WO 03/ 071612 PCT/JP03/ 01261 -1 DESCRI PTION LAYERED Pl EZOELECTRI C ELEMENT
REALI ZI NG STABLE OPERATI NG CHARACTERI STI C FOR Hl GH QUALI TY | MAGE RECORDI NG
5 TECHNI GAlbb oBloEs: The present invention generally rel ates pca/roa@ect
recording, and nore particularly to a | ayered piezoelectric elenent, a

met hod of manufacturing the same, a-Jtezoelectric 10 actuator, a liquid
droplet ejecting head, and an ink-jet recording apparatus. BACKGROUND ART
An ink-jet recordi ng apparatus enpbﬁ ﬁgﬁdﬁwi mage 15 recordi ng apparat us
(an i magi ng apparatus) such as a printer, ” a facsimle machi ne, a copier,

or a plotter includes an ink- jet head as a liquid droplet ejecting head

i ncluding nozzles for ejecting ink droplets, |iquid chanbers (al so
referred to as ink channels, ejection chanbers, pressure chanmbers, 20
pressure |iquid charfFeiEREDoP IRH AT & FrifENE aRENgL 24N STR8LEnozzl es, and
driving parts (pressure generating parts) for pressurizing ink in the

i qui d chaPFBBRATING CHARRMIERISELC EPRCHIGHMBEdSYi AMAGEeRECIRIAMNGe| ect i ng
droplets of a liquid resist and a head ejecting droplets of a DNA sanpl e
in 25 maddition to an ink-jet head, but the follow ng description is WO

03/ 071612 PCT/ JP03/ 01261

TECHNICAL FIELD

The present invention generally relates to image
recording, and more particularly to a layered piezoelectric
element, a method of manufacturing the same, a piezoelectric

10 actuator, a liquid droplet ejecting head, and an ink—jet

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-
Jjet head as a liquid droplet ejecting head including nozzles
for ejecting ink droplets, liquid chambers (also refeffed 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 dropiets of a DNA sample in

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



-2 given based mainly on the ink - jet head as the liquid droplet ejecting
head. As an ink-jet head, a so-called piezoelectric ink- jet head is well
known. ThwopBezwet ectric ink-jet head 5 enpl oys a pi ezoel @ctrriipes/dely,
particularly a | ayered piezoelectric body of alternate |ayers of

pi ezoel ectric layers and internal €lectrodes, as a pressure generation
part generating pressure for pressurizing ink in a liquid chanber. An

| astical Ly _def e di f or i L f J Liqui d
Chanber i SXHEY o RRa B TR Grea e EmerT b e oot Tb1 b eeFAstr |

elenment in the, d33 direction, so that the volune/pressure inside the

li quid chSABEFTS R¥ffthged, thereby ejecting ink droplets. Japanese
Lai d- Open Patent Application No. 10-286951 15 disc|oses an ink-jet head
usi ng such a | ayer edspidazéeketet ikead| énsercal et P5e3adgcdtiReaBkgrooves
are formed in part of a |layered piezoelectric elenent having an external
el ectrodejetohesed bs weldi wWndwal eTeetpiseslectone $hkejanderdcomon
external electrode formed on the other side, so that a 20 plurality of
driving pampsoydri b iarnels) bade, frimetuibetlyeanlagarst i vi ng parts
formed on both ends. The common el ectrode of the | ayered piezoelectric

el enent extends) ££0M ¢ hgy10R- A L¥ERGEDardy® AN oBObhe 888G B d it {8 adleigCt | ONS
in which "the driving parts are arranged. 25 In recent years, the ink-jet
recordingaggpfﬁgéfﬁﬁfugiectrodes, as a pressure generation part
generating pressure for pressurizing ink in a liquid chamber.
An elastically deformable diaphragm forming a wall face of the
10 liquid chamber is deformed by the displacement of the layered
piezoelectric element in the d33 direction, so that the
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



WD 03/071612 PCT/JP03/ 01261 -3 been required to performinage recording
with higher quality at higher speeds. In order to increase recording
speed, thwoomonser of nozzles of a head is increased in tireTIRCHNAEN Y
scanning direction so that a single scan of a carriage in the 5 primary
scanning direction has a larger width-in the secondary scanning direction
in printing. However, in the case of extending the commobn electrode of the
driving parts of the er ez tric_ g i, fro - driving
parts on %ﬁ?ﬁ f%ﬁ%ﬁ‘%%%ﬁaF%gﬁggglgﬁ%ﬁ%f%%@rgghggg?%% %b J£h§%§§?F ed

i nk-jet head, ,when the |ayered piezoelectric elenent.is elongated so as to
i ncrease 2EhBLAFHSPISASr | VRNGEREF t &0 (dGRAESE Eﬁﬁﬂﬁé&%ﬁ %Hﬁé&'t%gepurpose
of increasing recording speed, the Iength of conduction from the comon

el ect r ode ngxpeRst bomMarElies ChRoA- Bepdi by Pumessedoinsteacte@mdas® dri vi ng
channel s i ncreases as the nunber of driving channels increases. As a
result, tbeanesngtdincetdion shetbetmdnseldet sode pAcaeasesiadearini thearly, in
the case of formng a plurality of driving parts by perform ng half-
cutting oprtihery ayeied Ny eieekechbhi LaelLmeilgert hedungrwomed s2@oneaayyni ng
part serves as the common external electrode, so that the |ong narrow part
i ncreases SLhg {851 &t oof ihhgrigempn el ectrode. The tine constant of a
driving voltage applied to a driving channel in the case of driving al

t he driving

However, in the case of extending the common
electrode of the driving parts of the layered piezoelectric
element from the non-driving parts on both longitudinal ends

10 thereof as in the above-described ink-jet head, when the
layered piezoelectric element is elongated so as to increase
the number of driving parts (driving channels) for the purpose
of increasing recording speed, the length of conduction from
the common electrode extension part; (non-driving parts) to

15 each of the driving channels in;reases as the number‘of
driving channels increases. As a result, the resistance of
the common electrode incréases. 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 driviﬁg 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 channels is different fromthat in the case of driving only WO 03/071612
PCT/ JP03/ 01261 -4 one of the driving channels. The tine constant of the
drivi ng vabtoageleincr eases as-the nunber of driving channe@CI/ipoxoieases.
Further, the degree of such increase becones greater as the resistance of
5 the common el ectrode increases. Waén the tine constant of the driving

vol tage thus changes, an ink droplet ejection characteristic, particularly

i nk dropl g, velf0¢hLYqr esah@evary the point of inpact of an ink
droplet. Therefore, when there Is a |arge difference 10 between the tine

constants of the for o%gg@;ggng $§€}?€;E%%d§Qﬁgé§?g%'§$T§%F%%%§ggﬁin i mage

quality especially i he
approxi mately 600 dpi. Therefare, in the conventional ink-jet head using a
| ayer ed pidzoBCeBHRPRT e MiViNEhERAIRRLE N GHGISIeem t RREtREHh thes i mage
qual ity cannot be obtained due to the large resistance of the comon

el ect r ode degpeei afl yueh innresgsebetopes ng¥erfexr asi ghedeasistanamge of
approxi mately 600 dpi. DI SCLOSURE OF THE | NVENTI ON 20 Accordingly, it is a
gener ab oljhecicoofoh hel grieselst incheantson to realize inmage recording in

whi ch the above- described di sadvantage is elimnated. A nore specific

obj ect of the presemndnnt@Bt ik@hei Sond il @H dacadlayeied,itggrelagtric
el enent reducing the
changes, an ink droplet ejection characteristic, particularly
ink droplet velocity, changes to vary the point of impact of
an ink droplet. Therefore, when there is a large difference
10 between the time constants of the foregoing two cases, great‘
degradation is caused in image quality especially in the case
of printing a high—density image of approximatel& 600 &pi.
Therefore, in the conventional ink-jet head using a
layered piezoelectric element, there is the problem that high
i5 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 imageArecording 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



25 difference between the tine constant of a driving voltage in WO
03/071612 PCT/JP03/01261 -5 the case of driving all channels and that in

t he case wbDo3drievt ng only one channel, and a nethod of mamafTaecoinzélg t he
sanme. Another nore specific object of the present 5 invention is to provide
a piezoelectric actuator having a -stable operating characteristic, a
liquid droplet ejecting head having a stable ejection characteristic, and
an ink-j ety ré‘&% dc!ﬁf“%r%%ﬁﬁaéi’f GRRARhe %fndh%ngcq iy %%%% ing. The
above objec?s of the present 1nvention are achieved by a l[ayered

pi ezoel ectrjc, el enent including: a lural ity of driving parts. divided by
gr ooves, ?ﬁéviﬁ?\égig oﬁﬁrFEaP%%*udyﬁgEhFthﬂét8%I%?%Hé9é%”rﬁpngg?ectric

| ayers and internal electrodes; and non-driving parts formed at both ends
of an arr@aym®f the driving parts, the non-driving parts 15 including the
alternate | ayers of the piezoelectric layers and the internal el ectrodes,
wherei n a conmon el dcbtbede mdrda pecdriiei ag] pat tsf itheeprendrtd from t he
non-driving parts, and a capacitance C (F) of each of the driving parts,

t he nwrbeineéntidie i el pGoPadid 2 hicudlactestshaneecdy beivwwagnat he non 20
driving parts satisfy R!~ 8 X 10-6/n/C. The above-descri bed | ayered

pi ezoel ecttig: &l §imNt i ndathath st 1@XPLEI$HANG Rirdp1 & %510+6451C.
Therefore, the ifference in its operating characteristi¢ between the case
of

head having a stable ejeétion characteristic, and an ink—-jet
recording apparatus capable of high-quality recording.

Thé above objects of the present invention are

10 achieved by a layered plezoelectric element including: a
plurality of driving parts divided by grooves, the driving
parts including alternété layers of plezoelectric layers and
internal eiectrodes; 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 electiode of the
driving parts is extended from the non—driyihg 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 in its operating characteristic between the case of
driving all channels and the case of driving one channel is

25 reduced.



driving all channels and the case of driving one channel is 25 reduced. WO
03/071612 PCT/JP03/01261 -6 The above objects of the present invention are
al so achwewsa7tsy2 a | ayered pi ezoel ectric el enent includi mgT/JRo3/@bker al ity
of driving parts divided by grooves., the driving parts including
alternate | ayers of piezoelectric |-&ers and 5 internal el ectrodes;
non-driving parts forned at both ends of an array of the driving parts,

t he non-driving par i ncl udi ng.  the al r .1 he_ pi ectric
|l ayers and the int@ﬁﬁagb%Y%cqgﬁagg;Ogngﬁégg%% %@%gﬁﬁgﬁéé%E0%€%$%§§J
conduction connected to a commpn external electrode of fhe driving parts
10 and undFRARNSE BY thedYrbBJeRICATERETR1S EORMDRT et ‘F%ﬂ@'o? the driving
parts is extended fromthe non-driving parts. The above-described |ayered
pi ezoel ecpticaleltemedt drivindesarte dividedabyetEeeyede sy dEaMdbEt i on
connected to the common external electrode of the driving parts. Therefore,
15 t he copapis elredivdide reseshtabeeldyerdecfensedoebectiat lielyersdahdier ence in
its operating characteristic between the case of driving all channels and

the case ofr&rdan r&&%o@leganﬁbni&r_wieigug;@@ltsThsr@&@vat aljreckadsf ot he
present invention are also 20 achieved by a | ayered piezoel ectric el ement

i ncludi ng.,a, plpral iy, gt dELyingRar ke edhyhdad; Pyngroomes inkhgadhd vi ng
parts i ncl U I'ng alternate ﬁayegs of piezoelectric |ayers and
the alternate layers of the piezoelectric layers and the
internal electrodes; and an internal electrode for conduction
connected to a common external electrode of the driving pérts
10 and undivided by the grooves, wherein a common electrode of
the driving parts is extended from the non-driving parts.
The above-described layered piezoelectric element
includes the intérnal electrode for conduction connected to
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 élement including: a
plurality of driving parts divided by grooves, the driving
parts including alternate layers of piezoelectric layers gnd
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



