the ink;
transistors for actuating said heater elenents;

Embodiments of the present invention 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.



driving circuits for driving said switching transistongy eﬁ%qlgpz&ﬁfSt one
wiring pattern layer, wherein said heater elenents overlle sal d ¢ east
one wring pattern |ayer. 15 Decenber 2004 - 7 |In accordance with the
second aspect of the invention, there is provided a printer that perforns
printing by heating ink in liquid ink chanbers so that ink droplets are
ejected fromsel ected ones of orifices, said printer conprising: a

sem conduct or substrate, said sem conduct or substrate carrying heater

el erent's forn heakbgaabe | pkenswiehing iansiataes Lo agtuating sald

heater el enents riving circuits for driving-said

and at | easie @ne W rigyyRILT R | ay8h Sal Cf:h%tt I \;%\%%t sc&g‘gsi y:%nél anoﬁ) tyern

| ayer including a wiring pattern portlon for vm¥|ng

pattern porddtamhd qnmrwnﬂmgidwﬁiﬁﬁgeldhé@i&shes% efnh £t eMRR §1, QAL $al d
wiring pattern portion for power supplying or sald wiring pattern portion

for groundijrgtdd ateardasetewitl t bacikhi rgk aspectigfst he 'aﬁ‘dentgiﬂ%tefhere
is provided a prlnter head that ejects ink droplets
comprlslng

a semiconductér 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 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;



from sel ected ones of orifices by heating ink in |iquiqg kﬁ%enﬁ%ﬁg@@is’ sai d
printer head conprising: a sem conductor substrate, said sem conductor
substrate carrying heater elenents for heating the ink; swtching
transistors for actuating said heater elenents; 15 Decenber 2004 -7a-
driving circuits for driving said switching transistors; and at |east one
wring pattern |ayer, wherein said heater elenents overlie said at |east
one wring pattern layer. In accordances;with the fourth aspect of the
invention, there is provided a printer head that ejects ink droplets from

sel ected ones afrioridg ceschycheaki ng fdK i nakh quihg | nksaf@anb%m gy
printer head conprising: a sem conductor substraté, said sem conducto

substrat e txaigydthgrdieaded el ements for heating the ink; swtching
transistors for actuating said heater elements; driving circuits for
driving said swit cléaur drn@ansising Sspaensratlieaes; one wiring pattern layer.
Said at least one wring pattern layer including a wiring pattern portion
for power suppthdgnwiransh izl wheabhgr palementportvied feorsgHuati Ngast one

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



wherein said heater elenents overlie said wiring pattq%rq&%ngpQOé@r power
supplying or said wiring pattern portion for grounding. 1In accordance with
the fifth aspect of the invention, there is provided a nethod for
fabricating a printer head that has a sem conductor substrate, said

sem conductor substrate carrying heater elenents, switching transistors 15
Decenber 2004 - 7b for actuating said heater elenents, driving circuits
for driving said switching transistorsypand at | east one wiring pattern

| ayer, said nethod conprising: the step of providing said heater el enents

so that sa@igt heatatiakeneais oueiddre sakfledls| eagti PgyWding Ralt epn
| ayer. In accordance with the sixth aspect of the invention, there is

provi ded almiwtited d01d f ebiteRi hggtaapkiBieirsheathd tat) dast acaengendyct or
substrate, said sem conductor substrate carrying heater elenents,

SWi t chi ng partanrsirstlenger f daodtmethdy sanhgdrheahgt el enments, driving circuits
for driving said swtching transistors, and at |east one wiring pattern

| ayer includi nghe witdme Hatteridpog tsoahd flocaporesledsppbysogtand aawdri ng
pattern portion for grounding, said nethod conprising: the step of _
provi di nghsaitérheal emeptenemtasrkiet satidsaad leeatter orbenentimpveskicersai d

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.



