19 May 2006 - 1 LIQUI D DI SPENSER AND PRI NTER BACKGROUND OF THE | NVENTI ON
1. Field of the Invention The present invention relates to liquid

di spensers and printers. The present invention particul arllp Mef200s to a

| i qui d di spenser including heating elenents arranged to be adjacent to
each other and a strip protective |ayer, having slits disposed between the
heating el enments, for covering such heating elenents and also relates to
an inkjet printer. In the protective |layer, cracks are securely prevented
from bei ng caused. 2. Description of the Related Art In recent years, needs
for colored hard copies have been increasing in the field of inage
processing and so on. In response to such needs, the follow ng

col or-copyi ng systens hemeyeeir SN ixvaldyraegposed: a sublimation-.
dye transfer printing system a .thernofusible transfer system an inkjet
system an el ectrophotographic system and a thermal devel opnment system
In the inkjet system which is one of the above- nentioned systens,

dr opl et BACKGROUYDOFg THEqUINSEQTORN are ejected froma nozzle provided in a

recording head, which is a liquid dispenser, so as to formdots on an
recordi ig &bjeédt ptwhibeelnvanhigh-qual ity i mage can be output with a 19 My
2006 The present invention relétes to liguid dispensers and
printérs. The present invention particularly relates to a
liquid dispenser including heating elements arranged to be
adjacent to each other and a strip protective layer, having
slits disposed between the heating elements, for covering
such heating elements and also relates to an inkjet printer.
In the proteqtive layer, cracks are securely prevented from
being caused.
2. Description of the Related Art
In recent years, needs for colored hard copies have
been increasing in the field of image processing and so on.
In response to such needs, the following color-copying
systems have been conventionally proposed: a sublimation-.
dyve transfer printing system, a thermofusible transfer
system, an inkjet‘system, an electrophotographic system, and
a thermal development system. | |
In the inkjet system, which is one of the above~
mehtioned systems, droplets of recording liguid (ink) are
" ejected from .a noZzle’provided in a recording head, which is
a liguid dispenéer, so‘aslto form dots on an recording

~object, whereby a high—quality image can bé output with a




- 2+~ sinmple configuration. The inkjet systemis classified into an

el ectrostatic attracti on nethod, a continuous oscillation generating

nmet hod (a piezoelectric nethod), a thermal method, and so I®riMagapemndi ng on
the difference of nethods for ejecting ink. In the thermal nethod, which
is one of the above- nentioned nethods, bubbles are generated by locally
heating ink and ink droplets are then pushed out from nozzles by the

- bubbl es such that the ink droplets are applied to a printing object,
whereby the printing of a color inmge,is possible with a sinple
configuration. A printer using the thermal nethod includes a so-called
printer head. The printer head includes a sem conductor substrate, heating
el ements for heating ink, a driving circuit, which is of a logic

i nt egr atté@Pdier Sef igpgFatifar. Bher drkirg shetkmatsngletehtidd, imns so on
wherein these conponents are disposed on the sem conductor substrate.

Ther eby 2Pt Féd SR&EXPSHG téICe pERTScEaANhBegRAde| ¢ SPnihYedusnesc e sty
energized. In the thermal printer, in order to obtain high-quality

pri nt ouBEPELREIREaMENTG 08 dife S 2RgdEhe igeMmedihpdrr angderial meshodi,nt er
head. In _particular, in order to obtain, for exanple, 600 dpi printouts,
the heafPHg®8l BRenfEPRIIELNgeOnaFhandebfarennei AferoEodY & 333 m However
it is QEELLEH&tiEQ provide driving elenents to the correspondi ng. 19 My
2006 ’

In the thermal method, which is one of the above-

mentioned methods, bubbles are generated by locally heating

e

ink and ink droplets are then pushed out from nozzles by the
bubbles such that the ink droplets are applied to'a printing
object, whereby the printing of a color image is possible
with a simple configuration.

A printer using the thermal method iﬁcludes a so—called
printer head. The printer head includes a semiconductor
substrate, heating elements for heating ink, a driving
circuit, which is of a logic integrated circuit type, for
energizing the heating eiements, and so on, wherein these
cdmponents are disposed on the semiconductor substrate.

.Thereby, the heating elements can be densely arranged and
securely energized.

In the thermal printer, in order to obtain high-quality
printouts, the heating elements must be densely arranged inA
the printer head. In particular, in order to obtain, for
example, 600 dpl printouts, the heating elements must be
arranged at an interval of 42.333 pm. However, it is

difficult to provide driving elements to the corresponding




- 3-heating elenents that are densely arranged. Therefore, the printer
head further includes switching transistors that are forned on the

sem conductor substrate and connected to the . correspondi ng9%iday 2

el ements using integrated circuit techniques. The driving circuit, also

di sposed on the sem conductor substrate, drives the switching transistors.
to securely energize the corresponding heating elenents in a sinple
manner. I n the printer head, the heating el enents are energized to
generate bubbles, ink droplets are gjgcted fromnozzles by the bubbles, and
the bubbles in a liquid chanber then disappear. Thus, the generation and
di sappearance of bubbles are repeated at a short tine interval of several
seconds, which corresponds to the cycle tinme of the ejection of the ink
dr opl et $CSTRHEN EAEMEG L8| Ehaitt 3rgr 8eng@ver serpnapfiect Baereborerectiadi cal
shock caused by cavitation arising during the repetition. Therefore, in
order t&TgPdtEct oPRe tHEAT PRy 1BFEHEREs SYitRB1ipA hrers heber s ukkdera¥sicl udes
an insulating |ayer and an anti-cavitation |ayer on the heating el enents.
As showd °FREYFPE t%,e éeE‘éﬁ%HPFB%I SpPPhterenaRd 2°RpeFted €@ ¥R above

printer head includes. a %enicoiduct%r substrate 2, sem conductor el enents,

first hEREFRGPEFETENt 2€3E19: F §?eniﬁsHFéP9nan%§E?tqﬂ FHFFHYE 1 ines 5 for
connect kagnh gkl St rnleati Pong! ETBRLS +3 LOsLNG; SO0LEFRIN N sem conduct or
semiconductor substrate, drives the switching transistors to
securely energize the corresponding heating elements in a
simple manner.

In the printer head, the heating elements are energized
to generate bubbles, ink droplets are ejected from nozzles
by the bubbles, and the bubbles in a liquid chamber then
disappear. Thus, the generation and disapﬁearance of
bubbles are repeated at a short time interval of several
Hseconds, which corresponds to the cycle time of the
ejection of the ink droplets. The heating elements are
adversely affected from mechanical shock caused by
cavitation a;ising during the repetition.

Therefore, in order to protect the heating elements,
the printer head further inéludes an insulating layer and an
anti-cavitation layer on the heating elements. As shown in
FIG. 4, a conventional printer head 1 similar to the above
printer head includes a semiconductor substrate 2,
semiconductor elements, first heating elements 3, a first
insulating layer 4, wiring lines 5 for connecting the first

heating elements 3 to the corresponding semiconductor




.. 19 May 2006 - 4 elenents, a second insulating layer 6, and a first anti-

cavitation layer 7 functioning as a protective |ayer. These portions are
formed according'to the follow ng procedure: a resistive |EWay20Fpri sing
"a resistive material such as tantalum tantalumnitride, or .
tantalumalum numalloy is fornmed on the sem conductor substrate 2 by a
sputtering nethod; the resistive layer is etched into the first heating
elenents 3; the first insulating |layer 4 conprising silicon nitride or the
like is formed on the first heating el ements 3 by a deposition nethod; a

| ayer conprising, for exanple, alumnhumis fornmed on the first insulating

| ayer 4 and then patterned to formthe wiring lines 5; the second :
insulating layer 6 conprising silicon nitride or the like is formed on

