; e3e&" " #L% Y% o- 1 LI QU D DI SPENSER AND PRI NTER BACKGRCUND OF THE
INVENTI the Invention The present invention

liquid di and printers. The present invention parti cuI arI E"Immmmmﬁ mlm”m
to a liquid dre®8hser including heating el ements arranged to be a
each other and a strip protective |layer, having slits di sposed betweetsgsae
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
col ored hard copi es have been increasing in the field of inmage processing
and so on. In response to such needs, the follow ng col or-copying systens
have been conventionally proposed: a sublimationdye transfer printing
system a thernof usi bl e 1 BHSY SISHRENSER 24P iBRGNGERyst em  an
el ectrophot ographi c system and a thermal devel opnent system In the inkjet
system which is one of the above mentioned systems, droplets of recording

liquid ink are b froma nozzle provided in a recording head, which
isali aFH 8PYNEN ngH§OI§¥ENEIPHrn1dots on an recording object, whereby a

high-qual Tty L1808 2N E 0uhRYL W th a

The present inventilion relates to liquid dispensers and
printers. 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 protective 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-
dye 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-
mentioned systems, droplets of recording liquid (ink) are
ejected from a nozzle provided in a recording head, which is
a liquid dispenser, so as to form dots on an recording

object, whereby a high-quality image can be output with a



- 2 sinple configuration. The inkjet systemis classified into an
“electrostatic attraction nethod, a continuous oscillation generating nethod
(a piezoelectric method), a thermal nethod, and so on, depending 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 inmage,is possible with a sinple
configuration.. A printer using the t%ernal met hod i ncl udes a so-called
printer head. The printer head includes a sem conductor substrate, heating
el enents for heating ink, a driving circuit, which is of a logic integrated
circui t sippée fonfégergitiong t Rbehéakiry ekemremt 45 ahdssdfoagd wheoein these
conponents are di sposed on the sem conductor substrate. Thereby, the

heat i ngasl ekentsocsnthe dsnseryianr angbddand sestishpuenesgiédtion the
thermal printer, in order to obtain high-quality printouts, the heating

el enent geﬁ%ﬁtb@gwﬁ%pﬁ der Weihﬁfq%qomﬁf@d)heam therrrp?alr thethed, in

order to gbtain, for exanple printouts, the heating el enents nust
be arraﬁ@@dsatoam PﬁPSP9&PgoPn42h33QlééﬁFfﬁFeHBﬁeWQFhoﬁF £8rdifficult to
provi de drivin ments to the correspondi ng - 3 heating el enents that

are denSeP§GTtip a éd. Therefore, the printer head further includes
rmed, on the sem
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heat i ng elenents are e
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 includes 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 elements, and so on, wherein these
components 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 in
the printer head. 1In particular, in order to obtain, for
example, 600 dpi printouts, the heating elements must be
arranged at an interval of 42.333 um. However, it is

difficult to provide driving elements to the corresponding



to generate bubbles, ink droplets are ejected fromnozzles by the bubbl es,
and the pubbles in a liquid chanber then disappear. Thus, the generation
and di sappearance of bubbles are repeated at a short time interval of

. several seconds, which corresponds to the cycle tinme of the ejection of the
ink droplets. The heating elenents are adversely affected from nmechani cal
shock caused by cavitation arising during the repetition. Therefore, in
order to protect the heating elenents, the printer head further includes an
insulating |ayer and an anti-cavitatign_layer on the heating el enents. As
shown in FIG 4, a conventional printér head 1 simlar to the above printer
head i ncludes a sem conductor substrate 2, sem conductor elenents, first
heating elenents 3, a first insulating layer 4, wiring lines 5 for

connect hagting eilemenfisathay erendrnsedyt srrhagedrr eSpendifagesetheonduct or
- 4 elenents, a second insulating layer 6, and a first anticavitation

| ayer 7pPriREerohend dyrihgrotactides| gyditchingsérpastissagsatbatopied
according to the followi ng procedure: a resistive |layer conprising a

resi st i ferRefepralthguERMa§oRARCAPEMSUbEHEAILEMARt FPaBECELSt 4Rt &h8m al umi num
alloy is fornmed on the sem conductor substrate 2 by a sputtering nethod,

t he rengFFﬁépPﬁgéPgiQeéF&HQdeﬂﬁPSHFﬁeuﬁﬁpgtlﬁé&ﬂFﬁéeél§HﬁﬁPét3; the first
insul ating, | ayer 4 copprising sili.con.,nitri,de aor, the like is formed on the
first hESEPRIUEESEnt 308y VAP deSodttion AatRoALSROBE PR cEREr i si ng, for

I | um is f d i [ l,at i I 4 and th
AT R S RS DL T B
compr i skaa,5khCAReDbiEIHR" HAGdblhding HRdnBN hBRHLLT 98 bi nes S by a
deposition ne ko%;eaﬁ the giFs anF’-cavaaflon %éyerﬁ7 conprising an

inorganggmggge&gghe§qch_as tantalumis then formed on the second insulating
| ayer 6. Ih the conventional printer head 1 having the above configuration,

the first heplipgeebeiRbbr3nbag, NiAB HEALih§SLEEABAREs AFe SUREFYPEed
insul ating properties and is prevented from nmaking direct contact with ink

dropl et o gaderhecBuRdNesdl isROGkopAeted by Hectkavereavnbakies is
| onered to protect the first heating el enment 3. The follow ng techni ques

are di selyoskd bnbdapanesndbEtar petbRatsenn Appliguad ehakveli eakhon No.
5-26657: a conventional technique in which anti-cavitation |ayers are -5
each i ndépepdentdl.y [Thosi,detet generadspnndndg disappegrenesentts and a new
technique in which a strip anticavitation layer is provided so as to cover
a pl urabbbplers hasgt repeeitedentts a shogdndriale imtervad odsgexerad | ayer
and/or an anti_ cavitation |layer of a printer head have a small thickness,

i nk dr oppecsendan Waighecpsgerironrds $Ratheasycide simel eét theé power because

heat generated by heatin% el enents can be effectively transmtted to ink.
ejection of the ihk droplets. The heating elements are

adversely affected from mechanical shock caused by
cavitation arising during the repetition.