| ayer. As a result, the heater el enments can be arranged d cl.0s
prgxi mty to liquid ink chanbers, as conpared to a casglsl[?%ce\mﬁeéﬁb?%e
heater elenments are arranged to underlie the wring pattern portion.
Accordingly, heat of the heater elenents can be efficiently introduced to
the liquid ink chanbers, even when, for exanple, driving circuits are
formed with nmulti-layer wring. 15 Decenber 2004 - 7c - BRI EF DESCRI PTI ON
OF THE DRAWNGS FIG 1 is a partial sectéonal view showi ng a structure of
a printer head according to a first enbodi ment of the present invention;
FIGS. 2A ®&RIEM CRSCREPTIEN SECTHONBRANTR®BS showi ng processes for
fabricating the printer head of FIG 1; FIGS. 3A and 3B are parti al

sectional viewsIshoui ig appectsaesstotidHadl i eodw nghdhimdprd niterudiead off FI G
1; FIG 4 is a partial sectional view of a printer head according to a

second entodimeriterfhede greseting nmeent ifinst FMnBodiniehta qRardlalpreeetitonal
view of a printer head according to a third enbodi ment of the present
i nventi on;irwethtEPbG; 6 is a partial sectional view of a conventional 15
Decenber 2004 8
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. 1;
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



printer head. DESCRI PTI ON OF THE PREFERRED EMBODI MENT Enbodi nents of the
present invention will now be described, by way of examdDesemiier ROO£Tf er ence
to the acconpanying drawi ngs. (1) Enmbodinent 1 (1-1) Configuration of
First Enbodinent FIG 1 is a 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~déscribed in conjunction with FIG 6
are denoted wth Iike reference nunerals, and description of such
el ements shall be omtted for brevity. In fabrication of the printer head
21, as shpwankBrFhead.2A, elenent isolation regions (LOCCS: |ocal .oxidation
of silicon) 23 which isolate transistors are forned on a pre- cl eaned
p-type silicon substrate 22. To fabricate elenent isolation regions 23, a
silicon nitride filmis first formed on the p-type silicon substrate 22,
and patt eDABARDPTIDNt bEgraghpREFERREDC EMBODIMENEL Chi ng to renove part of
the silicon nitride film Further, the resulting structure is subjected
to thermal oxiEabodiméntat oEnthei phetbrtpahtrenniohbwdageniasr b2004 9
Subsequently, after a cleani ng-process, gates having a

~ .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.



tungsten silicide/polysilicon/thermally oxide filmstructure are formed in
transistor formng regions that have been left between sebhereetider 2804 ati on
regions 23. Further, ion inplanting for form ng source/drain regions and
thermal treating are perfornmed to form MOS transistors. These MOS
transistors provide-a switching transistor 24A, which is connected via a
heater elenent to a power supply of 30 V, for energizing the heater

el enent, and a transistor 24B of a Iﬁg?c‘integrated circuit, which is
operated by a power supply of 5V, for driving the switching transistor
24A. A BPSG (Borophosphosilicate Gass) film25 is then deposited by CVvD

(Cheni cal Vaposubepg@seht D), a8ber CQNEd6hni NGl fFoak8 sl OyEREsANAE 1Y a
di ffusion | ayer (sources/drains) of the sem conductor “substrate by

phot ol i t hbungphygnandlieadei/pelysdn iebalithe rwialll va Sdd0as. 1 sSuRsefatd Y, as
shown in FIG 2B, after a cleaning process with dilute hydrofluoric acid,

a titani uaréi formhdviingtazanbickoesSoehning megdnthsa tHatanidre Hdad deafd | m
having a thickness of 60 nmare sequentially deposited by sputtering.
Furt her, hetweaonmedteneatnisgletpper rebi®éng 2at.onFarpheeentions deposited to
have a filmthickness of 600 nm The resulting structure is, then
subj ect edimplaphdngl fehofraphngasdudce/diralinngeigdoner rami filrestmadi ri ng 15
Decenber 2004 - 10