t he wi réhgnénhes & dncendleposilaoimgetdod; Gndnche fiirstt aatti-- cavitation

| ayer 7 conprising an inorganic material such as tantalumis then forned
on t he s@¢bptiomulaiidmng funetiding ahe covtemtiosallayemt efhkead 1
havi ng the above configuration, the first heating elenment 3 has high heat -
resi st dRECHIRF stfferivmehAfRIHnPrichdie doldeying pposedired fRfom maki ng
direct contact with ink droplets, and the nechanical shock caused by the
above cERFISEHEh Jayen GG Hindroteaistiee mpderigdasiusd a@senent 3. The

foll owi ng techni ques are disclosed in Japanese _Exam ned Patent Application

Publ i catdbr R gca%t@g?‘m dllfc@rﬁsf'e'ntciroﬁ@nt@é@Wﬁ?&HE‘lPﬁn\Aﬁ#&ﬁYaﬁFi -cavitation

layers fgéﬁed on the semiconductor substrate 2 by a -sputtering
method; the resistive layer is etched into the first heating
.elements 3;lthe first insulating layer 4 comprising silicon
nitride or the like is formed on the first heating elements
3 by a deposition method; a layer comprising, for example,
aluminum is formed on the first insulating layer 4 and then
patterned to form the wiring lines 5; the second insulating
layer 6 comprising silicon nitride or the like is formed on
the wiring lines 5 by a deposition method; and the first
anti-cavitation layer 7 comprising an inorgaﬁic material
such as tantalum is then formed on the second insulating
layer 6. In the conventional printer head 1 having the
above configuration, the first heating element_3 has high
heat resistance and superiof insulating properties and is
prevented from making direct contact with ink droplets, and
.the mechanical shock caused by the above cavitation is
lowered to protect the first heating element 3.

The folléwing techniques are disclosed in Japanese

Examined Patent Application Publicétion No. 5-26657: a

conventional technique in which anti~cavitation layers are




19 May 2006 - 5 each independently provided to correspondi ng heating

el enents and a new technique in which a strip anti- cavitati.on |ayer is
provided so as to cover a plurality of heating el enments. |ni%geageadsy when
an insulating layer and/or an anti- cavitation |ayer of a printer head have
a smal |l thickness, ink droplets can be ejected with a snall anmount of

el ectric power because heat generated by heating el enents can be
effectively transmtted to i nk. However, when the thickness of the above

| ayers is reduced, the reliability of the printer head is also | owered.
That is, when the insulating |ayer conmprising silicon nitride or the |ike
has a small thickness, pinholes are readily caused in the insulating |ayer
and poor step coverage is caused at regions of the insulating |ayer

cover i ngasthegadepenidentid y ipreyidedertef opereependthg hehttkgess is too
smal |, ink penetrates the printer head through the pinholes and the

r egi ons sigmengspeod &t apw devdndgaect éncwhiobeawstirhy anhes and heating

el enents, thereby causing breaks therein. Therefore, in the printer head,
t he i ns@RFEtAGHCRydaYeand st peoyidedc 89i aat toncbuger anpdurabiey aof hi ckness
sufficient to prevent such pinholes and poor step coverage fromarising. In
the pri RE8tiRGagle¥ERES -t he heating el enents are

In general, when an insulating layer and/or an anti-
‘cavitation layer of a printer head have a small thickness,
ink droplets can be ejected with a small amount of electric
power because heat generated by heating elements can be |
effectively transmitted to ink.

However, when the thickness of the above layers is
reduced, the relliability of the printer head is also lowered.
That is, when the insulating layer comprising silicon
nitride or the like has a small thickness, pinholes are
readily caused in the insulating layer and poor step
coverage is caused at regions of the insulating layer
covering steps of wiring lines. Therefore, when the
thickness is too small, ink penetrates the printer head
~through the pinholes and the regions having poor step
coverage to corrode wiring lines and heating elements,
thereby causing breaks therein.

Therefore, in the printer head, the insulating layer
and the anti—cavitation layer must have a thickness
sufficient to prevent such pinhoies and poor step coverage
from arising.

In the printer head, since the heating elements are




19 May 2006 - 6 repeatedly heated at a short time interval of several
seconds, which corresponds to the cycle tinme of the. ejection of the ink
droplets, a large heat stress is repeatedly applied to thd9%iMsulédd ng

| ayer and the anti--cavitation layer. Thus, there is a problemin that the
reliability of the printer head is | owered due to the penetration.of ink
even if the insulating layer and the anti-cavitation |ayer have a

t hi ckness sufficient to prevent the pinholes and poor step coverage from
arising. In particular, as disclosed %n_Japanese Exam ned Pat ent
Application Publication No. 5-26657 déescri bed above, when the
anti-cavitation |ayer has a strip shape, so as to cover a plurality of the
heating el enents, cracks are readily caused and therefore the reliability
i s si gnirkbeaftedyyl beeted abesagberst téwe isteoveknef atexdkioxil one portion of
the anti- cavitation layer. The anti-cavitation |ayer conprising tantalum
has a | HEg§ecrBApr ¥birhecorrespondsi1ts kheloyebe 2timel®f dyres / C\VR.
According to_an experinment, when the tantalumanti- cavitation |ayer is

| ai d i n®acgt8enarho§pReitkf 8EOPbOtSHi Aulesge cheeksse¥esalsed in the
insulating | ayer ~conprising silicon nitride, A region where a crack is
caused F§ §ﬁ6ﬁﬁ1YnanE%eﬂ.tV%EhesﬁEﬁuéﬁE%%%kl$%e%aﬂ§%d?“?ﬁﬂ“ﬂﬁenetrates t he

printer hea hrough the crack to corrpode the wring |lines and the heating
el ement §8V¢ @%é89 gaﬁang Thus, there is a problem in that the

reliability of the printer head is lowered due to the

penetrétion of ink even if the insulating layer and the
anti-cavitation layer have a thickness sufficient to prevent
the pinholes and poor step coverage from arising.

In particular, as disclosed in Japanese Examined Patent

A Application Publication No. 5-26657 described above, when

the anti-cavitation layer has a strip shape so és to éover a
plurality of the heating elements, cracks are readily caused
and therefore the reliability is significantly lowered
because stress is concentrated on one portion of the anti-
cavitation layer.

The anti-cavitation layer comprising tantalum has a

% to 2 x e dynes/cm?®.

large compressive stress of 1.5 X e
According to an experiment, when the tantalum anti-
cavitation layer is laid in a 400°C atmosﬁhere for. 60
minutes, cracks are caused in the insulating-layer
‘comprising silicon nitride. A region where a crack is
caused is shown in FIG. 4. When such a crack is caused, ink

penetrates the printer head through the crack to corrode the

wiring lines and the heating elements, thereby causing




TR

19 May 2006 - 7 breaks therein. In order to solve this problem the
follow ng technique disclosed in the Hew ett-Packard Journal, My 1985,
pp. 27-32 can be used: wiring lines are processed by a weti9avayh20m net hod
so as to have a round corner, and end faces of the wiring lines are
tapered, thereby hei ghtening the step coverage at regions covering steps
of wring |lines and thereby preventing stress concentration. This
technique is effective when the wiring |ines conprise only alum num
However, in actual practice, the w7Ting |lines conprise alum num all oy
containing silicon, copper, and the like in order to inprove the
characteristics thereof. Thus, when the wiring |lines conprising such alloy
are used. feshdyes,are formed to cause dust, which is harnful to a

sem conduct or manufacturing process. Accordingly, there is a problemin

that this techirade €aNkebenisedoboint hacakoveowipl RESingRd. SUMVARY OF
THE | NVENTI ON Exanpl e enbodi nents may provide a |liquid dispenser and a

pri nt erdissesed nirt el Hegul«k tdibapRasérJsmynalpchiarde desat ppg 2BlX@Ment s and a
protective |layer in which cracks can be securely prevented from being
caused.cambihysRD06wir Bxg Acves dimgprocassad by aspecetohinhaepshedent
invention, there is provided a |iquid di spenser conprising: a substrate

so as tc have a round corner, and end faces of the wiring iines

are tapered, thereby heightening the step coverage at regions

covering steps of wiring lines and thereby preventing stress

concentration. This technique is effective when the wiring

lines comprise only aluminum. However, in actual practice, the

wiring lines comprise aluminum alloy containing silicon,

copper, and the like in order to improve the characteristics

thereof. Thus, when the wiring lines comprising such alloy are

used, residues are formed to cause dust, which is harmful to a

semiconductor manufacturing process. Accordingly, there is a

problem in that this technique cannot be used for the akove

printer head.

