; DEFGHI e3eU2Rxxy4}0~6T2 2 1 _ * 159159* LAYERED Pl EZOELECTRI C ELEMENT
REALI ZI NG STABLE OPERATI NG CHARACTERI STI C FOR HI GH QUALI T, CORDI NG
5 TECHNI CAL FI ELD The present invention generally relat esmmmmﬁ%@ﬁmm[
recording, and nore particularly to a | ayered piezoelectric nlia
net hod of manufacturing the same, a pjezoelectric 10 actuator!®4”l i quid
_droplet ejecting head, and an ink-jet recordi ng apparatus. BACKGROUND ART
An ink-jet recordi ng apparatus enployed as an i nage 15 reﬁmmwi i at us
(an i magi ng apparatus) such as a prPEI@IPTHMacsinile mac "MWM@MWM&r, or
a plotter includes an ink jet head as a liquid droplet ejecting,hgad
i ncludi ng nozzles for ejecting ink droplets, liquid chanbers (also referred
to as ink channels, ejection chanbers, pressure chanbers, 20 pressure

liquid chambers, or chamrebspIegopumttatd narveENh RhRL 07 escapmd driving
parts (pressure generating parts) for pressurizing ink in the liquid

chambers. b%ﬁﬂk?xﬁéoééﬁ%ﬁdﬁ%w& Psgdﬁxmfdvmﬂ haadeekpebkiEndlr opl et's of

aliquid resist and a ejecting droplets of a DNA sanple in 25 addition
to an igk-jet head, but the follow ng description is -2 given based
mainly on the ink-jet head as the liquid droplet ejecting head. As an

i nk-jet head, a so-called piezoelectric ink jet head is well known. The

pi ezoel ect FECHNAECAL K IMdXd 5 enpl oys a piezoel ectric body, particularly a

| ayered piezoelectric body of alternate |ayers of piezoelectric |ayers and
internal el ectrodes, e @resestuievernyatdanergdly geheatas ity imaassure for
pressurizing ink in a liquid chanber. An elastically defornmabl e di aphragm

form ng a waldortiagg, odnd ek dairqicdlehaybes d dagefredmpdebyelbetric

di spl acenent of the |ayered piezoelectric elenent in the d33 direction, so

that the VQI1WHRAhR! €8 SHE ndd Y deahli@abit@ridy chadmhemd s achangedl et il eby
ejecting ink droplets. Japanese Laid-Qpen Patent Application No. 10-286951

15 di scl,os i.ok-jet. i SuC . iezael rigceelement. In
thi o TERSS G Rkl b oA RIS BB R s ek e et &

el enent havin gn external el ectrode
recording apparatus.

BACKGROUND ART

An ink-jet recording apparatus employed as an image

15 recording apparatus (an imaging apparatus) such as a printer,
a facsimile machine, a copier, or a plotter includes an ink-
jet head as a liquid droplet ejecting head including nozzles
for ejecting ink droplets, liquid chambers (also referred to
as ink channels, ejection chambers, pressure chambers,

20 pressure liquid chambers, or channels) communicating with the
nozzles, and driving parts (pressure generating parts) for
pressurizing ink in the liquid chambers. Liquid droplet
ejecting heads include a head ejecting droplets of a liquid
resist and a head ejecting droplets of a DNA sample in

25 addition to an ink-jet head, but the following description is



fornmed as individual electrodes on one side and a common external electrode
formed on the other side, so that a 20 plurality of driving parts (driving
channel s) are formed between non-driving parts formed on both ends. The
“common el ectrode of the |ayered piezoelectric elenment extends fromthe
non-driving parts on both ends in theydirections in which the driving parts
_are arranged. 25 In recent years, the ink-jet recordi ng apparatus has -3
been required to performinmage recording with higher quality at higher
speeds. | ndgavaerbiged Maicgdde oneEBRdin spditac ke whAbEETBId Motles of a
head is increased in the secondary scanning direction so that a single scan
of a carri aegectimghesdd primary scanning direction has a larger width in the
secondary scanning direction in printing. However, in the case of extending
the comon el ectrode paf ahhendry ¥t NGBS tS of-chhechayes fsk i ezaQ agkei C

el ement fromthe non-driving parts on both | ongitudinal ends 10 thereof as
in the aboyeydesgsi hed,dikyelmheadnevhen, ddiedaer gﬁkpﬁg%q?%ﬁtr' c el ement
is elongatéd so as to I ncrease the nunber of driving parts riving

channel s) for.the purpose .of .increasing recording speed, the length of
conduct s on TPORYE R BTG S0t T SURY exr e ot a¥: B ERSRERE  ving parts) to
15 each of the driving channels increases, as the nunber of drjving channels
i ncr eases. PA§23e+@SHIIC RAW OdsPdtareatefl i s SmbreEPLEFbEES i Ifticdases.
Particularly, in the case of formng a plurality of driving parts by

per f or mi ng ahdl interrd helurittdedelsayased presvuiedeniesatgienepartt he ungrooved
20 remai ning part serves as the commopn external electrode, so that the | ong
narr ow par lgenbeaehsg Sptdesuresirstrapees ofiri itnc dmnnehettigode chaed.i me
constant of a driving voltage applied to a driving channel in the case of
driving alhnt BeagtidiNg, 2k fiaaneksqi spdtdder@tnihcom (thal Facd her case of
driving only -4 one of the driving c%annels. The tinme constant of the
drivi ngovohiaQeql BELARSES: ARG ANTREr (O i G CRENBE! Snl NELAASRS .
Further, the “degree of such i ncrease becones greater as the resi'stance of 5

the common el.ecliode, ] UAARER WMER. 08 WhITeSANE, 20h ShalhEndrving

volume/pressure inside the liquid chamber is changed, thereby
ejecting ink droplets.
Japanese Laid-Open Patent Application No. 10-286951
15 discloses an ink-jet head using such a layered piezoelectric
element. In this ink-jet head, grooves are formed in part of
a layered piezoelectric element having an external electrode
formed as individual electrodes on one side and a common
external electrode formed on the other side, so that a
20 plurality of driving parts (driving channels) are formed
between non-driving parts formed on both ends. The common
electrode of the layered piezoelectric element extends from
the non-driving parts on both ends in the directions in which
the driving parts are arranged.

25 In recent years, the ink-jet recording apparatus has



changes, an ink droplet ejection characteristic, particularly ink droplet
vel ocity, changes to vary the point of inpact of an ink droplet. Therefore,
when there is a large difference 10 between the tinme constants of the

" foregoing two cases, great degradation is caused in inmage quality
especially in the case of printing adugh-density inmage of approxinmtely
600 dpi. Therefore, in the conventional ink-jet head using a | ayered

pi ezoel ectric elenment, there is the problemthat high 15 inage quality
cannot be BBRRI TRAHRE (1@ PRELPER HNFIER | TRRTEE T Wi B Righfh Bleddivode
especially in the case of printing a high-density inmage of approxi mately
600 dpi. DRBOLBHURE sPreefsE | IVENTEEON R0 imsuwedengegording sspeagondhal obj ect
of the present invention to realize imge recording in which the above
descri bed dinslaey aott agerzlesebifmanated. 1A imrreaspeacihi thebjesdinddryt he present
invention is to provide a |l ayered piezoelectric el enent reducing the 25

di fferencespghmeed dheddi®R censhabta ofimyd isHaRdo¥oht 8g€ridhe iro thie case
of driving all channels and that in the case of driving only one channel,
and a net hqd. Fqggj [ I specific ' of the
presen??S ?g%§%¥ on H@ﬁ%g{ﬁggﬁ% gogq%%%fgg%%g%?igggg?ugﬁoéﬁiévgﬁgﬁgkgtabIe
operating characteristic, a liquid droplet ejecting head having a stable

ej ection cASPARTRET i StHE T 0Rd TanPFHRE %f‘recording appar at us capabl e of

hi gh-quality recording. The above objects of the present invention are 10
achi eved by a | ayer ediopicdgsel e&t the @@t SKRENAEPAgthe AMCR ity of
driving parts divided by grooves, the driving parts including alternate

| ayers of plegbeddeted ccHeaayeriyingdpanterofalthel detyeoddspiamek mortmdd vi ng
parts forned at both ends of an array of the driving parts, the non-driving
parts 15 i atknehboftdie @d enatieilayersands tdie bpitdzdehgttiidindayeids and t he
internal el ectrodes, wherein a common el ectrode of the driving parts is

extended fraayihe Do drind RGoRBLESscAKED GAP3GIt arge, Gik& @fe each of the
driving parts, the nunber of the driving parts n, and a resistance R (S2)

between th 0. drjvi rt | St ~ 0_6/ The
above- desc??gggeﬁa%%érieoc#lp%%ggggl (%(l:%?l&l(l:ée se%lrﬂn%g)é&te?isﬁgegét 2 %cprreeassﬁ on R _<

8 X 10-6/n/C. Therefore, the differen in its operating characteristic
bet ween t h&REABETRET (Y iy LR PERER TS Gt (HETCELS) of OB F VA rRpIHRSe

channel is
of increasing recording speed, the length of conduction from

the common electrode extension parts (non-driving parts) to
15 each of the driving channels increases as the number of
driving channels increases. As a result, the resistance of
the common electrode increases. Particularly, in the case of
forming a plurality of driving parts by performing half-
cutting on the layered piezoelectric element, the ungrooved
20 remaining part serves as the common external electrode, so
that the long narrow part increases the resistance of the
common electrode.
The time constant of a driving voltage applied to a
driving channel in the case of driving all the driving

25 channels is different from that in the case of driving only



25 reduced. -6 The above objects of the present invention are also

achi eved by a | ayered piezoelectric elenent including: a plurality of
driving parts divided by grooves, the driving parts including alternate

" layers of piezoelectric layers and 5 internal electrodes; non-driving parts
formed at both ends of an array of thg driving parts, the non-driving parts
~including the alternate |ayers of the piezoelectric |layers and the internal
el ectrodes; and an internal electrode for conduction connected to a conmmon
ext ernal ePBet PHJENDFARTiE g CPRRBSpArts 10 and undi vi ded by the grooves,
wherein a common el ectrode of the driving parts is extended fromthe
non-driving parts. Thihealtdve- desstamed i dyer ddipingoed Etage clrairemses
includes the internal electrode for conduction connected to the comon
external ekecthedeumibet hef didiviiag pR&hsel dhieferises . 15Fhheheomite el ect r ode
resi stance i s decreased, so that the difference in its operating

charact eri geheebet vegiit Ne G386 0hedbh¥s NGr&ldeCRaANRELS ralds t i Lae Of
driving one channel is reduced. The above objects of the present invention

are als? 2Q,achieved by a | eggg ngégelectric el ement including: a
plurality OP driving parts divi ed y grooves, the driving parts including
alternate | ayers of piezoelectric |ayers and internal, el ectrodes;
non-driving parts forfR & epstHeen '%?“hﬁg%Fgﬁydﬁfvfﬁ% Wi AR RSt s, the
non-driving parts inclpdiQ? 25 the alternate layers of the piezoelectric

| ayer s and chBages, | a4t ekaldrsicd€ttr 6destiandeharastedinsiicel BaT Foelel 410y
conduction connected to a common external electrode of the driving parts,

t he ext er ndnhkebHeopl etdevdlorcicgyndaettngas beo ngpfyortied poina str fragactofof he

| ayered piezoelectric |ayer which surface is 5 undivided by the grooves,
wherein a eemmR elesiéovde ferelford;i ¥hag Badis iisS sextegdedi froraide
non-driving parts. The above-described | ayered piezoel ectric el enent

includes the(QXERT PRL €l RetIRdehet sendist + O LARRLELBd ket hegLommn
external electrode of the driving parts. Therefore, 10 the combn el ectrode

resi stance js_d eased, so that th ifference in it eratin
characterigfégagégﬁgénl rﬁ?%ﬁ%SZlelﬁ?séiﬁgaahﬁ?<ﬁ%§ﬁﬁé§%ggnagtﬁ%gd%%%3of

driving one channel is reduced. . , , _
of printing a high-density image of approximately 600 dpi.

Therefore, in the conventional ink-jet head using a

layered piezoelectric element, there is the problem that high
15 image quality cannot be obtained due to the large resistance
of the common electrode especially in the case of printing a

high-density image of approximately 600 dpi.

DISCLOSURE OF THE INVENTION

20 Accordingly, it is a general object of the present
invention to realize image recording in which the above-
described disadvantage is eliminated.

A more specific object of the present invention is
to provide a layered piezoelectric element reducing the

25 difference between the time constant of a driving voltage in



The above objects of the present invention are also 15 achieved by a net hod
of manufacturing a | ayered piezoelectric elenent including a plurality of
driving parts divided by grooves, non-driving parts formed at both ends of
~an array of the driving parts, and an internal el ectrode for conduction
connected to a common external el ectrode of the driving parts 20 and
undi vi ded by the grooves, the driving parts and the non driving parts
“including alternate | ayers of piezoelectric |layers and internal electrodes,
t he drivi nghpaease halidng vd ngoabnceiree kpdndexinefdéd thensasre afon-dri vi ng
parts, the nethod including the steps of (a) fixing a nmenber including a 25
dunmy part drovandase,y tdie duenyepar inded ngetfradred aknafact@rimg ezeel ectric
| ayer to have a shape substantially symretrical to a shape of a group of
the internghygl ectrodes of the alternate layers in a direction in which the
alternate layers are fornmed, and (b) renoving the dummy part fromthe
menber. 5 According t - rds o] d
pi ezoel ectric e|enen$%8%g§EZR§¥§5%%%%HQ3§%F5§%QCgﬁ E@gﬁéﬁ%ggé ured suitably
with a redyced warp., The above objects of the ,present inventjon are also
Achi evell byPECRFE¥oet Bt FEOHAPGaR ob PFRT LR g a S5GVEEPE PAFPAG and a
| ayered piezoel ectric el ement deform ng the novable part, the | ayered
pi ezoel ect EEEPeF ePRAERF I GhrAgCtarpf it @t id v iFuigr AFPRYCPar1RCHIRA ded by
grooves, the driving parts including alternate |ayers of piezoelectric
| ayer s andheatiehawinglecttebdes pjentioonckiriad ey isdics fodned k-fistth ends
of an 15 array of the driving parts, the non-driving parts including the
alternate lrayer8ing 4dpieapRiterzoeheableCot ayafis-dand itthereabeanad. el ectrodes,
wherein a common el ectrode of the driving parts is extended fromthe

non-driving parts, ang A paRacbbadles G Rnohreachtolntdie: did Yo parts,

the nunber of 20 the driving parts n, and a resistance R (SZ) between the

non dri&i“%CR?E%édZ$%i§f95'§£§$ g&éagg§gé£é£% éE %E%QOXECQBéEQ §£§f the

present i nvenfron al'so achi pl ezoel ectric actuator including a
novabl e part and,a | ayered piezoel ectric elenent deform he novabl e
ot 55t RAUEA) bR ST PR S CPeRERT ICIEHIONES ntBRuPBrTIS of — -9
driving parts divided by grooves, the driving parts including alternate

| ayers of peEzeelibetvding AldeInang LaYeFmapf piezoelectric layers and

internal electrodes; and non-driving parts formed at both ends
of an array of the driving parts, the non-driving parts

15 including the alternate layers of the piezoelectric layers and
the internal electrodes, wherein a common electrode of the
driving parts is extended from the non-driving parts, and a
capacitance C (F) of each of the driving parts, the number of
the driving parts n, and a resistance R () between the non-

20 driving parts satisfy R £ 8 x 107%/n/C.

The above-described layered piezoelectric element
satisfies the expression R < 8 x 107%/n/C. Therefore, the
difference inlits operating characteristic between the case of
driving all channels and the case of driving one channel is

25 reduced.



el ectrodes; non-driving parts fornmed at both ends of an array of the
driving parts, the non-driving parts including the 5 alternate |ayers of
the piezoelectric layers and the internal electrodes; and an internal
“electrode for conduction connected to a conmon external electrode of the
driving parts and undivided by the gropoves, wherein a comon el ectrode of
~the driving parts is extended fromthe non-driving parts. 10 The above
objects of the present invention are al so achieved by a piezoel ectric
actuator including aThsvabpeepabiceld of IthpePEasph bzl BEIGrC 2@ke AR AP
deform ng the novable part, the | ayered piezoelectric elenent including: a
plurality ethileved iy pariayediedi diédzbyleptotveslemeetdinglndinpar ta i ncl udi ng
15 alternate | ayers of piezoelectric layers and internal el ectrodes;
non-dri vi ng1pasl st asfmed-iatingophresdsi efdeah B Gavookst hehdrdyivighgarts, the
non-driving parts including the alternate |ayers of the piezoelectric

|ayers andpbhes! MErMinelatkiades: 1 2pd A ©iei08h 8L EELT PR Dlang

conducti on“connecte 0 a conmon externa ectrode o i VI ng
parts, the.external electrode for conduction being faqr on a surface of
t he Iaf%re&nﬁﬁﬁ§%gl%&§?ﬁﬁ9 e&yePORﬁﬁEhvk?ﬁf9ﬁ§§% SO%W8§V$§2%°%y 1€ §rooves,
wherein a conmon el ectrode of the driving parts is extended fromthe
non-dri vi ngRpaFfay 25 Hhfe GEFHBIJRIEET beth eI GEIre YL PP CPAEE Y at T B Ech
-10 include the | ayered piezoelectric elenment of the present invention

def ormi ng tthe abvebiatgparverthefetbeepieirelasivdcdésyrrdednidmel ectric
actuators can obtain a stable operating characteristic with reduced

vari ati on. int&éhradbeMe-tohjdect;s aall bheipteserit dleeembpienfar ecahdoctacin eved
by a liquid droplet ejecting head including a piezoelectric actuator

pressuri zi pgnaebt 84 €h ChafifionC @IRHRhE Bt éTEE M IR 21N0RE! @rEpims do-t@y ect a
liquid droplet fromthe nozzle, the piezoelectric actuator including a 10

| ayer edn pi e i I , yer i.ezoel i e docl udi ng:
a pIurg?it%igfhﬁ?%é%%%fpirts%aﬁgpggéébswﬁgggggé;%Fﬁggérgﬁggg parfgp

i ncludin ternate |ayers aof piezoelectric layers and internal el ectrodes;
and non-gri eng*paree %ﬁﬁﬁuf%a%XSSPﬁegn%%m%ﬂj§%DQPF§§len?h%aﬁ??ving parts,
15 the non-driving parts including the alternate |ayers of the

pi ezoel ectric | ayers Bifd ar¥erAeerpblPed| Eolarsdepicnnet oF i RSt

el ectrode of the driving parts is extended fromthe non-driving parts, and
a capacit anceladef) tivd wupdrrefl ehectrpienfppararsiuctthenngabeecidd tie dri vi ng
parts n, and a

the common external electrode of the driving parts. Therefore,

15 the common electrode resistance is decreased, so that the
difference in its operating characteristic between the case of
driving all channels and the case of driving one channel is
reduced.