Therefore, in order to protect the heating elements,
the printer head further includes 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



However, when the thickness of the above | ayers is reduced, the reliability
“of the printer head is also |lowered. That is, when the insulating | ayer
conprising silicon nitride or the |like has a small thickness, pinholes are
readily caused in the insulating | ayer and poor step coverage is caused at
regions of the insulating |ayer covering steps of wiring lines. Therefore,
when the thickness is too small, ink penetrates the printer head through

t he pi nhol es and the regi ons having poor step coverage to corrode wring

| ines and heating el enents, thereby causing breaks therein. Therefore, in
the printer head, the insulating |layer and the anti-cavitation |ayer mnust
have a thickness sufficient to prevent such pinholes and poor step coverage

f ising., | h ' d [ he h [ el . - 6
epoat YL o die SRS TG TV o1 SOV o ROCGHIG - whi ch
cor respongsc 01 4he gyl er LRl dhe eLect ian ol i e, ik Sl 0Pl s, a 1arge

heat stfess 15 repeat€edly app i g 1ayer and

ant i cavid AT QI | Ve eo RS SN ELAS £ POODL &N 14, Hhatodiieedigld abid ity of

the printer ower e he penetration o even if the

| nsul ating daes Bk et ds o814 Aol dyemdiane & thlakness suffiof ent

to prevent t es and poor~ step coverage fromarising. In particular

as _di scf gsesh ui, Japanesen Bam gd, Rat epdn ApDln-cat i Rvbl 1 caf iop No.

5- 26657 described above, when the anti-cavitation |ayer has a strip shape
SO as tfEelon tHalrfmidodudher e N €l By 5 Shacksratg readily

caused and therefore the reliability is significantly | owered because

st ress métlwadcettid at sl O whel Ppst | Do ofclide atd cavd taldon Hewteing The
anti-cavitation layer conprising tantalum has a | arge conpressive stress of
1.5 x edldnmer?tx ] ty@eSiceR. ifechacimy Iayean 4xqmiprening vdiehiddre tantal um
anticavitation layer is laid in a 400C at nosphere for 60 m nutes, cracks
are causitride tdre fhsul Bte nigs | Byemed oomprilse Nl s$t i loeat Ind reldenerX g egi on
where a crack is caused is shown in FIG 4. \Wen such a crack is caused,

i nk penttPwutesienrs brion aretieed; tar bager t frnprbekng o Tor retRmRIRy wiring

i nes and the heating el enments, thereby causing
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 inorganic 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 superior 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 following techniques are disclosed in Japanese
Examined Patent Application Publication No. 5-26657: a

conventional technique in which anti-cavitation layers are



breaks therein. In order to solve this problem the follow ng techni que
“disclosed in the Hewl ett-Packard Journal, May 1985, pp. 2732 can be used:
wiring lines are processed by a wet. etching method so as to have a round
- corner, and end faces of the wiring lines are tapered, thereby heightening
the step coverage at regions covering steps of wiring |ines and thereby
preventing stress concentration. This technique is effective when the
wiring lines conprise only alum num However, in actual practice, the
wiring lines conprise alumnumalloy gontaining silicon, copper, and the
like in order to inprove the characteristics thereof. Thus, when the wring
| ines conprising such alloy are used, residues are forned to cause dust,
which is harnful to _a sem conduyctor manufacturing process. Accordingly,
there i §28hpiBBPRRPARNEANt PERVSIEECKRAI GOETESRABHIRE B8881R8r the above
printer Tead. SUWVVARY COF THE | NYENTI ON Tﬂe Eresent,invention has been nmade
in or dePlEBeRSFvENELE BBBYECHPBAABAE 1ANH PFBYRJESTAP| #BAFT di spenser and a
printer, mh%r i, N tﬂe | i qui d disggn er inclgdes heatina elegegts gnd a
protectF@gllﬁ$éPni a¥RFchScPARKEIESnSBe®Eetr EPYCpr BVERIPER f FENPhei ng
caused. Inta firzt aspect of the present invention, aliquid _ g _
dispensg?aiﬁepua §"§"stibstrate and a plurality of |iquiddispensing
portions, arfan t bstr i i t e liquid chanber
for storing frl?q%%g?é)%lnéhﬁ%%gl%% %%u%%@f%%g{%ﬁe?%%{ﬁmaé% n the

heat i ng : S8 er@l zed. & at, L haHLg.SLO hn espondi ng
liquid SﬁgﬁgggggPoigfggth érggﬁgFgng?hg P%gﬁié %ﬁgﬁ?tﬁ%bggﬁgéébonding

nozzl esjnkharBpakiadcghepRNEScaRdat Rethi gULHathagRetAthBYecReBEPECt i Ve
| ayer and an insulating |ayef there between; each heating el enent, the

i nsul at pagel-ayebautBenpadt gehkyatkaysy, nhandiggchikingdtd ehanber are
arranged in that order; the insulating |layer 1solates the protective |ayer

fromtheflieatinelel erantmitand theipkotective |ayer conprises an inorganic
material, protects the heating elenents, has a strip shape so as to cover
sone of the pobwewtr | ywloén helad | tigl ekeeent of achacandve ol &pets atder, and has
slits each di sposed between the heating elenents. In the above liquid

di spenseeduthd, héhei mglékbidity edc Hhiengnideerwdigagsiist grlsso arovaamtl in a
substantially parallel manner and connected to each other at one end of
each re%hatois. antiesr shenénghzadipyg appryi AgMArieinggeibéearen t he ot her
ends of the resistors; the slits extend froma face of the protective |ayer
cl ose tBitRadgt REr tBRAS1KF PRE ReSMatdr EhighBeERe BrLBRRLEFVETPayer has

ortions that each cqver | east _.one of _.the heating el enents adjacent to
Poch ot rerdaka Benes: Shi thecibRuatnenSLiaPRE SrtcPtpEes el — O

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 pinholes and poor step coverage
from arising.