internal electrodes; non-driving parts fornmed at both ends of an array of
the driving parts, the non-driving parts including 25 the alternate |ayers
of the piwpealewtzic | ayers and the WO 03/071612 PCT/ JPO3/PQTRBA3/01241
internal electrodes; and an external electrode for conduction connected to
a comon-external electrode of the €diHving parts, the external electrode
for conduction being formed on a surface of the |ayered piezoelectric |ayer

which surface_is undi vi ded_by the grooves, ;wherei co . ectrode of
the.ari viRGopaTt SY LRl ERGCH T B RN B TR Dt CRRote6
above-descri bed | ayered piezoelectric elenent . includes the external

el ect r odeCPBRECHIG PoROPBRRRY ERIFRD! (HETERABNCExERt M1 vedPEcPPEtR of t he

driving parts. Therefore, 10 the conmopn el ectrode resistance is decreased,
so that thbe ektdmradnedechrpdes bpereandusidioar Reirgi Sefneebheainnéen the case of
driving all channels and the case of driving one channel is reduced. The
above obj sutsacé dheher éagntednybmtdalecimd callager Ibhachiewddcey ia nmet hod of
manuf acturing a | ayered piezoelectric elenent including a plurality of

driving panlisvdiad dsd thy greeves, wodrdin W Rgmpant s1éef kit atr path ends of
an array of the driving parts, and an internal electrode for conduction

connect daf Sufnd IIRA. X! eLishash eEHERUBLLoHIE-dy iy neb R LS 20 and

undi vi ded grooves, the driving parts an e hon- driving parts

i ncl uding alternateThgygﬁgvéidégé%gﬂgdei%§ggéd piezoelectric element

includes the external electrode for conduction connected to
the common external electrode of the driving parts. Therefore,
10 the common electrode resistance is decreased, so that the
difference in its operating characteristic between the case of
driving all,chanﬁels and the case of driving one channel is
reduced.
The above objeéts 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—driﬁing 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 iayers of piezoelectric.
layers and intermal eiectrodes, the driving pa;ts 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



| ayers and internal electrodes, the driving parts having a common

el ectrode extended fromthe non-driving parts, the nethod including the
steps of wa@psbiwing a nmenber including a 25 dunmy part toP&TBREX1261he dunmy
part being forned of a WD 03/071612 PCT/JP03/01261 -8 piezoelectric |ayer
to have a shape substantially symet&+ cal to a shape of a group of the
internal electrodes of the alternate layers in a direction in which the

I L e f d b [ ; h
e A NI A Y By o e

menber . ccor apbove-daescri

pi ezoel ectric el ement_of the present jnvention_can b actured

sui tably Wth SR Red FEPPP & et}é%dxfﬁzedfﬁjja&c?%eﬁgr‘i"%es ﬁgg fit invention
are also achieved by a piezoel ectric actuator including a novable part 10
and a | ayeteerpies delvedsr ile @l @eedtiget dinivhig chheheroddifireaar Layehe | ayer ed
pi ezoel ectric elenment including: a plurality of driving parts divided by
grooves, the foimedyg grar t(b) i nehordimy thal tdermat pakayeran dthepmembetrectric

| ayers and internal electrodes; and non-driving parts formed at both ends

of ansl5 array of thecdeavhdorPaies aboke-aebcdibad R thaet Sthaclaghngs the
alternate | ayers of the piezoelectric layers and the internal electrodes,

wher ei n a,eonubfe &8¢ 9dfeRt ébeu@éi;wé%ntpa%%énwo@@a%ﬁ%d fromthe

non-drivihg parts, and a capacitance C (F) of each of-the driving parts,

;gﬁ_”“”be%agﬂfégkéﬁga‘%&E%Eﬂﬂypﬁiéﬁ ghréyﬁéé% %g§b§tance R (92) between the

The above objects of the present invention are also
achieved by a pilezoelectric actuator including a movable part
10 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
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 resistanée R (Q) between thé 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



driving parts satisfy R:!~ 8 X 10-6 InlC. The above objects of the present
invention are also achieved by a piezoelectric actuator including a
novabl e paoto3/7mmz a | ayered piezoel ectric el enent def or mprag/Jpbeoicey abl e
part, 25 the |ayered piezoelectric element including: a plurality of WO
03/071612 PCT/JP03/01261 -9 drivingparts divided by grooves, the driving
parts i ncl uding alternate | ayers of piezoelectric |ayers and internal

electrode§. non dr|V|n 6f§'gornq%ngt bq:h rd% of an arra ug th
driving pSFt&r® g parts 1nel uding tHa g BRIt et nace grs of

t he plezoelectrlc ayers and the internal _ el ectrodes; and an |nternal

el ect r ode 2t 6FTRB B UL 7E %nﬁé@?%ﬁlecf%mé: JGHP5R eRfletREE T ect rode of the
driving parts and undivided by the grooves, wherein a comon el ectrode of
the drivieAgcpaedses| snaxtdatigadaf ports heomme dvti oty pads f 2@ Fhoambove
objects of-the present invention are also achieved by a piezoelectric

act uat or bificthdi agiaimpysite , pané nameiaitiayepedtpl ezerldiaty itheel enment
deform ng the novable part, the |ayered piezoelectric element including: a

pluralstyaoterfatdi My oF dh¥i geshoyn Haavesaykhe ghd W iRaet-gaincl udi ng
15 alternate | ayers of plezoelectrlc | ayers and internal el ectrodes;

non-dr i vi BgepALL 3L OraIRd Al JhoLh, ends Ale AL, ?ycoﬁ'&ué% Rforhag.nr t s,

the non-driving parts including t ternate [ayers o € pl ezoe ectric

Lg%gfjit ?ggoégﬁ%g@%@% nea}iterna?.Ct Egggzrsdde % %@xee E:?.{fggclg par Ct " O%e for

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

10 The above objects of. the present invenﬁion are also
achieved by a piezoelectric actuator including a movable part
and a layered piezoelectric element deforming the movable part,
the layered pilezoelectric element including: a plurality of
driving parts divided by grooves, the driving parts including

15 alternate layers of piezoelectric layers and iﬁternal
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 thg driving parts, the
external electrode for conduction be;ng 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



20 to a common external electrode of the driving parts, the external

el ectrode for conduction being formed on. a surface of the |ayered

pi ezoel ecwpiog/ormyer whi ch surface is undivided by the gr®crgg)s/mherei n a
common el ectrode of the driving parts is extended fromthe non-driving
parts. 25 The above-described piezoel@ctric actuators each WO 03/071612
PCT/JP03/ 01261 10 include the | ayered piezoelectric elenent of the

present imanideonndei 95&Eng ﬁi@%o@gépkgc p@fémen@%gfft%e%rég{ntabove‘

descri bed piezoelectric actuators can obtain a stable “operating

char act eri;st i.t.h riati 5 The ahove qbjects of .the present
inventionJ§$§&§%§% dég #@@gﬁ%%f ggyggh?dp%?%pl§$E§F§8%an§%%éﬂ“?ﬁ%1uding &
piezoelec%gjc agt at or gressunizin a liquid chamber conmunicating with a
nozzl e so %88 T e[ eRtCAT I Td CdRGPPRECTT reth (348221 Btaklre pi ezoel ectri ¢
actuator including a 10 | ayered piezoel ectric elenent, the |ayered

pi ezoel ectoPeEatérgnehrraciednigitig: wathl vedudad vefridtivnng parts divi ded by
grooves, the driving parts including alternate |ayers of piezoelectric

| ayer sSand i nt er nal Bleabovdesh]anick noh-tihel yiregenpat isedfidioredrat abgsh ends
of an array of the driving parts, 15 the non-driving parts including the

al t er nat e akayersdoby thel i piiez aebprét i &jdavieis nedd theliaies nal el ectrodes,
wherein a conmon el ectrode of the driving parts is extended fromthe

non-drivi pgepael SctAE A1GARAET HABESG Ay &f 1886RGOLniNS

communicating with a nozzle so as to eject a liquid droplet
from the nozzle, the piezoelectric actuator including a

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 aﬁd 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 () 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 liquid droplet



driving parts, the nunber of the driving parts n, and a 20 resistance R
(91) between the non-driving parts satisfy R< 8 X 10-6 InlC. The above
obj ects oWotohm7present invention are also achieved by a [PCquPe/drepl et

ej ecting head including a piezoelectric actuator pressurizing a |liquid
chanber 25 communicating with a nozzle-so as to eject a liquid droplet WO
03/071612 PCT/JP03/01261 fromthe nozzle, the piezoelectric actuator

03/ 071612 PCT 61 fromt! e ric actuat
cl amont || ACPBAr A e Bl AT SF R TG, S Te v Bea By o ooves, i he

drivi ts_includi |t I f. 5 pi lectric 1. d
Nt er nal - GPYCE PGB EHDRIGPT1 RUSTBAT ¢ STOrASATEE. BOPFOBIRIOR an array of

t he driving parts, the non-driving.garts conprising the alternate | ayers
of the prégBeREctFidiager§ RAUTRRELY MfedralvispeRRFbledividRe &Y internal
el ectrode for conduction connected to a common 10 external electrode of the
driving parpsvasd theliddigédgbpatrhe iggboliew, aMierasthealzwemmmfel ect r ode of
the driving parts is extended fromthe non-driving parts. The above

obj ect® obitheepsestind liayeest kAl MBS0 clachireded; byom-ditigting dr opl et

ej ecting head including a 15 piezoelectric actuator pressurizing a liquid

chamber  aMIYNESAIdNG tMIRNARAIZEL SO ASh0o8] €aE @il Gdrapl et from
the nozzle, the piezoelectric actuator including a |ayered piezoelectric

el ement, EBE hgﬁfﬁf%bﬂﬁgeé%?kgcEgﬁﬁrising the alternate layers of the

piezoelectric layers and the internal electrodes; and an
internal electrode for conduction connected to a common

10 external electrode of the driying 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 a ligquid 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 pilezoelectric element, the layered piezoelectric
element including: a pluraiity of driving parts divided by

20 grooves, the driving parts comprising alternate layers of.
plezoelectric 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



el ement including: a plurality of driving parts divided by 20 grooves, the
driving parts conprising alternate |ayers of. piezoelectric layers and

i nt ernal wbaswhrwdes; non-driving parts formed at both enasTaPoznzarray of
the driving parts, the non-driving parts including the alternate |ayers of
the piezoelectric layers and the i+it®rnal el ectrodes; and an 25 externa

el ectrode for conduction connected to a common WO 03/071612 PCT/ JP03/ 01261

-12 external electrode of. th riving parts, .the_external _.electrode for

conduct i ofi*b&FH f?ﬂ?é;fqgﬁ 8gsg??d%5 cﬁ“%|%§rtfaygg%de?ﬁ%ﬁﬁﬁﬁ ectric |ayer

whi ch surface i s _undivided bé,the grooves, wherein a_conmmon el ectrode of
&

the drivi R§SPRFPSER i 05 CORCERBET PRI HETRSHL QP @i Pt (e £F

above-described liquid droplet ejecting heads each include the

pi ezoel eclleieredtpigzanelectrhe presermhidhvembiecs ps ewndivyidatybyi ghed i nside
the liquid chanber. Therefore, the above-described |iquid droplet ejecting
heads 10 gabo0bi Aiwhereshahl eonper aél aig-edsy adt ehestirtving paresguded
variation so as to be capable of perform ng inmage recording wth high

qual i ty. Thec-aboyerah aglsneh-theyDiesetd nvention are also achieved by
an ink-jet recording apparatus including an ink 15 jet head ejecting an ink

droplet, the ink-je e i_nc ! i e L,.C-a r surizin
a liquid chanber cg#%ugﬁgg§i%%gaﬁgﬁgklﬁggéﬁehggﬁgggt %%#%% Fﬁég?nk )

dropl et each include the piezoelectric actuator of the present

invention pressurizing liquid inside the liquid chamber.
Therefore, the above—described liquid droplet ejecting heads

10 can obtain a stable operating characteristic with 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 Jjet 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
pilezoelectric layers and internal electrodes; and non-driving
parts formed at béth ends of an array of the driving parts,
the non-driving parts including the alternate layérs of the