The above objects of the present invention are also

20 achieved by a layered piezoelectric element including: a
plurality of driving parts divided by grooves, the driving
parts including alternate layers of piezoelectric layers and
internal electrodes; non-driving parts formed at both ends of

an array of the driving parts, the non-driving parts including

25 the alternate layers of the piezoelectric layers and the



20 resistance R (S~) between the non-driving parts satisfy R<_ 8 X
10-6/n/ C. The above objects of the present invention are also achieved by a
liquid droplet ejecting head including a piezoelectric actuator

" pressurizing a liquid chanber 25 conmunicating with a nozzle so as to eject
a liquid dropl et -11 fromthe nozzle, the piezoelectric actuator
including a | ayered piezoelectric elenent, the |ayered piezoelectric
“elenment including: a plurality of driving parts divided by grooves, the
driving pattternrl wlianfradesr nane anyesrterls eppetvedecter cqngsidoand
internal electrodes; non-driving parts forned at both ends of an array of

t he dri vi ngopaedised tire ancomiphvergepal sleotpodsi nf the d&otiwimmatearitayers of
the piezoelectric layers and the internal electrodes; and an internal

el ectrode £ps &oNsiGil @NcecoRrBAG! E6r t AN bEINgXESFMad & ectrode of the
driving parts and undivided by the grooves, wherein a common el ectrode of

the driving,parls 4 @4 en ggeprgi%iiagp&i%r il\é'g,le,g PRLLS - su¥e abgye objects

of the present 1nvention afe also achieved by a“liquid droplet ejecting

head i ncl udi a,1 i ezoel ectric actuat.or pressurizing a |iqu d,chanber
cormunirggat Pﬂ‘ggﬁﬂ%éa{%no | §588VEE" t@l%feejﬁ % clomﬁlnde;j?%ﬁ%%e %urjo?rnhtehe
nozzl e, the piezoelectric actuator including a |ayered piezoelectric

el ement, tABLYENRRAF S F0EFEEPHPE BYLSMEte P& ddrHgRIaPPretal ity of
driving parts divided by 20 grooves, the driving parts conprising alternate
| ayers of piezoel ect Mhe khyeesdeseribacedayeretepieoeRectuir @lieteng parts
formed at both ends of an array of the driving parts, the non-driving parts
i ncl udi ng tihelad¢erited edtayans of etheode ezxnelantinceibayessnatted i® i nt er nal
el ectrodes; and an 25 external electrode for conduction connected to a

comon - iR-exbahorl et @eidioda ek rbhe dEi ’Eh@gdﬁﬂﬁrﬁ% pdec£xt efdlerore,
el ectrode for conduction being formed on a surface ot the | ayered

Pl ezoef ot the Lawfiin WI b 2! 268; L 2ol dRAALLAE gOopyes cpherel n a
comon el ectrode of the driving parts is ext ended from the non-driving
parts. The a?gve-descg{bgg Iiguig.drog$et q{%gtkng Eegds each hpcky%% t he
pi ezoel ect FHETGEERET o of-%t RECHRESRA CTHAHE R ToFe8S TP FST n'S i GiFi%d 9tnsi de
the Iiquid chanber. o _
driving all channels and the case of driving one channel is
reduced.
The above objects of the present invention are also
15 achieved by a method of manufacturing a layered piezoelectric
element including a plurality of driving parts divided by
grooves, non-driving parts formed at both ends of an array of
the driving parts, and an internal electrode for conduction
connected to a common external electrode of the driving parts
20 and undivided by the grooves, the driving parts and the non-
driving parts including alternate layers of piezoelectric
layers and internal electrodes, the driving parts having a
common electrode extended from the non-driving parts, the

method including the steps of (a) fixing a member including a

25 dummy part to a base, the dummy part being formed of a



Therefore, the above-described liquid droplet ejecting heads 10 can obtain
a stable operating characteristic wth reduced variation so as to be
capabl e of perform ng inmage recording with high quality. The above objects
“of the present invention are also achieved by an ink-jet recording
apparatus including an ink 15 jet hegd ejecting an ink droplet, the ink-jet
_head including a piezoelectric actuator pressurizing a |iquid chanber
communi cating with a nozzle so as to eject the ink droplet fromthe_nozzle,
t he pi ezoeP€REP¢CHA I FatlGY SFnEP LR YR) A ThARSr SYPFFrerbet ekt rivdEtedeat, the

| ayered piezoelectric 20 element including: a plurality of driving parts

di vi ded bytgraostepe tdfe adgireiipngopathe imednndilnglacteodes eoff ayer s of

pi ezoel ectric |layers and internal el ectrodes; and non-driving parts forned
at bot h endstefnate ardyaysofint Reddréytih par Wwhichhehaost teind g 1pakels
including the alternate | ayers of the 25 piezoelectric layers and the

internal e t r i N o d e, Ng parts
é?%r% , BRY aiy ?emov%ﬁqcﬁﬂngmg&gﬁgEg,fr&ﬁ Eﬁgaﬁgﬁﬂér.

i s extende m the non-driving parts, an apacitance C ( of each of

the driyving parts, the nunber of the drivi arts.n nd, a .resistance R
(52) “bel wean' the non GFPETRGE phr 7% atiovy SReBR s e BT HES1BLRREE, O
obj ects of the present invention are al so achieved by an ink-jet recording
appar at us PRBERRHFRFHT iSHETRRE Afatl e RASHG &HVFHE1§?o$ﬁ¥H?e1:he i nk-j et
head including a piezoelectric actuator pressurizing a |liquid chamber 10
communi cat MpguiReizecheAltabdy Wath oa efe®icach@arRk dropl et from the nozzle,
the piezoelectric actuator including a | ayered piezoelectric elenent, the

| ayered pi ezoel ectri Thel ebene obidar rf thepbueabnt yiwferdrion rgepaits

di vi ded by grooves, the driving parts including alternate |ayers of 15

pi ezoel ect hERibay@NSy anghiidrbenbatret estfiades; iRenudihyi Athddddie farred at
both ends of an array of the driving parts, the non-driving parts including

the a'f@rn%gnéaxg{,érgé %ez%l%?&% C pgﬁeheygaﬁomg} hg,d nL&r, '%?Lle art,

el ectrodes; an“inter ectrode for conduction tonnecte 0 cormmon
20 external ,el ectrode of the drivin arts .an ndi vi ded. by t.he grooves,
wher ol o b EBRmDORY o L SRS I F RSt Pt ST R etiE Y F R T e
non-driving parts. The above objects of the present invention are also
achi eved b$#TaKiP@KREE:S FE&&P&ﬂnbyagﬁ%P%ﬁ%s ﬁqﬁﬂqﬁﬁWﬁBgaﬂa¥ﬁ% %ﬁ?ﬁqﬂﬁnﬁéad

ejecting an ink droplet, the ink-jet head including a
alternate layers of piezoelectric layers and internal

electrodes; and non-driving parts formed at both ends of an
15 array of the driving parts, the non-driving parts including
the alternate layers of the piezoelectric layers and the
internal electrodes, wherein a common electrode of the driving
parts is extended from the non-driving parts, and a
capacitance C (F) of each of the driving parts, the number of
20 the driving parts n, and a resistance R (£2) between the non-
driving parts satisfy R < 8 x 107°/n/C.
The above objects of the present invention are also
achieved by a piezoelectric actuator including a movable part
and a layered piezoelectric element deforming the movable part,

25 the layered piezoelectric element including: a plurality of



-14 piezoelectric actuator pressurizing an ink chanmber communicating with a
nozzle so as to eject the ink droplet fromthe nozzle, the piezoelectric
actuator including a | ayered piezoelectric elenent, the | ayered

" piezoelectric 5 elenment including: a plurality of driving parts divided by
grooves, the driving parts includingealternate |ayers of piezoelectric

| ayers and internal electrodes; non-driving parts fornmed at both ends of an
“array of the driving parts, the non-driving parts including the alternate

| ayers of €@hivigy magiGedeviepd Puy@reovasd tthe PrieinalPaytertingdesdingnd an
external electrode for conduction connected to a conmon external electrode
of the drialvogrperd daytelre eft piaate HaEntiicodeykos suddirtemralbei ng fornmed on
a surface of the |ayered piezoelectric |layer which surface is undivided by
the 15 grogyestroiay eindnadedimna 4 e6d riadened athBodhi andy RIS airgagxt ended
fromthe non-driving parts. The above-described ink-jet recording

appar at useggeach dnglyde thegl i eég%c(ﬂ-ﬂi&)ivfifrﬁ%éktgj fﬁéiﬁt@irgf%eﬁ the

present invention. Therefore, 't ove-described I nk-jet 20 recording

t f tale, i di.ng.wi Lh_hi ity The ab
Do AP PEL LT B Foh PSSR at ATl G kgl v

recordi ng apparatus including an ink-jet head, the ink-jet head including a
| ayer ed ZSGE?%QERﬁ%ﬁﬁqu§ EPerBREIPF LsIRTHANG 4°Fi GERAICHLH&OTEEASS o

-15 eject an ink droplet therefrom the |ayered piezoelectric el enent

i ncl udi ng: ta @l eemman \exdergalyvehgepardes afi vibgedrbyigeaeaelss anse drivi ng
parts including alternate | ayers of piezoelectric |layers and internal

el ect r odesiinabdi dd-tgdr ithiengrbopast swharatsd aatcobobh ehdstoddarmfarttay of the
driving parts, the non-driving parts including the alternate |ayers of the

pi ezoel ect Hkﬁvlﬁd?ér@q_st e tbAlied Ntork ! &t MRGeSr i VWARE BbalrEs COMON
el ectrode of the driving parts is extended fromthe non-driving parts, and

a diffggence betveen gl LgB,CoO5Iats Ur IAApILLLlDoMAlLANR 2Rl Ledoto the

| ayered piezoelectric element in a case o lving a the driving parts
Bl ezoel cot PPOLEY SHeR 7 PR 20RLB0b i s or 1 Bne 7 HBS P O PP PRt
smal l er than or equal to 2 sec. .
and a layered piezoelectric element deforming the movable part,
the layered piezoelectric element including: a plurality of
driving parts divided by grooves, the driving parts including
15 alternate layers of piezoelectric layers and internal
electrodes; non-driving parts formed at both ends of an array
of the driving parts, the non-driving parts including the
alternate layers of the piezoelectric layers and the internal
electrodes; and an external electrode for conduction connected
20 to a common external electrode of the driving parts, the
external electrode for conduction being formed on a surface of
the layered piezoelectric layer which surface is undivided by
the grooves, wherein a common electrode of the driving parts

is extended from the non-driving parts.

25 The above—described piezoelectric actuators each



15 The above-described ink-jet recordi ng apparatus al so reduces the
difference in its droplet ejection characteristics between the case of
driving all channels and the case of driving one channel so as to be

" capabl e of performng image recording with high quality. 20 BRI EF
DESCRI PTI ON OF THE DRAW NGS Ot her ohjgets, features and advantages of the

_present invention will become nore apparent fromthe follow ng detailed
description when read in conjunction with the 25 acconpanying draw ngs, in
whi ch: -iscRide the dayesedt porrdelsawist eaAMERk- PRt thRawrassién al ong

directions in which a pressure liquid chanber thereof extends according to
a first enbepdémEinin efefohaipgeskatmovaldd ipart.5 Fh&efors, alseeabovral vi ew
of a layered piezoelectric elenent of the ink-jet head of FIG 1 taken

al ong dir egtiOnsoleReRdictBbar it Oad it e ¢an0Bbthin Wi sadlee pressure
| i qui d chanmber extends according to the first enbodi ment of the present

i nventi on; i cL i |+ Ml f -yl art of the |ayered
pi ezoel ect?%%r e‘%:@rge\:étﬂao%?%{c%gg%% Qﬁ%%% gfeaFIg%HéZ{l?%rE'en along the line
A-A; FIG 4 is a section view of a nan-drivin art_of t.he | ayered

pi ezoel%ctric elenen&thg%ﬂ%ei 198 B a&g8fp??gf£%£3%Y%%5&%? & naf?%e line
B-B; FIGS. 5A and 5B are plan views of internal electrode patterns of the

| ayered pi 8agbeperd Myc deldfiAf BForhet isilegtdnohbsadnefetedibessi ng
according to the first enbodi ment of the present invention; 20 FIG 6 is a
per spect i veietesleftite acaypered prevswtiscind ¢ élapddt cloimbeie i nk-j et head
taken fromthe conmon el ectrode side according to the first enbodi nent of

t he presentomfvenddQitig With Z hszal@esspactioveijecewaol idivid |dyerled 25

pi ezoel ectric element of the ink-jet head taken fromthe -17 individual

el ectrode sigg BREHSMNG t enkhgibissicepbdis®attel theiriasgn invention;
FIG 8 is a diagramshowng a circuit equivalent to

10 layered piezoelectric element, the layered piezoelectric
element including: a plurality of driving parts divided by
grooves, the driving parts including alternate layers of
piezoelectric layers and internal electrodes; and non-driving
parts formed at both ends of an array of the driving parts,

15 the non-driving parts including the alternate layers of the
piezoelectric layers and the internal electrodes, wherein a
common electrode of the driving parts is extended from the
non-driving parts, and a capacitance C (F) of each of the
driving parts, the number of the driving parts n, and a

20 resistance R (£2) between the non-driving parts satisfy R £ 8 X
107%/n/cC.

The above objects of the present invention are also
achieved by a liquid droplet ejecting head including a
piezoelectric actuator pressurizing a liquid chamber

25 communicating with a nozzle so as to eject a ligquid droplet



an electrical circuit froma driving waveform generating part 5 to the

| ayered piezoelectric elenment of the ink-jet head according to the first
enbodi ment of the present invention; FIG 9 is a diagram show ng a
“sinplified version of the equivalent circuit of FIG 8 according to the
first enbodi nent of the present inventjion; 10 FIG 10 is a graph for
~illustrating the difference between the tine constant of a diving voltage
in the case of driving all channels and that in the case of driving one
channel ac&vemiFie treze€ f ithst PeRRRNA SRt CoP CtHR tRF et UMMt i on; 15 FIG
11 i.s a graph for illustrating a relationship between the rise tinme of the
drivi ng volépeeednulchosileett répeet éenispede deyerdingieooerctiniost

enbodi mrent of the present invention; FIG 12 is a sectional view of the

| ayer ed 20epémae! @cdlniding: eaeplupdl ary iotk drétrihgagdatakediaddeg bgi r ect i ons
in which a pressure liquid chanber thereof extends according to a second
enmbodi ment 1viiRYepLEeS: 1 fd Gaihy kitdrageti Dapdryvigw of the

| ayered pigg%% %%i??§§§?g#%%¥ g% ?ﬁe ink-j?% head of Flé?ﬂ%Z taken 25 al ong

di rections_perpendicul ar, to_th ir LLons i i th _ : ssure

i qui d chaﬁgg?g%ﬁé%ﬁﬁg:ggggféi%Sgt%ﬁﬁ%éugéfggﬁwgﬁggafng%? %%ﬁFﬁngresent
invention; FIG 14 is_a plan_view of _an internal ehec%rode attern for
conduct i onPBF t8 heCTBRA Add boitd2 B8RP i ¥ ATinT5 tHECOF Y WP i t#fe second
enbodi ment of the present invention; FIG 15 is a sectional view of the

| ayer ed pi skeehertdiivigicememtsororpri silRg dthehadderaren aRvRES difr €¢1S ons in
whi ch a pressure |liquid chanber thereof extends according to a third
enbodi nent paézbakepreseitayiersennidohhe I1nfdBall @liestaogean andvamf an
internal electrode pattern for conduction of the | ayered piezoelectric

el ement acgardirngl t& ddre-ddy rd rempbadi8EIGn Aforirke tiedesens comes i on; FIG 17
is a sectional view of the |ayered piezoelectric elenent of an ink-jet head

taken pjong, la difecid dd MiLER 3 PEESS WA Guiaduplapbesq tinerand

ext ends apcorglng to a fourth enpodi nment of the present invention; FIG 18
processed PACBYERG YAVES Ry reIOe Rt PT o el S Bt CAne AR PEtThend for
illustrating a 20 nethod of manufacturing the | ayered piezoelectric el enent
extended from the non-driving parts.
The above objects of the present invention are also
achieved by a liquid droplet ejecting head including a
15 piezoelectric actuator pressurizing a liquid chamber
communicating with a nozzle so as to eject a liquid droplet
from the nozzle, the piezoelectric actuator including a
layered piezoelectric element, the layered piezoelectric
element including: a plurality of driving parts divided by
20 grooves, the driving parts comprising alternate layers of
piezoelectric layers and internal electrodes; non-driving
parts formed at both ends of an array of the driving parts,
the non-driving parts including the alternate layers of the

piezoelectric layers and the internal electrodes; and an

25 external electrode for conduction connected to a common



according to a fifth enbodi nent of the present invention; FIG 19 is a
sectional view of the unprocessed | ayered piezoelectric elenent for
illustrating a method of manufacturing the |ayered piezoel ectric el ement
“according to a 25 sixth enbodi nent of the present invention; -19 FIG 20
is a sectional view of the unprocessqd_| ayered piezoelectric elenment for
illustrating a nethod of manufacturing the | ayered piezoelectric el enent
“according to a seventh enbodi ment of the present invention; 5 FIGS. 21A and
21B are diexfrenrslf elecitiraderaf i e v isfingc PapEsduthrl Qﬁﬁqqﬂﬁlwanufacturlng
met hod according to the seventh enbodi mrent of the present invention; FIG
22 Is a seslecmnaldevifew obnthetlaydseichgpifezoeteotr a cswt mentofofthan ink-jet
head taken along 10 directions in which a pressure |iquid chanmber thereof

extends accofshdiy dikzar1etghid mapodiviErh elirfheepifesemivi@ntbyorheFl G 23
is a sectional view of an ink-jet head taken along directions in which a

pressure 'e[;ﬂ% §hm%relhhsr89f¥m@a<teelr&%x%@%06@l Eﬂet@rﬁfﬂi%‘tﬂ&x%@bgg' ment  of

the present 15 invention: is a perspective view of an ink-j et
recordlng appar acc d|n t Ihe nlnth enbodi nent of the present

i nvent ion: %ﬁ%Pé%ég% f@'gé g?d@ TYRY 4 ink-jet recording 20 apparat us
of FIG 24 showi ng a nechani smpart thereof according to the ninth

enbodi nent of the pr 888nePPYREHRT GHPBESTINEBEL FUR CARR NG OUTFHE

| NVENTI ON A description will now be given, with reference to 25 the
acconpanyi egchiriavilugs tbe phbodéhertsiofaathetpresénthe prEydamivent i on.