In the printer head, since the heating elements are



- 9 the connected ends of the resistors. In a second aspect of the present
“invention, a printer includes a liquid dispenser equipped with a substrate
and a plurality of |iquid-dispensing portions, arranged on the substrate,
including at |east one |liquid chanber for storing |liquid, one nozzle, and
one heating elenment, wherein the heating elenents are energized to heat
liquid stored in the corresponding liquid chanbers to eject a droplet of
the liquid fromthe correspondi ng nozzles; the heating elenents and the

| i qui d chanbers have a protective Iaﬁgr and an insulating |ayer there

bet ween; each heating elenent, the insulating |ayer, the protective |ayer,
and each liquid chanber are arranged in that order; the insulating |ayer

i solates the protective layer fromthe heating el enents; and the protective
| ayer coapeatesl@nhéanvedant cansliert at imerixioetwal hef leatdreg el enents, has a
strip shape so as to cover some of the plurality of heating el enents

adj acents¢comdch whheh , candesponds i te Eae hcylisposiatk bef iden t he heating

el enents. According to the first aspect, since the liquid dispenser has the
above cen¢cgiomtédnthe hinkiduopletspensbrragarmert usetkSoriprinter heads for
ejecting ink droplets, droplets of various dyes, droplets for formng

prot ect¥ered bgdly, applied ba, the civsylapbrgckayebhranf sPehsi™et1i qui d
reagents, various neasurin% appar atuses, various testing - 10 units,

var i ousCpat tekhemgl 8Y8E ens Thus whiReC e i i ¥ RFRI I ingetts % protecting

menbers from being etched are used, and, so on. In the liqﬂid di spenser,
since tFRelprbibityvel| bherPRriRteRenesrd t 1S o} Ypoetd B8 weknti%e corresponding

heating el enents adjacent to each other, thermal. stress be prevented
from coneRAtFANY é? LRE BBFEI b B?eth%ﬁ?ikéiﬁﬁi%%y?%y%ﬁgagﬂireby

ting. K ' djn th ' s th
o1 ot oot FOBLTRGEI CRRLOR SrVPD BRURCE okt iTafy o SFELTon QU il | 12
lits, ' i t i I
i str1 o RSP hIRb b cafidrBass BBk, S0utPab e e PR FEL it n the potenti al

bet ween the gy gm.{&ﬁlélayegs apts dhesdieatd N Rl RIRN Scambibies Haticht

protective |ay has hi gher resistance to dielectric breakdown as conpared

Wi th angbhelcRFPLRCHLINE1EAY¥EHNPREYI eds b 97 cachic hepéd b &t &MBien
Furthernore, since portions of the protective |ayer are separated by the

slats, the sRteadavitapidnoxhgati RAs &hatrip, shdyge bsw rasittofcdher pr ot ecti ve
| ayer, caused by short circuits can be prevented. According to the second
aspect,plorabetpr bt ehe heackagcabehensecucehgkpreventeasdiXvncdesed caused
in the protective |ayer for protecting the heating el enents. BRI EF

DESCRI PahaNtIErafier ORAMENEGELEAGL L1ty sia pianifiecanthow egeredri nt er head
accordi ng

because stress is concentrated on one portion of the anti-

cavitation layer.

The anti-cavitation layer comprising tantalum has a

10 10

large compressive stress of 1.5 x e to 2 X e dynes/cmz.
According to an experiment, when the tantalum anti-
cavitation layer is laid in a 400°C atmosphere 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



- 11 to the present invention; FIG 2 is a sectional view show ng the
“printer head showmn in FIG 1; FIG 3 is a plan view show ng another printer
head accordi ng to anot her enbodi nent of the present invention; and FIG 4
is a sectional view showi ng a conventional printer head. DESCRI PTION OF THE
PREFERRED EMBODI MENTS The enbodi nents of the present invention will now be
described in detail with reference to the acconpanying drawi ngs. 1. First
Enbodi ment

breaks therein.

In order to solve this problem, the following technique
disclosed in the Hewlett-Packard Journal, May 1985, pp. 27-
32 can be used: wiring lines are processed by a wet etching
method so as to have a round corner, and end faces of the
wiring lines 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

above printer head.

SUMMARY OF THE INVENTION

The present invention has been made in order to solve
the above problems and provides a liquid dispenser and a
printer, wherein the liquid dispenser includes heating
elements and a protective layer in which cracks can be
securely prevented from being caused.

In a first aspect of the present invention, a liquid



FIG 2 is a sectional view showng a printer head 11 used for a printer
“according to an enbodi nent of the present invention. The printer head 11

i ncl udes second heating elenents 12, third and fourth insulating |ayers 13
. and 14 conprising silicon nitride, and a second anti-cavitation |ayer 15
conprising tantalum and functioning as a protective |ayer, wherein these
portions are disposed in that order. The printer head 11 is manufactured
according to the foll ow ng procedure. A silicon nitride (Si3N4) layer is
formed on a p-type silicon substrate 16, which is a wafer, by a deposition
met hod. The resulting silicon substrate 16 - 12 is processed by a

phot ol i t hographi ¢ nmethod and a reactive etching nethod to renove parts of
the silicon nitride |ayer except for predeterm ned regions for formng

t r ansi sdaspensker ébgladeswangubsktiretr antredplpoplidpsofoligndin on t he
transistor-formng regions on the silicon substrate 16. The resulting

si | i condégbsnsang peritdonser marppgesi anzétiet substrather AAF1BALNGoAtOXI de

| ayers at regions where the parts of the silicon nitride |ayer are renoved
in the aBagéE §P@pllqﬁédtﬁ@ﬁﬁgﬁrsiPFcéﬁoé%PEelFﬁyéﬁs eBer BSPEAE - t BREOCOS
(Local Oxidation of Silicon) regions 17 for isolating the transistors. The
si | i con°88bieriiegl6ledeslins ¥46EREPY thesheatingt E4°BFBtFaBFPcat ed on the
correspondi ng transistor-form ng regi gns of the resulti sihlcon substrate
16, vhePBERILAECg AP BoRty & IH IO FIEGHFSL RN PR GRFERBOPAADE) LiiSHR oi de

| ayer, a, _polysilicon.layer, and.a_ thernal oxide . layer e disposed in that
or der. ?Hgmké§ﬁlﬁPn§3§FIi@oHrQB%EFrQ eqﬁg g§qPﬁ8n%%98cgé§ed by an ion

i npl ant at.i on t hod and _t hen .an, oxi dat i. o] r outce.regi ons and
2 Rl R et L R B R LR e

transi statanlds HLEN ARk 1 VS YR abntX L e REMh GRRUCh QUL yPe.  Fach

first transistor has™a dielectric strengt . functions as
a Ncs‘t¥9%r@bb%%%e59re%%%r%bé&&&ge%%gméﬁ%qn@théhbGQa%hﬁaeﬂsyé%; On the

ot her hand, each second transistor 19 is a conponent of an integrated
circuit ther pgeRkc@liklend at/e@Seand- ehdh liquid chamber are arranged
in that order; the insulating layer isolates the protective
layer from the heating elements; and the protective layer
comprises an inorganic material, protects the heating
elements, has a strip shape so as to cover some of the
plurality of heating elements adjacent to each other, and
has slits each disposed between the heating elements.