25 piezoeléctric layers and the internal electrodes, wherein a



fromthe nozzle, the piezoelectric actuator including a |ayered

pi ezoel ectric elenent, the | ayered piezoelectric 20 el enent including: a

pl ural it ywofo3@riévt ng parts divided by grooves, the drivi RgTER0Y®E261nC| udi ng
alternate layers of piezoelectric layers and internal electrodes; and
non-driving parts forned at both erdi8-of an array of the driving parts,
the non-driving parts including the alternate | ayers of the 25

pi ezoel ectrjc | ayer t i,nt ernal. el ectrodes, erein_a 03/ 071612
PCT/JPOB/d%?%fn ¥§§%Egﬁﬁ%ﬁggf%% %%-ngQ PRE AR iRy PErEs T ¥ et%nded from

the non-driving parts, .and a capacitance C (F) of each of the driving
parts, thdFiBer 188 PRELYr idAhG FAPESLRANGRLC alF)r &6 §8§Rcef Fh®1) Dbet ween
the non-driving parts satisfy R:!~ 8 X 5 10-6 InlC. The above objects of
t he presemrivipenppohsarehalmwobeichifevbd @yleing meytet nresnd di ng appar at us
including an ink- jet head ejecting an ink droplet, the ink-jet head

i ncl udi ng #esipiteneel RC{R) Chatheed AhepmeasUrizing vatisWaadighampes gk
comuni cating with a nozzle so as to eject the ink droplet fromthe

nozzl es thepigzopel ectric actuator including a |ayered piezoelectric

el ement, the | ayered piezoelectric elenment including: a plurality of

driving parts dividogh DYndii0858ct Ner did/iha JRAk! SnbOgt ] NgaLt gpnat e
yers of 15 piezoelectric layefs and internal electrodes; non-driving
parts f‘”’Q%%i%%eQOEQ ggdfnﬁﬁjé¥1r%ggggigé ééﬁ%éﬁ%&g Q%CR%&ESQ an ink-
jet head ejecting an ink droplet, the ink-jet head including a
pilezoelectric actuator pressurizing a liquid chamber |
10 communicating with a ndézle so as to eject the ink dropiet
from.the nozzle, the piezoelectric actuator including a
layered piezoelectric element, the layered piezoelectric
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 fhe dri&ing parts,
the non-driving parts including the alternate ;ayers of the
piezoelectric léyers and the intermnal electrodes; and an
internal elect?ode 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 barts.
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



the non-driving parts including the alternate |ayers of the piezoelectric
| ayers and the internal electrodes; and an internal electrode for
conduct i owoadsneset ed to a comon 20 external el ectrode of PCAGPAYIRéINg parts
and undi vi ded by the grooves, wherein a common el ectrode of the driving
parts is extended fromthe non-driviAg parts. The above objects of the
present invention are also achieved by an ink-jet recording appar at us

i ncl udi I I e ink-jet head
:Eglﬂdzgg QV$¥%§fggi%I%'Qﬁﬁgﬁﬁggﬁ%%ggiggnégﬁbﬂégge %?c actugtor

ressur ng an.i nk, chanb r nicatin th an zzle SQ as to eject the
Pnk dlrJolplzié:tO 6lﬁ? Hed by nmiﬁ: 390‘!%? ‘%qujcecércttg‘ﬁt ofki ARG thg Ja

| ayered pi ezoel ectric elenent the | ayered piezoelectric. 5 el enent

i ncl udi ng:fr@pltiearetsliof e \ﬂlﬁ@osérasérw VAHemUey 1§£689E89 & he dri vi ng
parts including alternate | ayers of piezoelectric |ayers and internal

el ect r odes,ayrarddpi ez ol eqaritcs eflemaret, athdotdyesrdis pakzaalactaye of t he
driving parts, the non-driving parts including the alternate |ayers of the

10 pi egoelgeinent Layeidimand 4 peural eepadr el€Gtimedesrtandiaideddyer nal
el ectrode for conduction connected to a commpn external el ectrode of the

driving pgjdsdvethergXterialng %Jae_»%rgﬁelﬁ@fnd:%d&é%h@e pe08s fgr med on a
surface of the [ayered piezoélectric layer which surface is undivided by

the 15 9r%‘1‘é%%e1)é@€£fé N A SYRE Shech 206 Aot Gedn ! LRI PANLS, | S

parts formed at both ends of an array of the driving parts,
the non—-driving parts includiﬁg the alternate layers of the

10 piezoelectric layers and the internal electrodes; and an
external 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



extended fromthe non-driving parts. The above-described ink-jet recording
apparatuses each include the liquid (ink) droplet ejecting head of the
present iwoeabhiwm2 Therefore, the above-described ink-jet PRO/JIPex@ré ng
apparatuses can perform stable inage recording with high quality. The
above objects of the present inventilds are further achieved by an ink-jet
recordi ng apparatus including an ink-jet head, the ink-jet head including

a |layered 25 piezoel.ectri | epent - pressuri zi | igui d -C r so as to
WO 03/071%1§CECT7J58§F%?§ET% g?%%ﬁfé§$ﬁ %%edﬁéggggdt %E%é%%%%?ggﬁe | ayer ed

pi ezoel ectric elenent including: a plurality of drivin R rts. divided by
gr ooves, ?ﬁ%mﬂ?ﬁv44ﬁ}H§&Pﬂé-aiH%V{Eﬁ%#;'éﬁi@?ﬁgﬁﬁgl%ﬁﬁ?% é% 1dsdeb¥el ectri ¢

| ayers and internal electrodes; and non-driving 5 parts fornmed at both ends
of an arrayooves hethdr idrilngngapasts invd udsngdpl veree parkayguscleddi ng t he
alternate | ayers of the piezoelectric layers and the internal el ectrodes,

wher ei n apiepoabactetiectingdes obnd henttrinalnglpattedes; exidmeddirivimg he
non-driving parts, and a difference between a tine constant of 10 a driving

vol tage appligdrémmddet! ayenednds ezpelreeiirhg eFefeatdrivig eagespf driving
all of the driving parts and a tinme constant of a driving voltage applied

to the 'a¥ﬁéegonp&ﬁzzqﬁg§§5&g £h R g %%srﬂétgri Iig arept the

driving parts is sm than or equa gsec. 15 The above-descri bed

I nk-j et rg%gggéﬂgﬁggﬂgﬁ%§%§sagﬁg the internal electrodes, wherein a

common electrode of the driving parts is extended from the
non—driving parts, and a difference between a time constant of

10 a driving voltage applied to the layered piezoelectric element
in a case of driving all of the driving parts and a time
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 iﬁk—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:



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 capablwoabB/opsif orm ng i mage recording with high quali tgT/JPG/BRIEF
DESCRI PTI ON OF THE DRAW NGS O her objects, features and advantages of the
present invention will becone nore -dgparent fromthe following detailed
description when read in conjunction wt h the 25 acconpanyi ng drawi ngs, in

whi ch: WO 03/071612 /1 JPO3/ 0126 a _sectio w of an
i nk-j et head taken FE?T é o rectson Onag \AﬁfevéhOfa res}ugetl gaw d-g¢ e1fﬁ%r|’*rber

t hereof extends, according to a first enbodi nent of the present invention;
5 FIG 2 P4ORYSEHESTHANSY LBWBECh 4%S§dlrepnlé%é@e‘€i%“i‘l@relt€ﬁ§ﬁf° of the
ink-jet head of FIG 1 taken along directions perpendicular to the

di r ect i onsxtenghiatrandéng presstirest iaplicdiskatbef ©xe aniseadcording to the
first enbodiment of the present invention; 10 FIG 3 is a sectional view
of a drivingepaténpof the |ayered piezoelectric elenment of the ink-jet head
of FIG 2 taken along the line A-A;, FIG 4 is a sectional view of a

n]?nFldg vi ng part of prEhez| ayey e i eznael ectyi 6r &l enRitrof the ink-jet head
(0]
piezoelectric element of the ink-jet head of FIG. 1 taken
along directions perpendicular to the directions in which the
pressure liéuid chamber extends according to the first
embodiment of the present invention;

10 FIG. 3 is a sectionél view of a driving part of the
layered piezoelectric element of the ink—-jet head of FIG. 2
taken along the line A-A;

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



15 2 taken along the line B-B; FIGS. 5A and 5B are plan views of internal

el ectrode patterns of the |layered piezoelectric elenent of the ink-jet
head bef owe opinowessi ng according to the first enbodi ment @CT/IPbR0IpPélesent
invention; 20 FIG 6 is a perspective view of the |layered piezoelectric

el ement of the ink-jet head taken f410m the conmon el ectrode side according
to the first enbodi nent of the present invention; FIG 7 is a perspective

iew of the ]ayered 25 piezoelectric el.ement of the ink-jet.head tak
{1 om e V05070 23 RETPIPOSI GLIBEC 170 Ml oGS 6t SREPOMCE dBe

according to the first enbodi nent of the present invention;, FIG 8 is a
di agr am sEei PELIERG AewePteqti val ent to an electrical circuit from
a-driving waveform generating part 5 to the |ayered piezoelectric el enent
of the ink-jet headFa6coBding tdiaghenf shevirgrbad: Feawltoauhea peris ein
invention; FIG 9 is a diagramshowng a sinplified version of the

equi val enén céxedtitic@fl kiGcubt atomi di riyitvangheatefstm garzaditient pattt he
present invention; 10 FIG 10 is a graph for illustrating the difference

bet ween the thdre KRASARE @b BedliMi NG 1RlhR06£T BhE henicasR @kaqdriving all
channel s and that in the case of driving one channel according to the

first enbggéégﬁgnéﬁt§I%%ep%§§§9tembodiment of the present invention;

FIG. 9 is a diagram showing a simplified.version of
the equivalent circuit of FIG. 8 according to the first
embodiment of the present invention;

10 FIG. 10 is a graph for illustrating the difference
between the time constant of a diving voltage in the case of
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 embédiment of the present invention;

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

25 along directions perpendicular to the directions in which the



invention; 15 FIG 11 is a graph for illustrating a relationship between
the rise tine of the driving voltage and droplet ejection speed according
to the fiwstosemsozi nent of the present invention; FIG 12Crgres/secti ona
view of the layered 20 piezoelectric elenent of an ink-jet head taken
along directions in which a pressur®s8tiquid chanber thereof extends
according to a second enbodi nent of the present invention; FIG 13 is a

sectional view of the layere piezoelectric elenment of the ink-jet head of
PG ot BEEREaBt o DR R e hesh s TR R LTS S0t FBCt FeR ons i n whi ch
the WD 03/071612 PCT/ JPQ3/01261 pressure liquid chanber extends according
to the sef8REIIBABBIR heie dresRetprRe@Mtidhvention; FIG 14 is a plan view
of an internal electrode pattern for conduction of the |ayered

pi ezoel ectric el emeftIG.514céer di ptan o7iche ofeeondneaborli mectapdehe present
invention; FIG 15 is a sectional view of the |ayered piezoelectric

el enent ofpagtiernkfjpetcdrendtiakenfathaglayhrel dieasel acthl € hel@nmphessur e

| i qui d chanber thereof extends according to a third enbodi ment of the

present i nveBtiPAg 4O G senks cAbbh el @¥ oheaBrbBERE Nalveltaehr;ode
pattern for conduction of the |layered piezoelectric elenment according to

the third enmbodi menty@f tRe;presgnty i hEntian: oeFLG ﬂé&éf%da sectional view
of the |l ayered
piezoelectric element of an ink—jet head taken along
directions in which‘a pressure liquid chamber thereof extends
according to a third embodiment of the present invention;

10 FIG. 16 is a plan view of an internal electrode
pattern for conduction of the layered plezoelectric element
‘according to the third embodiment 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 beyprocessed into the layered
piezoelectric element of aﬁ 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 illustratiﬁg a method of
manufacturing the layered piezoeleétric element according to a

25 sixth embodiment of the present invention;



pi ezoel ectric elenent of an ink-jet head taken along 15 directions in which
a pressure liquid chanber thereof extends according to a fourth enbodi nent
of the prweanw7iemyention; FIG 18 is a sectional view of pam/Jrouieciessed

| ayered piezoelectric element to be processed into the | ayered

pi ezoel ectric elenent of an ink-jet-1pead for illustrating a 20 net hod of
manuf acturing the | ayered piezoelectric elenment according to a fifth
enbodi ment of the present invention;, sectional(%%eM/of t he