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 thickness of 60 nm are sequentially deposited by
sputtering. 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



pattern layer 28. In the printer head 21, the first wiring pattern |ayer
28 and the MOS transistor 24B that constitutes a dri vitdgederter PO e

i nterconnected, thereby formng the logic integrated circuit. Next, on the
first wwring pattern layer 28, which is mnmade of alum num is deposited a
silicon oxidation film(the so-called "TEOGS') 29, which is subsequently

pl anari zed by a CMP (chem cal nechani cal Polishing) or resist etch-back
process Thereafter, as shown in FIG™ 3 , a via hole connecting to the
first layer alumnumwring is forned by photolithography and dry etching.
An alumnumwring layer is then forned by sputtering in the sanme manner

as the fipsttewhriagelager, midché sHbhesteHek@ Phot ehit Hogsaphirang dry
etching to forma second alumnumwring pattern | ayer 30. The second

Wi ring papaetarhayayed02pr antideheaMobr itignsdister 2 4poritan dbhstortymmser
supplying and a wiring pattern portion 32 for grounding. Subsequently, a
silicon natdrieifigl miBéuiksadephnitedohyeCiedand harahsyr ifoatning ahreesi st
etch-back process or ‘the li-ke. Next, as shown in FIG 3B, a via hole
connect i njogbct hetegeaebtrd aliurunem wiring pattern layer is forned by
photolithography and dry etching. Further, a titaniumfilm having a
t hi ckness of 1Me¥im emdthetfinst uwiningi datbernt dayverudsf,i Winilshyvilsg a
t hi ckness of 100 nm are sequentially 15 Decenber 2004
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



- 11 deposited fromthe |ower |ayer by sputtering. The resulting

structure is then subjected to photolithography and dryi5 doehibag 20
fabricate a heater elenent 35. Next, a silicon nitride film36 that serves
as an ink protection layer is forned with a thickness of about 300 nm

and a tantalumfilm 37 as an anti-cavitation filmis formed wth a

t hi ckness of 200 to 300 nm by sputtegqu:_Finally, a liquid ink chanber

14, a flow channel, and the like are forned to provide the conpl eted
printer head 21 as shown in FIG 1. (1-2) Operation of First Enbodi ment In
t he above configuration of the printer head 21, as shown in FIG 2A, the
swi t chi nglepenstedofronAthadlower deyesi byospRdBesfinghe @hevirgudkivgit are
firstly fabricated on the p-type silicon substrate 22. Next, as shown in
FIG 2B, StRecturstifi Fhag pubterhetager photiod itthomrdrhy coshebty the
transistor 24B of the driving circuit, thereby constituting the driving
circuit. ScPbagehp| fabrheatpnauhgptry eApBENEo 3%s forned, and then, as
shown in FIG 3A,  the second wiring pattern layer 30 is forned, .thereby
connecting t hd' & vidhgttiiemrtnibrige ﬁ#imnéﬁpﬁg?Erﬁeﬁﬁﬁﬁiéﬁ afioi-NFowner
supplyin%%gnd t he smﬁtching transistor 24A.  Further, a wiring pattern
portion fRYCEBRHERR LY ERelsshPFRRANY P aRstOIGHIEEE oF RO MHeat % Mhenent ,

and the %gn §e€§§£azgg4film 37 as an anti-cavitation film is formed

with a 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



12 wring pattern portion 31 for connecting the heater element to a power
supply are fornmed. Next, the heater elenent 35 is fabrithDecknsterasodo
overlie those wiring patterns, and then the protection |layer 36 and the
anti-cavitation layer 37 are sequentially deposited to formthe liquid ink
chanber and the like. This arrangenent allows the heater elenent 35 to be
fabricated so as to overlie the wiring,pattern portion for power
supplying, so that the heater el enent %5 is in contact with the liquid
i nk chanber 14 via the protection layer 36 and the anti- cavitation |ayer
37. Thus, in the printer head 21, heat generated by the heater elenent 35
can be raptding pEtEew tpeutionthe foyurdnnartihgnbse heatieuslgnienti ng
heat of the heater elenent 35 to be efficiently transferred to the liquid
i nk chanté? A4poWar SWRRLY tare heoreeder el ement 35 can be energized with
smal | electric power to eject an ink droplet fromthe printer head 21,
therefore, thde¥tel iR Haarest alrmendatdr &5 chpricated e&phafickd® to al | ow
for high rat rinting. (1aﬁé Advant age of _First Enmbodi ment According to
t he aboveo‘é%ﬁ]f %u%‘??%n‘,"»”él- ;,aii‘,%’?t"é?%gren?ndi Ehgp, fhgedrodesdias d@ET e a
wiring p ern,portion for ower supplyin the wiring pattern portion for
i3 A PY BB fro

pover  supdlIAhg-Ri TRELFT ARG/ LN erewWPPANG id¥h. 15 Decenber
2004

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.