In the above liquid dispenser, the heating elements
each include two resistors, arranged in a substantially
parallel manner and connected to each other at one end of
each resistor, and are energized by applying a voltage
between the other ends of the resistors; the slits extend
from a face of the protective layer close to the other ends
of the resistors; and the protective layer has portions that

each cover at least one of the heating elements adjacent to

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



drivers and operates with a voltage of 5 V. In this enbodiment, lightly
doped diffusion |ayers are each di sposed between the correspondi ng source
regions and drain regions, and the electric field of electrons flowing in
-the layers is lowered to prevent the dielectric breakdown of the first
transistor 18. A first interlayer insulating |ayer 20 conprising BPSG
(Boron Phosphorus Silicate 3 ass), which is one of silicon oxides
cont ai ni ng boron and phosphorus, is then formed on the resulting silicon
substrate 16 by a CVD (Chemi cal Vapor,Deposition) nethod. The resulting
silicon substrate 16 is processed by a photolithographic nmethod and then by
a reactive etching nethod using gas containing C4H8, CO, Oz, and Ar to form
contact holes 21 on the source and drain regions, which are diffusion

| ayer s dhet ltengiclcitedn endissbifattbel@esTheoresul ting silicon substrate 16 is
washed with diluted hydrofluoric acid. A titaniumlayer having a thickness
of 20 nm a EIntansespndtasdecharfi the|pyesembvinertion ckaessinte’50 nm and
an al um num | ayer having a thickness of 400-600 nmare formed above the
resul ti Agcddeson ddaidaddspenisert Ranippadr vbhaaspubstrrhg Agdhad,

wherein these layers forma first wring |layer and the aIun1nun1Iayer
contaln§lPr&ﬂéﬁVc°@)éﬂﬁpééﬁdéﬁpﬁn5laﬂoﬁpétéeﬁﬁerarTﬁEg?GSHPtFh@ silicon

substrate 16 is then - processed by hotolltho raphi ¢ nmet hod and a
dry etcﬁ URg ﬁéﬁﬁole&1§€P€8tP&eﬂ?aﬁ€nﬁvé &éﬂﬁ%doF pRESEi £9F REPFARYI ayer,

t hereby fornming first wiring l.ines L n resy si,l i con substrate
6. ¢ ho 148G Orsngpetsrs 359 GREcHeatLRgr SheRBtryBESrElE EBfnccted 1o

each ot?er Wi t h he corres ondlngéflrs

rlng ines 2 for n
niegra &atﬁala.l SIERPETL SR ST O5AEx e : Fafzﬁ iflad B5aFRg 18 SRC b
16 by atCUBeRELRG et né"ﬁ R R 18 RSt BB P Gac and

t hen p'%ﬁ%&'éGQr%% %hQN%oQQQ%Eb%ﬁ;ngﬁBBQQ cal, ?HE'ﬁQh@Qég”@&QR%EEF(Spin on

Al t er nat coating-t oxXI| e "ayer 1ncludfng a

d ass) tahhmth% negned rc‘?iaEnB%r%' hih¢8naopirdeckay ok @Bg}e&hgﬂdeaﬁhed back to
planarize the surface thereof. Thereby, a second interlayer insulating

layer 23nk%1benned1efethenkirkbletweehigebRened2itgnaeehedtt otaecond wiring
lines. Tantalumis deposited on the second interlayer insulating |ayer 23

by a spunketiamrdnaethgert o ther prateantakeulalayer ahaveaghaltihuckness of
80-100 nm The tantalum |l ayer is disposed above the silicon substrate 16
and funchehobsrasra eesiesped liay¢hatUomdeessahy postilensngf lafgert ant al um
| ayer are renoved by a photolithographic method and a dry etching nethod
usi ng gasocdemesi hegpBCt8caadeClayes form thei bestdny2alempnth:ansd

conponents of each second
the protective layer comprises an inorganic material,

protects the heating elements, has a strip shape so as to
cover some of the plurality of heating elements adjacent to
each other, and has slits each disposed between the heating
elements.

According to the first aspect, since the liquid
dispenser has the above configuration, the liquid dispenser
can be used for printer heads for ejecting ink droplets,
droplets of various dyes, droplets for forming protective
layers, and so on, micro-dispensers for dispensing liquid

reagents, various measuring apparatuses, various testing



- 15 heating element 12. Silicon nitride is deposited above the resulting
silicon substrate 16 by a CVD nethod to forma third insulating | ayer 13
having a thickness of 300 nm Predeterm ned portions of the third
insulating |ayer 13 are renoved by a photolithographic nethod and a dry
etching nethod using gas containing CHF3, CF4, and Ar. Thereby, portions
for connecting the second heating elenents 12 to corresponding wiring |lines
are exposed, and openings are then provided in the second interlayer
insulating layer 23 to formvia-holes 24. A titaniumlayer having a
t hi ckness of 20 nm and an al um num | ayer having a thickness of 400-1, 000 nm
are formed above the resulting silicon substrate 16 in that order by a
sputtering method, wherein“these |ayers forma gegg@ﬂlﬁﬁ" ing |layer and the
al um num | ayer contains 1 atomic %silic p,rq\JG 5 atomi ¢ % copper. The
resulting silicon substrate 16 is t,heﬁﬂpcr ocessed_ by \as?fnbt ol i t hogr aphic
met hod and a dry etchi n}&}g’”@tjl&tﬁé “Po sel ect |e\¢eh9dr%rmve parets of the second
W ring pattern Ia Sferht eby for(?t\ngalé‘@cond Wi ri ddtids 26 used for power
supply, rrlgrx'éu |ng, oan% Ing the fitse ¥tansistors 18 to the
hegtiusg 3 ement s J&'@md“‘teor conne%I xngsfL € resi st%rnamgA t her eby obt ai ni ng
the second, he@t‘ﬁtg el ement icon nj tédﬂ’@el S deposi t§éjnabove t he
egdebiAg” - i,rel A\ substratceeéﬁ By®a CWD met hede®d formthe fourth
insul atin aye’irn 14 havi ng gsahiPlkness of 4ame388 nm and functioning as an
i nkapdofé%g?l ng | a% rr\—_slcnl heat LLERto >¥RFF'ur nace, thecr@sul ting silicon
Substrate iy i¥et hen heattreat@d et 400Cf rﬁﬁ)o‘ﬁt nut es |n an at nosphere of
a nrta*;ﬁjen gas, an? rzgiﬁr? gas or ratx@d‘ gas conlfta a‘n trogen and argon.
Ther eby, , 3 the€P T con s§ g{;ra’??a the fhest second, pyansi stors 18
and $@e&rE st abi | | the conpeatihdn S bet ween @Iaelf’far St and second
wiring lin g@e{&e%n 26 are @J;gsdﬂ‘set abi i zed, thttmr&fby reducj ngy 1¥fer cont act
resi sban€&. Tant M@l st %p05| tedeabov‘él?%e resul, t) ngosﬂ‘?con substrate 16
by a sputtg(g\hn@ hod to e eHe second argddeé\h tatr on Ilaﬁme 15 having a
thrckneé% of 200§ f|Im31 COMPR S |ng an Yesin is bonded to
t he second @nti.rtL V|tat|o d ayep 98 by C?‘n QS§P Part% of the dry film
31 corr@é’pe’ondl ng, towm@ anber s 3 ard Yk channeI S YeRtE Fem)ve nd the
dry film 31 o SCERBN cured Q\nap?Hl ce pl at,geBQaY% t hen JOlIngddt’& ‘?he dry
film 3103Fh erein t g, @i Ce pI at e 255 openi n S fune¥foni ng as nozzl es
34 for LireeFh and tg\e s are di on the cagygsiondi ng
second h%ggl ng el e atrsfl ThereQ eebh® %I’I nt er dr 1%27 ncl udi dyt he
nozzl es 34, gﬂl@“itnek chanb @3'35 and t he |€g@toh’§nne?s for JA@AerantT oduci ng
ink into ctlhe correep@nd@'n% I nk ghae@eﬁsp%% IS cg%g{@ﬁ
ceducind Tho® a®
o1ements’ L brea\ﬁdown