FIG.19
unprocessed | ayer ed®pFez %I%ﬁnﬁiﬁ?céﬁ8ﬁﬁktv¥%w 4@1 FRPFRGEE° TRt hod of

manuf acturing the |ayered piezoelectric el ement according to a _25 sixth
enbodi nentayireheigreseactrhvenksnt iorodl brasustimeraipeshodoei 19 FIG
20 is a sectional view of the unprocessed |ayered piezoelectric el ement
for illushamfanrwerimgt hbd bdyershufizciogliengribeclenartedaspadbrt et ra ¢

el ement according to a seventh enbodi nent of the present invention; 5

FI GS. 21Asapeh @ Braoaifleadr aistidmnrniddanst iavengian; ef fect produced by the
manuf act uri ng nmet hod according to the seventh enbodi nent of the present

inventg on; FIG 22 §$ca@ SEOL i ek 1% 8WeOhiideadayeed) 1058206 &¢tdr C
el ement of an ink-jet head taken along 10 directions in which a pressure

UL, chamber. LSCAgtcH) S nASEOLA L ot ) UL ALl f L1
seventh embodiment of the present invention;

FIG. 22 is a sectional view of the layered
piezoelectric element of an ink-jet head taken along

10 directions in which a pressure liquid chamber thereof extends
according to an eighth embodiment of the present invention;

FIG. 23 is a sectional view of an ink—jet 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 bf the
preéent 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 INVENTION

A description will now be given, with reference to

25 the accompanying drawings, of embodiments of the present



along directions in which a pressure liquid chanber thereof extends
according to a ninth enbodi nent of the present 15 invention; FIG 24 is a
per spect iwe 03u7T®we of an i nk-jet recording apparatus accordiriagod@2éihe ni nth
enbodi mrent of the present invention; and FIG 25 is a side view of the
ink-jet recording 20 apparatus of FEG 24 showi ng a nechani sm part thereof
according to the ninth enbodi nent of the present invention. BEST MODE FOR
CARRYI NG QUT JHE LNVENTI ON A description will now be given, with reference
to 25 the acconpanying drawi ngs, of enbodi nents of the present WO
03/071612 PCT/JP03/ 01261 eég i nvention. [First enmbodinment] First, a
description will St PAPFelence to FIG 1, of an ink-jet head as
a liquid droplet ejecting 5 head according to a first enbodi nent of the
resent invention. FIXgt.13jdeacsREiQhalilli &% givene Wil jrefeleadet aken
P ; : . . W Ol J
along the directions in which the pressure liquid chanber 6 thereof
ext ends. ToeFiLAk- jLetofhemd iinkeli atlebead charmeliguldstirapket 1€ dtimai d chanber
substrate) 1 forned of a single-crystal silicon substrate, a diaphragm 2
j oi nedst ohiehel bevwerdimgerofa thesehampedimdhstiomtdelpragsha nezakeocpl ate 3
joined to the ‘
FIG. 1 is a sectional view of the ink-jet head taken along the
directions in which the pressure liquid chamber 6 thereof
extends.
The ink-jet head includes a channel substrate
10 (lLiquid chamber substrate) 1 formed of a single-crystal
silicon substrate, a diaphragm 2 joined to the lower face of
the channel substrate 1, and a nozzle plate 3 joined to the
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 liquid 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



upper face of the channel substrate 1, thereby formng the pressure |iquid
chanbers 6 and a common liquid chanber 8. The 15 pressure |iquid chanbers 6
are chanmwb3rwh2 | i qui d chanbers) wth which nozzl es 5 ecaariing26ink

dropl ets communi cate through ink conmunicating channels 5a. The conmon
liquid chanmber 8 supplies ink to the-pressure liquid chanbers 6 via ink
supply~ channels 7 serving as fluid resistance parts. 20 Through hol es
serving as the ink connunicaé&n channel s and concave parts serving as
the pressRREISTYH GYIERRABRY %H% HESPRR §%§%P§Prt'hannel s 7, and the comon
liquid chanber 8 are fornmed in the channel substrate 1 by perform ng

ani sot ropi ¢ et chi ngTen &laihgia er yst Bprmed o spser af evotala 5N 110)
crystal plane using an al kaline etchant such as a WD 03/071612

PCT/ JP03/ &4 26kel2]1 phtadsapimrdyd2oxiageal EOH)e atprewgs ofokurésin The

di aphragm 2 is formed of a plate of netal such as nickel. The di aphragm 2

may al so Rendyr Bed 207 agcresi MembEREr resin Anyaiethimerheeref resin and
nmetal nmenbers. 5 The nozzles 5 of 10 through 30 pmare formed in the

nozzl% plate 3 so asy gagggggigpg% tg #Qggﬁgggﬁpm& %&gﬁ% & A ehs 6. The

nozzl € plate 3 is bon anne strate an adhesi ve

agent. The nazzl | ate 3 may, be for f . al Nk ess steel or
ni ckel , apﬂﬁg%% F%gtéoﬁoo?sﬁ% éfmgﬁnggggiEggﬁ%%Iggggu%%l3?%?%% resin film

silicon, or a conbination of these materials. A water
chambers 6. The nozzle plate isabondedwgg(%he channel

substrate 1 with an adhesive agent. The nozzle plate 3 may be
formed of metal such as stainless steel or nickel, a

10 eombination of metal and resin such as a polyimide resin film,
silicon, or a combination of these materials. A water
repellent film is formed on the nozzle surface of the nozzle
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 i2 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 fromﬂthe 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



repellent filmis formed on the nozzle surface of the nozzle plate 3 by a
wel | - known net hod such as plating or water repellent coating in order to
ensure repolBodnwe2 agai nst i nk. 15 The nozzl e surface referPsTiIBOIMIEN f ace of
the nozzle plate 3 in the direction in which ink is ejected. The nozzle
surface may also be referred to as2an ejection surface. A |ayered

pi ezoel ectric elenment 12 is joined to the external face of the diaphragm 2
so that individual 20 piezoelectric elenment parts of the |ayered

pi ezoel ecPPY#PL%ePaMEnt 12 correspond to the pressure |iquid chanbers 6. The

external face refers to a face of the diaphragm 2 on the opposite side
fromthe pressure | FagiexdrarheliezeelsRbrigisimneagmi2 Aaa ehelfSyer ed

pi ezoel ectric elenment 12 forma 25 piezoelectric actuator deform ng the
di aphr agnf2cé¢ hat one aii® P3105d 6k2 PETAIROBIOIRGA and22- spovall éagart. The
| ayered pi ezoelectric elenent 12 has a first face on one side joined to

the di aphsagme RBsatsesond faiaad emd Hexepposid eaiddasj pyned and fixed to
a base 13 by an 5 adhesive agent. Further, a side face of the |ayered

pi ezoa| ectpj 6. £)LmBabi12 ks, connect ed deo 8B FBE {iid exijah@q printed circuit)

cable 14 %or supplying driving waveforns to the |ayered piezoelectric
el ement 12. In .thi,s.enbodi nent., t.he |ndivi | ' i oel ectric
el erment p%+?%oe(:l§rcFé:§60ﬁ Iemen OIQt th do’?ﬁleE'tQHaLo éﬁ’%&d (f&%x&bfé

ng he respective
printed circuit) cable 14 for supplyipg.driving waveforms to
the layered piezoelectric element 12.

In this embodiment, the individual layered-

10 piezoelectric element parts éorresponding to the respective
pressure liquid chambers 6 are formed by forming slits in the
long layered piezoelectric element 12. 1In this specification,
“the overall length of a piezoelectric element” reférs 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 piezocelectric direction.

As previously described, the laygred plezoelectric
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



pressure liquid chanbers 6 are forned by formng slits in the |long |ayered
pi ezoel ectric elenment 12. In this specification, "the overall length of a
pi ezoel ecwoios/oeleerrent” refers to the |ength of the origi malr/JrPeng26tayer ed
pi ezoel ectric elenment 12 15 from which the individual |ayered piezoelectric
el ement parts are fornmed. In this-gpbodinent, ink inside the pressure
liquid chanbers 6 may be pressurized by using the displacenent of the

| ayered piezoel ectric e] enent %2 in the 833 irecti.on _or %n 20 the da3l

di rect | oPiEEAHECHF G ort AT ¢4di r EPRI BRC MPYT Vi dTsTYTHREr i bed, the

| ayered piezoelectric elenment 12 has the second face joined and fixed to

t he base skddepnpdadizgnely o dgelividvpe epoEmdl ele£tredesi abdP by
adhesive agent to a face of the base 13 which face is 25 perpendicular to

t he face ltdverredf piieknetletiricthelleaperted2WO 03/ 071612 PCT/ JP03/ 01261 -23

pi ezoel ectric element 12. The FPC cable 14 is further soldered directly to

i ndi vi dual external el actygredesaBdecototie Metyar ed phezotdkcidd ahel enent 12.
It is preferable to use netal as material for the 5 base 13. By using

met al sas Jmtenisal (or,the, hase113s heabrist of@ge Lkt 19 from
sel f-heating of the'layered piezoelectric element 12 can be prevented from

oo s SBAREECE S HIANL B P BIEIE S hpyihang o the base 12
piezoelectric element 12 can be p;evented from occurring. The
layered piezoelecfric element 12 is joined to the base 13 by
an adhesive agent. As the number of channels increases,

10 howevér, temperature rises near 100 °C due to self-heating of
the layered piezoelectric element 12 so as to reduce the
joining strengtﬂ significantly. Further, the self-heating of
the layered piezoelectric element'lz 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 ejéction 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



10 however, tenperature rises near 100 OC due to self-heating of the

| ayered piezoelectric elenent 12 so as to reduce the joining strength
signi fi cawologio7féuz t her, the self-heating of the |ayered pceazeed/@eéric

el ement 12 increases tenperature inside the ink-jet head so as to increase
ink tenperature. 15 The increase in3d4k tenperature reduces ink viscosity,
thus significantly affecting the ink ejection characteristic of the

i nk-j et head. Accordingl, b reventing.the occyrrence of heat storage
resultingei?%ﬁ$%h€£§§1gg%@a?%ngk%ﬁt?Wﬁf VEFEd g?eg%qu%tric el enent 12 by
form ng the base 13 of a netal 20 material, degradation of the ejection
char act er P8RV bEorae Piiggpeil bt b iRento FBer8aselioM 9% Sit6i A*Rg strength
and the ink viscosity can be prevented. Wen the base 13 has a large liner
expansi onprebkéhi el arel ingeod8hExsiw ethgdtsendy geel tofd dtffenenfei kitng 25
interface between the base 13 and the | ayered piezoelectric WO 03/071612

PCT/ JP03/ @d@fdrati2d elnmeat bflemtitorgleraall owrtenpen atiees thAs to the
conventional piezoelectric elenent, there seldomexists the problem of

peel ing oficfsomadihe bagentdrdue dipid filebeBealinlediper ahse caused by
environmental Variation since the 5 piezoelectric elenment is shorter in

o oL oy BoBblen J o UL 55 IR R LY S I Bhomene
approxina%gg¥ §§2t555¥§¥1m%9e5§‘i6‘é%%%f@é Jteggbhdpi and is
approximately 30 through 40 mm in overall length.
Aécordingly, it is preferable to use a.material
10 having a linear expansion coefficient of 10E-6/°C or lower for
the base 13. By limiting linear expansion coefficients to
this range, the base 13 is prevented from peeling off from the
piezoelectric element 12 at the joining interface therewith
due to a differencé 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 ligquid 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



Accordingly, it is preferable to use a material 10 having a |inear
expansi on coefficient of 10E-6/'C or lower for the base 13. By limting

i near exyansioowizoefficients to this range, the base 13PcC3/Jpoxrmestt ed from
peeling off fromthe piezoelectric elenent 12 at the joining interface
therewith due to a difference in t@bhperature resulting from 15
environnental variation. It has been confirnmed that it is very effective

in preventing.peeling at e jaining.li i i ectric

el enent t a%é%% F%gslgﬁ@ﬁ?é€§%%ﬁg?gﬁglég%§§%2§gﬁ¥%%$ﬂg g b%%%g%nent j oi ned
thereto to a value |lower _than or, egual to ICE}g{%:. 0 ThedFPC cable 14

i ncl udes FPRAFEFLETIEF of i v AV 6P abDISf ged PYFhG” wavef or ms
(electrical signals) to drive the correspondi ng channels (corresponding to
the pressigzdlieglirdcchiamer’s 18- By providing the driver ICs 16 to the
FPC cabl e 14, electrical signal setting can be 25 perforned i ndependently
in each of the drives tiGs dizoBiest WX OS|EIG] »eRCNEI POBEOURG LN - 25
facilitates correction of variations in the displacenent characteristics

of the drisigid channekspeén tiheid ayeteds phezoedecttionsetiemen 12. As the
pi ezoel ectric el ement beconmes greater in 5 length, it has been nade