[ First enbodi nent] First, a description will be given, with reference to
FIG 1, ofiavehntior gircdieadiasng liquid idrsdpleethe) 2tduihd chamdsd.according to
a first enbodi nent of the present invention. FIG 1 is a sectional view of

the ink-j etnhbpaehiakamea@Bget BEsEh 114S 110RM 1dNdAWBHTE: tdpe i i@8s Weadsi qui d
chanber 6 thereof extends. The ink-jet head includes a channel substrate 10

(|iqUHQ)ChéQPe£b§£Q§E{§&%Llé EB&P@%&&& éhé?d&&%§1§£¥étﬁ4th reduced

variation so as to be capable of performing image recording
with high quality.
The above objects of the present invention are also

achieved by an ink-jet recording apparatus including an ink-

15 dJet head ejecting an ink droplet, the ink-jet head including a
piezoelectric actuator pressurizing a liquid chamber
communicating with a nozzle so as to eject the ink droplet
from the nozzle, the piezoelectric actuator including a
layered piezoelectric element, the layered piezoelectric

20 element including: a plurality of driving parts divided by
grooves, the driving parts including alternate layers of
piezoelectric layers and internal electrodes; and non-driving
parts formed at both ends of an array of the driving parts,
the non-driving parts including the alternate layers of the

25 piezoelectric layers and the internal electrodes, wherein a



silicon substrate, a diaphragm2 joined to the |ower face of the channel
substrate 1, and a nozzle plate 3 joined to the upper face of the channel
substrate 1, thereby formng the pressure liquid chanbers 6 and a comon
“liquid chanber 8. The 15 pressure liquid chanbers 6 are channels (ink
| i quid chanbers) w th which nozzles 5 fjecting ink droplets comunicate

t hrough i nk conmuni cati ng channels 5a. The common |iquid chanber 8 supplies
"ink to the pressure liquid chanmbers 6 via ink supplg channel s 7 serving as
fluid resi spEReR Paatrodeyofhtbaghr Holng peeitdi A§ astended nkc @b ihgni cat i ng
channel s 5a and concave parts serving as the pressure |iquid chanbers 6,
t he i nk supphydchaimelmrts,anddt Aecapaiorardeq@i dFehafbeac!8 @ff eclfeor med in
t he channel substrate 1 by perform ng anisotropic etching on a
si ngl e-crygtali sy | pLons subst hakBepfof AR (dri@kng yatak Pl ahg using an
al kal i ne etchant such as a -21 potassi um hydroxi de (KOH) aqueous
solution. The.di i r f p . I Nk . The
diaphragn1§e§ﬁ€£%$%%qggk?bH%%%ﬁﬁgpghgegﬁ% %%E er 5%E§%I§§gggg§ﬁ%ﬁbg¥%£f
resin d ngl Eenbers. 5 The nozzles 5 of 10 through 30 ~,mare fornmed in
the no qugl Pé 3 so as to correspond to the pressure |iquid chanbers 6.
The nozzle plate 3 is_bonded to the channel substrate 1 with an adhesive
agent. The nozzle pl &€ 8PREG PRIFDrHef FhenPrSPeRbcH RIS Aitesé1sPeel or
nickel, a 10 conbination of netal and resin such as a polyimde resin film
silicon, orchievedibwntdronnd-iehesecondnd ApparAtist éncrepgend ean fMlmis
formed on the nozzle surface of the nozzle plate 3 by a well-known net hod
such as pl gekngead apderinepel Lekt deopleng e dndefetoheadutrecefield ence
agai nst ink. 15 The nozzle surface refers to a surface of the nozzle plate

3 in the dihesbio8cim Wi hatbk bse8heel £thg Bhe iRR3al ensdbhéace may al so be
referred to as an ejection surface. A |layered piezoelectric elenent 12 is

j oi ne o] f f i aph S0, t Epdi v 20
i ezoctbor PRImGHLERERS A 3 nbRi1 AP MAAN & REirale, R b5
correspond to the pressure liquid chanbers 6. The external.face refers to a
face of thgrapagﬂ?a@%ﬁ %n ep6568§??%tg%%k§93%§%QFhén5$8§%ﬁ?éaIiquid
chanmbers 6. The di aphragm 2 and the | ayered piezoelectric_elenent 12 forma
25 pi ezoel ééﬁfﬁredaE%w%reCdféfl@r RiLRGSRhe HhapfysfRdoPiRaPefechric

element including: a plurality of driving parts divided by
grooves, the driving parts including alternate layers of

15 piezoelectric layers and internal electrodes; non-driving
parts formed at both ends of an array of the driving parts,
the non-driving parts including the alternate layers of the
piezoelectric layers and the internal electrodes; and an
internal electrode for conduction connected to a common

20 external electrode of the driving parts and undivided by the
grooves, wherein a common electrode of the driving parts is
extended from the non~-driving parts.

The above objects of the present invention are also

achieved by an ink-jet recording apparatus including an ink-

25 jet head ejecting an ink droplet, the ink-jet head including a



-22 novabl e part. The | ayered piezoelectric elenent 12 has a first face on
one side joined to the diaphragm 2 and a second face on the opposite side
joined and fixed to a base 13 by an 5 adhesive agent. Further, a side face
 of the layered piezoelectric elenent 12 is connected to an FPC (flexible
printed circuit) cable 14 for supplyijng driving wavefornms to the |ayered
pi ezoel ectric elenent 12. In this enbodi nent, the individual |ayered 10
" piezoelectric el ement parts corresponding to the respective pressure |iquid
chanbers 6pigzodleiated chpctvrrPAPRIITUW izinghan| dhYy FRaferesd pi ezoel ectric
element 12. In this specification, "the overall length of a piezoelectric
el ement” redmismmicatiing Wwénhth odzihe wriag nal efeny tlayerdd qriogded! ectric
el enent 12 15 from which the individual |ayered piezoelectric elenent parts
are formederdh drd siohedi ARBt piéieldside hheuptessuiel ddity & chanbers 6
may be pressurized by using the displacenent of the |ayered piezoelectric
el ement 12,] It EQn in 2 i i d LS
pi ezoel ect%%ge%?é%%%g%.legkéges?%ﬂés y %gg?iaggé?gtélg&%%é;l}}%}lg ezoel ectric
el ement_. 12 has the second face joined and fjxed to_the base 13 an
adhesi ve aﬁgﬁW?nﬁTh? *08p1 8 R%P{éﬁ%Eﬁl? dd5§véﬁga8%5§$v€§%ﬁ§§%:%ﬁb a face
of the base 13 which face is 25 perpendicular to the face thereof joined to
the | ayer e@rooves, Fihe, SEL¥ARE| BaBF e ntMi U tPha LEPERR BB 2 Y9FS £ urt her
soldered directly to individual external electrodes 24 of the |ayered
pi ezoel ect piezetlamnticl 2ayersi sngr bieemisle alectisedaet ahorrdnigtiang al for the
5 base 13. By using netal as material for the base 13, heat storage
resul ting paots skdimdieatt bgtaf ehtie dByer edrpiyvepdekket dr cvet@menttsl2 can be
prevented fromoccurring. The |ayered piezoelectric elenent 12 is joined to
the base léhéynm&qhﬁﬂg\@a@ggn&mf@dixgy tHEhgk c@hacbanngd Ss idcrerses, 10

u

however, tenperature rises near 100 C due to self-heating of the |ayered

ovever, ter | If
R R N N K LS

el enent 12 increases tenperature ingide.the inkbket @ead SO0 as to increase
i nk tenperﬁﬁa?ﬁna electrode for conduction connected to a common

external electrode of the driving parts, the external
electrode for conduction being formed on a surface of the
layered piezoelectric layer which surface is undivided by the

15 grooves, wherein a common electrode of the driving parts is
extended from the non-driving parts.

The above-—described ink-jet recording apparatuses
each include the liquid (ink) droplet ejecting head of the
present invention. Therefore, the above-described ink-jet

20 recording apparatuses can perform stable image recording with
high quality.

The above objects of the present invention are
further achieved by an ink-jet recording apparatus including
an ink-jet head, the ink-jet head including a layered

25 piezoelectric element pressurizing a liquid chamber so as to



15 The increase in ink tenperature reduces ink viscosity, thus
significantly affecting the ink ejection characteristic of the ink-jet
head. Accordingly, by preventing the occurrence of heat storage resulting
" fromthe self-heating of the |ayered piezoelectric elenment 12 by form ng
the base 13 of a netal 20 material, _degradation of the ejection
~characteristic of the ink-jet head due to decrease in the joining strength
and the ink viscosity can be prevented. Wen_the base 13 has a |arge |iner
expansi on ebedtf jagi dntk, drppladhelkexal magentheayapeeed gpfezaeiefd Hi6i ni ng 25
interface between the base 13 and the | ayered piezoelectric -24 el ement’
12 at hi gheDemdraw inenmedatur @splisaticcyt b donveéngi paats plieZokeidebri c

‘el enent, there seldom exists the problem of peeling off fromthe base 13
due to a difSSFaNCanen e FRRG abaes Caltsediby anveroar@nalersamiati on since
the 5 piezoelectric elenment s shorter in overall length. This problem has

been made 8%%@%%%3:%éil&zi%§9.e§s PLEZ OBLEAIINC gLbelRbliel NalndiaRRRRIMLERL el y

40 nozzl es s approxi mately 30 through 40 nmin overa

| engt h._ Accor di ngl it eferable to_u a i al. A a |linear
expansi‘on BOBFI i%%’l’ﬁd & %8%56??51%0 oav\r}erarﬁ%y ?%‘g£§é5§ﬁé%%3§al#%’ti ng

| i near expansion coefficients to this range, the base és is prevented from
peel i ng of £he repntdHe YHingz Barest el weie e 2 LAETRARS | Yﬁ?ﬁ;qfhﬁgﬁface
therewith due to a difference in tenperature resulting from15

envi r onmenpatzeakéctnion layerhasnd edre cofeunedd el Ratredes s Whakeidf fective in
preventing peeling at the joining interface with a piezoelectric elenent to
set the |i pedahoeXxdlansiraniec o&f thei éntvioig eanhscdspereatdedi hesh tihereto to a
val ue | ower than or equal to 10E-6/C. 20 The FPC cable 14 includes a

plurality gfndiimeind Gurtd ,f ahaapphyi fdrdide ivegwaaneh ot ife (@drapddntc alt
signals) to drive the correspondi ng channels (corresponding to the pressure

L e Bl P R e, iy erosalgioo er . ol

ornmed i ndependently in each of the
driver 1Cs,16. This -25 facilitates, correct.ion of variations in the
di spl acenent ﬁh%?%%t%ﬁié%ﬁWﬁ?go?&ﬁh%gd$?%14&fﬁﬁ%§nﬁgfgso?n$h% ayer ed
pi ezoel ectric el enment 12. .
constant of a driving voltage applied to the layered

piezoelectric element in a case of driving one of the driving

parts is smaller than or equal to 2 Usec.

15 The above-described ink-jet recording apparatus also
reduces the difference in its droplet ejection characteristics
between the case of driving all channels and the case of
driving one channel so as to be capable of performing image
recording with high quality.

20

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the
present invention will become more apparent from the following
detailed description when read in conjunction with the

25 accompanying drawings, in which:



As the piezoelectric elenment becones greater in 5 length, it has been nade
obvi ous that variations in the displacenents of the channels becone
greater. Accordingly, by providing the driver 1Cs 16 to the FPC cable 14, a
variation in the displacenent of the |ayered piezoelectric elenent 12 is
corrected by voltage in the channel _digections (in which the 10 individual

| ayered piezoelectric elenent parts are arranged), thereby realizing a
“uniformejection characteristic. Further, a frame 17 is joined to the
periphery of the di aBhfagh 25 By sastdgnadi vechgehtan ARK AR shppfy @ Fehnel 18
for.supplying ink fromthe outside to the common liquid 15 chanber 8 is
formed in &bend rdmectioacr dsswiatch eagirasisarbad eqd8ad f clamiidie tieirgef | Cs 16.
The ink supply channel 18 conmunicates with the conmon |iquid chanber 8 via
a through bele@a Licddaendi aphs agimsk chpodinknsuppl yhehmrueintl8, the conmmon
| i quid chanmber 20 8, and the fluid resistance parts 7 are thus arranged on
t he opposi%gvgﬁﬁka4xon1the driver 1Cs 16 so that ink can be supplied from

t he opposite side fromthe FPC cable 14 connected to the | ayered

pi ezoel ectric el enen 2, ,thereb reventing a Li L. t enper at ure due
to heatl ng of the 25%&%rv%rl?C% %éé{longg 6 AE %%e%?%ﬁggﬁf@gescribed, t he
heat of the driver ICs 16, which_may var ,dep%ndin on éhe unber of
channel s oP1@#P%AeRFSAcy SL6PRBE PEathRe s 6 Gid 88 516 hel ed

pi ezoel ectric element 12 becones larger in |length. Wen ink 5 tenperature
ri ses due abondediretiinpsoberhendi¢wlar |1s the, JiaRCH{QRDsIR WhiEEY dRSes so
as to significantly affect the ejection characteristic. Therefore, the

decr ease i préfkuvé Sciagiid cluebep éheendsadaordénpetat tihe Dfrdthe driver 1GCs
16 shoul d be avoi ded by any neans. The heating of driver 1Cs is not so 10
si gni fi cant,BoRLAblEB4 Rrhe eapyent vl iddk-jet head with a small nunber
of channels. As the ink-jet head becones greater in |ength, however, the
decreage in ink viscosidysdig §0sddie diie iRyt BRPET aELs eaplpdlr ver ches has
becone a serious probl'em Thrs problem can be solved by enpl oying the
above-described 15 configuration, A detailed descriptj L4 jven
herein, wi tRYFEF r%h%%oﬁlgecﬁr&. eﬁerf‘%?)%u%% ‘gf,e olfnit HSQI %‘%‘?\g"’d} qugjg'oe ectric
element 12. FIG 2 is a sectional view of the |ayered piezoelectric el enent
12 of the itAkepedlor@d-hst limies228/ enbodi nent taken al ong the directions

perpendicular to the directions in which the pressure liquid chanber 6
ext ends. FIG. 4 is a sectional view of a non-driving part of

the layered piezoelectric element of the ink-jet head of FIG.

15 2 taken along the line B-B;

FIGS. 5A and 5B are plan views of internal electrode
patterns of the layered piezoelectric element of the ink-jet
head before processing according to the first embodiment of
the present invention;

20 FIG. 6 is a perspective view of the layered
piezoelectric element of the ink-jet head taken from the
common electrode side according to the first embodiment of the
present invention;

FIG. 7 is a perspective view of the layered

25 piezoelectric element of the ink-jet head taken from the



FIG 3 is a sectional view of the |ayered piezoelectric elenent 12 of the
ink-jet head of FIG 2 taken along the line A-A. FIG 4 is a sectional view
of the layered piezoelectric 25 elenment 12 of the ink-jet head of FIG 2
“taken along the line -27 B-B. FIGS. 5A and 5B are plan views of internal
el ectrode patterns of the layered piegpelectric elenent 12. FIG 6 is a
_perspective view of the | ayered piezoelectric elenment 12 of the ink-jet
head of this enbodi ment taken fromthe common 5 electrode side. FIG 7 is a
per spect i vendighfdeil tHeqtgpeeediprezoededing celtbgeit rip enbedisndnik gfet

head of this enbodi nent taken fromthe individual electrode side. In the

| ayer ed pi éheebeesent elvemenon}2, a plurality of driving parts 25

(i ndividual piezoelectric elenent parts) 10 are forned between non-driving

parts 26 on both ends1ef Bhesaaraya®farm @1clingl BYcpaEh St 28y NniokAl Ng
slitting or grooving processing on alternate layers of piezoelectric |ayers

(piezoel ectni gy ppterdal J:axens) r2d agddﬁlx%l Angglfggﬁrggﬁérggﬁvi;b%%ﬁﬁ

havi ng pattern shapes as shown In %IGS. espectl with a
conmon gextern el ectrode .23 and the individual ternal . el ectrpodes 24

f or med %n tﬁe%%%p %Y?ﬁf#ﬁﬁiﬁzP EFﬁgflgi Shaet: fﬁ%%ﬁﬁyéPEEQ?%§Q%ﬁ . The
common external electrode 23 is formed of the external el ectrodes on the
comon el eEFFBUBIRY deP dthq He *Pés FRRPHRDD fr iVien§TEEPRE DBVENtHLQy s
slitting or grooving process, slits are formed in the |ayered piezoelectric
el enent 12 so that aHdiG-d§eipantddgomdm shoiwiagDai aimpel fegst hvedisioot odn
remains in the bottomof the | ayered piezoelectric elenent 12 on the base

25 13. Fur ther eqaicaltentt Adcud tf of nBUG oM tdwrdrading duathext exsal -2 8
el ectrode (24) side of the |ayered piezoelectric element 12 along the

di recti ons emBoWhhéht tde tHd YregeRar { Sv&dt 84, arranged. Accordingly, the
i nternal electrode 22A of each 5 driving part 25 is connected to the common

externg) el ectrode 23,;awhihgh;Ls,p, t f.r L i Mi t he
bri dge part 27, so thafﬂ?hg %%t%r%ﬁ%ﬁgﬁggif&gggggaﬁg?gégg q%fﬁ%ﬁﬁﬁgﬁart 25

i ted, through th ternal el ect 23 to the int
Ci cotr 0desSIINOGE TRE O GTTAG par 18 S50 10 B8R RASIS FATRER t e

internal el ectrodes 22A of the non
driving all channels and that in the case of driving one

channel according to the first embodiment of the present
invention;

15 FIG. 11 is a graph for illustrating a relationship
between the rise time of the driving voltage and droplet
ejection speed according to the first embodiment of the
present invention;

FIG. 12 is a sectional view of the layered

20 piezoelectric element of an ink-jet head taken along
directions in which a pressure liquid chamber thereof extends
according to a second embodiment of the present invention:

FIG. 13 is a sectional view of the layered
piezoelectric element of the ink-jet head of FIG. 12 taken

25 along directions perpendicular to the directions in which the



driving parts 26 extend to the individual external electrode (24) side of
the | ayered piezoelectric elenent 12 as shown in FIG 4. Therefore, by
connecting the FPC cable 14 to the individual external electrode (24) side,
" the common el ectrode 15 and the individual electrodes can be extended from
the one side of the layered piezoelegtgic elenent 12. In the ink-jet head
havi ng the above-described configuration, a driving pul se voltage of 20 to
50 Vis applied to a selected one or nore of the driving parts 25 of 20 the
| ayer ed pi Broeters rilgudldesbatbel eptenttt adcerdindi hy Pa?t2x2¥®% o0 which the
driving pulse voltage is applied stretch in the direction in which the
| ayer s ar eefibodrater(tt lueft the, praséhe impwertdiodi;rection in FIGS. 2 through 4)
so as to deformthe diaphragm 2 toward the nozzles 5. Thereby, the capacity
or 25 the volume of egagh coriespaimg ipwessuas lhegithichaderode -29
changes so as to pressurize ink therein, so that ink droplets are ejected

(sprayed) %EQ%%{‘%&W&%%B%%%%P%% efayerel FHeEB@l@&@Eﬁ& O Heritnk

droplets, fiquid pressure inside the pressure I'iquid chanbers 6 decreases,
so that_a 5 certain negative pressure.is gen d_.in_th [ re.liquid
chanbers 6a8§7‘°f‘#en? nt(aort%ae S’Fclgﬁ ?rﬁ%?/\?% © iogr %r%eﬁ{ =S ygsﬁ%‘g%ﬁc |°§‘g

application of the voltage to the |ayered % ezoelectric elenent 12 in this

I,
state, the di aphragmf2Cretar h€ ? °§3 S BAlgVAEr BosFET olf TS5 to restore
the pressure 10 liquid chanbers 6 to their original shape, thereby
gener at i ngprfiarodbecheigatdlpmepitesfune. ink-191% hogdi Hekepnklendws t hrough the
i nk supply channel 18, the common |iquid chanber 8, and the ink supply
channel s (Bhpedtiess sirandd dghakt prefstive beiduild ethambee thereo£ssurendsi qui d
chanbers 6. Then, after the 15 vibrations of the ink nmeniscus surfaces of

the nozzl egBoalil £HUA & 1t ifaBinbbdeme@P A hethePreeenel tagent sorgppl i ed to
the | ayered piezoelectric elenent 12 for the next ejection of ink droplets,

SO tha%oi nk droplets e gjgeg eci-?cérgvj?ed $e2 41 agfamshow g, a4l reuit

equivalent to 20 an electrica urt froma driving waveform generating

part to the | ayere iezoglectric _elenent 12 . As sh Ln. Fl each
driving paPFt?éFPvg%g %ﬂﬂ§%$ lfnzgfitﬁ?o?%¥9 ot Q%egggﬁggkﬁ%?céﬁ?é%)t'a

resistor (resistance) Ron (S2) and a capacitor (capacitance& C (ﬁ?, and the
driving pa@pgogglgge Qo dihdgd empgdiment of the present invention;