- 13 This arrangenent, therefore, allows efficient heat transfer fromthe
heater element to a liquid ink chanber, even when a dri&\Rengmder 8004 is
formed with nmulti-layer wiring. (2) Enbodinment 2 Referring nowto FIG 4, a
printer head to be incorporated in a printer according to a second

enbodi nent of the present invention is shown in a partial sectional view
In the configuration shown in FIG 4,_elgenents that are identical to those
of the printer head.previously described in conjunction with FIG 1 are
denoted with like reference nunerals, and description of such elenents
shall be omtted for brevity. In a printer head 41, a first wring pattern
| ayer 42AThafdazrasgenentir ithgreforern aldypas 49 fairemta Hemfi ctrams Bgr at ed
circuit. Further, the first mﬁrin% pattern layer 42A interconnects a
driving cE¥eli thendeprerswilesrnig tot maddistist izvka chanlien d even ntheratd er n

| ayer 42C _connects, the driving circuit to_a ground and a power supply, and
al so  proYFd¥ing Girrigtpdst dpxmed: wikd Feditdlayeemingmadn. the printer
head 41, therefore, the heater elenent 35 is arranged so as to overlie the
wWiring pattern portion for power supplying, the wiring pattern portion for

power su yLn eing,arranged at the uppernost wiring pattern |ayer of
t he threeP?gnggﬂgFWﬁgts?ructure. Thereafter, the 15 Decenber 2004

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



- 14 protection layer 36, the anti-cavitation layer 37, and the liquid
I nk chanber 14, and the |ike are forned. According to tiheDaentbieglf@d i on
shown in FIG 4, the heater elenent is arranged so as to overlie the
wiring pattern portion for power supplying, the wiring pattern portion
for power supplying being arranged at the uppernost wiring |ayer. This
arrangenent can provide the same advanyage as in the first enmbodi nment,
even for wiring patterns of a three-layer structure. (3) Enbodinment 3
Referring nowto FIG 5, a printer head to be incorporated in a printer
according to a third enbodi nent of the present invention is shown in a
partial sREPFe@hloRni éawer| Aot heheoAnrtjucavisatihowd ayerFBG, Hndeltdeent s
that are _jdentical to those of the printer head previously described in
conj unct i bAdWi€ hirkahambes Hénotrd wWhehlikkearef doamed- numeral s, and
description.of_ such.elenents shall _ be omtted for brevity. In a printer
head 51, a fi rRICWFing patths configusphionnghawseéBnBIG. r tngthattern

| ayer 52B forma i?ﬁic Lntegrated circuit. Further, the first wiring -
pattern | 358FCT 5SACTERE LBnARERRIGIdPPVRAGTEI PYGEH 18ndhenaidingchi ng
transistor g@A. The gecong mﬁring pattern, |l ayer 52B, connects the driving
circuit tBAH GFBURATEAALal BEVRPYERPPREPLY 818 c EREeWiFdGy 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,



and also provides a wiring pattern for the heater elenment 35. Thus, the
printer head 51 is configured wwth a two-1layer W ri ng 1$tDacetnbee 200wt

i ncludes the driving circuit, wherein the heater elenent 35 is arranged so
as to overlie the wring pattern portion for power supplying, the wiring
pattern portion for. power supplying being arranged at the uppernost wring
pattern | ayer of the structure. Accordiimg.to the configuration shown in
FIG 5, the heater elenent is arranged so as to overlie the wiring

pattern portion for power supplying, the wiring pattern portion for power

can” oY ov A 1A HEPV Lot :Wor S00| RAERELR! FOT BRBAPASAE, Cdplison o ri ng
fascr! bod iy 5% et FRLEer Berdngh ig%s?n%&aﬁra Ctithoa KeondRSTarr anged
rovever, (e rﬁq“’ié%wé’fﬁs%ﬁ%ﬁbﬁgﬂsﬁgtﬁ?’ CHPIREPB 51 H Rt SSRE I { he