n eatj_ﬂg



- 17 As described above, in the printer head 11, each second heating
“elenment 12 conprising tantalum the third insulating |ayer 13 conprising
silicon nitride, the fourth insulating |layer 14 conprising silicon nitride,
- the second anticavitation layer 15 conprising tantalum and each ink
chanber 35 are di sposed above the silicon substrate 16 in that order. In
the printer head 11, the ink chanbers 35 and the nozzles 34 are
continuously arranged in the direction perpendicular to the plane of FIG 2
to forma line head. FIG 1 is a pLag vi ew showi ng a configuration when
viewed formthe side of the nozzles i, and this configuration includes the
second heating elenents 12, the second wiring lines 26, and the second
anti-cavitation layer 15. In the printer head 11, pairs of the ink chanber
35 and thethnezziese3d mmeewmtitdn di sposed on the correspondi ng second heating
el ements 12 above the silicon substrate 16. In each second heating el ement
12, the two Hlgsi X drss al BRdtEvingg & ireec tsdreguilngr tdieape iarte rathreadged in a
substantially parallel nmanner and connected to each other at each end
t her eof shewh BachIFirkt el ectrode 26A that is a portion of each second
wiring line 26. Second el ectrodes 26B that are also portions of the second
wiring |inef¥s at eeatPldghidd@veday ik agitédre e arriedsendiasg ends of the
resistors 12A, Thereby, the second heating el enent 12 can be, energi zed when
a - 13°cbiinget? s2Bpb e ePRYIERP | R sl RF T g B The second
anti-cavitation layer 15 has a strip shape and extends so as to cover all
of the 3%Cond heating el ements 12, the first el ectrodes 26A, the
connectionsEgﬁ%mggn t he resi,stor.s _12A aﬁg)the first elﬁptro es 26A, and the
connect i ons gt ween $ e FESHHrs ISR SHEHRY SO B e Pddes 26B. The
second I nts 12 are arranged such that the total |ength thereof
i's subs$§%%#% I@éggﬁal to the wdth of a printing paper sheet. The second
anticavitation layer 15 has slits 37 therein. The slits 37 each extend
bet ween the second heating elenents 12 froma face of the second

anti - caykd@kt PRTORYSF PE CPREEERRed NEMSEsOENed ect rodes 26B toward the ink
chambers 35. Each slit 37 extends over one end of each first el ectrode 26A

opposi te to e atdirliniittd Ut agatddtg it Nevedisinome 1124 dwo tRach ot her.
Thus, the second anti-cavitation |layer 15 has portions that each cover the

cor r es pask Apb &€ comddéreai 1 ngi €h enefd serdde connged adddmeaching her at the
side close to the connected ends of the two resistors 12A. 2. Operation The
print erdraxginges the printer head 11 including the silicon substrate 16,
the first and second transistors 18 and 19, the second heating el enents 12,
t he thirdlandfiosktPmbedimentng | ayers 13 and 14, the second
anti-cavitation |ayer 15, the ink chanbers 35, and the nozzles]?4, whi ch

are FIG. 2 is a sectional view showing a printer head 1
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
layer 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 (Si3N4) layer is
formed on a p-type silicon substrate 16, which is a wafer,

by a deposition method. The resulting silicon substrate 16



- 19 fornmed on the silicon substrate 16 by a sem conduct or manuf acturing
process in that order. In this printer, ink is introduced into the ink
chanbers 35, and the second heating elenents 12 are then energi zed by the

- corresponding first and second transistors 18 and 19 to heat the ink stored
in each ink chanber 35, thereby generating a bubble. The pressure in the

i nk chanber 35 is rapidly increased due to the bubble generation. The ink
in the ink chanber 35 is ejected through each nozzl e 34 because of the

i ncrease in pressure, thereby fornan an ink droplet. This ink droplet
adheres to a printing object such as & paper sheet. In the printer, the
second heating elenents 12 are repeatedly energized intermttently to print
a desired image on the printing object. Since the second heating el enents
12 are iist pmoicetserd pyenephiozeditbobbbpbiar meybndr anddaamdaditsaepear in the
i nk chanbers 35, thereby causing cavitation, which is nmechanical shock. The
i npact eftabiing medchadi ¢al rehovk peritessénstiebgilheosendndidet layawitation

| ayer 15, thereby protecting the second heating el ements 12. The direct
cont act e¥Fcepie foac prgdrsarimiged seroarss1fon fArMARgI srpnedenrad by the
second anti-cavitation layer 15 and the third and fourth insulating |ayers
13 and trenekhyr édyoxiisg shédeer ngtrhRdespestdoneatPngeBprénents the. However,
in the printer head 11, in addition to the,_ .- 20 nechanical shock, the
second &FESE&HCEatPER Py &F915nEnARt hBSt ALL4CQRdSEBEFERENLEl-ati ng | ayers
13 and 14 su&ber frOﬂ%thernaL,stress caused ﬁ% repeatedl¥ heating the
second heat i NYCeFERBAFERI 251 HLCARsBUPREFRER N Lht FRRE? I Wi on | ayer 15 has

hi gh : [ it h . . Ih d

ant' - CagRd e By Pils THEUTRG SLGtrPp SRARS FUMETFoRE AECAOBPot ecti ve

I , t edl f : mal. . h ' 37 h
i posed BECeLs, FR 0Pt ot b ot Chc BRI aR: Ry SE Basneemty il oforc

Stress eucentialiang.n e $Reand1a8th caxhi ALkaR hayer.liocan bgasecur el y

prevent ed as conpare th another one having no s ereby, cracks due
to the %br%@%o@on%%@b&abkqaa%aenbsfsngﬁgbx)p&@ﬁgehgdlﬁr@skbelng caused.