FIG. 17 is a sectional view of the layered
piezoelectric element of an ink-jet head taken along
15 directions in which a pressure liquid chamber thereof extends
according to a fourth embodiment of the present invention;
FIG. 18 is a sectional view of an unprocessed
layered piezoelectric element to be processed into the layered
piezoelectric element of an ink-jet head for illustrating a
20 method of manufacturing the layered piezoelectric element
according to a fifth embodiment of the present invention;
FIG. 19 is a sectional view of the unprocessed
layered piezoelectric element for illustrating a method of
manufacturing the layered piezoelectric element according to a

25 sixth embodiment of the present invention;



wi th each other by resistors (resistances) R~ (S2). The circuit of FIG 8
is sinplified so as to replace the resistors R~ wth conmon el ectrode
resistors (resistances) R-0", (S2) each interposed between the driving

* parts 25 and each non-driving 5 part 26 as shown in FIG 9. Wen a pul se
driving voltage P~ is applied, as shgwn in FIG 10, to the circuit of FIG

9, letting the nunber of driving parts (driving channels) 25 be n, the tine

constant il (sec) of the driving voltage PV applied to the driving part 25
10 in the case of drF¥Fng2dnly dfecdfionRé Hiehanhelhe iWRRFOFERSBT t he
follow ng equation (1): ~1 - C( Ron + Rcom .. ( 1) 15 Further, the tine

const ant chiyefsk@ieczioeflbetdttvebhement serPilapptreding a heetdwidviodg parts 25
in the case of driving all the n channels is given by the follow ng

equation (Zlaufadduring EhBONaybred feidd ebtric €18men2aden@igdighgbya the
difference 0'c between the tinme constant call in the case of driving all

the n chanpgl 1 n ' i case of driving only one of
the n chan%%%@g%%%& ng%ngg ?}E%[#E%steér#ﬂo{lﬁg\%ﬁﬁgagﬁuati on (3): 25 -31
~'L =Tail - TI C(Ron. .t n,Rcom 2),.-. C (Ran_+_ Rco - (112 - .1)"' Room

" (3) 55aThe equati-ongggﬁ's%@g\sawzwa&magrt%h AURDE? n%?r dlrcii(l\ﬂsﬁdfaécﬁﬁﬁn% s n
beconmes | arger or the commpbn el ectrode resi stance Room becones | arger, a
change in €RECER iRAGHASIMEYC SRSt Bk U Fo Petidmes TGiFBate? SCIHEART £° £P€hange in
the ink droplet ejection characteristic becones greater. 10 On the other
hand, the Bekentlpngtoddjmentti ofi tharkeeseTisrinyerddtnaf f ected by the change
inthe time constant T is an ejection velocity V~. Wen the ejection

vel ocity V~ changes, Frticne2eefsi & eskdtgronan whkwdobptled Yagydmedej ected from
the ink-jet head to be positioned on a paper 15 sheet (a nmedi um onto which

i nk dropl ehsea681 Shect eV 5@ 6RaRFESKk-FdC tcalie thRkn] &lofgad nmoves in the
primary scanning direction, this change ultimtely appears as a devi ation

o o, S PRIEBLPIAL SRS ¥ BER0N 10 lechifer| il ERRIe
opp o6 e 2L 1 096000 B tade bathateIoe BB Pl er0e
smaller than or equa%IEQ %%'§s~2]éégéfgg2% %Eeui%?eéniﬁﬁﬁfﬁet head taken
along directions in which a pressure liquid chamber thereof
extends according to a ninth embodiment of the present
15 invention;
FIG. 24 is a perspective view of an ink-jet
recording apparatus according to the ninth embodiment of the
present invention; and
FIG. 25 is a side view of the ink-jet recording

20 apparatus of FIG. 24 showing a mechanism part thereof

according to the ninth embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE TNVENTION

A description will now be given, with reference to

25 the accompanying drawings, of embodiments of the present



quality. 25 Letting the ejection velocity in the case of driving -32 all
the n channels, the ejection velocity in the case of driving only one of
the n channels, and the nozzl e-paper distance be Vjaii, VjI, and L,
respectively, the difference OT between tine required for an ink droplet to
travel fromnozzle 5 to paper in thegase of driving all the n channels and
.that in the case of driving only one of the n channels is given by the
following equation (4): ~T = L/ Vjall - L/VjI ... (4) 10 Further, letting
scanni ng véFB%??@Oﬁor the primary scanning direction be VS, the deviation
of a dot (dot) is given by the follow ng equation (5): 15 dot = OI X VS =
(LUVall _- L/Vj,) XIBSrst. eqisydifientdf ore, the ejection velocity Vjaii in

t he case of dr|V|ng all the n channels is required to satisfy the follow ng
equation (6) 20 11j @&lkst, L4 destRiptSoh WiVl~pe"givé), Wieth triefeepacti on
velocity Vj (m'sec) was measured with respect to the rise tine (sec) of the

driving vokbagesP 25 o thy LhRR-PEt MBENG SEANNIINGLV 8l a% YeVS
nozzl e- paper -33 distance L being set to 0.4 nfs 0 dpi nd 0.00l m

respectd ve rls S El 1 t re, if
the egj eéctl é% ve?om{]aa“%mt %Egsga%e%o% &r |O\;fiGr.%5éoR¥€ %I%g 'al'}%ffﬂcéon '
channels is_set_to 10 ni se ppr oxi mat ec in order to._set
Odot to a VaFuelshald esr‘:“cttrjrﬁf"?g&rVe‘a‘(‘ﬁacF)E %“’4 “3‘ %ﬁ"nt E‘eﬁ%ew}fﬁfél P& Heped,
the ejection velocity V~all in the case of driving all the n channels is
requi red t8ipecteeng ol Whdiche thar gees$Weth Jdﬂ"é@u&%‘aﬁ%eﬂ. Betherafifsec,
according to the above-descri bed neasurenent results. Therefore, the tine
constant cakkendsthe case of driving all the n channels is set to
approximately 4 sec. Therefore, it is preferable to set the difference ~

between the tine conghantinkalbtanchd Nndludiescanshanhel tdudstratkS val ue
smal l er than or equal to 'gall - i~ =4 - 2 =2 sec . Thereby, the

degradgj i on; Qb i Fegeafibd idhsduatlp 1 NfodRM a)d QN sQhgRedotyPosi tion can be
prevent ed, partlcularly in the case of recording an apprOX|nater 600- dpi

| mage. Thus. ipotheulavered o ssgebectyis o %}@%O 8&3&&2&4&;@ et head

of this e |nent |ng the c each r|V|n
nunber of dr|V|n 25, and the reS|st et ween .t he eIectrode
ext ensi on 5Q?tQh%%€%{CEQQHFﬁjtﬁaﬂtsaﬁ%)aoRP gﬁ&? eJQF??§ t'%nd R

(S2) ,
upper face of the channel substrate 1, thereby forming the

pressure liquid chambers 6 and a common liquid chamber 8. The

15 pressure liquid chambers 6 are channels (ink liquid chambers)
with which nozzles 5 ejecting ink droplets communicate through
ink communicating channels 5a. The common ligquid chamber 8
supplies ink to the pressure liquid chambers 6 via ink supply
channels 7 serving as fluid resistance parts.

20 Through holes serving as the ink communicating
channels 5a and concave parts serving as the pressure liquid
chambers 6, the ink supply channels 7, and the common liquid
chamber 8 are formed in the channel substrate 1 by performing
anisotropic etching on a single-crystal silicon substrate of a

25 (110) crystal plane using an alkaline etchant such as a



respectively, C(F) , n, and R (SZ) satisfy the followwng 2 5 condition ( 7

) -34 R< 8 x 106/n/C ... (~) That is, based on the above-descri bed
equation (3), 5 the follow ng expression (8) should hold in order to
satisfy ~i < 2 sec in the ejection characteristic. C(n/2 - 1)' Room<_ 2 x

10-6 "' (8) 10 If the actuator is longso that nis sufficiently |arge,
~(n/2 - 1) can be regarded as n/2. Therefore, the above-described expression
(8) can be converted to the follow ng expression (9): 15 Room~ 4 x 10
6/ri/C "' porasihve hwroxddest{ KAtk Furquged®liliéoBomon el ectrode extension
parts of the |ayered piezoelectric elenent 12 is twce the resistance R-om
the expression (9) cahebdiexpragsel i20 fagmeHeoéxprebsiom i Metalheneby, the
di fference between the tine constant of the driving voltage PV applied in

the case ofsOpi¥idD. OoNgOlibPRreGaANNahsy andd e FbiRegofstantesdi t he
driving voltage P' applied in the case of driving all the channels can be

set 10 - 30nAcyaliie, STRJCH hBADePTo LU Gxd Rl Mubfiseiok ] et head of

t hi s enbodi nen ere variatron in the ejection characteristic of the

ink-jet head is reduced so that a stable high-quality i e can . be
obtai ned. 5 [Second &RSo8PREAET 5&85,1Q1Fﬁi?ggpp$$onvﬁq%n§§¥ eh, tifth

reference to FIGS. 12 through 14, of an ink-jet head as a |iquid droplet

ej ecting hegazdechtaing t5¢ aSsELoRArERBRRITE the PRESPHrER eI i nventi on.
In the second enbodi ment, the same elenents as those described in the first
enbodi nent chrmbezs$ e§ r edChteo npg zilhepsahe hurelmngedrrs, the ¢karnslect i onal
view of the |ayered piezoelectric elenment 12 of the ink-jet head taken

al ong the dupeethoasl iwitMiaghatihespressasre: | | qiied nohaibepl 4 terrofayl be
extends. FIG 13 is a sectional view of the |ayered piezoelectric el enent

12 of the irgknbgt oharck Of dihtins agNBedi AR&ds takan alongckbe, directions

perpendi cular to the directions in which the pressure |Iiquid chanber

Flo 130 o e BPaREiiL Sise, KBl Reptf, Sio I RbriRRaP RO AR, 0

pi ezoel ectri,¢c.el ement 12 according t hi s enbodi,ment. The ] ayered
piezoelectFFglgPEneﬂ{ 3 FHPHR 1§gc8ﬂd£%%%%dWﬂ§ﬁPgﬁ§s ali YAt®tnal el ectrode

30 for conduction provided in the bridge part 27, which is not divided by
the 25 gr o@@pﬁélsngc&lgwgs tepaednpBr RBE RPETT SfET8gehas Bhpaeerit -36
whose shape is equal to the planar outline of the |ayered

plate 3 by a well-known method such as plating or water

repellent coating in order to ensure repellence against ink.
15 The nozzle surface refers to a surface of the nozzle plate 3
in the direction in which ink is ejected. The nozzle surface
may also be referred to as an ejection surface.
A layered piezoelectric element 12 is joined to the
external face of the diaphragm 2 so that individual
20 piezoelectric element parts of the layered piezoelectric
element 12 correspond to the pressure liquid chambers 6. The
external face refers to a face of the diaphragm 2 on the
opposite side from the pressure liquid chambers 6. The
diaphragm 2 and the layered piezoelectric element 12 form a

25 piezoelectric actuator deforming the diaphragm 2 that is a



pi ezoel ectric elenment 12 as shown in FIG 14. In formng the | ayered

pi ezoel ectric elenment 12, the internal electrode 30 can be fornmed easily in
the bridge part 27 by formng the 5 internal electrode 30 between the

pi ezoel ectric layers 21 by printing when the internal electrodes 22A and
22B are layered, printed on the greempsheets serving as the piezoelectric
_layers 21. The internal electrode 30 remains connected to the 10 conmon
external electrode 23 under the driving parts 25 after the grooving
processi ngmovdet@BATrt-he channel of electricity widens greatly on the
common el ectrode side so that the common el ectrode resistance can be
reduced. The internalThel éevened Bleaml deavecanyesdrapel adidsorg fassthe
internal electrode 30 is 15 connectable to the conmon external electrode 23
of the drivhsg ®ardrse 28 &f einbhetgrooy idigphragrssi 8gd dhesadrderfalche
internal electrode 30, the greater the desired effect of reduction in the
common el egtr i The: i | £ ode f ction that
is not 20 ﬁﬁv?%§6h§§!t%%p§§88v?§§h%§§%§§§?ﬁ%ﬁf§6tﬁu?ég?oe?éﬁﬁqgg as to be
connected tq, the conmon external el ectr 23. Th b he. conmon

el ect r otle ?gg?gf%%6¥¥?§'re Hggg?rSoat%ﬁﬁ?%Egeppgv?é§s¥§y%€%%ribed, t he

di fference between the tine constant of the driving voltage PV applied to
the | ayer eB1pFeobRtects sl o0snE| dhehf AMSF e a8 BFCafF4AHPIone of the
channel s and t hat -37 in the case of driving all the channel s can be set
to a val uepsiare@rcitmnitor cepdal 1¢ofQr suppIMidgeBYiVing WRYSEIEIFcES n t he
ej ection characteristic is reduced, so that a stable high quality inmage can
be obt ai nedheSlafdned rerdrodileentcNekémera: description will be given, with
reference to FIGS. 15 and 16, of an ink-jet head as a liquid droplet

ej ecting head accor difg the sachbbdth&ibodineenhdofithel presed 10 i nvention.
In the third enbodi nent, the sane el ements as those described in the first

d d ' t 5i
ot i orol BraN ot STHe T Sered pPaLa8l CRrTT O LI RREn D10 81 (TR T RS et head
t ak | t he di ti, i_n. whi th liguid 15 chanber .th f
extends. FPESTBEF STEIHHh FRAMBREST 0ot ritgrial o8 SEEPO0E Bt Tert. o' he

| ayered piezoelectric_elenment 12 according to this enbodi nent. The | ayered
piezoeleCt#PEgeF%ﬁ%ﬁﬁdfﬁ?QﬂoeﬂﬁétFﬁFralement 12. 1In this specification,

“the overall length of a piezoelectric element” refers to the
length of the original long layered piezoelectric element 12

15 from which the individual layered piezoelectric element parts
are formed.

In this embodiment, ink inside the pressure liquid
chambers 6 may be pressurized by using the displacement of the
layered piezoelectric element 12 in the d33 direction or in

20 the d31 direction as its plezoelectric direction.

As previously described, the layered piezoelectric
element 12 has the second face joined and fixed to the base 13
by an adhesive agent. The FPC cable 14 is joined by an
adhesive agent to a face of the base 13 which face is

25 perpendicular to the face thereof joined to the layered



enbodi ment has an internal electrode 31 for conduction 20 provided in the
bridge part 27, which is not divided by the grooving processing, so as to
be connected to the commopn external electrode 23. As shown in FIG 16, the
“internal electrode 31 has a pattern whose shape is equal to that of the
internal electrode 22A. 25 Thereby, there is no need to prepare a speci al
print -3 8 pattern for the internal electrode 31 for conduction, so that
" the manufacturing facilities are sinplified. LFourth.enbodinent] 5 Next, a
descri pti onisdddlasgrgiovehemant hl? ef dhend®Ct 6aP1 & 147 s dfurdhernk-j et head as
a liquid droplet ejecting head according to a fourth enbodi nent of the
present i nyeldemsd dimethéyf oor tidienizbeilrenterhhe shaetwddamse2ds odsthhose
described in the first through third enbodinents are referred to by the 10
same nunerpigerdd Gickbellscarsecéiamalt wizew of the | ayered piezoel ectric
el ement 12 of the ink-jet head taken along the directions in which the

pressure liquid chamber;thereaf  fxtendsusdhgel ayesediiszqel estr treel ement
12 of the fourth 15 enmbodinent has the internal el ectrodes 30 for

conductd on_of t second .enbodj nent_ praQvi in._a [ty of Layers in
the br i5dggb?)%f?tlr§7, ¥ iugﬁngsmﬁ%‘??aalsv?n etfrg%qt ﬁgrg;l@%\%%gé plﬁdcg]s??i%ng, so as
to be connected to the comon external electraode 23, The |nternal

el ect r odesSBOF 3Ry 15U dardcEdoBySobf thRe iinGePhaltPel 82¥¢REs 31 of the third
enbodi nent or internal electrodes having another pattern shape. By thus
provi di ng phezdgitertvilc ellenenodes G ihe prgivenaeit from ¢eguuming-he TB8mon
el ectrode resistance can be further reduced. Normally, the thickness of the
i nternal 2bapéssd rpmiderded ettt ecélément i dtsi goidaed to dhemadeadi3ubiyng -39
met hod. Therefore, it is not easy to increase the internal electrode in

thi ckness §f Aghdivedeat!.eShst s enuntstirt RET chihfel 8t BidiedaisHCt r ode,
whi ch, generally, is forned of a palladiumsilver alloy, has a high vol une

resi st iOVi txovggv J:a‘,;]gt[deern%)e\@attﬂrgolrgfgé r?eg%g%.lrooussd?&@rt$ l%ﬁ’l%%@@h eJJECt rode.

Accor&ingly, a si Internal el ectr ayer for conduction can reduce
t he common_ _external electrode resistance only to a limted extent. Even
when a pl uF&fi ?/y%lfecfrﬂlﬁzﬁg SEFELErD ?rgyg?% S&r 8Splf8v]|:%c§%1c%)s%qen this
enbodi nent, the thickness 10 between the internal e|ectrode |ayers can be
as snal | a3ChPHrYxS HERNSIY 589V i Camelef orfdir thgTadBe seekf ThRat ik Rias

increase in the thickness of a piezoelectric body can be reduced. 15 [Fifth
enbodi nent the layered piezoelectric element 12 increases temperature

inside the ink-jet head so as to increase ink temperature.
15 The increase in ink temperature reduces ink viscosity, thus
significantly affecting the ink ejection characteristic of the
ink—-jet head. Accordingly, by preventing the occurrence of
heat storage resulting from the self-heating of the layered
piezoelectric element 12 by forming the base 13 of a metal
20 material, degradation of the ejection characteristic of the
ink-jet head due to decrease in the joining strength and the
ink viscosity can be prevented.
When the base 13 has a large liner expansion
coefficient, the adhesive agent may peel off at the joining

25 interface between the base 13 and the layered piezoelectric



Next, a description wll be given, with reference to FIG 18, of a nethod
of manufacturing the |ayered piezoelectric elenment 12 according to a fifth
enbodi ment of the present invention. FIG 18 is a sectional view of an 20
“unprocessed | ayered piezoelectric elenment 32, which is a nenber to be
processed into the | ayered piezoel ecthrj_c el enent 12. According to the
~manufacturing nethod of the fifth enbodi ment, first, the unprocessed

| ayered piezoelectric 25 element 32 including a dunng part 33 is forned.
The dummy elemntpdizs a33hightf oF Ml dfempesiedrsePect £ cte &8 to be
substantially symetric in shape to the group of the internal electrodes
22A and 22tbr{wentiltemadt pietuekbeofrideliantemrtnalthekecsebites 2Atandh22B with
t he correspondi ng piezoelectric layers 21) in the 5 direction in which the
| ayers ar epfored.ofTheRliakt 8 f f f Xk HN®aRPN aCEsS etb | AyErfadrenezoghect ric
el ement 32 to the base 13, the dummy part 33 is ground to the finishing
line C Sho‘}f\%}noé%eéjiu@_leh%%us§8 bhatnd Neodre-ad vBir€2eebecd fii& alpment 12 of

FIG 12 is e unprocessed | ayered piezoelectric 10 el enment 32 can

I
al so be forped intg t.he lLayered. pi ezoel ect.r.ic_el n{_of .FIG.,15 or FIG
17. Thg’reb]?/}e?%eel% of1g Fage?’gaselbolrezeoreIlélct%ylegggﬁe%%nnqt}b’engrhét%ed at the
time of baking or polarizing the | ayered piezoelect{ric el enent can be
reduced, tRERDHRVER HFERpFEBLeRVISIT R F 1By EnhBIGEPD T e SL&PEREd
pi ezoel ectric element at the time of manufacturing an ink-jet head, such as
i nabi | ity thahdiak apumexdehselyi 0 boekzlns aitr 3§chpénalaﬁdi§)eel ing of an
adhesi ve agent caused by stress in the warp direction at the tinme of
bondi ng t heppayeiettqliveBoekaebugl €0 emenin towexrabhasten@th| Si xt h enbodi nment |
Next, a description will be given, with reference to FIG 19, of a nethod

of manufacturing the a-ayenedgpy ezoel i C triegeehBMBNto ks AGL Aadie?galio a sixth
enbodi nent of 25 the present invention. FIG 19 is a sectional view of the

-41 u ocgssed | ayered piezoel ecir] el OF ¢k t
nmanuf ;@; urll%ﬁ‘(jl%%t‘_‘holdmo(?ar{)t(1:3é{p§|n>s<’f‘§}leJr:f%eo%illrréleﬁ‘neetr?l‘.;t %(%cgrﬁgi ﬁgdd:%rt %gtﬂgg for
nanufacturigg net hod, of thﬁéslxth epbodi men ternal el ectrode 35

.d L
havi ng sub5P&nP?ef 147 5 iYe TSBMEPEL ﬁ%%heé%jgn%%o#hmgx?%&e?heaq %l€ctrode 30

is formed in the dummy part 33 of the unprocessed | ayered piezoelectric
el ement 32tBéstFrae heshfumdpei A et habr Y EtGbde OF5PSRHL R AL T htfdrdtalthe

el ectrode 30 are substantially in symretrical
piezoelectric element 12 at the joining interface therewith

due to a difference in temperature resulting from

15 environmental variation. It has been confirmed that it is
very effective in preventing peeling at the joining interface
with a piezoelectric element to set the linear expansion
coefficient of each component joined thereto to a value lower
than or equal to 10E-6/°C.