SUMMARY OF THE INVENTION
Example embodiments may provide a liquid dispenser and a
_printer, wherein the liquid dispenser mey include heating
elements and a protective layer in which cracks can be securely

prevented from being caused.




and a plurality of |iquid-dispensing portions, arranged on the substrate,
each liquid dispensing portion including at |east one |liquid chanber for
storing liquid, one nozzle, and one heating el enent, whereioMupgodeati ng
el ements are energized to heat liquid stored in the corresponding |iquid
chanbers to eject a droplet of the liquid fromthe correspondi ng nozzl es;
the heating elenents and the liquid chanbers have a protective |ayer and
an insulating |ayer therebetween; the insulating |ayer isolates the
protective |layer fromthe heating-elgnents; and the protective |ayer
protects the heating elenents, and has a strip shape covering the
plurality of heating elenents and further wherein there is at |east one
slit di sposedcbetdieentoad] ficent shpatt if ehenpréserandnt/betsdri,t i s opened at
an end of the protective layer. In the above liquid dispenser, the heating
el enenttharey isgaciviided! adbiquigl déspshors coapranged: iy smbstibgtantial ly
paral |l el manner and connected to each other at one end of each resistor,
and mayark sepdrugizedybypfapphyidgdasyetsaye hettwesrs, tdreaotdeer cands of the
resistors; the slits my extend froma face of the protective |ayer close
to t he Wdisherubsidetel eheh dégidtofsspamdintherproteetiveludiyer atay have
portions that each 19 May 2006 -9 cover at |east one of the heating

el enentlsasd] ggentigelidaehrrnipghdommdocdndetidwidh earmeaier andt he side

close to the connected ends of the resistors.
. one heating element, wherein the heating elements are

energized to heat liquid stored in the corresponding liquid
chambers to eject a droplet of the liquid from the
corresponding nozzles; the heating elements and the liquid
chambers have a protective layer and an insulating layer
therebetween; the insulating layer isolates the protective
layer from the heating elements; and the protective laver
protects the heating elements, and has a strip shape
covering the plurality of heating elements and further
wherein there is at least ocone slit disposed between
adjacent heating elements and the slit is opened at an end
of the protective layer.
In the above liquid dispenser, the heating elements may

each inClude.two resistors, arrdnged in a substantially
parallel manner and connected to each other at one end of each
resistor, and may be energized by applying a voltage between
the other ends of the resistors; the slits may extend from a
face of the protective layer close to the other ends of the

resistors; and the protective layer may have portions that each




According to a second aspect of the present invention, there is provided a
printer conprising: a liquid dispenser conprising a substrate and a
plurality of Iiquid-dispensing portions, arranged on the slglisihy 2065 each

| i quid dispenser including at |east one liquid chanmber for storing |iquid,
one nozzle, and one heating elenent, wherein the heating elenents are
energized to heat liquid stored in the corresponding |liquid chanbers to
eject a droplet of the liquid fromthe corresponding nozzles; the heating
el ements and the liquid chanbers have a protective |layer and an insul ating
| ayer therebetween; the insulatimy-tayer isolates the protective |ayer
fromthe heating elenents; and the protective |layer protects the heating
el enents, and has a strip shape with at |east one slit disposed between
adj acent heating elements and the slit is opened at an end of the

pr ot ectdover| ayereasthenei ghithadinspeiRere Samehe aderrT¥r ter pater heads for
ejectig& ink droplets, droplets of various dyes, droplets for formng

pr ot ectHP8T | FFECEONNGHY EdhoRChiNETdRE peifs &ridef e¥oseditepEhRi ng 1i qui d
reagents, various neasuring apparatuses, various testing 19 May 2006 - 10
uni ts, SPAPFORT SRCEePhi E SPStaMFSn which 1iquid chenical agents for

rotecting nenbers from bei ng etched ar sed, and so on, In the liquid
di sponser . SPREETLHE Sy Bt SREqHre APROSE Gay henBheSTHe 1OPPPEL R eposed bet veen

Egﬁ gg%&%%&"{‘sﬁj‘p@%v?%%&‘angpri%'t%?eé‘érﬁpraldéi%%e:”é 12,808 QL heL, thermal stress
comprising a substrate and a plurality of ligquid-dispensging
portions, arranged-on the substrate, each liquid dispenser
including at least one liquid chamber for storing ligquid, one
nozzle, and one heating element, wherein the heating elements
are energized to heat liquid stored in the corresponding
liguid chambers to eject a droplet of the liquid from the
corresponding nozzles; the heating elements énd the liguid
chambers have a protective layer and an insulating layer
therebetween; the insulating layer isolates the protective
layer from the heating elements; and the protective layer
protects the heating elements, and has a strip shape with at
least one slit disposed between adjacent heating elements and .
the slit is opened at an end of the protective layer.

The liquid dispenser can be used for printer heads for
ejecting ink droplets, droplets of various dyes, droplets for
fofming protective layers, and so on, micro-dispensers for
dispensing liquid reagents, various measuring apparatuses,

various testing




prevented fromconcentrating at one portion of the protective |ayer,

t hereby preventing cracks frombeing caused in the protective |layer. Since
the protective |ayer may have a strip shape and a |arge ari@aMayn2@@di tion
to the slits, electrostatic charges applied to the protective |ayer may be
distributed over the large protective |ayer, thereby reducing the.
potential between the protective |ayer and the heating el enents. Thus,
this protective |ayer may have higher resistance to dielectric breakdown
as conpared with another protectiwve lloayer provided to each heating

el ement. Furthernore, since portions of the protective |ayer may be
separated by the slits, the spread of rapid oxidation, that is, the

bur nout gflt% i%h%cgéé’@eﬂrﬁ% X ¥s€é‘rh'§eﬂq B, 5 RO L il %Hbﬁ%c&]fa“ be

prevente e printer can be secure y prevented Trom bei ng

caused 4 r&ﬁef8f Rflel¥en %M%&e&%rfﬁ&ﬁﬁﬁﬁhbngtéﬁﬁjQ&%tbgsd elrfents. BRIEF
DESCRIP ON OF THE DRAW FIG 1 is a plan view showing a printer head

~accordidig 19nMaye 20Qfmid dispdrsdre sphesetiie iptoeattDrs ver Ralys a secti onal
view showi ng the printer head shown in FIG 1; FIG 3 is a plan view
show ndhearrotther sprtintdésphead betseendihg tarmmspbhdineMuadiimgnt of t he
present invention; and FIG 4 is a sectional view showi ng a conventi onal

elements adjacent to each other, thermal stress can be

prevented from concentrating at one portion of the protective

layer, thereby preventing cracks from being caused in the

protective layer. -Since the protective layer may have a strip

shape.and a large area in addition to the slits, electrostatic

charges applied to the protective layer may be distributed over

the large protective layer, thereby reducing the potential

between the protective layer and the heating elements. Thus,

this protective layer may have higher resistance to dielectric

breakdown as compared with another protective layer prowvided to

each heating element. Furthermore, since porticns of the

-protective layer may be separated by the slits, the spread of

rapid oxidation, that is, the burnout of the protective layer,

caused by short circuits can be prevented.