Erhoa mente ML o Afett 2187 %%?ﬁ?eaeﬁﬁﬁf%% SIS St

L o e RO o, BT ST S L
Decenber Z004.rn Yortion 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 el ement may be arranged so as to overlie a wiring pattern portion
for grounding, the wiring pattern portion for groundi r$ Deenbealt@hged at
an uppernost wiring layer <carried by a sem conductor substrate. In the
enbodi ments descri bed above, the description has been given for the case
in which the driving circuit and the Ilike are formed with nmulti-I|ayer

W ring; however, the present inventiqniig not limted thereto. For exanple,
even when the driving circuit and the]Iike are formed with one- |ayer
wiring, arranging a heater elenent so that the heater elenent overlies a
wiring pattern portion for power supplying or a wiring pattern portion for
gr oundi ngh@Rtetiselesent| Ba¥r bar pEKGH S6f ash&thenterrlied ereitringa |iquid
ink chanber by a thickness of the wiring pattern. This allows efficient
heat trahB?EFe¥PoBPFHé°He§P§rgépéﬁéﬂpgho%@ﬁéwﬂﬁkﬂﬂ(PQWﬂ@EﬂmFﬁ%#%O%s
conpared o a conventional one. Further, in the enbodi nents descri bed
above, the°T GEQUREAPEOREARY BEEANGRHeR Y G RPHAS Y WihiRh t¥ECHheat er
element is_fornmed by depositiqn of a titaniumnitride film and a titanium
film thecﬁf¥%%g BXt?eFEmbSPP83ﬁ§°ﬁys di@%%n of al uni num and the Iike,

TSm0t i m 1  (HE? PO OR DR CENa P C L RE T AEB R e AR I b PAA del y
ol o B LB RS TR s B e T e
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‘wirihg 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



- 17 materials, including a case in which the heater elenent is forned of
pol ysilicon. As described above, according-to the presertDédenebericond a
heater elenment is arranged so as to overlie a wiring pattern |ayer carried
by a sem conductor substrate, or a wring pattern portion for power
supplying or a wiring pattern portion for grounding, the wiring pattern
portions being carried by a sem conduqtor. substrate. This al.lows heat of
a heater elenent to be efficiently transferred to a I|iquid ink chanber
even when a driving circuit is formed wth nmulti-layer wiring. Wile the
present invention has been particularly showm and_described with reference
to speci fPRTEEBBYFmeARSIEHEREOR, CaFE dRoWhd Che thgd desttedd alipmenst Hey

enbodi ments of the present i nvention beyond enbodi ments specifically

descri bedtORBRE; AT nBYLBE 1488 or practiced without departing from the

scope of the invention, Accordingly, such undisc|losed and. apparent
enmbodi nent s, 8H§ﬁg%§?r%5?$a??%ﬁ§{ %ﬂﬂoﬁgapﬂiEatF RsPIEFENLOARVESEP 0 be

i t hi th irit d f th t i ti . 15 Decenb 2004 -
18 WHAT FohCERPREBLPEERT. 1f BFFAPEFD: Abt AerPolME it i hoat | ng i nk

i aui ok, Ehaahers 30, 4081 ph YRR AHEL LMoy

wiring pattern portion for power supplying 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.