20 The FPC cable 14 includes a plurality of driver ICs
16 for applying driving waveforms (electrical signals) to
drive the corresponding channels (corresponding to the
pressure liquid chambers 6). By providing the driver ICs 16
to the FPC cable 14, electrical signal setting can be

25 performed independently in each of the driver ICs 16. This



positions. In the case of formng the | ayered piezoelectric 10 el enent 12
of FIG 15, it is preferred that the dumry internal el ectrode 35 be forned
to have substantially the sane pattern shape as the internal el ectrode 31
"so that the dummy internal electrode 35 and the internal electrode 31 are
substantially in symetrical positiongs_In the case of form ng the internal
.15 electrodes 30 in a plurality of layers, it is preferable to formthe
dummy internal electrodes 35 in a plurality of layers. Thereby, the
symet ry offaChéltaped xgEeFtiapepEdvprezbdnstim ¢hel ghentagamért i nproved
further than by the manufacturing nethod of the fifth enbodi nent.

Ther ef or e, chhga20enbsplad of lthpededvpnezamertlrs ofeltepehbygeadr ated at the
time of baking or polarizing the |ayered piezoelectric elenment can be
further regyeedeltbusid Widmtprneventing probl ens caused by the warp of the
| ayered piezoelectric elenment at the tinme of manufacturing an ink-jet head,

such as inability tpp@olt%eaggézs'é%él@ff&té ieenemdxeéxméér%ééacééroq and

peel i ng of an adhesive -42 agent caused by stress 1 n the warp di rection
at the ti of . bondj the | ayer,ed piezoelectric elenent to base.

[Seventh ot6gdthent | R 1208 ePY EBRE ST 258G ToBn, 10 EAFref er ence to
FIG 20, of a nethod of nanufacturin? the | ayered piezoelectric elenment 12
accor di ng CoSR18eFRMFE tbddiencharBelE nNee¢rmes diiediti¥ent PEROTHIRYIVO BYs a
sectional view of the unprocessed | ayered piezoelectric elenment 32
accor di ng Peovhding weadmiorer iIfg dét hodtlod ER{e csdienif, eaboal amion
According to the manufacturing nmethod of the seventh enbodi nent, a dummy

i nternal eliecthedéisblacereartred ithet heydtuxinpipardelddtal ct beenept ok sised
| ayered pi ezoelectric elenment 32 so as to have the sane pattern shape as an

internal 1%ogheste@dsy thattdld ennaheschbie BiriRiBak ghackhoge d2Aa that
is closest to the surface of the | ayered piezoelectric elenent 12 into

which {he qa&&%aagﬁgl%ﬁgmxegyoe%@iz%@gtggieiglegxke&fglg%;ag%gog§ep599£ﬁgzgoq- That

is, in this case, i nterna ectro rmed to ve 't he

tt h t he 20 .int . .el ectrode, 22B.. As [ ly d i bed,
the i nt er nafSFBYL FOUE BT hds THEOSHNE Bt i@ (FEHASCSASSERE | nternal

el ectrode 22A. By thus formng the dummy internal electrode 36, the
| ayering order patterffdernt er fapmel LttiodesnEantBetds ReFRhFIYePL

Ther eby, the nunber of wasted internal electrodes
the diaphragm 2 by an adhesive agent. An ink supply channel

18 for supplying ink from the outside to the common liquid
15 chamber 8 is formed in the frame 17 across at least the base
13 from the driver ICs 16. The ink supply channel 18
communicates with the common liquid chamber 8 wvia a through
hole 2a of the diaphragm 2.
The ink supply channel 18, the common liguid chamber
20 8, and the fluid resistance parts 7 are thus arranged on the
opposite side from the driver ICs 16 so that ink can be
supplied from the opposite side from the FPC cable 14
connected to the layered piezoelectric element 12, thereby
preventing a rise in ink temperature due to heating of the

25 driver ICs 16.



-43 can be reduced at the tinme of manufacturing the |ayered piezoelectric
el ement 12. That is, in the case of formng the dumy internal electrode 36
and the internal electrode 22B into the same 5 shape and formng the
“internal electrode 31 and the internal electrode 22A into the same shape,
the internal electrodes are |ayered fdygamtop to bottomin the order as
~shown in FIG 21A In FIGS. 21A and 21B, "A" refers to an internal

el ectrode having the sane pattern shape as the internal electrode 22A, 10
and "B" refers to anApnpeevidusledessdébhavi B thras Hife thaet C€iHeEhhpe as
the.internal electrode 22B. Generally, when internal electrodes are

cat egori zetls ] wiiuh tpgesalty gapémdine hapehet hemban ¢ pasarofelisntoer nal

el ectrodes alternate with each other in being printed due to their printing

met hod. | ng1B; {1l S, 8258 rm8aCheRERZOd RGNS G 08l ey dHchugesegne part of
successive "A's where the internal electrodes "A" are successively |ayered.

Therefore, P&Qﬁoél cgtfﬂ%, shachiode pB iy MedqRet Yeeothen SUGHRSSIIUR

internal efectrode is wasted. 20 On the other hand, in the case of

form ng the du i nternal elecitrode 36 as_wel|l t he. J I, £l rode
31 intdth e‘&%%rg@ffpgle?fst ﬁgei %?e%ﬁ%ﬁjee%é‘&gr Sge%gﬁAfn&fY}%iel;l erln6gl 8k

el ectrodes are |ayered fromtop to bottomin the order as shown in FIG
21B. | n thVsseaskly Wdpsrsases 6 25 tuciedifpeanily atEeforhf SIFCEach

pi ezoel ectric el ement and -44 one part of successive "A's is forned
bet ween eachazafteesitisi.czGbkeefore, cthgrsintorease thainkadcks prssiAdeldetric
el ement includes three successive-"A" parts in total. Therefore, three

| ayers of icoten@atisl ot redeeraBiraref wist ettiper 5Cpi téosghectd ike el enent .
[ Ei ght h enbodi nent] Next, a description will be given, with reference to

FIG 22, ofyghabdksy einerdnads arhégméshkHppireureieet ing heatbtlGaaccordi ng
to an ei ghth enbodinent of the present invention. FIG 22 is a sectional

‘6’1: g‘r’]" 0{93 hgi§ﬁ¥§{§&@iae$%@b§%&r '}'%ﬁ @ﬂgn@&ve]rfti%fn_atlhﬁﬂkﬂiéi:eﬂei@%ﬁﬂk@‘éen
g the directions in"which the pressure [1quid chanber thereof extends
2Co0rdl 10 Lo fe.shalt b ethodent - Thecl vened  gegs pEtlgs LIRS 12 19
in length, however, the decrease in ink viscosity due to the
rise in temperature of driver ICs has become a serious problem.
This problem can be solved by employing the above-described
15 configuration.

A detailed description will be given herein, with
reference to FIGS. 2 through 7, of the layered piezoelectric
element 12. FIG. 2 is a sectional view of the layered
piezoelectric element 12 of the ink-jet head of this

20 embodiment taken along the directions perpendicular to the
directions in which the pressure liquid chamber 6 extends.
FIG. 3 is a sectional view of the layered piezoelectric
element 12 of the ink-jet head of FIG. 2 taken along the line

A-A. FIG. 4 is a sectional view of the layered piezoelectric

25 element 12 of the ink-jet head of FIG. 2 taken along the line



for conduction having the sane planar shape as the piezoel ectric el enent

12. The external electrode 40 is forned on a surface of the | ayered

pi ezoel ectric elenment 12 which surface is not divided by the grooving

" processing so as to be 20 connected to the common external electrode 23.
The external electrode 40 is not divided by the grooving processing.
~Therefore, the channel of electricity widens greatly on the common

el ectrode side so that the commpn el ectrode resistance can be reduced. The
external eBektr ddES25530andyShavke SRS WapEsast| nkeaat i aSHrerRal

el ectrode 40 is -45 connectable to the conmon external electrode 23 of
the drivi ngatpsitrs 25 ahkelaybeed rmicvzaw].qortadessilagenThie? wi FdiG .t heiexaer nal
el ectrode 40, the greater the desired effect of reduction in the conmon

el ectrode pesisdance vaeRYothtbe Proy ridnpithecester nal e ety adeo40 that is
not divided by the grooving processing so that the external electrode 40 is

connect ed Lo, e, SRR BXLer 1Al ; elacidials 2 3axbhes COMMDNL Aiionode

resi stance Is reduced, so that the erence between the tine constant of

the driving. voltage P 10 applied to the | I pi el ectir | nt 12 in
the case oglﬁ?if’fﬁ%g Solﬁlé'of B?he 2h%15nnael%era5%%fcﬁgfa V%é‘?hééfc%}{séeclgg)egrglﬁvi ng all
t he channels can be set to a value snaller than or equal to 2 Vim Thereby,
t he differBaREFIFIH %jedCPFBR E%a?%t?@ﬁi%¥¥rée$aﬁeﬁg ?gdﬂﬁﬁﬂ, so that a
stable high-quality 15 i mage can be obt ai ned. £Ninth enbodi nent] Next, a
descri pt i oambpdiméret diakem, fwrmhthefmdincauad PLectpgdeo$iddr i nk-j et head as
a liquid droplet ejecting head 20 according to a ninth enbodi nent of the
present invention. Flig tB3 lLsyaredqiicmrall ecitencoéléhent k2| et tleadliaken
along the directions in which the pressure |iquid chanber 6 thereof extends

according be fhivigmhedivents. (Theivudetpiterdiebtihtsepamad irteshas the
nozzles 25 5, the pressure |iquid chanbers 6 and the other |iquid -4 6

Cha”be{o&veggg FOE GG Gpacher (e SLATHEs oh2p5Lh A0a8d 4 b 1 nes,

respecti i ment, ayered piezoelectric elenents 12 of

12" accor di AG287t B sH? Gt RECoPHEr® b et ¥Ry Co8 SEpr By etk Next . &
description will be given, with reference to ) ,
grooving processing on alternate layers of piezoelectric
layers (piezoelectric material layers) 21 and internal
electrodes 22A and 22B having pattern shapes as shown in FIGS.
15 5A and 5B, respectively, with a common external electrode 23
and the individual external electrodes 24 formed on the
opposing longitudinal sides of the layer structure. The
common external electrode 23 is formed of the external
electrodes on the common electrode side of the respective
20 driving parts 25.
In this slitting or grooving process, slits are
formed in the layered piezoelectric element 12 so that a
bridge part 27 of a size D in the depth direction remains in

the bottom of the layered piezoelectric element 12 on the base

25 13. Further, a cutout 28 is formed on the individual external



FIGS. 24 and 25, of an ink-jet recording apparatus including the ink-jet
head according to the ninth enbodi ment of the present invention. FIG 24 is
a perspective view of the ink 10 jet recording apparatus, and FIG 25 is a
" side view of the ink-jet recording apparatus, show ng a mechani sm part
t hereof. The ink-jet recording apparatgus includes a print nechani sm part
112 in a recording apparatus main body 111. The print nmechanismpart 112 is
formed of a carriage 123 15 novable in the pri mari/ scanning direction, a
recor di ng ¢eegtrasiadd4of side Phkthetlayessd sierrelorbsknieioneaht tén and
mounted in the carriage 123, and ink cartridges 125 supplying ink to the
recordi ng dbady Aeapeectéeds chassdtiah (thve drpupey pawis t4m@rell14 capabl e of
containing multiple sheets of paper 20 113 can be detachably attached to
the | ower pardngdgthe main body 111 fromthe front side or the Yz side in
FIGS. 24 and 25. A manual feed tray 115 for nmanually feeding the paper

sheets 113 can be tunped-anghopenad 1The-Rapes) sbeaiad b3xf o¢ teem the paper
feed cassette 114 or the manual feed tray 115 is 25 | oaded so that a

required i e.1s recorded thereon h - i (Eehand 112.
Ther eaf er{;{{z1 & paper s?%eéts ﬁ%&?%t%}’e% g:&eoﬁtéémgﬁp%%%r €] e(rgtl%?r?gtg%y 11 6
attached to_the backside or th 1 side of the in_bod 11. I.n the print
nmechani sm par tWaich Jtsn@r@é(?mcﬁgeryﬁ% heing I‘i]éflv(}dggi 5%%|’§/3/i A i]ijélgilglenary
scanning direction by a primary guide rod 121 and a secondagrlgqi de rod 122
that are gnhde Zenss $hett &hei hEtoeake et GFFeseng23i 9k A Et XY shown in
the drawi ngs). The primary scanning direction corresponds to the directions

in which therpr2¥ery comheseedndargyugiui tee rapgsob0ek2é¢rant dbXtmadend3 That
is, the primary scanning direction corresponds to the X-axis in FIGS. 24

and 25. Headstd4idaired eficthecdnk-22 dreats pbihgurdvii®pbeitejascionng
heads) of the present invention ejecting yellow (Y) ink, cyan (O ink,

magent g, (N% i:ﬂken%g.d b AGH eBK:nk nknt & SSPE keI dedl 245 Atdachrm-t 0 the
carriage 1 3"so that a plurality of 1 nk ejection openings thereof are

din_the di ti t he pri. ' [ ' d ink
< G oot e P BRPE REAT ik ) SELPON Bpohi R 8 dBRRREa. df {ECTTR The

FPC cable 14 is connected hetween the heads 124 %nd a controller 2Q part
150 so as t84hppt9e LUrhA HGYREFE! B FFLD AT O Fﬁ‘gnﬁeg s29 P °%he "FPC

cabl e 14 exchanges signals between the heads 124 and the controller part
150. The i AEGcaft ri Hhpeef® f by SOPpEyERY tihe F@Speabilgeld to the

individual external electrode (24) side, the common electrode
15 and the individual electrodes can be extended from the one
side of the layered piezoelectric element 12.

In the ink-jet head having the above-described
configuration, a driving pulse voltage of 20 to 50 V is
applied to a selected one or more of the driving parts 25 of

20 the layered piezoelectric element 12 so that the driving parts
25 to which the driving pulse voltage is applied stretch in
the direction in which the layers are formed (that is, in the
upward direction in FIGS. 2 through 4) so as to deform the
diaphragm 2 toward the nozzles 5. Thereby, the capacity or

25 the volume of each corresponding pressure liquid chamber 6



color inks to the correspondi ng heads 124 are attached 25 replaceably to
the carriage 123. Each ink cartridge 125 has a -4 8 vent forned in its
upper part and a supply opening formed in its |ower part. The vent

comuni cates with the atnosphere. Ink is supplied fromeach ink cartridge
125 through its supply opening to thegoecorrespondi ng head 124. Further, each
_ink_ 5 cartridge 125 includes a porous body filled with ink so that the ink
supplied to the corresponding head 124 is maintained at a slightly negative
pressure byhatgescapi Bsaty Poeeeunize Hakpdhehsibodse HHE HEKISTPPARESr t he
respective color inks enployed 10 as a recording head in this enbodi nent
may be rephbaceddited Jspgheetipafiromaihedicogrerepehésnd arozglecst iSng i nk
droplets of the respective color inks. The primary guide rod 121 penetrates
through the rear (YlyxsifejndaifedtBamnt o@nihkeddoymsty eamgsiidepirasshiee 15
direction in which the paper sheet 113 is conveyed) of the carriage 123 so
that the c § 1 | § PEi ide 1, The front
(YZ-side) %%éi&%ggF?%%ﬁggﬁggu%gﬁ?g%ﬁggﬁ e%Fn%tﬁgé%?gﬂ%gﬁ5%pﬁ#%%h?ch t he
paper sheet 113 is conveyed) of the carria 23 1 | aced aqn th condary
gui de %O r 6O ER9 SEHTA St RECRAPTT age %%&ﬁésﬁpdghgl%%%s I%ée $é& ngary
guide rod 122. Atimng belt 130 is extended between a drive pulley 128
rotated bychapretmrty ycahfi Agehbtdrof2Pkaddoy aFi VBhS gIATRF 128Y The timing
belt 130 is fixed to the carriage 123 so that the carriage 123 is noved
back and feuspeRbirfprppddeaicagnaddbnche o lpeigeaty shankayreredl rection by the
-49 reverse and forward rotations of the primry scanning notor 127. On the
ot her handpikpo®rdteiriico caemeay Eacin paper ssheet, th8 deiphirndrhe paper feed
cassette 114 to a position 5 below the heads 124, the ink-jet recording
appar at us i-pelpdest A Raperihead1rgbsefid3 kARG of Festdd pad phadsiee

separating each paper sheet "113 fromthe paper feed cassette 114, a guide

mbeuﬁ%&gwg& 'Mr%a%hteagf;%%?h@ﬂ 'in]agtb shaB@NYeHans ef@ér{eezratlﬁe,

conveying €a paper sheet upsl r~ 135 pressed

agai nst the outside surface of the conveyance rolletr_13 and.a tip roller
136 defini%BrEBeEuRﬁQ§EﬁV§NﬁF8ﬁ5858h ﬁ%be J§h§5Fn{13lPé é%?ﬁserﬁ%q: e
conveyance

the ink supply channel 18, the common liguid chamber 8, and
the ink supply channels (fluid resistance parts) 7 to be
filled into the pressure liquid chambers 6. Then, after the
15 vibrations of the ink meniscus surfaces of the nozzles 5
attenuate to stabilize, another pulse voltage is applied to
the layered piezoelectric element 12 for the next ejection of
ink droplets, so that ink droplets are ejected.
FIG. 8 is a diagram showing a circuit equivalent to
20 an electrical circuit from a driving waveform generating part
to the layered piezoelectric element 12. As shown in FIG. 8,
each driving part (driving channel) 25 is formed of a series

circuit of a resistor (resistance) Ron (£2) and a capacitor

(capacitance) C (F), and the driving parts 25 are connected



roller 134. The conveyance roller 134 is rotated by a secondary scanni ng
notor 137 via a gear train. 15 Further, the ink-jet recording apparatus
includes a printing reception nmenber 139 that is a sheet gui de nenber
gui di ng each paper sheet 113 sent fromthe conveyance roller 134 bel ow t he
heads 124. The gui de range of the pri3ying reception nenber 139 corresponds
. to the novenent range of the 20 carriage 123 in the primary scanning
direction. On the downstream side of the printing reception nenber 139 in
the directwbehignakhiatiesabll papbstetretrepiztpgceshvRydd?) + hdhenkipepit
recordi ng apparatus includes a conveyance roller 141 and a spur 142 rotated
to send each PHper8 shkkeetimpl3fiadasdiaedid gep2sceotet eresisttirp&pevitheet
113, and further includes an -50 ejection roller 143 and a spur 144 for

sendi ng outoRAGH daRercsReeksidgopat prddie tharek) eragt (QN ssay 116 and gui de
menbers 145 and 146 form ng a paper ejection path through which each paper

sheet 113 i35 conveaveddigels ehechetyimy Martdie obi BRa0katiecdifngvithie heads