In the printer, cracks-can be securely prevented from being

caused in the protective layer for protecting the heating

elements.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view showing a printer head according




printer -head. DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS The enbodi ments of
the present invention will now be described in detail with reference to

t he acconpanying drawings. 1. First Enbodinent  FIG 2 is al9%Mey2@al view
showing a-printer head 11 used for a printer according to an enbodi nent of
the present invention. The printer head 11 includes second heating
elenments 12, third and fourth insulating |layers 13 and 14 conprising
silicon nitride, and a second anti-cavitation [|ayer 15 conprising tantalum
and functioning as a protective |aygf,_wherein these portions are disposed
in that order. The printer head 11 is manufactured according to the
follow ng procedure. A silicon nitride (Si3N4) layer is fornmed on a p-type
silicon substrate 16, which is a wafer, by a deposition nethod. The
resul ti b9 BheiREPSSRBHSIFERRLUBI19 May 2006 - 12 is processed by a
phot ol i t hographi c nethod and a reactive  etching nethod to renove parts of
the siliconHi%riddds & Sectdpdgdt VAsW BPQHéﬁérﬁgﬁearﬂﬁﬁPéngeﬁgr form ng
transistors, ,thereby allowing silicon nitride portions-to remain on the
transi stoP¥H ot i r elgi ons on the silicon substrate 16. The resul ting

silicon sub ate 16 is thernmall oxi.di zed %ﬁ formt erngl ilicon oxide
| ayers at rédiong fhér & evﬁ§V¥§h8VlPHea§P EonPhitHFle ?ﬁéer are renoved

'n according to another embodiment of the present invention;
and
FIG. 4 is a sectional view showing a conventional

printer head.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiments of the present invention will now be
described in detail with reference tc the écgompanying
drawings.

1. First Embodiment

FIG. 2 is a sectional view showiling a printer head 11
used for a printer according to an embodiment of the present
.invention. The printer head 11 includes second heating.
elements 12, third and fourth insulating layers 13 and 14
comprising silicon nitride, and a second anti-cavitation
layexr 15 comprising tantalum and functioning as a protective
layer, wherein these portions are disposed in that order.

The printer head 11 is_manufactured according to the
following procedure. A silicon nitride (8i3Ns) layer is
.formed on a p-type silicon sﬂbstrate 16, which is a wafer,

by a deposition method. The resulting silicon substrate 16




t he rabove step. The thermal silicon oxide layers correspond to LOCOS :
(Local Oxidation of Silicon) regions 17 for isolating the transistors. The
silicon substrate 16 is -subsequently washed. Gates are falSiMay2@06dn the
correspondi ng transistor-form ng regions of the resulting silicon _
substrate 16, wherein the gates have a configuration in which a tantalum
silicide layer, a polysilicon layer, and a thermal oxide |ayer are

di sposed in that order. The resulting silicon substrate 16 is then
processed by an ion inplantation netjhod and then an oxidation nethod to
form source regions and drain regions, thereby obtaining first

transi stors 18 and second transistors 19, which are of a MOS

(Met al - Oxi de- Semi conductor) type. Each first transistor 18 has a

di el ect ri%t RAYETHIE & aheRot23VLhrgranhiti Bashad andMoscegpbidei ver for
energizkgg each second heating elenent 12. On_the other hand, each second
transi stOrcPEgg &ethody hsoFEReVEer PaRtenpEgthreaitireni pitsidecheyer!ing
these 19 May 2006 - 13  drivers and operates with a voltage of 5 V. In this
enbodi nERCERY JIH PrEGFEE TaLPedsFEA1PEFef ST af T RARE HYRPBLEECI Bet veen t he
correqugpin soyr.ce.regi ons and dr aj and the.electric field of

el ect r ons" ¥ lleP esﬁé§8FE PétrfaﬁésgéggahﬁrE@eﬁ?m?ﬁ%.ﬂ?e?@%pric

Do e A6y, R o e PALELob LR B0 LE 00

silicon The resulting silicon substrate 16 is thermally
oxidized to form thermal silicon oxide layers at regions
where the parts of the silicon nitride layer are removed in
the above step. The thermal silicon oxide layers correspond
to LOCOS (Local Oxidation of Silicon) regions 17 for
isolating the transistors. The silicon substrate 16 is
subsequently washed. Gates are fabricated on the
corresponding transistor-forming regions of the resultiﬁg
silicoﬁ substrate 16, wherein the gates have a configuration
in which a tantalum silicide layer,_a polysilicon layer, and
a thermal oxide layer are disposed in that order. The
resulting silicon substrate 16 is then processed by an ion
implantation method and then an oxidation method to form
source regions and drain regions, thereby obtaining first
fransistors 18 and second transistors 19, which are of a MOS
.(Mgtal—Oxide—Semiconductor) type. Each first transistor 18
has a dielectric strength of about 25V and functions as a
MOS—-type driver for energizing each second heating element
12. On the other hand, each second transistor 19 1is a

component of an integrated circuit for controlling these




oxi gdes contai ni ng boron and phosphorus, is then fornmed on. the resulting
silicon substrate 16 by a CVD (Chem cal Vapor Deposition) nethod. The
resulting silicon substrate 16 is processed by a photol it hiSgviapRo@ met hod
and then by a reactive etching nmethod using gas containing C4H8, CO, 02,
and Ar to formcontact holes 21 on the source and drain regions, which are
diffusion layers on the silicon substrate 16. The resulting silicon
substrate 16 is washed with diluted hydrofluoric acid. A titaniumlayer
having a thickness of 20 nm a titaniqjynnitride barrier layer having a

thi ckness of 50 nm and an al um num layer having a thickness of 400-600 nm
are fornmed above the resulting silicon substrate 16 in that order by a
sputtering nethod, wherein these layers forma first wiring layer and the
al umi nudiReEs @ont fRPRTATCAt BAlth % ¥PLtedn of D.%. at bai B4 copper. The
resulting silicon substrate 16 is then 19 May 2006 - 14 processed by a
phot ol i tHBAAFERE - metABE - Endoreer fLEfBRLAR LABEROPYD 22FlciisRPSeE enove
parts of the first wiring layer, thereby formng first wiring lines 22. In
the resthEE R $NEi CORTSEBSRHARE 3BUrFReISLOMY RAMT3IBrE9EO i ch are

of a MOS't , are connected to_each other wth, the, corresponding first
oy e, A E IR R St Qe el Bali gt Eliding in SHE TTREGE 0k de T ayer

functioq%%%r%% %g %Qg%gh%ygﬁe dielectric breakdown of the first

transistor 18.

A first interlayer insulating layer 20 comprising BPSG
(Boron Phosphorus Silicate Glass), which is one of silicon
oxides containing boron and phosphorus, is then formed on
the resulting silicon substrate 16 by a CVD (Chemical Vapor
Deposition) method. The resulting silicon substrate 16 is
processed by a photolithographic method and then by a
reactive etching method using gas containing C4H3,-CO, Oz,
and Ar to form contact holes 21 on the source and drain
regions, which are diffusion layers on the silicon substrate
16.

The resulting silicon substrate 16 is washed with
diluted hydroflucric acid. .A titanium layer having a
thickness of 20 nm, a titanium nitride barrier layer having
a thickness of 50 nm, and an aluminum layer having a
thickness of 400-600 nm are formed above the resulting
silicon substrate 16 in that order by a sputtering method,
wherein thesé layers form a first wiring layer and the |

aluminum layer contains 1 atomic % silicon or 0.5 atomic %

copper. The resulting silicon substrate 16 is then




insulating layer is forned above the resulting silicon substrate 16 by a
CVD nmet hod using a TECS (tetraethoxysilane: Si(0OC2H5)4) gas and then

pl anari zed by a CM (Chemi.cal Mechanical Polishing) nethodl9 May 2006
Alternatively, a coating-type silicon oxide layer including a SOG (Spin on
Gass) filmis joined to the silicon oxide layer and then etched back to
pl anari ze the surface thereof. Thereby, a second interlayer insulating

| ayer 23 is fornmed on the first wring lines 22 connected to second wiring
lines. Tantalumis deposited on the sgcond interlayer insulating |ayer 23
by a sputtering nethod to forma tahtalumlayer having a thickness of
80-100 nm The tantalumlayer is disposed above the silicon substrate 16
and functions as a resistor |ayer. Unnecessary portions of the tantalum

| ayer apeorespeedobhya aplphiod bl thdéwepripit anetBtdbendml dryretdticld ng et hod
usi ng gas containing BCl3 and Cl2 to formresistors 12A, which are
conponemeshod tachetecbhuely meyoveoBartgsofhehei Agretewdnind2lageri con
nitride is deposited above the resulting silicon substrate 16 by a CVD

met hod £BeFelyn BOXMinG £1hshl Ty | dyras &2 havithg-he t1ekiddd of 300 nm
Predeterm ned portions of the third insulating |ayer 13 are_ renoved by a
phot ol i EhbiFEDMFEPHEIHER Hhd BRISEATChi RS RIP d nFhg&d &3t ai ni ng

CHF3, CF4, and Ar. Thereby, ortidons for connectin thef\1 second heating
el ement @f 1® YQS type, are connected to each other with the

corresponding first ﬁiring lines 22 to form an integrated
logic circuit.