Thus, the printer head 11 can be inproved in reliability. Since the second

anti - cadisoakitahgl ayer t¥anBastbhe.sl the silicon substrate 16 is
subsequently washed. Gates are fabricated on the
corresponding transistor-forming 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 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
transistors 18 and second transistors 19, which are of a MOS
(Metal-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 is a

component of an integrated circuit for controlling these



37, troubles can be prevented from spreadi ng. Wien breaks arise due to sone
causes in the second heating elenents 12, the second anti-cavitation |ayer
15 and the second heating elenents 12 are short-circuited with the third
-and fourth insulating |layers 13 and 14 di sposed there between in sonme cases
depending on the condition of operation, because the second anti-cavitation
| ayer 15 is connected to a ground potential with the ink stored in the ink
chanbers 35. Wen - 21 the second anti-cavitation |ayer 15 and the
second heating elenents 12 are short-cjrcuited in such a manner, a |arge
anount of current is applied to the sHort-circuited portions to cause a
burnout of the second anti-cavitation layer 15. If the burnout is serious,
t he burnout extends to contact holes for the transistors, thereby damagi ng
t he tranmkiisteass andowpegateisnwilid pr votléageead $1Vaccdndithgsto this
enbodi nent, if the burnout arises, the burnout can be prevented from
spr eadi rpboddmentte ddgbrid yhdapedg délfdmsiry 12yadisaeaert eegheddisposieer with
the slits 37. In particular, in this printer head 11, since the slits 37
ext end faedwegny gheageragsPprddngi §eUrce wegérnehangbevaipuregdonss apt to
arise, to another side opposite to_the volta%e-applyin side in the second
ant i - cadCattiben elegdrits fiedd pér Rdgctegnshélovdnmely FhéveRYEd sf iém
spreading. Furthernore, since the_ slits 37 extend to portiaons beyond the
first eledersfed2bkevens Fhenddelestrse Rregkdewn: afy theedddtdd f rom
spreadin%: The follgmﬁng met hod may be proposed: the second anticavitation
| ayer 1552053F60Fddd 't o each second heating el ement 12 in order to merely
prevent the ét%ess congeniration an d é t he bur nout wever, in
n ta ag r

9 he sprea i
Come cases, AnSTREt FOEPRHFECEnAPBR 8P o TRehaptr COHRRTELTE BPSehar ged i n
t?:ngagRFgroEﬁ%%&é#ho&@si%ﬁEi%a%%sﬁiaggg,eM%SEEOEEaEE% %Qaggﬁfé%n

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 C4Hg, 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 hydrofluoric 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 these 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



sonme particular nozzles 34 and then applied to the second anti-cavitation
“layer 15. Therefore, a large potential is instantaneously generated between
the second heating elenment 12 and the second anti-cavitation | ayer 15
grounded with the ink having high inpedance. In this case, when each second
heating el enent 12 has the second anti-cavitation |ayer 15, the potenti al
i nst ant aneously generated is extrenely | arge because the capacitance
bet ween the second heating elenent 12 and the second anti-cavitation |ayer
15 is small. Thereby, the dielectric grgakdomn of the third and fourth
insulating layers 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 ment, since the second anti cavitation |ayer 15 covering all of the
second peacenged| byeat pho2ohashagrappjécamebhodhandapadkyartehbagween t he
second anti-cavitation |ayer 15 and the second heating elenments 12 is
| ar ge. Teahetlote, selegtivedyvecemoyeabiasteh@igdhies GFst et ring avajeer,
potential sufficient to cause the dielectric breakdown can_be prevented
from beithgrgeefarddnat RérebyvWhrénenl ingst Bé. br EAkEBRNTre8ULlAdREnt ages As
descri bed _above, when a strip protective |ayer covering heating el enents
adjacenﬁlﬂécéﬁcﬁuéﬁﬁéﬁtﬁaé6$IFE% eqchndi spdRedsbetried t WBLEBr AE€pondi ng
heati ng el enents, - 23 cracks can be securelgﬁprevented from bei ng

caused Ph ehBOpr G¥BEri §E€| S9BPECER: her RBFR, ObRFRoBEERdbBSt 0 short circuits
established between the heating el epents,and the protective | r can be

o event BAZFFORPEALBRAT RS Rl FRBPOPECS a7 21 B2t FPERDPBARhbRRTAES: o an
eIectroiggakccggﬁpg% can be securely prevented. In particular, the slits
extend froma voltage-applying side to regions near another side opposite

to the vol t ageapp| y419, 3| 4& ié#}é?%ﬂﬁ@if&ﬁiﬁ’ Aéyﬂ’il?e%‘?%éi‘ons of the

protective |layer covering the heating elenents connec each ot her at

the regiaus: 2 ThREERYy ke sbEEPRABLSaHYGt PrtNeesNPE NG LEYiEEneSt aDI i shed
bet ween the heating elenents and the protective |ayer can be securely

prevent gdpkrearspneagdi,ng. cfp LebrbaEAbedynENTE0EN the above enbodi ment, the

anti-cavitation |ayer
(tetraethoxysilane: Si(0CzHs)4) gas and then planarized by a
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 layer 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 layer 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 BClsz and Cl; to

form resistors 12A, which are components of each second



~functioning as a protective |ayer conprises tantalum However, the present
invention is not limted to such a configuration and covers vari ous
nodi fications. The anticavitation |ayer may conprise another naterial such
-as tantalumnitride or tantalum alloy including tantal umal um 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 tantal um - 24 In the above
enbodi ment, the heating el enents eacgﬁ%nclude the resistors, connected to
each other, extending in a substanti y parallel manner. However, the
present invention is not limted to such a configuration and covers vari ous
nodi fications. Various heating el ements having anot her configuration can be
used. | mehtdnabelemernttodi2nent, the anti-cavitation |ayer having a strip
shape covers all of the heating elenents and has slits di sposed between all
t he correspofdingohenitngdel taedeposHoagvabovehtheresenlitingention i s not
limted to such a configuration. If stress concentration can be securely
pr event &d liigoa pubsttiredle d$e byt he CID methag e dach di $pdrdd bet ween two
pairs of the heating elenments, as shown in FIG 3 used for conparison with
FIG 1. insudafdniovéleyert B8 Savisdmay thd ckaeset pfePylapmanged at regi ons at
which stress intensely concentrates. Furthernore, the strip anticavitation
| ayer n&yeRSteca8eda PP IR opge OfedlienGrerend REY LB "gokBYSF LRe2R&at i ng
el enents. In the above enbaqdi nent, the hﬁgp el ements conprise tantal um