0bvi 0US t Aty MALKALEANSE ! Bnd Neharlicsnl BeeEmotgrattdihe abaspelsghecore
greater. ccor ingly, by providing the driver ICs 16 to the FPC cable 14,

a Varlatlﬁ%&viding the driver ICs 16 to the FPC cable 14, a variation

in the displacement of the layered piezoelectric element 12 is
corrected by vdltage in the channel directions (in which the
10 individual layered piezoelectric element parts are arranged),
thereby realizing a uniform ejéction characteristic.
Further, a frame 17 is joined to the periphery of
the diaphragm 2 by an adhesive agent. An ink supply channel
18 for supplying ink from the oufside 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 liguid chamber 8 via a through
hole 2a of the diaphragm 2.
The ink supply channel 18, the common liquid 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 1l6.



in the displacenent of the | ayered piezoelectric elenent 12 is corrected
by voltage in the channel direction's (in-which the 10 individual |ayered
pi ezoel ecwpios/oeléezrrent parts are arranged), thereby-real i Zcmgres/anéif or m
ejection characteristic. Further, a frame 17 is joined to the periphery of
t he di aphragm 2 by an adhesi ve agentZ6An ink supply channel 18 for
supplying ink fromthe outside to the common liquid 15 chanber 8 is f or med

in the frame 17 acr t 13, fr h ve The

i nk supply channel qg?;%%ﬁ%§%§%¥t§§s$¥$§%ﬁ :%h RQEE c%ﬁ%iéﬁ#ﬁ%% 8 via a
t hr ough t he di ap 2 The in pIy nneI 18, the common
liquid ch eW% gaYéﬁHS{ Bgr8§|2?%ﬁEE¥%§}P§ 3?%3%%d§farranged on

the opposite side fromthe drlver I Cs 16 so that ink can be supplied from
t he opposiddvingevavefertie RRECHSBI erqund cdfhétCt edl tie tinydrager ed

pi ezoel ectric elenment 12, thereby preventing a rise in ink tenperature due
to heatingﬁ@ﬂOEheCEBi@rél&methQ2166CV@E®3&01E61ZnP¢$th®3/szﬁﬂink26 As
previ ously described, the heat of the driver ICs 16, which may vary
depends ng tempelre tovabeisaf @kamrbekie Oheathiy/ iofy thavatkores, reLahes nar ound
100 OC as the | ayered piezoelectric elenment 12 becones |arger in |ength.

VWen i nk 51%%6@§E§t&@é%éd§§§5s@ugsteotgf?ﬁﬁ¥§da%ﬁl?faEB@cgrtﬂgﬂéjégil%ﬁ i nk
vi scosity decreases so as to significantly affect the ejection

characteristic. Therefore, the decrease in ink viscosity due
to the rise in temperature of the driver ICs 16 should be
avoided by any means. The heating of driver ICs is not so

10 significant a problem in the conventional ink-jet head with a
small number of channels.  As the ink-jet head becomes greater
in length, however, the decfease in ink wviscosity 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 liguid 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 isAa sectional view of the layered piezoelectric

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



characteristic. Therefore, the decrease in ink viscosity due to the rise
in tenperature of the driver ICs 16 should be avoi ded by any neans. The
heati ng oWodgioven2 | Cs is not so 10 significant a probl em iPaTIRES/01261
conventional ink-jet head wwth a small nunber of channels. As the ink-jet
head becones greater in length, howgver, the decrease in ink viscosity due
to the rise in tenperature of driver |ICs has becone a serious problem

Thi s probl em can be sol ved by enpl qyi ng .t he ahoye-descri bed, 15

confi gur abion. A GFet af @E}dd%c#%tﬂ \(}Jﬁlﬁf’”sb8’?g3r]§‘f%‘?i“ﬁé'r &gﬁfztﬁ?‘?ﬁ ref erence
to FIGS. 2 through 7, of the |ayered piezoelectric elenent 12. FIG 2 is a
sect i onal pategrf athd&heayerered piiezssllectrie elepent 122 of IEhebi hk-F et head
of this 20 enbodi ment taken along the directions perpendicular to the

di r ecti onsetrspadiiicte tvhewppésshe e dyiecpedd péeanbiectrisxtedrmdent FEQPL3 is a
sectional view of the |layered piezoelectric elenent 12 of the ink-jet head

of FIG 2ihakgix-alangebhecki figis Anbbodildent4thBed S€6i itORAlcoMmnew of the
| ayered piezoelectric 25 elenment 12 of the ink-jet head of FIG 2 taken

al ong 4 heeiéc?@fé’éf% %%/#716%@ PCI/IPQ3Q1 28304 Bi&ly Jil GRe 2Ay8REySB are

plan views 0 nternal electrode patterns of the |ayered piezoelectric
el ement 12, FI .S a. _per ti Vi ew, of. y. .pi ezoel ectric
el enent 1121%?0%%0331&?f8{%e%§2?o%f/t hles l&%b&ﬁ%ﬂ@%%&%@% romthe common 5

el ectr Odeex?t]éggimeﬂtetaieins fgo e{hs ei%[dii\\/feld\éia We?éc’gpgdel 2 i%ree.d
In the layered piezoelectric element 12, a plurality
of driving parts 25 (individuai piezoelectric element parts)
10 are formed between non-driving parts 26 on both ends of the
array of the driving parts 25 by performing slitting or
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 layéred 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



pi ezoel ectric elenment 12 of the ink-jet head of this enbodi nent taken from
the individual electrode side. In the | ayered piezoelectric elenent 12,. a
pl ural it ywoaBodriiyi ng parts 25 (individual piezoelectric ecameotoparts) 10
are formed between non-driving parts 26 on both ends of the array of the
driving parts 25 by performng slittigg or grooving processing on
alternate | ayers of piezoelectric |ayers (piezoelectric material |ayers)

21 and internal _el rodes 22A _and, 22B havi.n ttern s es.as,shown in
Firce 15" eheliread, CF B8 08 Rl AL SRR e B T T30 25" and
t he individual external, electrodes 24 fornmed on the opposing |ongitudinal
si des of ERENYalks @ﬁﬁﬁﬁﬁﬁ?ﬁé.lnTﬁ%lc%dH%%ﬁhE%F@HnQPrE$é@?ﬁﬁﬁb 23 is forned
of the external electrodes on the comopn el ectrode side of the respective
20 drivingrpanged25. In this slitting or grooving process, slits are
formed in the |ayered piezoelectric element 12 so that a bridge part 27 of

a size Din the deptrcdiraeayieon tlemdimernal thecbodtdeomar ofheathyer ed
pi ezoel ectric elenment 12 on the base 25 13. Further, a cutout 28 is forned

on thesindi-vi{ duglpext ersnals WonR3LOId 642 RET/-dRABH042E8drna P& 1@l-eebrade (24)

side of the |ayered piezoelectric elenent 12 along the directions in which

the drivigg Pafish 3% 9veAtbanged BEGY Hitalita LE Lotarodsabect rode 224

part 27, so that the internal electrode 22A of each driving
part 25 is connected through the common external electrode 23
to the internal electrodes 22A of the non-driving parts 26 on

10 both ends. Further, the'infernal electrodes 22A of the non-
driving parts 26 extend to the individual external electrode
(24) side of the layered piezoelectric element 12 as shown in
FIG. 4. Therefore, by connecting the FPC cable 14 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 dri&ing 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 liguid chamber 6



5 driving part 25 is connected to the. common external electrode 23, which
is prevented frombeing divided due to the bridge part 27, so that the

i nternal wbaswhrwde 22A of each driving part 25 is connectred/Jpbyaaeh t he
common external electrode 23 to the internal electrodes 22A of the
non-driving parts 26 on 10 both ends9Further, the internal el ectrodes 22A
of the non- driving parts 26 extend to the individual external electrode

(24) side of the | ayered piezoelectr. lLement 12 as_shawn in I 4,

Ther ef or eSPRYITD MRS %@ Bﬁgsﬁb@%%blﬁg( %ﬁlef:(?lflhes? ndr cfumr% dgfpg?ﬁﬁ%l

el ectrode (24) side, the common electrode 15 and the individual electrodes
can be exBERdetedresn tSheagre) EFQR Hie (A UCEPerednDi Y% tri ¢ el enent 12.
In the ink-jet head having the above-described configuration, a driving
pul se voltage of 20Wioh50hd/ ¢kectHppl iodding dreelett ed igmédoprapserdf the
driving parts 25 of 20 the | ayered piezoelectric elenent 12 so that the

driving pantsde 25nd prakisaRet hegatd iigneidss€ detrageed s sapphizedastretch in
the direction in which the layers are forned (that is, in the upward

di rectd ongipr B 65 e tlieOB9Rs 4)r 80 A% driadebar it fge haphiragmigutaward the

nozzles 5. Thereby, the capacity or t he vol une of each correspondi ng

pr casur | 28 PARCTAaS ain, 00 TREE T 0 P BpIers “ar o 2] ETEd [spraves) Trom

;?2528; ;egggggrilgzgné’loazpéllgga ioﬁNéP %Ipee v%l%%tgieogooI:hcie ”faﬁgéroé%i ets, liquid
piezoelectric element 12 in this state, the diaphragm 2
returns to its original position so as to restore the pressure

10 liguid chambers 6 to their original shape, thereby generating
further negative pressture. At this point, ink flows through
the ink supply channel i8, the common liquid chamber 8, and
the ink supply channels (fluid resistance parts) 7 to be
filled into the pressure ligquid chambers 6. Then, after the

15 vibrations of the ink meniscus surfaces of the nozzles 5
attenuaﬁe 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) R,y () and a capacitor

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



inside the pressure liquid chanbers 6 decreases, so that a 5 certain
negative pressure is generated in the pressure liquid chanbers 6 by the
inertia oWoimk7fibw at this noment. By suspendi ng appl i c®cirarozadizéihe
voltage to the |ayered piezoelectric elenment 12 in this state, the

di aphragm 2 returns to its original3position so as to restore the pressure
10 liquid chanbers 6 to their original shape, thereby generating further

negative pressure. At. this point, ink flows throug e i suppl y. channel
159 he- o R PR Pt haRbEEsa5tahn (TS Ao ceaoRy (Ranndis CREGHAE

resi stance parts) 7, to be filled into the pressure |iquid chanbers 6. Then,
after the®f15IGi bP atF IR THRE PRKEFEH STHRaSEr tREe SIS IHS Foz¥iEl 5
attenuate to stabilize, another pulse voltage is applied to the |ayered

pi ezoel ectpinpor| ehertrdd fresisherasextes)ernams) ol 1R) deagh et s, so t hat
ink droplets are ejected. FIG 8 is a diagramshowing a circuit equival ent
to 20 anieleeposedlbetwesn tther dnialimy ipamig RSV ehdr sagenssmatdaigipgrt to
the | ayered piezoelectric elenment 12. As shown in FIG 8, each driving

part (siriyhRg chansednowdd insrhernmed of a series circuit of a resistor
(resistance) R,,, (n) and a capacitor (capacitance) C (F), and the

driving parts 25 arqﬂﬁgpgeﬁﬁggeyg%% f%;%@&%agnggpggg%éggédi-ggygﬂéﬁaeach

ot her by resistors (resistances e circairt of F 8 Is sinplified so
as to replac I{;{f‘elé eSLSLAS Ry L1 ¢ GRIETOY ehecttode, fesitors ¢
(resistances S,y ., eac

driving parts (driving channels) 25 be n, the time constant T

(sec) of the driving voltage P, applied to the driving part 25

10 in the case of driving only one of the n channels is given by

the following equation (1):

Ty = C(Ron + Rcom) (1)

15 Further, the time constant T.u1 (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)f

Tair = C(Ron + N'Reon/2) - (2)
20
Accordingly, the difference AT between the time
constant Ty; 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



i nt erposed between the driving parts 25 and each non-driving 5 part 26 as
showmn in FIG 9. Wen a pulse driving voltage P, is applied, as showmn in
FIG 10, woomsheleezrcuit of FIG 9, letting the nunber of PpPdTIIPOING2@aArt S
(driving channels) 25 be n, the tinme constant (sec) of the driving voltage
P, applied to the driving part 25 181iin the case of driving only one of the

n channels is given by the followng equation (1): C(R. + RQO) ... (1)
15 Further, the ti constant Tall (sec) of the driving pulse P, applied
to the driving part4®25Tm The case of driving all the n channels is given
by the follow ng equation (2): 1r,11 = C(Ron + n-Rc../2) ... (2) 20

Accordi ngly, the differehtes AT BBiweDN t K Red e Regdnst ant Tall in the case
of driving all the n channels and the tine constant T, in the case of
driving only one of the m(nthanngls.can-b&)obtai ned-fromthe foll ow ng
equation (3): 25 WO 03/071612 PCT/JP03/01261 -31 Ar 'rall - T1 C (R . +
n-R../2) - C(R. +R.. C(nl 2-1) -R,, ... (3) 5 The equation (3)
shows that as the nunmber of driving channels n becones |arger or the

comrorg el ectrode re%hétéﬁﬁéiion (3) shows that as the number of driving
channels n bécomes larger or the common electrode resistance
Reom becomes larger, a change in the driving time constant T
becomes greater. That is, a change in the‘ink droplet
ejection characteristic‘becomes greater.