A silicon oxide layer functioning as an interlayer
insulating layer is formed above the resulting silicon
substrate 16 by a CVD method using a TEOS
(tetraethoxysilane: Si(OCﬂh)4) gas and then planérized by é

" CMP (Chemical Mechanical Polishing) method. Alternatively,
a coating-type silicon oxide layer including a.SOG (Spin on
Glass) film is joined to the silicon oxide layer and then
etched back to planarize the surface thereof. Thereby, a
second interlayer insulating laver 23 is formed on the first
wiring lines 22 connected to second wiring lines.

Tantalum is deposited on the second interlayer
insulating layer 23 by a sputtering method to form a
.tantalum layver having a thickness of 80-100 nm. The
tantalum layer is disposed above the silicon substrate 16
and functions as a resistor layer. Unnecessary portions of
the tantalum layer are removed by a photolithographic method
and a dry etching method using gas containing BCl; and Cl; to

" form resistors 12A, which are components of each second




corresponding wiring |ines are exposed, and openings are then provided in
the second interlayer insulating layer 23 to formvia-holes 24. A titanium
| ayer having a thickness of,20 nmand an alum num | ayer haldMgya0®hi ckness
of 400-1,000 nmare formed above the resulting silicon substrate 16 in
that order by a sputtering nethod, wherein these |ayers forma second
wiring layer and the alum numlayer contains 1 atomc %silicon or 0.5
atom c % copper. The resulting silicon substrate 16 is then processed by a
- phot ol i.t hographi ¢ nmethod and a dry_jﬁéﬁung met hod to sel ectively renove
parts of the second wring pattern |l'ayer, thereby form ng second wiring
lines 26 used for power supply, for grounding, for connecting the first
transistors 18 to the heating elenents 12 and for connecting the resistors
12A, t héresthingbtediameng tU2e second heating elenents 12. Silicon nitride is
deposited above the resulting 19 May 2006 - 16 silicon substrate 16 by a
CVD net hod t §iflécant hetrodet hs dpposatedgabayerthe hewithgindt hi ckness of
400-500 nm and functionin% as an ink-protecting layer. In a heat-treating
f ur nace sitlieore ssitag tsi Liccky Sub¥Or meghed ite gﬁéﬁ Reibirdreated at 400C
for 60 mnutes in an atnmosphere of a nitrogen gas, an argon gas, or a

m xed gdfstdRitdndl dgyesi dogeninagdaatférkneRsr 8by30Pn"Phe silicon substrate

16, the first and second . transistors ng 19 are stabilized, :
. Predetermgned porticons of the t%?rg gnsulatgng ?ayer fg are

removed by a photolithographic method and a dry etching
method using gas containing CHF;, CFs, and Ar. Thereby,
portions for connecting the second heating elements 12 to
corresponding wiring lines are exposed, and openings are
then provided in the second interlayer insulating layer 23
to form via-holes 24.

A titanium laver having a thickness of 20 nm‘and an
aluminum layer having a thickness of 400—1;000 nm arerformed
above the resulting silicon substrate 16 in that order by a
sputtering method, wherein these layers form a second wiring
layer and the aluminum layer contains 1 atomic % silicon or
0.5 atomic % copper. The resulting silicon substrate 16 is
then processed by a photolithographic method and a dry
etching method to selectively remove parts of the second
wiring pattern layer, thereby forming second wiring lines 26
used for power supply, for grounding, for connecting the
first transistors 18 to the heating elements 12 and for
connecting the resistors 12A, thereby obtaining the second
heating elements 12Z.

Silicon nitride is deposited above the resulting




and, t he connecti ons between the first and second wiring |lines 22 and 26
are also stabilized, thereby reducing the contact resistance. Tantalumis
deposited above the resulting silicon substrate 16 by a sddtNey 2006 net hod
to formthe second anti- cavitation |ayer 15 having a thickness of 200 nm
A dry film31l conprising an organic resin is bonded to the second
anti-cavitation |l ayer 15 by conpression.- Parts of the dry film31l
corresponding to ink chanmbers 35 and ink channels are renoved and the dry
film31l is then cured. An orifice _pl%te 32 is then joined to the dry film
31, whereinthe orifice plate 32 fag openi ngs functioning as nozzl es 34
for ejecting ink and the openings are disposed on the corresponding
second heating elenents 12. Thereby, the printer head 11 including the
nozzl ess34djicbhesubktehaabié sby 35, Cabdné tieod nko charmetise f fsuredch i nt roduci ng
ink into the corresponding ink chanbers 35 is conpleted. - 17 As

descri béusabavéngi hayae pti meinheadtiickrash sEcdHE-5>heatm repdl enent 12
conprising tantalum the third insulating |ayer 13 conprising silicon

ni tri defunpdiepimyhas nanl Brkrigroteyeind A avemr i sTmpe siedtorrentinigle, the
second anti- cavitation |ayer 15 conprising tantalum and each ink chanber
35 are 8ispased thoveespbiing|gbhieemsitderdee ik thather dwat+in the
printer head 11, the ink chanbers 35 and the nozzles 34 are continuously
arrangeﬁr?ﬂt?%eaﬁi4%%%¢O¥Pr 60 minutes in an atmosphere of a

nitrogen gas, an argon gas, or a mixed gas containing
nitrogen and argon. Thereby, in the silicon substrate 16,
the first and second transistors 18 and 19 are stabilized,
and_the connections between the first and second wiring
lines 22 and 26 are also stabilized, thereby reducing the
contact resistancei

Tantalum is deposited above the resulting silicon
éubstrate 16 by a sputtering method to-form the second anti-
cavitation layer 15 having a thickness of 200 nm. A dry
film 31 comprising an organic resin is bonded to the.second
anti-cavitation layer 15 by compression. Parts of the dry
film 31 corresponding to ink chambers 35 and ink channels
are removed and the dry film 31 is then cured. 2An orifice
plate 32 is then joined to the dry film 31, wherein the
orifice plate 32 has openings functioning as nozzles 34 for
ejecting ink and the openings are disposed on the
corresponding second heating elements 12. Thereby, the
printer head 11 including the nozzles 34, the ink chambers
35, and the ink channels for each introducing ink into the

corresponding ink chambers 35 is completed.




perpendi cular to the plane of FIG 2 to forma line head. FIG 1 is a plan
vi ew showi ng a configuration when viewed formthe side of the nozzles 34,
and, this configuration includes the second heating el emeri9Map20dsche
second wiring lines 26, and the second anti-cavitation layer 15. In the
printer head 11, pairs of the ink chanber 35 and the nozzles 34 are each
di sposed on the correspondi ng second heating elenents 12 above the silicon
substrate 16. In each second heating elenment 12, the two resistors 12A
having a rectangul ar shape are arranged in a substantially parallel

manner and connected to each other at each end thereof with each first

el ectrode 26A that is a portion of each second wring line 26. Second

el ectrodes 26B that are also portions of the second wiring lines 26 are
each connect?d descxieedtdeeveoriespondininesnshedd the, resilstsmentRA

Ther eby the second heating element 12 can be energi zed when a 19 May 2006
18 vBPRA4BY slappRtedlbEOTBERSING SRRBANUR) cthe obRET@6EISTHet Begond
anti-cavitation layer 15 has a strip shape and extends so as to cover all
of the {B¥6RdIAeSPPRTLISENEnBht$Ca2 niheidey sthe| Eevrbleinoplating

connect [ ons Egtmeen the resistors 12A and the first el ectrodes 26A, and
the connB¥fFons BRYRELHIEReSHEEFIRoREEIDAC ante hECSRROMPLET ect r odes 26B

The 'second.heating.elements 12 are, arranged. such that the total |ength
' thereofc?glgﬁgé?ﬁﬁ%?%?¥yP%qﬁ%Tp¥hSl?%et rHE B 2PPre3th nfloaper sheet. The

second gﬂé%ﬁer 35 are disposed above the silicon substrate 16 in
that order.