124 are driven’n accordance with an image signal with the carriagé 123

bei ng ved. Thereby, .ink i.s gjgcted onto the stationary paper sheet 113 so
t hat rg%ora?ﬁﬁnﬁéEE%f?%?ﬁ%dnfg?EOng'Iine. Then, after the paper sheet 113
is conveyed a predeterm ned djstance,, 10 recording.is perfornmed fqg t he
next |ine. Wen a rel8f8i AgPente Fgnam %o t@?ﬁn‘llﬁnEEPiﬁFﬂg Fhat" Tk
trailing edge of the paper sheet 113 has reached the recording region is
recei ved, theFtecordi iy oper aireRit sof &F i ndedes51PBathe HgFerisheet 113

is ejected. In this case, since each of the 15 ink-jet heads of the present
i nvention Hefvimg pdeche@asvi’ag basnneins)ozsd beomt, r ahkablmé tgoroftantk tdr opl et
ej ection, thereby suppressing variation in its characteristic, the ink-jet

recordi Nng qpRAs ab#IStHaNieGeHdva184gb! B, hbghiguatd tynd rageringupkber 25t he
i nk-j et recording apparatus includes a 20 recovery part |47 for recovering

from ehgct Eﬁntlfx@i_]éﬁﬁ df &H%igsagﬁl}% e ¥ 1HRCOVeRYnRal L 2%é7gmrpﬁo9vi ded

on the X1 side | noving directions of the carriage 1 in a poSition

outside the, recording region.as wn in FIG 24. The recovery part 147
i ncl udes a%8§p§?¥é%YéQQ, a&&SPiZEPpart, and 25 a cleaning part. Wile
waiting for printing, the carriage 123 -51 is noved to the recovery part
(147) side so as to have the

71 = C{Ron + Recom) (1)

15 Further, the time constant T.;1 (sec) of the driving

pulse P, applied to the driving parts 25 in the case of driving

all the n channels is given by the following equation (2):

Ta11 = C{Ron + NReon/2) *(2)
20
Accordingly, the difference At between the time
constant T.11 in the case of driving all the n channels and the
time constant T: in the case of driving only one of the n
channels can be obtained from the following equation (3):

25



heads 124 capped by the capping part. Thereby, the ink ejection openings of
the heads 124 are maintained in a noist state, so that ejection failure due
to drying is prevented. 5 Further, during a recording operation, ink
irrelevant to the recording is ejected so that all the ink ejection

openi ngs have the sane ink viscosity,sz{hereby maintaining a stable ejection
.Characteristic. In the case of the occurrence of ejection failure, 10 the

i nk ej ection openings (nozzles 5) of the heads 124 are hernetically seal ed
by the capping part, &nd miif -babbl es as well as ink are evacuated fromthe
i nk.ejection openings through a tube by the suction part. Ink or dust
adhering to the ink ejeeticqr, sy hagcg,/of eachrheadrlg@ is renoved by the 15
cl eaning part. Thereby, the heads 124 recover fromejection failure. The
evacuated ink is ejected LQpanasiprink reggyvoir (not shown in the

drawi ngs) provided in a lower part of the main body 111. In the waste ink
reservoir, the waste ink is absorbed and kept in an ink absorbing body. 20
Thus, the ink-jet recording apparatus of this enbodi nent includes the

i nk-jet_heads of the present invention. Therefore, the difference between
the tim constant of T?'r?eegé@@l% &{” Vi Soridathafinele Ay ke 45 & 1¥3RSt ant
of the case of driving all channels can be reduced, so that a stable high
25 qual i ty chaageleah BRCIwQSoldeger or5hhe rqmeorgifeeergede r Forks @stsdi ment s,
the present invention is applied to an ink-jet head as a |iquid dropl et

ej ecti ng head. bebueyerl atdes preshahge nirenthomdiisiagsaiapptowstdre: tto |i qui d
droplet ejecting heads other than the 5 ink-jet head, such as a liquid
dropl et ej eetbigshgasaedect imatdiepl et shaiga in aihied ih@sdsbpaad a |iquid
droplet ejecting head ejecting droplets of a DNA sanple. Further, in the

above- descrjed; sgbodi PRy e BEESRDL %fggﬁgﬂ}an is applied to the
actuator part (pressure 10 generating part), as a piezoel ectric actuator,

Of 2anifurd droplel eeShld Neacaieh A5 Ah Bebebhepddhyever, 1he

present invention is also applrcable to a m Cros ¢ R0 relay), an

actuator for a nmulti-optical lens (an ﬁgtical smﬁtchg, % mcro flow neter,
g nt8p

|
and a presSUPEASERELPLES WAl atdegse cHEp AT + t FE8¢ device (an

optical nodulator). Further, in the above-described enbodi nents, the
present inwensitanti® igppini edervian svelkesiinotVer hezeh ithensijelstihe direction
in which a diaphragmis displaced is equal to
velocity V5 changes, time required for an ink droplet to be
ejected from the ink-jet head to be positioned on a paper
15 sheet (a medium onto which ink droplets are ejected) also
changes. Since the ink-jet head moves in the primary scanning
direction, this change ultimately appears as a deviation of a
dot position in the primary scanning direction.
In the case of recording a 600-dpi image, when the
20 deviation of a line (Adot) exceeds approximately one dot, or
42.3 Mm in distance, the deviation is large enough to be
visually recognized. Therefore, the deviation is preferably
smaller than or equal to 42.3 Mm in terms of higher image
quality.

25 Letting the ejection velocity in the case of driving



the direction in which an ink droplet is ejected. However, 20 the present
invention is also applicable to an edge-shooter head in which the direction
in which a diaphragmis displaced is perpendicular to the direction in
“which an ink droplet is ej ected . The present invention is not-limted to
the 25 specifically disclosed enbodingents, but variations and -53
nodi fi cati ons may be nade w thout departing fromthe scope of the present

i nvention. The present application is based on Japanese priority

appl i cat i ol Nothe2@ozheans¥s, f thedinrTHenr yalgcRby o 2o casgeoéntire
contents of which are hereby incorporated by reference. -54 CLAIMS 1. A
| ayer ed pié@zDeirectonly ehenefit ticonprdlsinmglsa phdr ghe tryoxdflehpawiemg parts

di vi ded by grooves, the 5 driving parts conprising alternate |ayers of

pi ezoel ectyigedavens and, i npernalqg &l ecldspdesivand nans dristidignpar Ag forned
at both ends of an array of 'said dri'ving parts, the non-driving parts

th t . th
conpr i si nguLiedl tannaLeclayenseol diha i Siagheetel o AVAN a0 nble e

i nt ernal erein a conmon el ectrode sal riving parts is
extended fyom said .non-driving parts;. and aci tance C (FE ach of
sai d drivi hg E%R%%qu:%?enﬁﬁﬁgrngéﬁﬁﬁﬁPQM%l?i%ggpér?ga?ﬂe%ﬁuféé &&??s%%nce R
(SZ) 15 between said non-driving parts satisfy R< 8 x 10-6/n/C. 2. A

| ayered pi E2®efatd Afc derEhBaAt Oﬁg)‘rﬁ?ri%i%:th& Bl Gharieds ofs FI%Fn§YpaPes

di vi ded by grooves, the driving parts conprising alternate |ayers of

pi ezoel ect fotl0inamyesuatand (At ernal el ectrodes; non-driving parts forned
at both ends of an array of said driving parts, the non-driving parts

conprising the alternate |ayers of the piezoelectric |ayers and the
internal electrodes; and 25 an internal electrode for conducti on connected

toa -55 AT = L/Vsan - L/Vs1 = (4)
10
Further, letting scanning velocity for the primary

scanning direction be Vs, the deviation of a dot (Adot) is

given by the following equation (5):

15 Adot = AT X Ve = (L/vjall - L/le) X Vg = (5)

Therefore, the ejection velocity Via11 in the case of
driving all the n channels is required to satisfy the
following equation (6):

20

Va1 = L/ (AdOt/Vs + L/le) = (6)

When the ejection velocity V5 (m/sec) was measured

with respect to the rise time (Usec) of the driving voltage Py

25 with the primary scanning velocity Vs and the nozzle-paper



common external electrode of said driving parts and undi vi ded by the
grooves, wherein a comon el ectrode of said driving parts is extended from
said non-driving parts. 5 3. The | ayered piezoelectric el enent as cl ai ned
“in claim2, wherein said internal electrode for conduction has a shape
substantially equal to a shape that agne of the internal electrodes of the
_alternate | ayers has before the alternate 10 | ayers are grooved. 4. The

| ayered piezoelectric element as clained in claim2, wherein said internal
el ectrode dbvtammddebiedndi set obored: 4 W/# plo@PalpPiy a1d |Gylsm,15 5. The

| ayered pi ezoelectric elenent as clained in claim4, wherein each of the

| ayers of seaspkdtitveliyal tekechaoaetdmrstdendwctshonn hivs BIGhdde waisbst anti al |y
equal to a shape that one of the internal electrodes of the alternate

| ayers hasgr@strefpre the alternate |ayers are grooved. 6. A |ayered

pi ezoel ectric elenment conprising: a plurality of driving parts divided by

, the drivi ts. I SiNG ;akt
gr ooves e drivi nggP% slfogﬂ)gleﬁ_llegghéh @éﬂ@&f’t};%’

er s, of ,piezeelgetric 25
| ayers and i nternal ecfrodes; -56 non-driving 6érts orﬁ%% ap bot h ends

of an array of said driving _parts, the nan-driving parts conprising the

al ternat e PEYERI FRlLhEDS g%oE]P%clP r‘?ktanr%aé’r 4538t F‘g }%tr%)rzsr?g? @ &ctrodes:
and 5 an external electrode for conduction connected to a common ext ernal

el ectrode eppxatidnatidlyi RgHpact s, in mrden éengetefdetrirled Falucosdaétpsn
being fornmed on a surface of the | ayered piezoelectric |ayer which surface
i s undi vi dedabyot henugrlodwed? . 30Umires gineva cosimodestetbeddechsf egaicdidni vi ng
parts is extended fromsaid non-driving parts. 7. A nethod of manufacturing
a | ayered peezeetectticiel gendasenclfudragiag phll atlid yn ehatdne¥sngsparts 15
di vi ded by grooves, non-driving parts formed at both ends of an array of

the drivingegaitsy @NhARNEEr BabaBleCldREs kaanCoRdGEd D Lanmected to a
common external electrode of the driving parts and undivided by the

gr oov t i Vi r n h 1- drj Vi p i Si I.t ernate
Payor 0ot 90580 e raRi <oyt (o A AR S E OB B g
parts having a common el ectrode extended fromthe non-drjving parts,. the
met hod conBRPEFHRFS he-h& daReoFonEEgnt i RingRathentse idfc [ AFdivhgIaddbntlye par t
to a base, the dummy part being forned of a piezoelectric |ayer to have a
25 shape s@bsharnélsd |3 Spmser ppRFOXYnateliyade H68Ca group of the

Therefore, it is preferable to set the difference At
between the time constant T, and the time constant T, to a
15 value smaller than or equal to Tay — Ty = 4 - 2 = 2 Usec.
Thereby, the degradation of image quality due to the deviation
of a dot position can be prevented, particularly in the case
of recording an approximately 600-dpl image.
Thus, in the layered piezoelectric element 12 of the
20 ink-jet head of this embodiment, letting the capacitance of
each driving part 25, the number of driving parts 25, and the
resistance between the common electrode extension parts (non-
driving parts 26) on both ends be C (F), n, and R (Q),
respectively, C (F), n, and R (Q) satisfy the following

25 condition (7):



-57 internal electrodes of the alternate layers in a direction in which the
alternate | ayers are forned; and (b) renoving the dummy part fromthe
menber. 5 8. The nmethod as clained in claim7, wherein a dunmy internal

" electrode corresponding to the internal electrode for conduction is forned
in the dummy part. 9. The nethod as glained in claim8, wherein the 10
dummy internal electrode has a shape symmetrical to a shape that one of the
“internal electrodes of the alternate |ayers has before the alternate |ayers
are grooved, the one of the internal electrodes being closest to a surface
of the menber after the dumy part is renoved therefrom the surface of the
15 menber being creaked Hyx rioxmsay the dugmy part. 10. The nmethod as
claimed in claim8, wherein the dunmy internal electrode has a shape
substantially symetrical to a shape that a first one of the internal

el ectrodes of the 20 alternate | ayers has before the alternate | ayers are
grooved, the first ofg,elslhed A LihAlngl 8557000 &L IRINALAY; ¥h! f3ft, second
one of the internal electrodes of the alternate layers, the second one of
the internal electrodes being closest to surface of the nenber after the
dummy partthe @%H%V@@92§XPH§F%¥?%n{8kHﬂ“§§ﬂf5€édofnt %%Hﬁé@aﬁéﬁgé T eat ed
by renoving -58 the dummy part . 11. A piezoelectric actuator conprising:
a novabl e pat thseand s thel ayeebtopi dregelcaeriptiel ement deformi ng sai d
novabl e part, the |ayered piezoelectric element conprising: a plurality of
driving parts divided by grooves, the driving parts conprising alternate

| ayers of 10 piezoelectric |ayers and internal el ectrodes; and non-driving
parts formed at bothcgnds of 1pR . Qreay »ofiosti d drgying parts, the
non-driving parts conprising the alternate |ayers of the piezoelectric

| ayers and the internal electrodes, 15 wherein a comon el ectrode of said
driving parts is extended fromsaid non-driving parts; and a capacitance C
(F) of, each of said driving t.he pd drj : n, and
a resﬂéfance R (S2) ggt&ggnaggﬁ%aﬁﬁﬁghggggﬁggpg$?§aég%¥§%¥%%%é§ﬁ§&2
10-6/n/C. 20 12. A piezqelectrjc actuator conptising: a_novable part; and a
| ayered pi 358Fect?ic elemEAl 8&f B?Qﬁ“rf%eézﬁsd %vab?ge’ﬁ%ﬁr,e'zé:htene | ayered

pi ezoel ectric el ement conpri sing:
above-described expression (8) can be converted to the

following expression (9):

15 Reom £ 4 % 107%/n/C - (9)

Since the resistance R between the common electrode
extension parts of the layered piezoelectric element 12 is
twice the resistance Reom, the expression (9) can be expressed

20 as the expression (7).

Thereby, the difference between the time constant of
the driving voltage P, applied in the case of driving one of
the channels and the time constant of the driving voltage Py

applied in the case of driving all the channels can be set to



-59 a plurality of driving parts divided by grooves, the driving parts
conprising alternate |ayers of piezoelectric |layers and internal

el ectrodes; non-driving parts formed at both ends of an 5 array of said
“driving parts, the non-driving parts conprising the alternate |ayers of the
pi ezoel ectric |ayers and the internals=sl ectrodes; and an internal electrode
_for conduction connected to a common external electrode of said driving
parts and 10 undi vi ded by the grooves, wherein a conmon el ectrode of said
driving paatgalee extedided thapnesag¢qhalortadiZi Weag partke rk-JFEtehead of

pi ezoel ectric actuator as clained in claim15 12, wherein said internal

el ect rode thts canthdtitriennt . haSharsibppersuilzstiant ial theegirmttian a shape t hat
one of the internal electrodes of the alternate |ayers has before the

al ternate LRyeiStavigtdroeredhe20nid4ietThal azoekaated Csacinsat @ saabtkai med
in claim12, wherein said internal electrode for conduction is fornmed in a
plurality & 3 e.pi Ly actuator as clainmed in claim?25
14, mhereiﬁgggc1Eg§j?ﬁgﬂP§§eF§ho Qgg?%hf%%%rnal el ectrode for - 60
conducti on has a shape substantially equal to a shape that one of the
intern el ectrodes of the alternate |layers has before the alternate |ayers
are grooved. 5 16. A piezoelectric actuator conprising: a novable part; and
a | ayered piezoel ect lPECEPENERROYNIB i ng sai d novabl e part, the |ayered

pi ezoel ectric elenment conprising: 10 a plurality of driving parts divided
by grooves, the driviNegtpaetdesormtiisimyidlt bendieen ayertd) glefsirersel €etric
| ayers and internal electrodes; non-driving parts fornmed at both ends of an
array of sgrdsdrivitigrquayt 94,t b apnickiethdegadr s eohjpausd miydl ethe
alternate | ayers of the piezoelectric layers and the internal el ectrodes;

and an ext %peéki%ef%arcp%cfo%iﬁ@ne@cs;iﬁb&%@@b@dmbﬁtaoﬁom@rp@steeﬁnal
el ectrode of said driving parts, the

10 invention. In the second embodiment, the same elements as
those described in the first embodiment are referred to by the
same numerals. FIG. 12 is a sectional view of the layered
piezoelectric element 12 of the ink-jet head taken along the
directions in which the pressure liquid chamber thereof

15 extends. FIG. 13 is a sectional view of the layered
piezoelectric element 12 of the ink-jet head of this
embodiment taken along the directions perpendicular to the
directions in which the pressure liquid chamber extends (or
the directions in which the driving parts 25 are arranged).

20 FIG. 14 is a plan view of an internal electrode pattern of the
layered piezoelectric element 12 according to this embodiment.