10 On the other hand, the ink droplet ejection
characteristic most affected by the change in the time
constant T is an ejection velocity Vﬁ. When the ejection
veloéity V3 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 directién.

| In the case of recording a 600-dpi image, when the

20 devigtion of a line (Adot) exceeds approximately one dot, or
42.3 Pm in distance, the deviation is large enoﬁgh 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



R, . becones larger, a change in the driving tinme constant beconmes greater.
That is, a change in the ink droplet ejection characteristic becones
greater. WO od07tshe ot her hand, the ink droplet ejection @EcanRey@ERéIstic
nost affected by the change in the tinme constant T is an ejection velocity
Vj. Wen the ejection velocity V] -ghanges, tine required for an ink
droplet to be ejected fromthe ink-jet head to be positioned on a paper 15

sheet (a nmediymonto which ink droplets are eject.ed) . al so changes. Since
the ink-j h%o*r‘d ”rrﬁgégn? t h@“epﬁjr?ﬁﬁogcgﬁﬁ?% 24 dinr)et i Sﬁ,set%?s change
ultimately appears as a deviation of a _dot position in the primary
scanni ng @reag erly| pne Hef cide HChpBEsEar ndPd BT FPZZLPRRERST when the 20
deviation of a |line (Adot) exceeds approxi mately one dot, or 42.3 gmin
di st ance, didieardeyvicat vm i ¥;1 arge enoughpéotibelw suhkl yiffeogme &
Therefore, the deviation is preferably smaller than or equal to 42.3 pmin
terns of khdighem iyTagerequatéd Yor2anl éhki agophet ejcediraonlvebatinyzale t he
case of driving WO 03/071612 PCT/JP03/01261 -32 all the n channels, the
ej ectison yelogidy ihnthbec£as & Ofaridihy BY1 oMy HNeeheli BeaRa chatnels, and
t he nozzl e-paper distance be Vj,,,,, VI, and L, respectively, the
di fference AT hetwee j r ir far j let .t Q. m
R e LR, b R R s el 7 TRt

nozzle 570 paper in riving

following equation (4):

AT = L/Vian — L/Vy1 = (4)
10
Further, letting scanning velocity for the primary
scanning direction be Vs, the deviation of a dot (Adot) is
given by the following egquation (5):
15 Adot = AT X Vg = (L/Vja11 — L/Vy1) X Vs = (5)
Therefore, the ejection velocity Vja1i1z in the case of
driving all the n channels is required to satisfy the
following equation (6):
20

Viann = L/ (Adot/Vs + L/Vj1) - (6)

When the ejection velocity Vy (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



the case of driving only one of the n channels is given by the follow ng
equation (4): AT L/viall - L/VjI ... (4) 10 Further, letting scanning
vel oci ty Wworodtoths1pri mary scanning direction be Vs, the decrarimef a dot
(Adot) is given by the follow ng equation (5): 15 Adot = AT X Vs =
(L/Viall - L/Vjl) X Vs ... (5) TheréBere, the ejection velocity Viall in
the case of driving all the n channels is required to satisfy the

foll owi ng,equatio 6). 20 V]~ = L/ t + lnh- - (6) When the
ej ection cteyr‘i\/jge%urlri?‘fs%ec F/\(?ai?l'rérleén ar gégewé%%) raergc{p\egdt()btlomf he rise tine
(gsec) of the driving voltage P, 5 wth

25 v the prijjary scanning velocity Vs
and t he MESREHASEY W03 et rPeFAFPS/ BOEL 11 %Gdi g?aﬁ%g L bei ng set
to 0.4 ms (600 dpi) and 0.001 m respectively, the characteristic as
shown in ¢d@inetl.was obtained. Here, if the ejection velocity Vjl in the
case of 5 driving only one of the n channels is set to 10 msec (TI
approxi nately 2 gseBrej nibrider ejecsédbn Adetotiotia Walire tdwakbee ofhan or
equal to 42.3 gmas previously described, the ejection velocity Vj,,,, in
the case @f;@iyifgyabhet Be MmLhAMMRISENE is set to 10 m/sec (T =

approximately 2 WUsec), in order to set Adot to a value smaller
than or equal to 42.3 Mm as previously described, the ejection
velocity Vjann in the case of driving all the n channels is

required to be set to a value lafger than or equal to 4.86
10 m/sec, according to the above-described measurement results.
Therefore, the time constant T.;1 in the case of driving all the
n channels is set to approximately 4 usec.‘
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 Ta: — T. = 4 — 2 = 2 Usec.
Thereby, the degradation of image guality due to the deviation
of a dot position can be prevented, particularly in the case
of recording an approximately 600-dpi 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):



required to be set to a value larger than or equal to 4.86 10 nisec,
according to the above-descri bed neasurenent results. Therefore, the tine
const ant weloB/o7wit he case of driving all the n channel s PETI@R03/(1061
approximately 4 ~Lsec. Therefore, it is preferable to set the difference AT
between the tine constant T,,11 and3the tine constant T, to a 15 val ue
smal l er than or equal to T,11 -T, =4 - 2 = 2 gsec. Thereby, the
degradation of inmage quality due to the deviation of a dot position can be
prevented, particularly in the case of recording an approxi mately 600-dpi

i mage. Thus, in the layered piezoelectric element 12 of the 20 ink-jet
head of this enbodi Rentd X &bt /Wdct he capa‘gl tance of each driving part 25,
t he nunber of driving parts 25, and the resistance-between the common

el ectrode extension parts (non- driving parts 26) on both ends be C (F), n,
and R respectively, C(F) , n, and R (El) satisfy the follow ng 25
condition (7): WO OBh&7 1612 HREEA) PO 3L 28dove-BksRrab8d Xed @ tian G3).,. (7)
That is, based on the above-described equation (3), 5 the follow ng

expr egsi qn, { @olﬁ%‘%?hg Q%Peééhd?f de Eﬁo{i@&' 1§cf>JYd Aﬂh R @SEEol Satherejract i on

characteristic s ... (8) 10 If the actuator

is long sgzir}};%t n, 'Stﬁ éj'ecétei%tnl yjhakggggrlg@g@. 1) can be regarded as n/ 2.

Ther ef or €,

C(n/2 — 1)Room < 2 X 107° - (8)

10 If the actuator is long so that n is sufficiently
large, (n/2 — 1) can be regérded as n/2. Therefore, the
above—described expression (8) can be converted to the

following expression (9):

15 Reom < 4 X 107%/n/C = (9)

Since the resistance R between the common electrode
extension parts of the layered piezoelectric element 12 is
twice the resistance Resn, 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 P,

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



above-descri bed expression (8) can be converted to the follow ng
expression (9): 15 Re(,~,, '~ 4 X 10-6 /n/C ... (9) Since the resistance R
bet ween tWwe osomenn el ectrode extension parts of the | ayered/Jpixzmoeeal ectric
element 12 is twice the resistance Rc, m the expression (9) can be
expressed 20 as the expression (7)-33hereby, the difference between the
time constant of the driving voltage P, applied in the case of driving one

of the channels and the tine constant, of_ the drivi vol tage.P, . applied
P the. cadovBrua A S A Pne Rl & datoes o T Yer oo rradott

PCT/ JP03/ 01261 -35 a value smaller than or equal to,2 gsec in the ink-jet
head of (s BHRYHITRIMt- THEFERY; VAF13tiBh thtflﬁeeé?‘ég%?rbn

characteristic of the' ink-jet head is reduced so that a stable

hi gh- qual ichprpmbeelstic B dbeailnsd] et et oiid refbeaineat thalexa stable
description will be given, with reference to FIGS. 12 through 14, of an

i nk-j et héadhagualltyuinthglr cphebe epexinery head according to a second
enbodi ment of the present 10 invention. In the second enbodi nent, the sane
el enengs as those described in the first enbodinment are referred to by the
same nunerals. FIG 12 is a sectional view of the |ayered piezoelectric

element 12 of the inkdghgheadodakemn @l ong the

Next, a description will be given, with reference to
FIGS. 12 through 14, of an ink-jet head as a liquid droplet
ejecting head according to a second embodiment of the present
10 invention. In the second embodiment, the same elements as
those described in the first embodiment are referred to by the
same numefals. FIG. 12 is a sectional view of the layered
piezoelectric element 12 of the ink—jet head taken along the
directionslin 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 directiéns 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 piezoélectric element 12 of the second
embodiment has an interﬁal 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



directions in which the pressure liquid chanber thereof 15 extends. FIG 13
is a sectional view of the |ayered piezoelectric elenment 12 of the ink-jet
head of twD3/0emindi nent taken al ong the directions perpemrdirdebzizéio t he
directions in which the pressure liquid chanber extends (or the directions
in which the driving parts 25 are aftanged). 20 FIG 14 is a plan view of
an internal electrode pattern of the |ayered piezoelectric elenment 12

according to this_enmbodi nent. e | red pi I i_.C t 12 of the
second g%%ﬁﬁﬁrﬁﬁ%Pehég S%u?nt%ﬁ;%he éﬁé%F%o gkgéggéﬁpé%ﬁﬁégkggﬁgprovided in
the bridge part. 27, which is' not divided,by thejéﬁS %ro ving gr cessing.
The i nt erPEf2F QAT GBS ¥ fit SEPHPWOR0BH D7 1612 PETATEDSF9 1 - 36

whose shape is equal to the planar outline of the |ayered piezoelectric
el enent 1Payersshavirezorletrid elamenfoddi nghenhentepdr édepitsedel ¥etric
element 12, the internal electrode 30 can be forned easily in the bridge
part 27 byaif dsan fugrieheessihy etmalheelbedtigedepaBd betbhwedwrintiegptiegoel ectric
| ayers 21 by printing when the internal electrodes 22A and 22B are

|l ayered, ;pEdmiLd Qrctheddr eeHsheelns ther pibgodbedtha ilezeekegtrive | ayers
21. The internal electrode 30 remains connected to the 10 comon external

el ect rod%ﬁ%&c{ih@%ﬁﬂ{eag?%i Vi 09 PAr 13 23 - BHEET 224 N1 010RViLRY PEPSASS] NT.