‘'In the printer head 11, the ink chambers 35 and the
nozzles 34 are continuously arranged in the direction
perpendicular to the plane of FIG. 2 to form a line head.

FIG. 1 is a plan ﬁiew showing a configuration.when
‘viewed form the side of the nozzles 34, and this
configuration includes the second ﬁeating elements 12, the
second wiring lines 26, and the second anti-cavitation layer
15. In the printer head 11, pairs of the ink chamber 35 and
the nozzles 34 are each disposed on the corresponding second
heating elements 12 above the silicon substrate 16. 1In each
second heating eleménﬁ 12, the two resistors 12A having a
rectangular shape are arranged in a substantially parallelA
manner and connected to each other at each end thereof with
each first electrode 26A that is a portion of each secénd

‘wiring line 26. Second electrodes 26B that are also
portions of the second wiring lines 26 are each connected to
the other corresponding ends of the resistors 12A. Thereby,

the second heating element 12 can be energized when a




cavitation layer 15 has slits 37 therein. The slits 37 each "extend between
the second heating elenments 12 froma face of the second anti-cavitation
| ayer 15 close to the second electrodes 26B toward the i nkK9Mayb@ds 35.
Each slit 37 extends over one end of each first el ectrode 26A opposite to
the other end for connecting the resistors 12A to each other. Thus, the
second anti-cavitation layer 15 has portions that each cover the
correspondi ng second heating elenents 12 connect with each other at the
side close to the connected ends af jighe two resistors 12A. 2. Qperation
The printer includes the printer head 11 including the silicon substrate
16, the first and second transistors 18 and 19, the second heating

el enents 12, the third and fourth insulating |ayers 13 and 14, the second
anti - caVPL&ePBnis| apRLied DekueeRKthfafBerRdasleghicdne 4Bzl es 34, whi ch
are - 19 forned on the si]icon substrate 16 by a sem conductor -

manuf act uri n"{;h%r%%‘“e%%dlf?f‘?ha‘ia‘bﬁfeﬁ'lm} na¥fs bt ifter S%E $h2REr oduced

into the ink 3 ers 35, and the f d heatin |l enents 12 are then

ener gi 288%b Wﬁ% EofPesBof av‘?rr%f Rt SRS ORECPRARFRTHIS 18 and 10 to

heat th d k. ch t bubb

et o oeLeieEnfh Ol fe Hir Bhanbor1 6087880 %r’%ﬁ*y B et 0% e bubbl o

gener at }on coNend el Dot ey | iy CHARDER. 354 L, elecled, Ly ongh gagh nozz e
Tt eré%y o”ﬁ

34 because 0 i Nncreaseé Tn pressurég,
the connections between the resistors 12A and the second

electrodes 26B. The second heating elements 12 are arranged
such that the total length thereof is substantially equal to
the width of a printing paper sheet. The second anti-
cavitation layer 15 has slits 37 therein. The slits 37 each
extend between the second heating elements 12 from a face of
the second anti~cavitation layer 15 close to thé second
electrodes 26B toward the ink éhambers 35. Each slit 37
extends over one end of each first electrode 26A opposite to
the other end for connecting the resistors 12A to each other.
Thus, the second anti-cavitation layer 15 has portions that
each cover the corresponding second heating elements 12
connect with each other at the side close to the connected
ends of the two resistors 12A.
2. Operation

The printer includes the printer head 11 including the
silicon substrate 16, the first and second transistors 18
and 19, the second heating elements 12, the third and fourth
insulating layers 13 and 14, the second anti-cavitation

layer 15, the ink chambers 35, and the nozzles 34, which are




i nk-droplet. This ink droplet adheres to a printing object such as a paper
sheet. In the printer, the second heating elenents 12 are repeatedly -
energi zed internmttently to print a desired inage on the p9Mey200®bj ect .
Since the second heating elenents 12 are intermttently energi zed, bubbles
are generated and disappear in the ink chanbers 35, thereby causing
cavitation, which is nmechanical shock. The inpact of this nechanical

shock is | essened by the second anti-cavitation |ayer 15, thereby
protecting the second heating el ement;y 12. The direct contact of the
second heating elenents 12 with ink is prevented by the second
anti-cavitation layer 15 and the third and fourth insulating |ayers 13 and
14, thereby al so rotecting the second heating elenments 12. However, in
the pri APEMeHelB the PhliagentPehstsatReld DY aneenbeerdctmoTk, the second
anti-cavitation layer 15 and _the third _and fourth insul.ating |ayers 13 and
14 suf f BRPPEBMEVERBPNBFOSEF Bsdn chidEdOb§eFepeat edl y heating the second
heating el enents 12, becauseé%gs second anti-cavitation, K |layer 15 has high

conpressi ve 5t rE&5S i ¥Fsp t° RIS e theSeddd anti-cavitation
Yo I8N, 571 R cRLODE LN AONS B RoRLSLECH U ey repented!y
Egﬁcgﬁ{%gé?g%g%ﬁg?iggggg%agg%%$$g§{§§EP£§s Zand1gg%§gé”§%af§{sf%}s
18 and 19 to heat the ink stored in each ink chamber 35,

thereby generating a bubble. The pressure in the ink

chamber 35 is rapidly increased due to the bubble generation.

The ink in the ink chamber 35 is ejected through each nozzle

34 because of the increase in pressure, thereby forming an

ink droplet. This ink droplet adheres to a printing object

such as a paper sheet.

In the printér, the seéond'heating elements 12 are
repeatedly energized intermittently to print a desired image
on the printing object. Since the second heating elements
12 are intermittently energized, bubbles are generated and
disappear in the ink chambers 35, thereby causing cavitation,_
which is mechanical shock. The impact of this mechanical
shock is lessened by the seéond anti-cavitation layer 15,
thereby protecting the second heating elements 12. The
direct contact of the second heating elements 12 with ink is
prevented by the second anti-cavitation layer 15 and the
third and fourth insulating layers 13 and 14, thereby also
‘protecting the second heating elements 12.

However, in the printer head 11, in addition to the




cavitation layer 15 can be securely prevented as conpared w th another one -
having no slits. Thereby, cracks due to the stress concentration can be
securely prevented from being caused. Thus, the printer heddMii2e@n be
inproved in reliability. Since the second anti-cavitation |ayer 15 has the
slits 37, troubles can be prevented from spreadi ng. Wen breaks arise due
to sone causes in the second heating elenents 12, the second
anti-cavitation layer 15 and the second heating' el enents 12 are
short-circuited with the third and fqﬁf insulating layers 13 and 14

di sposed t herebetween in sone cases depending on the condition of
operation, because the second anti-cavitation |layer 15 is connected to a
ground potential with the ink stored in the ink chanbers 35. Wien 19 My
2006 - mechppécsécehdchnt theaverandoantayeavitabhent havsecbhdaméat i ng

el ements 12 are short-circuited in such a manner, a_large _anount of
current the ﬁbﬁFﬂean@ofPHEtghépﬁuéﬁﬁéﬂgtéﬂyﬁﬁﬁtl%n%ndtb4céﬂgéeé BiR%out of

t he second anti-cavitation layer 15. |[|f _the burnout is serious, the
burnouttBﬁF@ﬁHSSFBEE%nFéEFedh Ve§eP8ﬁt?ﬁéYtP%%§}%goF%e ?ﬁ%?%%y danaglng t he
transistors, ver, in éh rinter Head 11 ccordln fo this enbodi nent,
if the ﬁﬁﬁbﬂg gipeeRts HGH?ecE CpRECHR v%ﬁ?%dc Y5k &HP®adi ng over
t he secgnd he§g ﬁg el enents 12 ace t to each other mn{h the slits 37.
I n parti@uFar; ?hisd rFﬂ?@FeﬁEé r%?ﬁé%fY FesReet

temperature.