sel ected ones of orifices, said printer conprising: a sem conductor
substrate; said sem conductor substrate carrying heat e5 @bt 200Dr
heating the ink; switching transistors for actuating said heater elenents
; driving circuits for driving said switching transistors; and at | east
one wiring pattern layer; wherein said heater elenents overlie said at

| east one wring pattern layer. 2. The printer of claiml, wherein said at
| east one wring pattern |ayer conpripges-a plurality of wiring pattern

| ayers. 3. A printer that perfornms printing by heating ink in liquid ink
chanbers so that ink droplets are ejected from selected ones of orifices,

said pri L Sing: sem conduct or substrate; said sem conduct or
substrat@hg@a&gggﬁéi#ggté el enents for heating the ink; 15 Decernber 2004 -
19 switching transistors for actuating said heater elenents; driving
circuits for driving said swwtching transistors; and at |east one wring

pattern Iayerl_sq{ dpﬁntl.eeﬁséhé)@eperforms printing by heating ink in

liqﬁid'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 acﬁuating salid heater 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.

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;



wiring pattern layer including a wiring pattern portion for power
supplying and a wiring pattern portion for groundi ng, wicbeiamizai2dOheat er
el enents 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 wring pattern |layer conprises a plurality of wiring
pattern l|ayers. 5. A printer head that ejects ink droplets from selected
ones of orifices by heating ink in Iigugd_ink chanbers, said printer head
conprising: a sem conductor substrate; said sem conductor substrate
carrying heater elenents for heating the ink; switching transistors for
actuating said heater elenents; driving circuits for_driving said
switching travstshéng; tapasistpscehbsr agtaptiny said | keatene wiring
pattern layer; wherein said heater elenents overlie said at |east one
Wi ring pSt-EBERTFdyer. 6. A printer head that ejects ink droplets from
sel ected ones_of orifices b{ heatin%,ink in liguid.ink chanbers, said
printer head ggﬁﬁﬁpglﬁépcul s for 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



a sem conductor substrate; said sem conductor substrate carrying heater

el ements for heating the ink; switching transistors forlzdtceatiban@084i d
heater el enents; driving circuits for driving said switching transistors;
and at |east one wiring pattern |layer, said at | east one wring pattern

| ayer including a wiring pattern portion for power supplying and a wiring
pattern portion for grounding, wherein said heater elenents overlie said
wiring pattern portion for power suppbging or said wiring pattern portion
for grounding. 7. A nmethod for fabricating a printer head that has a

sem conductor substrate, said sem conductor substrate carrying heater

el enments, sw t hi nglﬁg:danm st.or,s for actuating sai d heat er el enents,

driving circuf¥ il m&yﬁ?gDﬁﬁﬁﬁﬁﬁn-Q@@@LJ sai d switching

transi stors, d | east e W ri attern Iayer i d et hod ‘
conpri si ng: tﬁ’g‘egt%é‘ﬁl it %\?a&l e@%ﬁ%%at oyerd leffls"‘l? thERS AR heat er
el enments .0\ (rep g&& at, | I east one wring pattern layer. 8. A nethod for
fabrlcatlng a#n af that has a ~sem conduct or substrate, said

senm conduct or substrate

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



carrying heater elenents, switching transistors for actuating said heater
el enents, driving circuits for driving said switching trlaersindien2804 and at
| east one wiring pattern layer including a wiring pattern portion for
power supplying and a wiring pattern portion for grounding, said method
conprising: the step of providing said ﬁ ater elenents so that said heater
el ements overlie said at | east one W ri 3 pattern layer. 9. A nethod of
printing onto a print medium conprising the step-of printing using the
printer of any one of clains 1 to 4 or the print head of any one of clains
5 and 6. s#®RINTER-cRRhWTERAHEADL0AMD MdHOD E&RsEABRECATK NgPRRNEERNHEAD
ABSTRACT OF THE DI SCLOSURE A printer and a printer head enploying a thermal
i nkj et netapdrarsaddsoebsed. compeaséngel enent is arranged so as to
overlie a wiring pattern |ayer carried by a sem conductor substrate, or a
wiring pattern gortstorp fof poverdsuppiyicadhearen elenegtpaseethaposaidn for
grounding, the wiring pattern portions being carried by a sem conductor
substrat e.heghes giemapeseavesnliowsahdattgdrasht edebylm@gh@att@er@l ement

to be efficiently transferred to a liquid ink chamber.
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.