Ther eby, e electricity wdens greatly on the common el ectrode
si de so tgggnéggaé%pqggngreen sheets serving as the plezoelectric
layers 21.
The internal electrode 30 remains connected to the
10 common external electrode 23 under the driving parts 25 after
the grooving processing. Thereby, the channel of electricity
widens greatly on the common electrode side so 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, so 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



el ectrode resi stance can be reduced. The internal electrode 30 may have
any shape as long as the internal electrode 30 is 15 connectable to the
common exwermaliéet ect rode 23 of the driving parts 25 aft@CTURes/@eeovi ng
processing. The wider the internal electrode 30, the greater the desired
effect of reduction in the common-8l7ectrode resistance. The internal

el ectrode 30 for conduction that is not 20 divided by the grooving

processing is thus pravi.ded. so t b cted.to _the.co t er nal
electrodégﬁﬁan%ﬁgVﬁbﬁg Fﬁévﬁgﬁﬁgﬁ'§%§CF§8§§Q$§S%%¥§ﬁ%§e?stge ud%ﬂ%gso t hat ,
as previously described, the difference between the tine constant of the
driving v@n@a%@ Ehagppri eduab the HgpsredTPRESDR! e fefisrenedert 12 in
the case of driving one of the channels and that WO 03/071612

PCT/ JPO3/ the6s ectdpni ghehacteawistdic disi vieAycall shethatfapnéltsbtamdiset to a
value smaller than or equal to 2 gsec. Thereby, the difference in the

ej ecti on ghart eniagfel cahsbe eshicdchedso that a stable high- quality inmage
can be obtained. 5 [Third enbodi nent] Next, a description will be given,
with rseference to FIGS. 15 and 16, of an ink-jet head as a |liquid dropl et
ej ecting head according to a third enbodi nent of the present 10 invention.
I'n the third enbodi mepi . 4tdg,Ramenehements as those described in the first
and second enbodi nerits are

Next, a description will be given, with reference to
FIGS. 15 and 16, of an ink—-jet head as a liquid droplet
ejecting head according to a third embodiment of the present
10 invention. In the third embodiment, 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 elemen£ 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 piezoelecfric
element 12 according to this embodiment.
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 dividéd 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 22A.

25 Thereby, there i1s no need to prepare a special print



referred to by the sane nunerals. FIG 15 is a sectional view of the

| ayered piezoelectric elenment 12 of the ink-jet head taken along the

di recti onwoim/owtsizh t he pressure liquid 15 chanber thereofrCaxprexdssl FI G 16
is a plan view of an internal electrode pattern of the |ayered

pi ezoel ectric elenent 12 according-i&- this enbodi nent. The | ayered

pi ezoel ectric elenment 12 of the third enbodinent has an internal el ectrode

31 for conduction 20 provided in the bri part 27, .which is n i vi ded
by the CQPBSCFRY Hocts ARGE BBl s o e aineet e dt S HE oo Ext e nal
el ectrode 23. As shown in FIG _16, the internal A electrode 31 has a pattern
whose shapBei BaRghpdtygnohdpcotithes idiertaPlefietr ode 22A. 25 Thereby,
there is no need to prepare a special print WO 03/071612 PCT/JP03/01261

-38 pattern for the internal electrode 31 for conduction, so that the
manuf acturing facilities are sinplified. [Fourth enbodi nent] 5 Next, a
description will be [gouenh anbddingdrerience to FIG 17, of an ink-jet head
as a liquid droplet ejecting head according to a fourth enbodi ment of the

presen invention. Rxtthg &osktipeRodimenbe §heasane 18] e@gBLenas tdhose
described in the first through third enbodiments are referred to by the 10

i IR E S e BURT LSRR S
according to a fourth embodiment of the present invention. In
the fourth embodiment, the same elements as those described in
the first through third embodiments are referred to by the

10 same numerals. FIG. 17 i1s 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.

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



directions in which the pressure liquid chanber thereof extends. The

| ayered piezoelectric elenment 12 of the fourth 15 enbodi nent has the

i nternal wbasirwdes 30 for conduction of the second enbodcCraRo3/@eevi ded in
a plurality of layers in the bridge part 27, which is not divided by the
grooving processing, so as to be eBAnected to the common external

el ectrode 23. The internal electrodes 30 may be repl aced by 20 the internal

el ectrodes 31 of e third enbadi nent or_internal | ectr Vi ng

anot her ﬂ%ﬁ%ﬁ%% shgﬁﬁ?P 1 15t 89T dPREY t KR %%133%%% %%Feg ?%ﬁ%%LBO in a
plurality of layers, the common el ectrode resistance can be further
reduced. NAIEAAAR, 1PhENI FFRGGTeSE GF TRe PAFE? NeiSBEagCEct r BUBRFS  subj ect to
limtation due to a nmanufacturing WO 03/071612 PCT/JP03/01261 -39 nethod.
Ther ef or ethd tintemel ebsytiadd nothdabe ohReeratlrnals felreedr e@e2in thi ckness
So as to reduce resistance. Further, the internal electrode, which,

gener al | ypalilsdiemredl oér aal pat, | adisum &iibkevohlhoyresias iaihi gbomod tave
resistivity conpared 5 with gold or copper used for the external electrode.
Accor di ngliun yaidnghechbpbeF Nided! et radeckaysiaf a1 canddet i on  can reduce

t he common external electrode resistance only to a |imted extent. Even
when a pl 1. i nt I €o1LaVEsSe ar L 3 Quidedndsctibd his
enbodineﬁ#%g%%%¥¥ﬁ&ék%e§£ eggg%%%%gtﬁeg?%tefagfgélectroden?agers can be

|1 .
as sm é§% reduce the common external electrode resistance only to a

limited extent. Even when a plurality of internal electrodg
layers are provided as in this embodiment, the thickness

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 is formed. The dummy



approximately 20 gm Therefore, an adverse effect such as increase in the
t hi ckness of a piezoelectric body can be reduced. 15 [Fifth enbodi nent]
Next, a oweasioptsipn will be given, with reference to FlI GPCI8poxiiza net hod
of manufacturing the | ayered piezoelectric elenent 12 according to a fifth
enbodi nent of the present inventior40FIG 18 is a sectional view of an 20
unprocessed | ayered piezoelectric elenent 32, which is a nenber to be

d . I j | ect i . 2. A di to th
Tanaf act urtRg. met Rd o EReoT (1 = CRRStiatat AT S0 e BB DEEOEh

| ayered pi ezoel ectri.c 25 elenent. 32 including a dummy part 33 is forned.
The dumy SAB"63F 0716128 fﬁbgﬁﬁié%fup-ﬁ paf timrnals glgegredesy 222

pi ezoel ectric | ayer to be substantiall symmetric in shape to the group of
the interrRd e%?@{t(roédééez%wu%ezm e theemalylgcdrotiesha22 mut nal

el ectrodes 22A and 22B with the correspondi ng piezoelectric layers 21) in
the 5 diretAB onthn thhi chrtémpdraiiers pargotdentdic Therrsabtier ifii ¥herg the
unprocessed | ayered piezoelectric element 32 to the base 13, the dummy
part 38 i sdigfepttiidnt ant Wieidh nilshilegelrsnare sbawdt. | MhehG ak8erspitfia) the

| ayered pi ezoelectric elenment 12 of FIG 12 is forned. The unprocessed

| ayered pigzoeheebbssdd Bl RIMRNY 32-680cat 50 he dpmred i ngtﬁg%és@/el’ ed

pi ezoel ectric ‘
13, the dummy part 33 is ground to the finishing line C shown

in FIG. 18, so that the layered piezoelectric element 12 of
FIG. 12 is formed. The unprocessed layered piezoelectric

10 element 32 can also be formed into the layered piezoelectric
element of FIG. 15 or FIG. 17.

Thereby, the warp of a layered piezoelectric element
generated at the time of baking or polarizing the layered
piezoelectric element can be reduced, thus preventing problems

15 caused by the warp of the layerea piezoelectric element at the
time of manufacturing an ink-jet head, such as inability to
hold a piezoelectric body by air suction and peeling of an
adhesive agent caused by stress in the warp direction at the
time of bonding the layered piezoelectric element to a base.

20

[Sixth embodiment]

Next, a description will be given, with reference to
FIG. 19, of a method of manufacturing the layered
piezoelectric.element 12 according to a sixth embodiment of

25 the present invention. FIG. 19 is a sectional view of the



element of FIG 15 or FIG 17. Thereby, the warp of a | ayered piezoelectric
el ement generated at the tinme of baking or polarizing the | ayered

pi ezoel ecwpiog/oeleerrent can be reduced, thus preventing propcenpoidi@E2eaused by
the warp of the | ayered piezoelectric elenent at the tinme of manufacturing
an ink-jet head, such as inability-go- hold a piezoelectric body by air
suction and peeling of an adhesive agent caused by stress in the warp

direction at the tine of bonding.the layered piezoelectric ement to a
base. | 20USOECRSEHDOE FE 1P REREL SR RLEer FETTEN 10 FFOBECHTd e Tt b
reference to FIG 19, of a nethod of manufacturing the |ayered
pi ezoel ectariufagitapany NPthed Gidithg E6XENsPRRIAERAITdi ment of 25 the present
invention. FIG 19 is a sectional view of the WD 03/071612 PCT/JP03/ 01261
-41 unprocessed | ayreeurdiirer del €bernenefarmmiR rgtbod ddhgeheo stiFaEh
manuf acturing nethod of the sixth enbodi nent. According to the
manuf act Wik imRhRoda ofiukhe Sitdrhaleshedtnedt 33 diimy snbstavatiadllact r ode
35 having substantially S the same pattern shape as the internal el ectrode
30 issforapd J .t gﬁt‘éélms%é 330t thecunrr acessaddeayer ed fiwaael ectric
- el enent so that the dummy internal electrode 35 and the interna
el ectrode, 3Q.are substantially:in_s I j.ti0 case of

£ N haeyaurenalpr%E% Cc%lfr it?:le %mgéégééd lpa%/%lteld Biez&@léc@&fé&

formng t el'e

‘element 32 so that the dummy internal electrode 35 and the
internal electrode 30 are substantially in symmetrical
poéitions. In the case of forming the layered piezoelectric
10 element 12 of FIG. 15, it is preferred that the dummy internal
electrode 35 be formed to have substantially the same pattern
shape as the internal electrode 31 so that the dummy intérnal
electrode 35 and the internal electrode 31 are substantially
in symmetrical positions. In the case of forming the internal
15 electrodes 30 in a plurality of layers, it is preferable to
form the dummy internal electrodes 35 in a plurality of layers.
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.ﬁolarizing the layered piezoelectric element can
be further reduced, thus further preventing problems caused by
the warp of the layéred plezoelectric element at the fime of
manufacturing an ink-jet head, such as inability to hold a

25 piezoelectric body by air suction and peeling of an adhesive



10 elenment 12 of FIG 15, it is preferred that the dumy interna

el ectrode 35 be forned to have substantially the sane pattern shape as the
i nternal wbasirwde 31 so that the dummy internal el ectrodeTdBozndet he
internal electrode 31 are substantially in symetrical positions. In the
case of formng the internal 15 el edrodes 30 in a plurality of |ayers, it
is preferable to formthe dumry internal electrodes 35 in a plurality of

| ayers. Thereby, the. sy try .of ,the unprqc er, iezoelectric
el enent 329F%L | SQeBYngE%%¥:?ha ebyafﬁegl%%§€q3£%ﬁ?ﬁﬁg E%ﬁ%&%éof t he
fifth enbodi nent. Therefore, the 20 warp of a | ere%P%iezoelectric

el enent geeritredhst lanered RlAC PG HGCor I FBFAY i A iy BFE | ayer ed

pi ezoel ectric el ement can be further reduced, thus further preventing
probl ens caused by the warp of the | ayered piezoelectric elenment at the
time of manufacturing an ink-jet head, such as inability to hold a 25

pi ezoel ectric body bhgeadmitlsustdoarimend] peel i ng of an adhesive WO 03/071612
PCT/ JP03/ 01261 -42 agent caused by stress in the warp direction at the

time ¢f bonding thgelkayes ethhiazaghbackiic wd efenin t @idhbastererddsevent h
enbodi ment] 5 Next, a description will be given, with reference to FIG

20, of a prLhogh of, MANKLARLMIA NG, NEAURERY cRLerRRR M C el errent 12

according to a seventh enbodi nen the present i'nvention. FIG 20 is a
S T oY eor e HORLREPT LI NERET B! 2 0RI SR uRbEREAL P
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 internél 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 su;face 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, ﬁhe intérnal
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



10 manufacturing nmethod of the seventh enbodi nent. According to the

manuf acturing nmethod of the seventh enbodinment, a dummy internal el ectrode
36 is forwedsiomethe dunmy part 33 of the unprocessed | ay@cCadprpd/@26el ectric
el enent 32 so as to have the sane pattern shape as an internal 15

el ectrode that alternates wth an i+43®rnal el ectrode 22Aa that is closest
to the surface of the | ayered piezoelectric elenent 12 into which the

unprocessed_| ayere iezoelectric el nt i roce Fhat is, in
this case?aPhé dﬂﬁgﬁgphﬁgrﬁg éf%%t?%géngg %gu?%?ﬁé@%%é'ﬁaﬁggthe pattern

shape as the 20 internal electrode 22B. As previously described, the

i nternal PéPBRE}etle P Sh5¥SPhelSane pattern shape as the interna

el ectrode 22A. By thus form ng the dumy internal el ectrode 36, the

| ayering order patt&hatotsinterdw cslsecpfodesnins Be ZEmaynphiereal

Ther eby, the nunber of wasted internal electrodes WO 03/071612

PCT/ JP03/ 8126trodd 3 andbeheeticechal dlleetidode 2£B namud adteursiamg t he | ayered
pi ezoel ectric elenment 12. That is, in the case of form ng the dummy

intermal sghgstiederciGiagdthbe hfdefdaleleiaebredsl 228 itHo ihhersame 5 shape
and formng the internal electrode 31 and the internal electrode 22A into

the same é'ﬁ_‘é&‘?ﬁo&@ezlérz]xnt&?%[%akhg'§§1’|ﬁé B! &hel ayeLEd 9B B e hettomin

t he order as shown 21A. n F . 21A and 21B, refers to an

I nternal ?5%8%&8qum1top to bottom in the order as shown in FIG. Z21A.