The second anti-cavitation layer 15 having a strip
shape functions as a protective layer, repeatedly suffers
from the thermal stress, and has slits 37 each disposed
between the corresponding second heating elements 12.
Therefore, stress concentration in the second anti-
cavitation layer 15 can be securely prevented as compared
with another oﬁe having‘no slits. Thereby, cracks due to
the stress concentration can be securely prevented from
being caused. Thus, the printer head 11 can be improved in
reliability.

Since the second anti-cavitation layer 15 has the slits
37, troubles can be prevented from spreading. When breaks
afise due to some causes in.the second heating elements 12,
the second anti-cavitation layer 15 and the second heafing
elements 12 are short-circuilted with the third and fourth
insulating layers 13 and 14 disposed therebetween in some
cases depending on the condition of operation, because the
second anti-cavitation laver 15 is connected to a ground

potential with the ink stored in the ink chambers 35. TWhen




37 extend from a vol tage-applying side, in which the above burnout is apt
to arise,. to another side opposite to the voltage-applying side in the
second anti-cavitation |ayer 15, the burnout can be secur dSMay 20@nt ed
fromspreading. Furthernore, since the slits 37 extend to portions beyond
the first electrodes 26A, the burnout can be also securely prevented from
spreadi ng. The followi ng nethod may be proposed: the second anti - _
cavitation layer 15 is provided to each second heating elenent 12 in order
to merely prevent the stress concenpgation and the spread of the burnout.
However, in some cases, an electrostatic charge stored in paper sheets is"
di scharged in the printer head 11. In such a case, the electrostatic
charge is transmitted through 19 May 2006 - 22 sone particul ar nozzles 34

and t hebhappeeerdtanthecaBibablioantfyeavi ardntiaycay! hgsddiddore, a
| arge potential is instantanepusly generated between the second heating
el e_rrente}%@er_a?f’d Jc%eag%c%lﬁﬂrﬁh??g%‘%ﬁ%t-'ans‘i‘%@e‘? ri%mb‘?’burﬂjé@%et h the ink
nas | CHEMEBRb SAFE BByt £ PORL FSYERO 1 (TR o] R eaeous | y
eat | nobeI TR A PSPt heTE SBRErEE ST A TR b aer He T doamal |
Therebyre thie, igl&erige Dreakdown of Sg ddu rédalchd QU th eyl ating
holes for the transistors, thereby damaging the transistors.
However, in the printer head 11 according t§ this
embodiment, if the burnout arises, the burnout can be
prevented from spreading over the second heating elements 12
adjacent to each other with the slits 37.
In particular, in this printer head 11, since the slits
37 extend from a voltage-applying side, in which the above
burncut is apt to afise, to another side opposite to tﬁe
voltage—applYing side in the second anti-cavitation layer 15,
the burnout can be securely prevented from spreading.
‘Furthermore, since the slits 37 extend to portions beyond
the first electrodes 26A, the burnout can be also securely
prevented from spreading.
The following methéd méy be proposed: the second anti-
cavitation iayer 15 is provided to each second heating
element 12 in order to merely prevent.the stress
concentration and the spread of the burnout.
However, in some cases, an electrostatic charge stored

‘in paper sheets is discharged in the printer head 11. In

such a case, the electrostatic charge is transmitted through




| ayers 13 and 14 is caused. Wen the breakdown is caused, the transistors
of the printer head 11 are al so damaged. However, in this enbodi nent, since
the second anti- cavitation |layer 15 covering all of the sd®dvidy D@t i ng
elements 12 has a |arge area, the capacitance between the second
anti-cavitation layer 15 and the second heating elenents 12 is |arge.
Theref ore, when an electrostatic charge is applied, a |arge potenti al
sufficient to cause the dielectric breakdown can be prevented from bei ng
generated, thereby preventing the_brgakdown. 3. Advantages As descri bed
above, when a strip protective |layer covering heating el ements adjacent to
each other has slits each disposed between the correspondi ng heating

el ements,. 19 May 2006 - 23_ cracks can be securely prevented from being
caused PPMEhBArpieréat| pezZri§er34 RREnERABr ePPbiftotl sthis e hor t

circuits established between the heating?elenents and the protective |ayer

can be PREVERRBULREMARSHPEENI hy: FRFTREPRBr @ HEISRITD W akdown due to

an electrostatic charge can be_ securel revented, I n particular, the
Slits cKRBRRRFRBRPUSTHI FRBETARET Y RETSSR dENE o5 PRI bREHOAS ST si de

ite t h | t - lying, side in th tecti A d
or 1 onk2 iR nEn pF BE 50 BEF YAT. COVERT niPY T Foatt Htp ettty Fohnect
W th efgﬁ ot her aﬂiggeiﬁsg&gggé_Thereby, t he burnouts due to the

faving

In this case, when each second heating element 12 has
the second anti—-cavitation layer 15, the potential
instantaneously generated is extremely large because the
capacitance between the second heating element 12 and the
second anti-cavitation layer715 is small. Thereby, the
dielectric breakdown of the third and fourth insulating
layers 13 and 14 is capsed. When the breakdown is caused,
the transistors.of the printer head 11 are also damaged.

However, in this embodiment, since the second anti-
cavitation layer 15 covering all of the second heating
elements 12 has a large area, the capacitance between the
second anti-cavitation layer 15 and the second heating
elements 12 is large. Therefore, when an electrostatic
charge is applied, a large potential sufficient to cause the
dielectric breakdown can be prevented from being generated,
thereby preventing the breakdown.

3. -Advantages

As described above, when a strip protective layer

covering heating elements adjacent to each other has slits

each disposed between the corresponding heating elements, .




shotrt circuits established between the heating el enents and the protective
| ayer can be securely prevented fromspreading. 4. Qther Enbodinents In

t he above enbodi nent, the anti-cavitation layer functioniri§ Msy 2006
protective |ayer conprises tantalum However, the present invention is not
limted to such a configuration and covers various nodifications. The
anti- cavitation |layer may conprise another material such as tantal um
nitride or tantalumalloy including tantalum alum num all oy and
tungsten-tantalumalloy. Furthernore,,; the anti-cavitation |ayer may
conprise a high nelting netal material such as nickel, chrom um

nol ybdenum or tungsten other than tantalum 19 May 2006 - 24 |In the
above enbodi nent, the heating elements each include the resistors,

connect E8acESeseR BEhercuERLFnBrRyePicdaisohsbahny atdysedr i | ¥e manner .
However, the present inventionis not |limted to such a configuration and
covers PV&FPSGévﬁDéFYFEatlEH§thV§WP6@$ hearPwEs elereh® sShavt ng  anot her

configuration can be used t he above enbodi ment, the anti-cavitation
|l ayer RaYFRYLS §§Fﬁbléﬁaﬁé Eexff@?@narch%he%%n%e%ﬁwﬁ edshtEhand  has
ondln heating el ements. However,

slits d|$ﬁosed betre al ge corres
the preBERFSFhRVERLt ﬁercﬁBt i hreganted § P ¥@%ration. | f stress

COﬂCGhtﬁ&%%ﬁQr%ggeP dielectric breakdown due to an electrostatic

charge can be securely prevented.
In particular, the slits extend from a voltage-—applying
- side to regions near another side opposite to the voltage-
applying side in the protective layer, and portions of the
protective layer covering the heating elements connect with
each other at the regions. Thereby, the burnouts due to the
short circuits established between the heating elements and
the protective layer can:be securely prevented from
spreading.
4, Other Embodiments
In the above embodiment, the anti-cavitation layer
functioning as a protective layer comprises tantalum.
.ﬂowever, the present invention i1s not limited to such a
configuration and covers vafious modifications. The anti—
cavitation layer may comprise another material such as
tantalum nitride or tantalum alloy including tantalum-
aluminum alloy and tungsten-tantalum alloy. Furthermore,
the anti-cavitation layer may comprise a high melting metal
material such as nickel, chromium, molybdenum, or tungsten

other than tantalum.