) ] tin

However FeMRY SR BYeht PRAFEALEHRIEEPRIC P ngPG gulfYaetShtngur ati on and
covers various mdifications. ,The h hing | enen may .conprise various
ayer | nCHEO8 PARES BAS FERIBAPARENERAr nert e (HIA dH v g Ehent s and T he
driving P I&‘[t(i%lnts e %ro'tn‘ﬁ'e’&gci%%g 4L ‘é'e%%ﬁ‘a' %’é%%ggga%‘i R0 4 gally
i nt egrated on theé substrate. wever, the - present i nvention i s not
limted cto(}r%‘é%'an i gnfw‘ig‘i&l@} QR aNd COUGHS AN | QUS %g@hfih%%t hoRs. The
driving elements al one nmay "be arranged onh the substrate.

then provided in the second interlayer insulating layer 23

to form via-holes 24.

A titanium layer having a thickness of 20 nm and an

aluminum layer having a thickness of 400~1,000 nm are formed

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 122, thereby obtaining the second

heating elements 12.

Silicon nitride is deposited above the resulting



In the above enbodi nent, the printer head ejects ink droplets and is
“included in the printer. However, the present invention is not linmted to
such a configuration and covers various nodifications. The printer head may
ej ect droplets of various dyes or droplets for form ng protective |ayers
other than the ink droplets. Furthernore, the printer head may be generally
used for mcro-dispensers for dispensing liquid reagents, various neasuring
apparatuses, various testing apparatuses, various patterning systens in
which liquid chem cal agents for prot%ctlng menbers from etching are used,
and so on. As described above, according to the present invention, the
anti-cavitation layer functioning as a protective |ayer and haV|ng a strip
shape covers the heating el enments adjacent to each other and has the slits
di sposedibécoresubhbraber &§pondangVhenethgdetentars. thnefebythcracks are
securely prevented from being caused in the anti-cavitation |ayer for
protect{ﬂgulﬁblh@al@ﬁgrelénhﬁvsng a-thgckpepy pS EOArRED PW:and A [iquid
di spenser conprising: a substrate and a pluralit | i qui d-di spensi ng
porti onfUngtianied 8h @Hel§hb3¥?h?6tlﬂﬁcfﬁﬂﬁﬁg a%nléagﬁaéﬁérﬁﬁﬁapa chanber

for storln |iquid, one nozzle, and one heatin | enrent mhereln t he
heat i ng BFgﬁﬁﬁtst%?er%ﬁB}BFE%ds%%lﬁ%%tSFPaEFGtgtiﬁeas kheReh 88Fr espondi ng

liquid ch t_ad f the Liquid fromth di
ozl et ERESERE ﬂ@bgﬁeﬁéﬁté8 anPﬁﬁslFﬁu?hqghﬁﬂﬁéﬁg}ﬁag 4 protective
| d ti t her ebet h_h t, th
el ot PhGEpaghs 4= Fhet, sFEER: 425 of8 4 HRuedotne EahtR ek e nro

arr anged LpoL bRt o gt deraoh e fspLAL! gy @ sr35§9ba£e§ugg@r9£8t@et've | ayer

fron1the %lng e pro ec rve lTayer conprises an’'inorganic

o ot e sapt b e cbem s £
slits eagd Qhépeéﬁﬂeeei&ﬁsnbéhﬁe@ﬁa£hagf@k@ﬁeaha second wiring

lines 22 and 26 are also stabilized, thereby reducing the

contact resistance.

Tantalum is deposited above the resulting silicon
substrate 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. An 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 1s completed.



2. The liquid dispenser according to Claim1, wherein the heating el enents
each include two resistors, arranged in a substantially parallel manner and
connected to each other at one end of each resistor, and are energi zed by

- applying a 27 vol tage between the other ends of the resistors; the slits
extend froma face of the protective layer close to the other ends of the
resistors; and the protective | ayer has portions that each cover at |east
one of the heating el enments adjacent to each other and connect with each
other at the side close to the congeégeq ends of the resistors. 3. A
printer conprising: a liquid dispensér conprising a substrate and a
plurality of |iquid-dispensing portions, arranged on the substrate,
including at | east one liquid chanber for storing liquid, one nozzle, and
one heati ng 24 edestyilydrabove heimedte nor sheementsadr bl eneagh zeelcowd heat
liquid stored in the corresponding |iquid chanbers to eject a droplet of
the |ighedtingnelementrtespomdirhgingzzentalune hbat thjrdl énentstand the
l'iquid chambers have a protective layer and an insulating |ayer
t her ebel den; 1dachmpeasing eléhean, nikeifdasuthei Aguraheinsphatpnot ective
| ayer, and each |liquid chanber are arranged in that order; the insulating
| ayer i§6V8Fe§4tﬁ@mEFb§é69i§élFﬁ9§rnFFﬁﬁgﬁhethéaFPﬁ@néléﬁﬁhrs; and the
protective,la¥er conprises an inprganic material, protects the heating
el ement SaVH5aTEE08 FR¥CENLPeCeBPRESEBICEIBE24Re BRIt RRCPI 4P&I ity of heating
el ements._adj acept. to egch other, and has slits each. disposed _between the
eat | nocBRBRER: &5 aRecdIARSSAR ABBUANERR BLAIGOR AUDALEILACISATIA A
CAY.ACAY. ACfLACY. AL Aya. Al L ACAY. Ay5. A Al $@[ &F, JK_a-

}xsnid_ET%B]%g %ﬁ]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]

T / Tal :
S o E o S IR UFALE AL A e P link chapbers 35 and the 1ol caj cal
[y "GEE . 1... 02244666, 737M
g?%%?%é@%%?%§§£%?ggg%fgg?g%?gg?gg?ggfgé?gg?géIcé??é?g5f8§f§g]ca]ca]ca]ca]ca

1 ca] ca] salpaheatcahcalsalnal pahnal 62l paicapcabl 88888491ine: hefaY;
;5 <>>>>7??2e@@NATBUBzB{ B~BCC} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca

] ca] ca] ca] cafr@] crl £l £ ) v cod &l SRdwad g ad cads ol gat s8] 6@ wiae £CCCCCCTDUDDDD
EE@EAEEECFJFbFcF

CCCG ) EeebHPbhc thessi deZbFcaheahocaktakcalicahed]| e¢alisa) ca) ca] ca] ca] cal ca]
ca)] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! cHIHvHMHHHHH. |/ | FI d z
1] 1J3JJ] dod KKOKYKE KOKKKhENu@eELLhesakdoZfl] behtahgapdeinentcalléa] thkca] ca] ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! LLLLLLLMWM
MWAN' NASBOPPRPBLOZ LNSSE: e WWR G| [ and) %xbAi deZppdaposlicapvaresjea] éayea] cal cal c

a]pa]paLca]ca]ca%ca]ca]ca]ca]ca]ca]ca]ga]ca]caLcalca]ca]ca]cagca]ca!acdd\fc
fogijjjk ﬁquFplg gybrinter head 11, pairs of the ink chamber 35 and

Zve{={]" id A
J oa] os] Ehs cipEA] 6T 4] SapoapEa] dapbapea] 6] aPogPLRESRRYALAG Sebont | o 7
Zye{={|" id Z
| ol cal PAFEXPEaTLaTEY ol af AT EaT ba] 64} LAPBARCRTERFREOIEE ([Eatadre () - 1096
& ()-"10% &.()-10% & () -VI10% &, () : . .
ST004 (505531 T RRE 101 SO0 52() TR0 FPSFEILET &2 PEVEREoke ()- st 10%
&f()'S!}Qgggh&%lérzghgggoagélg%@égééﬁ Ehlgqggbgkéﬁtially parallel
manner and connected to each other at each end thereof with
each first electrode 26A that is a portion of each second
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
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voltage is applied between the second electrodes 26B.
The second anti-cavitation layer 15 has a strip shape
and extends so as to cover all of the second heating
elements 12, the first electrodes 26A, the connections
between the resistors 12A and the first electrodes 26A, and
the connections between the resistors 1Z2A 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 the second
electrodes 26B toward the ink chambers 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
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formed on the silicon substrate 16 by a semiconductor-
manufacturing process in that order.

In this printer, ink is introduced into the ink
chambers 35, and the second heating elements 12 are then
energized by the corresponding first and second transistors
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 printer, the second 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 second 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

10' o



C10% & ()- 10% & ()-L10% & ()- 10## 10##77858C8l 88dEH: 5 10

10##S-10% & ()-,F10% & ()-Y310% & ()-Sy 10% & ()-10% & ()-10% & ()-8888+9:
dEH: 5 10 10##S3-10% & ()-1(!10% & ()-Z S&L0% & ()-$-10% & ()-"10% & () -
- 10% & ()-::1;1;mn;o;v;<bC5 10 10#! 10% o0& ()-m 9MLO% o0& ()- 10 10
10091 10% & ()-7S 10% & ()-510% & () - <<AA

- 20 -

mechanical shock, the second anti-cavitation layer 15 and
the third and fourth insulating layers 13 and 14 suffer from
thermal stress caused by repeatedly heating the second
heating elements 12, because the second anti-cavitation
layer 15 has high compressive stress with respect to
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 one 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
arise due to some causes in the second heating elements 12,
the second anti-cavitation layer 15 and the second heating
elements 12 are short-circuited 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 layer 15 is connected to a ground

potential with the ink stored in the ink chambers 35. When
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the second anti-cavitation layer 15 and the second heating
elements 12 are short-circuited in such a manner, a large
amount of current is applied to the short-circuited portions
to cause a burnout of the second anti-cavitation layer 15.
If the burnout is serious, the burnout extends to contact
holes for the transistors, thereby damaging the transistors.

However, in the printer head 11 according to 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
burnout is apt to arise, to another side opposite to the
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 method may be proposed: the second anti-
cavitation layer 15 is provided to each second heating
element 12 in orxrder 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
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some particular nozzles 34 and then applied to the second
anti-cavitation layer 15. Therefore, a large potential is
instantaneously generated between the second heating element
12 and the second anti-cavitation layer 15 grounded with the
ink having high impedance.
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 layer 15 is small. Thereby, the
dielectric breakdown of the third and fourth insulating
layers 13 and 14 is caused. 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,
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cracks can be securely prevented from being caused in the
protective layer. Furthermore, burnouts due to short
circuits established between the heating elements and the
protective layer can be prevented from spreading.
Furthermore, 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.
However, the present invention is not limited to such a
configuration and covers various 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.
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In the above embodiment, the heating elements each
include the resistors, connected to each other, extending in
a substantially parallel manner. However, the present
invention is not limited to such a configuration and covers
various modifications. Various heating 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
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present invention is not limited to such a configuration and
covers various modifications. The driving elements alone
may be arranged on the substrate.

In the above embodiment, the printer head ejects ink
droplets and is included in the printer. However, the
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
which 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 functioning 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.
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WHAT IS CLAIMED IS:

1. A liquid dispenser comprising:

a substrate and

a plurality of liquid-dispensing portions, arranged on
the substrate, including at least one liquid chamber for
storing liquid, one nozzle, and 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; each heating
element, the insulating layer, the protective layer, and
each liquid chamber are arranged in that order; the
insulating layer isolates the protective layer from the
heating elements; and the protective layer comprises an
inorganic material, protects the heating elements, has a
strip shape so as to cover some of the plurality of heating
elements adjacent to each other, and has slits each disposed

between the heating elements.

2. The ligquid 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 one end of each resistor, and are energized by applying a
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voltage between the other ends of the resistors; the slits
extend from a face of the protective layer close to the
other ends of the resistors; and the protective layer has
portions that each cover at least one of the heating
elements adjacent to each other and connect with each other

at the side close to the connected ends of the resistors.

3. A printer comprising:

a liquid dispenser comprising a substrate and a
plurality of ligquid-dispensing portions, arranged on the
substrate, including at least one liquid chamber for storing
liguid, 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 and the ligquid chambers have a protective
layer and an insulating layer therebetween; each heating
element, the insulating layer, the protective layer, and
each liquid chamber are arranged in that order; the
insulating layer isolates the protective layer from the
heating elements; and the protective layer comprises an
inorganic material, protects the heating elements, has a
strip shape so as to cover some of the plurality of heating
elements adjacent to each other, and has slits each disposed

between the heating elements.