The layered piezoelectric element 12 of the second
embodiment has an internal electrode 30 for conduction
provided in the bridge part 27, which is not divided by the

25 grooving processing. The internal electrode 30 has a pattern



external electrode for conduction being forned on a surface of 20 the

| ayered piezoelectric |ayer which surface is undivided by the grooves,
wherein a common el ectrode of said driving parts is extended from said
“non-driving parts. 25 17. A liquid droplet ejecting head conprising: -61
a piezoelectric actuator pressurizingg |iquid chanmber comunicating with a
_hozzle so as to eject a liquid droplet fromthe nozzle, the piezoelectric
actuator conprising a |layered piezoelectric elenent, 5 the |ayered

pi ezoel ect vhese| shmmw isorpriedi hg: the phlardy optdingr PTi Blee paderedi vi ded by
grooves, the driving parts conprising alternate |ayers of piezoelectric

| ayers andpieies¢nadtelecctlieadas; 1ands naowdr iini FgGpatts f Do ngskraindgoathle ends
of an 10 array of said driving parts, the non-driving parts conprising the
al ternate hayersd ofidhriRicezoel ecthégt | BYertheandtbbfal NéBEMRboR] G0t r odes,
-wherein a comon el ectrode of said driving parts is extended from said
non-drivin ajf s; apaci ; F).,,af ,ea i j ving
parts, thegﬁlﬁ2 éerf% Sa?e%s%%?\/?ﬁgk%%%ﬁu%{e( é%é%azrgeg?st?%ﬂ@g{% ﬁ(HSéZ) bet ween
said non-drivin arts satjs < 8 x.10 6/n/C. 18..A liquid droplet
ejectiﬁg héﬁﬁeﬁgﬁgr?%ﬁqﬁdefogé E%EY%%?éER?iR%%i@FaﬁFgflﬁrL%Q%Fﬁigkggb l'i qui d
chanber comunicating with a nozzle so as to eject a liquid droplet from

t he nozzl ePri-Rbipy adisl ddrer e tgspaat dteebiptassicng anﬂagfgl?e%lr%ﬂ@zy(?éleé’etri c
el ement, the | ayered piezoelectric elenment conprising: 25 a plurality of
driving papt$ntediaedhy greef2shrevvessriire disi \thrgrparesleorpkd si ng
alternate | ayers of piezoelectric layers and internal el ectrodes;

non-drivi ngapagrss2fornmed at both ends of an array of said driving parts,
the non-driving parts conprising 5 the alternate | ayers of the

pi ezoel ectric |ayers mapdibherhai et NédtRIRCI0deHa i ABd-@ddiR] R tekect rode
for conduction connected to a conmon external electrode of said driving

parts f@d %%%RXRdS&ké%héf“%ﬂ@E%%%ﬁé’23 under the driving parts 25 after

the grooving processing. Thereby, the channel of electricity
widens greatly on the common electrode sidelso that the common
electrode resistance can be reduced. The internal electrode
30 may have any shape as long as the internal electrode 30 is
15 connectable to the common external electrode 23 of the driving
parts 25 after the grooving processing. The wider the
internal electrode 30, the greater the desired effect of
reduction in the common electrode resistance.
The internal electrode 30 for conduction that is not
20 divided by the grooving processing is thus provided so as to
be connected to the common external electrode 23. Thereby,
the common electrode resistance is reduced, sc that, as
previously described, the difference between the time constant
of the driving voltage P, applied to the layered piezoelectric

25 element 12 in the case of driving one of the channels and that



10 wherein a common el ectrode of said driving parts is extended fromsaid
non-driving parts. 19. The liquid droplet ejecting head as clained in claim
18, wherein said internal electrode for conduction has a 15 shape

" substantially equal to a shape that one of the internal el ectrodes of the
alternate layers has before the alternate | ayers are grooved. 20. The
~liquid droplet ejecting head as clained in 20 claim 18, wherein said
internal electrode for conduction is forned in a plurality of layers. 21.
The |i qui diniridye ersej eft dngviradlds tdieaichatnehs ctal MR Eetwier i Hagdeh of
the. layers of said internal 25 electrode for conduction has a shape

subst ant i akhan eGUAMah002 equéB Shapaiskhat oRereby| hend niigrfealenekechr odes of
the alternate | ayers has before the alternate | ayers are grooved. 22. A
liquid dropleteRi&3lhNgnhead:£oNPFiSiiRgiredudeR) e300H00t I1d GAELEAhOEN-
pressurizing a’liquid chanber comrunicating with a nozzle so as to eject a
liquid dro : e zzle j ezoel ectric actuator conprising a

| ayered pi@%%%1%£?gkégefgﬁeé%,O?%%ﬁrﬁ§ered pi ezoel ectric el ement

conprising: 10 a plurality of driving parts divided by grooves, the driving
parts conprising alternate | ayers of piezoelectric |ayers and internal

el ectrodes; non-driving.parts formed at both ends of an array of said
driving parts, the ndBARHFAveRRPHMISIconprising 15 the alternate |ayers of
the piezoelectric layers and the internal electrodes; and an external

el ectrode for conductNesh, condestEipttionawédbimba ekter natitdl getevdrceftsaid
driving parts, the external electrode for conduction being forned on a
surface of p26st hes layene] pireznel@etydic Haayerswhi Thasid faeeliex undi vi ded by
t he grooves, wherein a common el ectrode of said driving parts is extended
fromsaid 890c @iy iH¥hPaESra2Ry 28 ALHiM eRboheRehdl 0 ARPYRIST

conpri si ng: -64 an ink-jet head ejecting an ink droplet, the ink-jet

head ﬁgppr£§££§kaﬂﬁ e%%?%%%tEhfrécéﬁﬁgégﬁent, the same elements as

those described in the first and second embodiments are
referred to by the same numerals. FIG. 15 is a sectional view
of the layered piezoelectric element 12 of the ink-jet head
taken along the directions in which the pressure liquid

15 chamber thereof extends. FIG. 16 is a plan view of an
internal electrode pattern of the layered piezoelectric
element 12 according to this embodimentﬂ

The layered piezoelectric element 12 of the third

embodiment has an internal electrode 31 for conduction

20 provided in the bridge part 27, which is not divided by the
grooving processing, so as to be connected to the common
external electrode 23. As shown in FIG. 16, the internal
electrode 31 has a pattern whose shape is equal to that of the
internal electrode 22ZA.

25 Thereby, there is no need to prepare a special print



pressurizing a liquid chanber comrunicating with a nozzle so as to eject
the ink droplet fromthe nozzle, the piezoelectric 5 actuator conprising a
| ayered piezoelectric elenment, the | ayered piezoelectric el enent
~conprising: a plurality of driving parts divided by grooves, the driving
parts conprising alternate |ayers of_gjg_ezoelectric |ayers and internal
. electrodes; and 10 non-driving parts fornmed at both ends of an array of
said driving parts, the non-driving parts conprising the alternate |ayers
of the pi epdfetesd fiox ﬁé?eﬂ@téﬁ@a¥réiQQﬂRQQ¢aﬁlef@€t@QﬁﬁﬁEtAMﬂerépntﬁaéonnnn
el ectrode of said driving 15 parts is extended from said non-driving parts;
and a capathd¢ armoerf@dth)riol fachl ofieiatedsivphdfpedts, the nunber of said
driving parts n, and a resistance R (S2) between said non-driving parts
satisfy R_< 8 x 10-6/n/C. 20 24. An ink-jet recording apparatus
conprising: an ink-jet head ejecting an ink droplet, the ink-jet head
conprising a piezoel?ggﬁkthghﬂﬂﬁganﬁessurizing a liquid chanber
comuni cating with a nozzle so as to e¢ject the ink droplet fromthe nozzle,
the piezoelectric 25, actuator conpri.sing.a,layered piezaqel ectric el epent,
165 1he Tayered pi ez Berbect | LT o oMot B ndt Vo pIGra FE) BF GF! U7 ng
parts divided by grooves, the driving parts conprising alternate_ | ayers of
pi ezoel ectF{&: I}a/\%ﬂer%f &Rd irKkrefharedd &% Podesn1i8 ABARHFF VFIRF &% £°P8r med at
both ends of an array of said driving parts, the non-driving parts
conpri si ngathrerdinerirate foayehsempodirendi @foghecpresenbyireerdni@n.he In
internal electrodes; and an internal electrode for conduction connected 10
to a comothexfeiral ealbedimede, ofhsadahedrdlvimegtpasat stiange Wedicdited by t he
grooves, wherein a common el ectrode of said driving parts is extended from
sai d non- dehi AgrPardnoub® 28ird hembdtkinicdlt sF @gar dbper AP aFAtis tae cl ai med
in claim24, wherein said internal el ectrode for conduction has a shape
subst ia a e th : L,aternal of the
A1 aLlye G- A1Q 2 shapershal ona.afhe Laba! a8l uel eelyades

alternate layers ternate layers are grooved.” 20 26. The
I nk-j et reﬁ?é%%é%%é%?%%f%ﬁ%%e%% f£a$£m¥ké'1nk—jet head taken along the

directions in which the pressure ligquid chamber thereof
extends.
The layered piezoelectric element 12 of the fourth
15 embodiment has the internal electrodes 30 for conduction of
the second embodiment provided in a plurality of layers in the
bridge part 27, which is not divided by the grooving
processing, so as to be connected to the common external
electrode 23. The internal electrodes 30 may be replaced by
20 the internal electrodes 31 of the third embodiment or internal
electrodes having another pattern shape.
By thus providing the internal electrodes 30 in a
plurality of layers, the common electrode resistance can be
further reduced. Normally, the thickness of the internal

25 electrode is subject to limitation due to a manufacturing



claim 24, wherein said internal electrode for conduction is fornmed in a
plurality of layers. 25 27. The ink-jet recording apparatus as clained in
-&6 claim 26, wherein each of the |ayers of said internal electrode for

" conduction has a shape substantially equal to a shape that one of the
internal electrodes of the alternate dQayers has before the alternate |ayers
_are grooved. 5 28. An ink-jet recording apparatus conprising: an ink-jet
head ejecting an ink droplet, the ink-jet head conprising a piezoelectric
act uat or presisedi ziThpraforak thahbarot@aaniteathAgeadse ithe neAraado as 10
to eject the ink droplet fromthe nozzle, the piezoelectric actuator
conpri si ngedetaysicedpittierhessrsc &t enenteduickerkaystaceei eZarltdetr,i c

el enent conprising: a plurality of driving parts divided by grooves, the

driving parhs Lo RO akber8at $hl@yerderiraldypi ezogbasdd idx laayers and
i nternal electrodes; non- dr|V|ng parts fornmed at both ends of an array of

said drivigg, 9&{&1—& q%e@0a1§5gv'ﬁgspaarﬁ (€ YBALhS! PO-1hes 1 Lernate,Laver s

of the piezo el ayers an e inter electrodes ext erna
el ectrode for co ction connectgd qb te% % ectrode of said
drivingspanE ¢ é%ié?ﬁ?ﬁrePﬁﬁ bee ﬁ f%% forned on a
surface of the | ayered piezoelectric |ayer mhlch surface is undivided by

t he grooveBCCOEdiR@Ehbi It #18gAADANERERTY RIS TS dauet vier condirtdqpts is
extended from said non-driving parts. 29. An ink-jet recording apparatus
conpri si ngraanrédkeq etheheadmos ehteimikl j@tedigadec vapl & samee oorllay droed

pi ezoel ectric elenment pressurizing a |liquid chanber so as to eject an ink

dropl et thergftemeettend ayered phezoglEnindld 8l efenhteon®l i Slattroale
plurality of driving parts divided by 10 grooves, the driving parts

clorrp: i shng 1@&&@5 nate J:auside0bsPi£Z0€] £dddaihRryer s taRdth Nt el dE
el eClrodes,

10 between the internal electrode layers can be as small as
approximately 20 pm. Therefore, an adverse effect such as
increase in the thickness of a piezoelectric body can be

reduced.

15 [Fifth embodiment]
Next, a description will be given, with reference to
FIG. 18, of a method of manufacturing the layered
piezoelectric element 12 according to a fifth embodiment of
the present invention. FIG. 18 is a sectional view of an
20 unprocessed layered piezoelectric element 32, which is a
member to be processed into the layered piezoelectric element
12.
According to the manufacturing method of the fifth
embodiment, first, the unprocessed layered piezoelectric

25 element 32 including a dummy part 33 1s formed. The dummy



non-driving parts formed at both ends of an array of said driving parts,
the non-driving parts conprising the alternate |ayers of the piezoelectric
| ayers and the 15 internal el ectrodes, wherein a comon el ectrode of said
“driving parts is extended fromsaid non-driving parts; and a difference
between a time constant of a driving_ygltage applied to the layered
_piezoelectric element 20 in a case of driving all of said driving parts and
a time constant of a driving voltage applied to the |ayered piezoelectric
el ement inpartasd ¥ Mingch@foperbezeal ecthic ilnyepatosbe ssupritandrialdan or
equal to 2 sec. . A
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Thereby, the symmetry of the unprocessed layered
piezoelectric element 32 is improved further than by the
manufacturing method of the fifth embodiment. Therefore, the

20 warp of a layered piezoelectric element generated at the time
of baking or polarizing the layered piezoelectric element can
be further reduced, thus further preventing problems caused by
the warp of the layered piezoelectric element at the time of
manufacturing an ink-jet head, such as inability to hold a

25 piezoelectric body by air suction and peeling of an adhesive
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piezoelectric element 12 according to a seventh embodiment of

the present invention. FIG. 20 is a sectional view of the
unprocessed layered piezoelectric element 32 according to the
10 manufacturing method of the seventh embodiment.

According to the manufacturing method of the seventh
embodiment, a dummy internal electrode 36 is formed in the
dummy part 33 of the unprocessed layered piezoelectric element
32 so as to have the same pattern shape as an internal

15 electrode that alternates with an internal electrode 22Aa that
is closest to the surface of the layered piezoelectric element
12 into which the unprocessed layered piezoelectric element 32
is processed. That is, in this case, the dummy internal
electrode 36 is formed to have the pattern shape as the

20 internal electrode 22B. As previously described, the internal
electrode 31 has the same pattern shape as the internal
electrode 22A.

By thus forming the dummy internal electrode 36, the
layering order pattern of internal electrodes can be

25 simplified. Thereby, the number of wasted internal electrodes
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layered from top to bottom in the order as shown in FIG. 21A.

In FIGS. 21A and 21B, “A” refers to an internal electrode
having the same pattern shape as the internal electrode 22A,

10 and “B” refers to an internal electrode having the same
pattern shape as the internal electrode 22B. Generally, when
internal electrodes are categorized in two types by pattern
shape, the two types of internal electrodes alternate with
each other in being printed due to their printing method. 1In

15 this case, each piezoelectric element includes one part of
successive “A”s where the internal electrodes “A” are
successively layered. Therefore, the internal electrode “B”
formed between the successive internal electrodes “A” is
wasted.

20 On the other hand, in the case of forming the dummy
internal electrode 36 as well as the internal electrode 31
into the same shape as the internal electrode 22A, the
internal electrodes are layered from top to bottom in the
order as shown in FIG. 21B. In this case, two parts of

25 successive “A”s are formed in each piezoelectric element and
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[Eighth embodiment]

Next, a description will be given, with reference to
FIG. 22, of an ink-jet head as a liquid droplet ejecting head

10 according to an eighth embodiment of the present invention.
FIG. 22 is a sectional view of the layered piezoelectric
element 12 of the ink-jet head taken along the directions in
which the pressure liquid chamber thereof extends according to
the eighth embodiment. The layered piezoelectric element 12

15 according to this embodiment includes an external electrode 40
for conduction having the same planar shape as the
piezoelectric element 12. The external electrode 40 is formed
on a surface of the layered piezoelectric element 12 which
surface is not divided by the grooving processing so as to be

20 connected to the common external electrode 23.

The external electrode 40 is not divided by the
grooving processing. Therefore, the channel of electricity
widens greatly on the common electrode side so that the common
electrode resistance can be reduced. The external electrode

25 40 may have any shape as long as the external electrode 40 is
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5 By thus providing the external electrode 40 that is
not divided by the grooving processing so that the external
electrode 40 is connected to the common external electrode 23,
the common electrode resistance is reduced, so that the
difference between the time constant of the driving voltage Py

10 applied to the layered piezoelectric element 12 in the case of
driving one of the channels and that in the case of driving
all the channels can be set to a value smaller than or equal
to 2 Pm., Thereby, the difference in the ejection
characteristic can be reduced, so that a stable high-quality

15 image can be obtained.

[Ninth embodiment]

Next, a description will be given, with reference to
FIG. 23, of an ink-jet head as a liguid droplet ejecting head

20 according to a ninth embodiment of the present invention. FIG.

23 is a sectional view of the ink-jet head taken along the
directions in which the pressure liquid chamber 6 thereof
extends according to this embodiment.

The ink-jet head of this embodiment has the nozzles

25 5, the pressure liquid chambers 6 and the other liquid
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piezoelectric elements 12 of the second embodiment are
employed, but the layered piezoelectric elements 12 according
5 to any of the other embodiments may be employed.
Next, a description will be given, with reference to
FIGS. 24 and 25, of an ink-jet recording apparatus including
the ink-jet head according to the ninth embodiment of the
present invention. FIG. 24 1s a perspective view of the ink~—
10 jet recording apparatus, and FIG. 25 is a side view of the
ink-jet recording apparatus, showing a mechanism part thereof.
The ink-jet recording apparatus includes a print
mechanism part 112 in a recording apparatus main body 111.
The print mechanism part 112 is formed of a carriage 123
15 movable in the primary scanning direction, a recording head
formed of the ink-jet heads of the present invention and
mounted in the carriage 123, and ink cartridges 125 supplying
ink to the recording head. A paper feed cassette (or a paper
feed tray) 114 capable of containing multiple sheets of paper
20 113 can be detachably attached to the lower part of the main
body 111 from the front side or the Y, side in FIGS. 24 and 25.
A manual feed tray 115 for manually feeding the paper sheets
113 can be turned and opened. The paper sheet 113 fed from

the paper feed cassette 114 or the manual feed tray 115 is

25 loaded so that a required image is recorded thereon by the
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the drawings). The primary scanning direction corresponds to
the directions in which the primary and secondary guide rods

10 121 and 122 extend. That is, the primary scanning direction
corresponds to the X-axis in FIGS. 24 and 25. Heads 124
formed of the ink-jet heads (liquid droplet ejecting heads) of
the present invention ejecting yellow (Y) ink, cyan (C) ink,
magenta (M) ink, and black (Bk) ink, respectively, are

15 attached to the carriage 123 so that a plurality of ink
ejection openings thereof are arranged in the directions to
cross the primary scanning direction and ink is ejected from
the ink ejection openings in the downward direction. The FPC
cable 14 is connected between the heads 124 and a controller

20 part 150 so as to apply a driving waveform to each of the
heads 124. The FPC cable 14 exchanges signals between the
heads 124 and the controller part 150.

The ink cartridges 125 for supplying the respective

color inks to the corresponding heads 124 are attached

25 replaceably to the carriage 123. Each ink cartridge 125 has a
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porous body.
The heads 124 for the respective color inks employed
10 as a recording head in this embodiment may be replaced by a
single head including nozzles for ejecting ink droplets of the
respective color inks.
The primary guide rod 121 penetrates through the
rear {Y;—side) part (part on the downstream side in the
15 direction in which the paper sheet 113 is conveyed) of the
carriage 123 so that the cartridge 123 can slide along the
primary guide rod 121. The front (Y;-side) part (part on the
upstream side in the direction in which the paper sheet 113 is
conveyed) of the carriage 123 is placed on the secondary guide
20 rod 122 so that the carriage 123 can slide along the secondary
guide rod 122. A timing belt 130 is extended between a drive
pulley 128 rotated by a primary scanning motor 127 and a
driven pulley 129. The timing belt 130 is fixed to the

carriage 123 so that the carriage 123 is moved back and forth

25 for scanning along the primary scanning direction by the
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each paper sheet 113 from the paper feed cassette 114, a guide

member 133 for guiding each paper sheet 113, a conveyance
roller 134 conveying each fed paper sheet 113 upside down, a

10 roller 135 pressed against the outside surface of the
conveyance roller 134, and a tip roller 136 defining an angle
at which each paper sheet 113 is sent from the conveyance
roller 134. The conveyance roller 134 is rotated by a
secondary scanning motor 137 via a gear train.