securely prevented in a practical use, the slits nmay be each disposed
between two pairs of the heating elenents, as shown in FIG 3 used for
conparison with FIG 1. Alternatively, the slits may be selddhy @06/
arranged at regions at which stress intensely concentrates. Furthernore,
the strip anti- cavitation |layer may not cover all of the heating el enments
but sonme of the heating elenents. In the above enbodi nent, the heating

el enents conprise tantalum However, the present invention is not limted
to such a configuration and covers_ vgyious nodifications. The heating

el ements may conprise various layering materials. In the above enbodi nent,
the driving elenents and the driving circuit for driving the driving

el enents are nonolithically integrated on the substrate. However, the 19
May 2006 - 2Bn phesahevenewheildments, nbhel| hedttugt oleuehtsa earli gurati on and
covers various nodifications. The driving el ements alone nmay be arranged
on the d@sdidgt hel Fesie taycve conpediteento erehppithesr hwbendiegtsnink
droplets and is included in_the printer. However, the. present invention is
not i nPt E4Pp628EEAR1IA Y BRFRddeat MaRNgHd HeversrvatheuBrademti cati ons. The

printer  head naé ej ect droplets of various dges or droplets for formng
pr ot ect FPE¥ERFAPBr 450PREr LiAARFSANEC] ARCHr BpFeRSiontrEheRNBRE, COTRES pri nt er

head nma age aenerngé uigd Eor gicno-diﬁggnigrs or dispensing liquid
r eagent S2TY8PF olI8AAEAS ARG Sapp ratfEdsheating elements having
another configuration can be used. |

In the above embodiment, the anti-cavitation layer
having a strip shape covers all of the heating elements and
has slits disposed between all the corresponding heating
elements. However, the present invention is not limited to
such a configuration. If stress concentration can be
securely prevented in a practical use, the slits may be each
disposed between two pairs of the heating elements, as shown
in FIG. 3 used for comparison with FIG. 1. Alternatively,
the slits may be selectively arranged at regions at which
stress intensely concentrates. Furthermore, the strip anti-
cavitation layer may not cover all of the heating elements
but some of the heating elements.

In the above embodiment, the heating elements comprise
tantalum. However, the present invention is not limited to
such a configuration and covers various modifications. The
‘heating elements may comprise various layering materials.

In the above embodiment, the driving elements and the
driving circuit for driving the driving elements are

- monolithically integrated on the substrate. However, the




vari ous testing apparatuses, various patterning systems in which liquid
chem cal agents for protecting nenbers from etching are used, and so on

As descri bed above, according to the present invention, thMay2006
anti-cavitation |ayer functioning as a protective |layer and having a strip
shape covers the heating el enents adjacent to each other and has the slits
di sposed between the corresponding heating el enents. Thereby, cracks are
securely prevented from being caused in the anti-cavitation |ayer for
protecting the heating elenents. 19 pgy_2006 -26 WHAT IS CLAIMED IS: '1. A

| i qui-d di spenser conprising: a substrate and a plurality of

| i qui d-di spensi ng portions, arranged on +the substrate, each liquid

di spensing portjon includjng at _|east one |iquid chanber for storing

li qui d,PEFEhozZ P e ahel bherHeadkiMged e rituchvfe rcand iowe afdemi 3gdel enent s
are energized to heat liquid stored in the corresponding liquid chanbers
to ej ectCFuf o‘ﬁ”é:tou%fm?%%%wa(ﬁﬁ%mf'r om A A THoF s ARG Sn 82208 t he
heating el enents and the |jquid _chanbers have a protective |layer and an

i nsul a Ei?%yaelf'r‘i”ﬁ%?%b%li‘ V\B%ns H”?aﬁrseul ating |ayer isolates the protective

aver Trom AtleAINg LeBaIkEn: 2"tk REOLEChEYG LIUCEL PG oct s the
droplets and is included in the printer. However, £he
present invention is not limited to such a configuration and
covers various modifications. The printer head may eject
droplets of various dyes or droplets for forming protective
layers other than the ink droplets. Furthermore, the
printer head may be generally used for micro-dispensers for
dispensing liquid reagents, various measuring apparatuses,
various testing apparatuses, various patterning systems in
whiéh liquid chemical agents for protecting members from
etching are used, and so on.

As described above, according to the present invention,
the anti-cavitation layer fuﬁctioning as a protective layer
and having a strip shape: covers the heating elements
adjacent to each other and has the slits disposed between
the corresponding heating elements. Thereby, cracks are

securely prevented from being caused in the anti-cavitation

layer for protecting the heating elements.




and has a strip shape covering the plurality of heating elenments and
further wherein there is at | east one slit disposed between adjacent
heating elenments and the slit is opened at an end of the piSovlexf08te | ayer
2. The liquid dispenser according to Claim1, wherein the heating elenents
each include two resistors, arranged in a substantially parallel manner
and connected to each other at a first end of each resistor, which are
energi zed by applying a voltage between the first end and a second end of
the resistors; the slits extend towargsthe second end of the resistors;
and the protective |layer has portions that each cover at |east one of the
heati ng elparenriscadi@genisi o each other and wherein the protective |ayer
portions separated by 19 May 2006 27 the slits connect with each other at
the side close to the first end of the resistors. 3. A printer conprising:

a |iquid dispgnser,compri$ifgsentistdgleidntdqa plurality of

| i qui d-di spensing portrons, arranged on the substrate, each liquid
di spenser inckudithgtasté emst one |iquid chanber for storing liquid, one

g e T SR R I P AR
droplet tof thebitrputial feaght heiqoid espepdhagnqozriresiont henbkadimy at
e hdRags: e T AIRES, NRSE BLBERRE L1 YS1a Y 8he" 00220, T2l A1 N0
' one heating element,
wherein the heating elements are energized to heat liquid
stored in the corresponding liquid chambers to eject a droplet
of the liquid from the corresponding nczzles;
the heating elements and the liguid chambers have a
protective layer and an insulating layer therebetween;
the insulating layer isolates the protective layer from
the heating elements;
and the protective layer protects the heating elements,
and has ar strip shape covering the plurality of heating
elements and further wherein there 1is at least one slit
disposed between adjacent heating elements and the slit is

opened at an end of the protective layer.

_ 2. The liquid dispenser according to Claim 1, wherein the
heating elements each include two resistors, arranged in a
substantially parallel manner and connected to each other at a
- first end of each resistor, which are energized by applying a
voltage Dbetween the first end and a second end of the
reéistors; the slits extend toward the second end of the
resistors; and the protective layer has portions that each
cover at least one of the heating elements adjacent to each

other and wherein the protective layer portions separated by




the insulating |ayer isolates the protective layer from the heati-ng

el enments; and the protective |ayer protects the heating el enents, and has
a strip shape with at | east one slit di sposed between adj adavihy BeGfi i ng
elements and the slit is opened at an end of the protective |ayer.

27-

the slits connect with each other at the side close to the

first end of the resistors.

3. A printer comprising:

a liquid dispenser comprising a substrate and a plurality
of liquid-dispensing portions, arranged on the substrate, each
liquid dispenser including at least one 1liguid chamber for
storing liquid, one nozzle, and one heating element,

wherein the heating elements are energized to heat liguid

- stored in the corresponding liquid chambers to eject a droplet
of the liquid from the corresponding nozzles; the heating
elements and the ligquid chambers have a protective layer and
an insulating layer therebetween;

the insulating layer isolates the proﬁective layer from
the heating elements;

and the protective layer protects the heating elements,
and has a strip shape with at least one slit disposed between
adjacent heating elements and the slit is opened at an end of

the protective layer.