15 Further, the ink-jet recording apparatus includes a
printing reception member 139 that is a sheet guide member
guiding each paper sheet 113 sent from the conveyance roller
134 below the heads 124, The guide range of the printing
reception member 139 corresponds to the movement range of the

20 carriage 123 in the primary scanning direction. On the
downstream side of the printing reception member 139 in the
direction in which each paper sheet 113 is conveyed, the ink-
jet recording apparatus includes a conveyance roller 141 and a
spur 142 rotated to send each paper sheet 113 in a direction

25 to eject each paper sheet 113, and further includes an
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sheet 113 so that recording is performed for one line. Then,
after the paper sheet 113 1is conveyed a predetermined distance,
10 recording is performed for the next line. When a recording
end signal or a signal indicating that the trailing edge of
the paper sheet 113 has reached the recording region is
received, the recording operation is terminated so that the
paper sheet 113 is ejected. In this case, since each of the
15 ink-jet heads of the present invention forming the heads 124
has improved controllability of ink droplet ejection, thereby
suppressing variation in its characteristic, the ink-jet
recording apparatus can record a stable high-quality image.
Further, the ink-jet recording apparatus includes a
20 recovery part 147 for recovering from ejection failure in the
heads 124. The recovery part 147 is provided on the X; side in
the moving directions of the carriage 123 in a position
outside the recording region as shown in FIG. 24. The

recovery part 147 includes a capping part, a suction part, and

25 a cleaning part. While waiting for printing, the carriage 123



f 1098& () - DndEbC 10B! &@ 109B&' ()-$ 109B& ()-F

1 109B& () - F109B& ()-!109B& ()-Lnt 109B& () - <zdEbC 10B! 2 109B& ()-0

"109B& ()-Y .109B& ()-f, S10YB& ()-L* 109B& ()-3(& 109B& () -z, @G\BCHxnDC

" 10B! 109B& ()- 10 10 10,y; 10%&' ()-L9109B& ()- 7109B& ()-5 109B& () - Hb%\ =nbC
10B&1OYB& ()-! "10% B} B& ()-Y3 mlOYB&{)- Pyy#10%& ()-S)!yy#10%& ()-S

_109B& ()-1rS4 101 10% & ()-1'110% & ()-10% & ()- 10BB 10BB 10BB!

“x $109BB& ()-!1°* $10%& () - 1pdErS4 101 10109 & ()-F 10% & ()-|

10% & () -t 1698eVeq-T9 16v FCOPVERY1DWF R (34 WL diECss SPoRS te#ra4 ] ) - ! -

10%4 & ()-10% & ()-y& 10% & ()-Ls! 10% & ()- 10% & () - +gdEr S4 10l

10, 0#10% &hepdsZ1084 Gagped bi0%h& Cppbind084:&: () -TREreMys the, &ML0Y% & () - $W

dYNC 10l 1 10/ 10/ 10/ @;, #10% & ()-L910% & ()- 710% & () -

510% & () - 24:% &n (dperrtHsYNE 1Bk hdéadd 0V (9rd FEAURaGhel10fRa (Doist
109 ()-12109& ()-109%& ()->}5rdEYNC 10l 1
state, so that ejection failure due to drying is prevented.

5 Further, during a recording operation, ink irrelevant to the
recording is ejected so that all the ink ejection openings
have the same ink viscosity, thereby maintaining a stable
ejection characteristic.

In the case of the occurrence of ejection faillure,

10 the ink ejection openings (nozzles 5) of the heads 124 are
hermetically sealed by the capping part, and air bubbles as
well as ink are evacuated from the ink ejection openings
through a tube by the suction part. Ink or dust adhering to
the ink ejection surface of each head 124 is removed by the

15 cleaning part. Thereby, the heads 124 recover from ejection
failure. The evacuated ink is ejected to a waste ink
reservoir (not shown in the drawings) provided in a lower part
of the main body 111. In the waste ink reservoir, the waste
ink is absorbed and kept in an ink absorbing body.

20 Thus, the ink-jet recording apparatus of this
embodiment includes the ink-jet heads of the present invention.
Therefore, the difference between the time constant of the
case of driving one channel and the time constant of the case
of driving all channels can be reduced, so that a stable high-

25 quality image can be recorded.
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5 ink-jet head, such as a liquid droplet ejecting head ejecting
droplets of a liquid resist and a liquid droplet ejecting head
ejecting droplets of a DNA sample.

Further, in the above-described embodiments, the
present invention is applied to the actuator part (pressure

10 generating part), as a piezoelectric actuator, of a liquid
droplet ejecting head such as an ink-jet head. However, the
present inventioh is also applicable to a microswitch (a micro
relay), an actuator for a multi-optical lens (an optical
switch), a micro flow meter, and a pressure sensor as well as

15 a micropump and an optical device (an optical modulator).

Further, in the above-described embodiments, the
present invention is applied to a side-shooter head in which
the direction in which a diaphragm is displaced is equal to
the direction in which an ink droplet is ejected. However,

20 the present invention is also applicable to an edge-shooter
head in which the direction in which a diaphragm is displaced
is perpendicular to the direction in which an ink droplet is
ejected.

The present invention is not  limited to the

25 specifically disclosed embodiments, but variaticns and
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#10%&'()-:&1dEbC 100 1 109B& ()-s109B& ()-y
109B&' () - &raBUER () -1 109B& ()-1f109B& ()-1l ]dEbC 10! 1& 109B& ()-#
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10! 1 MLO%& ()-L 10B 10B 10B, f;"109B& ()-L9z109B& () -
71098& () -4109B& () - (adERbGadéted piezoelectric element comprising:
a plurality of driving parts divided by grooves, the
5 driving parts comprising alternate layers of piezoelectric
layers and internal electrodes; and
non-driving parts formed at both ends of an array of
said driving parts, the non-driving parts comprising the
alternate layers of the piezcelectric layers and the internal
10 electrodes,
wherein a common electrode of said driving parts is
extended from said non-driving parts; and
a capacitance C (F) of each of said driving parts,

the number of said driving parts n, and a resistance R ({2)

15 between said non-driving parts satisfy R £ 8 x 107%/n/cC.

2. A layered piezoelectric element comprising:

a plurality of driving parts divided by grooves, the
driving parts comprising alternate layers of piezoelectric

20 layers and internal electrodes;

non-driving parts formed at both ends of an array of
said driving parts, the non-driving parts comprising the
alternate layers of the piezoelectric layers and the internal
electrodes; and

25 an internal electrode for conduction connected to a
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wherein a common electrode of said driving parts is

extended from said non-driving parts.

3. The layered piezoelectric element as claimed in
claim 2, wherein said internal electrode for conduction has a
shape substantially equal to a shape that one of the internal
electrodes of the alternate layers has before the alternate

10 layers are grooved.

4. The layered piezoelectric element as claimed in
claim 2, wherein said internal electrode for conduction is
formed in a plurality of layers.

15

5. The layered piezoelectric element as claimed in
claim 4, wherein each of the layers of said internal electrode
for conduction has a shape substantially equal to a shape that
one of the internal electrodes of the alternate layers has

20 before the alternate layers are grooved.

6. A layered piezoelectric element comprising:
a plurality of driving parts divided by grooves, the
driving parts comprising alternate layers of piezoelectric

25 layers and internal electrodes;
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said driving parts, the non-driving parts comprising the
alternate layers of the piezoelectric layers and the internal
electrodes; and

5 an external electrode for conduction connected to a
common external electrode of said driving parts, the external
electrode for conduction being formed on a surface of the
layered piezoelectric layer which surface is undivided by the
grooves,

10 wherein a common electrode of said driving parts is

extended from said non~driving parts.

7. A method of manufacturing a layered
piezoelectric element including a plurality of driving parts
15 divided by grooves, non-driving parts formed at both ends of
an array of the driving parts, and an internal electrode for
conduction connected to a common external electrode of the
driving parts and undivided by the grooves, the driving parts
and the non-driving parts comprising alternate layers of
20 pilezoelectric layers and internal electrodes, the driving
parts having a common electrode extended from the non-driving
parts, the method comprising the steps of:
(a) fixing a member including a dummy part to a base,
the dummy part being formed of a piezoelectric layer to have a

25 shape substantially symmetrical to a shape of a group of the
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5 8. The method as claimed in claim 7, wherein a
dummy internal electrode corresponding to the internal

electrode for conduction is formed in the dummy part.

9. The method as claimed in claim 8, wherein the

10 dummy internal electrode has a shape symmetrical to a shape

that one of the internal electrodes of the alternate layers

has before the alternate layers are grooved, the one of the
internal electrodes being closest to a surface of the member
after the dummy part is removed therefrom, the surface of the

15 member being created by removing the dummy part.

10. The method as claimed in claim 8, wherein the
dummy internal electrode has a shape substantially symmetrical
to a shape that a first one of the internal electrodes of the

20 alternate layers has before the alternate layers are grooved,
the first one of the internal electrodes alternating with a
second one of the internal electrodes of the alternate layers,
the second one of the internal electrodes being closest to a
surface of the member after the dummy part is removed

25 therefrom, the surface of the member being created by removing
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1l1. A piezoelectric actuator comprising:
a movable part; and
5 a layered piezoelectric element deforming said
movable part,
the layered piezoelectric element comprising:
a plurality of driving parts divided by
grooves, the driving parts comprising alternate layers of
10 piezoelectric layers and internal electrodes; and
non-driving parts formed at both ends of an
array of said driving parts, the non-driving parts comprising
the alternate layers of the piezoelectric layers and the
internal electrodes,
15 wherein a common electrode of said driving
parts is extended from said non-driving parts; and
a capacitance C (F) of each of said driving
parts, the number of said driving parts n, and a resistance R
(Q) between said non-driving parts satisfy R < 8 x 107%/n/cC.
20
12. A piezoelectric actuator comprising:
a movable part; and
a layered piezoelectric element deforming said

movable part,

25 the layered piezoelectric element comprising:
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a plurality of driving parts divided by
grooves, the driving parts comprising alternate layers of
piezoelectric layers and internal electrodes;

non-driving parts formed at both ends of an

5 array of said driving parts, the non-driving parts comprising
the alternate layers of the piezoelectric layers and the
internal electrodes; and

an internal electrode for conduction connected
to a common external electrode of said driving parts and

10 undivided by the grooves,
wherein a common electrode of said driving

parts is extended from said non-driving parts.

13. The piezoelectric actuator as claimed in claim
15 12, wherein said internal electrode for conduction has a shape
substantially equal to a shape that one of the internal
electrodes of the alternate layers has before the alternate

layers are grooved.

20 14. The piezoelectric actuator as claimed in claim
12, wherein said internal electrode for conduction is formed

in a plurality of layers.

15. The piezoelectric actuator as claimed in claim

25 14, wherein each of the layers of said internal electrode for
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conduction has a shape substantially equal to a shape that one
of the internal electrodes of the alternate layers has before

the alternate layers are grooved.

5 16. A piezoelectric actuator comprising:
a movable part; and
a layered piezoelectric element deforming said
movable part,
the layered piezoelectric element comprising:

10 a plurality of driving parts divided by
grooves, the driving parts comprising alternate layers of
piezoelectric layers and internal electrodes;

non-driving parts formed at both ends of an
array of said driving parts, the non-driving parts comprising

15 the alternate layers of the piezoelectric layers and the
internal electrodes; and

an external electrode for conduction connected
Lo a common external electrode of said driving parts, the
external electrode for conduction being formed on a surface of

20 the layered piezoelectric layer which surface is undivided by
the grooves,

wherein a common electrode of said driving

parts is extended from said non-driving parts.

25 17. A liquid droplet ejecting head comprising:
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a layered piezoelectric element,
5 the layered piezoelectric element comprising:

a plurality of driving parts divided by
grooves, the driving parts comprising alternate layers of
piezoelectric layers and internal electrodes; and

non—-driving parts formed at both ends of an

10 array of said driving parts, the non-driving parts comprising
the alternate layers of the piezoelectric layers and the
internal electrodes,

wherein a common electrode of said driving
parts is extended from said non-driving parts; and

15 a capacitance C (F) of each df said driving

parts, the number of said driving parts n, and a resistance R

(2) between said non-driving parts satisfy R £ 8 x 10°¢/n/cC.

18. A liquid droplet ejecting head comprising:

20 a piezoelectric actuator pressurizing a liquid
chamber communicating with a nozzle so as to eject a liquid
droplet from the nozzle, the piezoelectric actuator comprising
a layered piezoelectric element,

the layered piezoelectric element comprising:

25 a plurality of driving parts divided by



8&C&t &8&&+' h' dEYNC 10! Y!- 10% h& ()-F10% h& ()-Yf10% h& ()-9"10% h& () -

@0% h& ()-FF10% h& ()-h'"'"' (K(((dEYNC 10! O0#10% h& ()-Y. 10% h& ()-YS, :!10%

Ch& ()- 9%10% h& ()-9%.0% h& ()-Y# 10% h& ()-()E)))))))dYNC 10! 10 h 10 h 10
hS; #10% h&' ()-199210% h& ()-Y7- 10% h& ()-14!10% h& ()-Y210%

h& ()-)**P****dBYNC 10!!!110%@G ()--d5L0% h&' ()- YT 10% h& ()-3 10%

- h& ()-110% h& ()-S10% h& ()-*+T++, :, m dEYNC 10! !1' 10% h& ()-9% 10% h& () -1 |
10% h&' () - S10% h& (%] 10% h& ()- 110% h& ()--m, --V---dEYNC 10! ! Y&910%

h& ()-3 71988RET ) - f54FARY (P2 BaDBIREpivg, 31DernREq ) Lareronof |

h& ()--------..\.bC 10!!3&810%}| & ()-3 10%}| & ()-10%}| & ()-f10%| & ()- 10 h

10 h 10 h@®@ATharEri - Layers| nrdiEbGernal electrodes;

10! 1 F10%}| & () - 10%4| & () - F10%}| & () - F10%}| & ()-S"10%}| & () - S10%| & ()-//11,

OnOOdEDbC 10! Y(gl0%| & () n¥#1a% &d )parts formed at both ends of an

#L10%4| & ()-Fs10%| & ()-S10%| & ()-910%t| & ()- 000, 1i 111dEbC 10!!

99" 109%}| & 43 1 Q¥R & ak) o ¥R rts, th —drivi s
10%| & |()- O#E%éﬁ & ()-YS, 1008] & 1) - For10vm & (5 1T RS S0EPES PP 0%

G 10% % (1335 95EESTENTTD | T o (oL 00 e TP G PP 10%
U& () - %ﬁ@@rnal electrodes; and
an internal electrode for conduction connected
to a common external electrode of said driving parts and
undivided by the grooves,

10 wherein a common electrode of said driving

parts is extended from said non-driving parts.

19. The liquid droplet ejecting head as claimed in

claim 18, wherein said internal electrode for conduction has a

15 shape substantially equal to a shape that one of the internal
electrodes of the alternate layers has before the alternate

layers are grooved.

20. The liquid droplet ejecting head as claimed in
20 claim 18, wherein said internal electrode for conduction is

formed in a plurality of layers.

21. The liquid droplet ejecting head as claimed in
claim 20, wherein each of the layers of said internal

25 electrode for conduction has a shape substantially equal to a
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shape that one of the internal ‘electrodes of the alternate

layers has before the alternate layers are grooved.

22. A liquid droplet ejecting head comprising:

5 a piezoelectric actuator pressurizing a liquid
chamber communicating with a nozzle so as to eject a liguid
droplet from the nozzle, the piezoelectric actuator comprising
a layered piezoelectric element,

the layered piezoelectric element comprising:

10 a plurality of driving parts divided by
grooves, the driving parts comprising alternate layers of
piezoelectric layers and internal electrodes;

non-driving parts formed at both ends of an
array of said driving parts, the non-driving parts comprising

15 the alternate layers of the piezoelectric layers and the
internal electrodes; and

an external electrode for conduction connected
to a common external electrode of said driving parts, the
external electrode for conduction being formed on a surface of

20 the layered piezoelectric layer which surface is undivided by
the grooves,

wherein a common electrode of said driving

parts is extended from said non-driving parts.

25 23. An ink-jet recording apparatus comprising:
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5 actuator comprising a layered piezoelectric element,

the layered piezoelectric element comprising:

a plurality of driving parts divided by
grooves, the driving parts comprising alternate layers of
piezoelectric layers and internal electrodes; and

10 non-driving parts formed at both ends of an
array of said driving parts, the non-driving parts comprising
the alternate layers of the piezoelectric layers and the
internal electrodes,

wherein a common electrode of said driving

15 parts is extended from said non-driving parts; and

a capacitance C (F) of each of said driving

parts, the number of said driving parts n, and a resistance R

() between said non-driving parts satisfy R £ 8 x 107%/n/cC.

20 24. An ink-jet recording apparatus comprising:
an ink-jet head ejecting an ink droplet,
the ink-jet head comprising a piezoelectric actuator
pressurizing a liquid chamber communicating with a nozzle so
as to eject the ink droplet from the nozzle, the piezoelectric

25 actuator comprising a layered piezoelectric element,
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U& ()-0 10% a plurality of driving parts divided by
grooves, the driving parts comprising alternate layers of
piezoelectric layers and internal electrodes;

5 non-driving parts formed at both ends of an
array of said driving parts, the non-driving parts comprising
the alternate layers of the piezoelectric layers and the
internal electrodes; and

an internal electrode for conduction connected
10 to a common external electrode of said driving parts and
undivided by the grooves,

wherein a common electrode of said driving

parts is extended from said non-driving parts.

15 25. The ink-jet recording apparatus as claimed in
claim 24, wherein said internal electrode for conduction has a
shape substantially equal to a shape that one of the internal
electrodes of the alternate layers has before the alternate
layers are grooved.

20

26. The ink-jet recording apparatus as claimed in
claim 24, wherein said internal electrode for conduction is

formed in a plurality of layers.

25 27. The ink-jet recording apparatus as claimed in

10%
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shape that one of the internal electrodes of the alternate

layers has before the alternate layers are grooved.

28. BAn ink-jet recording apparatus comprising:
an ink-jet head ejecting an ink droplet,
the ink-jet head comprising a piezoelectric actuator
pressurizing an ink chamber communicating with a nozzle so as
10 to eject the ink droplet from the nozzle, the piezoelectric
actuator comprising a layered piezoelectric element,
the layered piezoelectric element comprising:
a plurality of driving parts divided by
grooves, the driving parts comprising alternate layers of
15 piezoelectric layers and internal electrodes;
non-driving parts formed at both ends of an
array of said driving parts, the non-driving parts comprising
the alternate layers of the piezoelectric layers and the
internal electrodes; and
20 an external electrode for conduction connected
to a common external electrode of said driving parts, the
external electrode for conduction being formed on a surface of
the layered piezoelectric layer which surface is undivided by
the grooves,

25 wherein a common electrode of said driving
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O eject an in
droplet therefrom,
the layered piezoelectric element comprising:
a plurality of driving parts divided by
10 grooves, the driving parts comprising alternate layers of
piezoelectric layers and internal electrodes; and
non-driving parts formed at both ends of an
array of said driving parts, the non-driving parts comprising
the alternate layers of the piezoelectric layers and the
15 internal electrodes,
wherein a common electrode of said driving
parts is extended from said non-driving parts; and
a difference between a time constant of a
driving voltage applied to the layered piezoelectric element
20 in a case of driving all of said driving parts and a time
constant of a driving voltage applied to the layered
piezoelectric element in a case of driving one of said driving

parts is smaller than or equal to 2 Hsec.