In FIGS. 212 and 21B, “A” refers to an internal electrode
having the same pattern shape as the internal electrode 223,

10 and “B” refers to an internal electrode having the same
pattern shape as the internal electrode 22B. Generall?, when
intérnal 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. In

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. 1In this.case, two parts of

25 successive “A”s are formed in each piezoelectric element and



havi ng the sane pattern shape as the internal electrode 22A, 10 and "B"
refers to an internal el ectrode having the sane pattern shape as the

i nternal wbasirwde 22B. Generally, when internal el ectrod€3/JR0301261
categorized in two types by pattern shape, the two types of internal

el ectrodes alternate with each othé#-in being printed due to their
printing method. In 15 this case, each piezoelectric elenent i ncl udes one

part of succes "A's ere“ he i nt d -
successi VEI% PP 3 dsucr?l%?sjf or erA ésl"ﬁ ergén%l% e%'SI%}ec?1 sag f\%qﬂ?%r hed bet ween

t he successive _internal_ el ectrodes "A'" is (% e other hand, in
the case RIfCZOGARLRGLENRLALRRNS - SRt EPAEI e"é?]%cfflr‘?ﬁfée% §§CV\E FOHE" t he
internal electrode 31 into the sane shape as the internal el ectrode 22A,
the intemudludelsethrodesuceesdiaper'dd PrOR®tHp t0-Hot t BREFALEFR: order as
shown in FIG 21B. In this case, tw parts of 25 successive "A's are forned
in each pitazeellagtikcot!| Ementnadnd1WO03467 1642 RETMIHRABA0R261 - 44 one part
of successive "A's is forned between each adjacent piezoelectric elenents,
so that %gko@l%%qgh@cgléﬁeﬂ.errent i ncl udes three successive-"A" parts in
total. Therefore, three layers of internal electrodes "B" are wasted per 5
pi ezoel ectric elenent. (Ei ghth enbodi nent] Next, a description wll be
given, with reference to

[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 elec£rode 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



FIG 22, of an ink-jet head as a liquid droplet ejecting head 10 according
to an ei ghth enbodi nent of the present invention. FIG 22 is a sectional

vi ew of twe oBaysied piezoelectric element 12 of the ink-jpem/Jpresd2éiaken
along the directions in which the pressure |iquid chanber thereof extends
according to the eighth enbodi ment=45Fhe | ayered piezoelectric elenment 12
15 according to this enbodi nent includes an external electrode 40 for

conducti on_havi.ng .t he s I st i, ezoel i_c el t 12.
The exter ﬁ%ﬁmeecrteag)tlreo%é) %gg i so%g?ﬂrreé o%ag se&rg f% gggagf?‘fhogtclttglfeg g v

pi ezoel ectric el ement 12 which surface is.not djivided b he groovi ng
processi nBeED°S & oF 15& 2HSCHRAREIRY H’i?cter?élegmm'ﬁh%x“fjeqﬁélt | ectrode 23.

The external electrode 40 is not divided by the grooving processing.

Ther ef or eextéienahairsitrotlect et Eheigseatfitdéhs grearty i adte °éomon

el ectrode side so that the common el ectrode resistance can be reduced. The
ext ernal ekéettioge 125 the naymbavel armyrslrapesasthong. as t he external

el ectrode 40 is WD 03/071612 PCT/JP03/ 01261 -45 connectable to the common

external electrode 23 ehutherélFidimg thpaekse2BaafléBsctidilegrnoovhary is
processing. The wi der the external electrode 40, the greater the desired

effect of ,of eguLld N gy gﬁ%ﬁg%ﬁﬁﬂ%eﬂ%ﬁ%@r 881 8L@NCehe BErhAYS

provi di ng the external that is "not divided by the grooving
gifgfﬁZ:”g}§§?$%%%4gg§seé%%£QQLedeﬁ?%ﬂ&?%ﬁmﬁ8niéxEQEEﬁﬁné%%éEQOEQez§9”“D”
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 Mm. 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 liquid 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



t he common el ectrode resistance is reduced, so that the difference between
the time constant of the driving voltage Pv 10 applied to the | ayered

pi ezoel ecwpiog/oeleerrent 12 in the case of driving one of tRreTARe0IRéIS and
that in the case of driving all the channels can be set to a value snaller
than or equal to 2 gm Thereby, the6difference in the ejection
characteristic can be reduced, so that a stable high-quality 15 imge can

be obtained. [N nth odi,rent ] .Nex ripti | [ , Wth
refer enc@l'lte‘ﬁbgﬁ5 Garﬁg% lﬁP{elr%%- le%z%eglae a(sicaeﬂegg?j\é\% dir%%%elt%h\eéj%gct i ng head
20 according to a ninth enbodi nent of the present invent.ion. Fl 23 1s a
sectionaﬁnvgﬁﬂléin?$MBQQﬂP%C§ﬁvﬁééd tﬁ%éﬂ“&féﬁéoaﬁgenﬁirE§§{¥§ S$TEH whi ch t he
pressure |iquid chanmber 6 thereof extends according to this enbodi nent.
The i nk- jpeezheadcbfic lememisdiAenf Hes I9ROWoLFPEIIMOBE 53T he pressure
liquid chanbers 6 and the other |iquid WO 03/071612 PCT/JP03/01261 -46
chanber s empndythe bayeired lpiyezed| ptéroel etwnened engnas r bhgedoridingwo | i nes,
respectively. In this enbodinment, the | ayered piezoelectric elenents 12 of

the sgcog@ gabodirnBid e Rbeyedenbytndhard ayeregepi ezoel ectric el ements
12 according "5 to any of the other enbodi nents nmay be enpl oyed. Next, a

description will bggjven, qukth;refsetence b JEVES, dhmndi2zenct 88
i nk-j et recordi ng apparatus |ncfud|ng
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 is 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 capabie 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 ¥ 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



the ink-jet head according to the ninth enbodi nrent of the present
invention. FIG 24 is a perspective view of the ink 10 jet recording

appar at uswoan@7fl’s. 25 is a side view of the ink-jet rececdiyng/@pgaratus,
showi ng a nechani sm part thereof. The ink-jet recording apparatus includes
a print nmechanismpart 112 in a recdfdi ng apparatus main body 111. The
print mechanismpart 112 is forned of a carriage 123 15 novable in the

| sm part 11 i ble inthe
01 e’ proChht THUERCEBNSaRE L oun LA Re ot 100 g T e

cartridges, 125 supplying ink to the recording head. paper feed cassette
(or a pap%&eC?%QﬂPqﬁQa?)P?Eﬂrc%&ﬁﬂﬁ%?qoﬁrégngé?n? Eﬁéhﬁqﬁtﬁlgﬁgheets of paper
20 113 can be detachably attached to the |lower part of the main body 111
fromthe Packsidg de dhet He sv@lesiodeths PrES. by did -25. A manual feed tray
115 for manually feeding the paper sheets 113 can be turned and opened.
The paper sheet 113Thedhérmmnt hechapésnf padt chiksetihe ta4rbage he2dhrdsual
feed tray 115 is 25 |loaded so that a required inmage is recorded thereon by

the WQ 034074 6412 RETAIRA340A 26di mawy RicamBehanisre@ardn bi2a Fheneafter, t he
paper sheet 113 is ejected onto a paper ejection tray 116 attached to the

backsi de @g}&é“ESG.f%gd?gﬁﬁat%éﬁéﬁﬂé}yb%%id%;%odlﬂZﬁrEhé¥ﬂdFé grEhani sm part

112, the riage 5 slirdably in the primary scanning direction
2 ner Sl Aoh Ao A PSRN Yol FRo8 R Bl v oo
the drawings). The primary scanning direction corresponds to
the directioﬁs 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 ffom
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



the draw ngs). The primary scanning direction corresponds to the
directions in which the primary and secondary guide rods 10 121 and 122
extend. TWato3i031612 he primary scanning direction correspomrd3/re/ilel X- axi s
in FIGS. 24 and 25. Heads 124 forned of the ink-jet heads (liquid droplet
ej ecting heads) of the present invé®ion ejecting yellow (Y) ink, cyan (C)
ink, magenta (M ink, and black (Bk) ink, respectively, are 15 attached to

the carri age #é%aﬁg%égpgtg ?%HéPH&£¥I%%J gksﬁgéggg%%%ﬁﬁﬁggggggdtQgreof are

arranged v n? i ONs Cross e pri irection and ink
is ejected from the ink ejection openings,in the dowward djirection. The
FPC cabléti4l?¥?§nﬁﬂﬁ§cteahﬁeYﬁ%Eﬁz nﬁg§5§51§hggn ‘%%QEHFPBFF%r 20 part
150 so as to apply a driving waveformto each of the heads 124. The FPC
cabl e 14 &xkhbhgurrsiighalfsopetaglenithearisidge1D4S arausd A&t FOPPEY part
150. The ink cartridges 125 for supplying the respective Color inks to the
cor r espondpagimeads th24 carecapoadivey Hea?b 12épl abeathsr t eacheivhrri age 123.
Each ink cartridge 125 has a WD 03/071612 PCT/JP03/01261 -48 vent forned

in itssuppgrtPedde and ansuppby Spsrdig fougedilDed st dwss spathat The vent
communi cates with the atnosphere. |Ink is supplied fromeach ink cartridge

125 througﬂeiirﬁc, Meed eeeehégcé&ééﬁ%na%geﬁemdim head 1424 nEyr ther,
each ink cartridgée 125 includes a porous body filled with ink so that
the ink sggpéisePigtthfyh%e%g%riggplgrngsisqgceh%?7dtiliéd'cggifﬂﬂ} %;oq:%g of the
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 (Yi—side) part (part on the downstream side inhthe
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 (Yz—-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 bélt 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



at a slightly negative pressure by the capillary force of the porous body.
The heads 124 for the respective color inks enployed 10 as a recording
head i n twoa3emsozi mrent nay be replaced by a single headpcmaPeding nozzl es
for ejecting ink droplets of the respective color inks. The prinmary guide
rod 121 penetrates through the reak9¢Yl-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_.c sl J : i mary gui de
od 129 PR TG PR O ar i R, S ohay, oY 2
direction in which the paper sheet 113 is conveyed) of the carriage 123 is
pl aced ont4he secondary guide 20 rod 122 so that the carriage 123 can slide
al ong the secondary guide rod 122. Atimng belt 130 is extended between a
drive pulley 128 romathsl direa papdar yn seediii 19 RORELY 19FCRAMPRET dri ven
pull ey 129. The timng belt 130 is fixed to the carriage 123 so that the
carri age 4231 9100¢ed backnanshfeor tfeed5chssesvaniidhgoakopgsiheompri mary
scanning direction by the WO 03/071612 PCT/JP03/01261 -49 reverse and

forwasd roiadi ans abatiber pd| Ny is&kahekNge®tDing kdbpar@ushenelddss hand, in
order to convey each paper sheet 113 set in the paper feed cassette 114 to
a position éaﬁ%@ Qwhhe heads; k24, & he - RKei &1 SREAD BQraRRaE AL UsHd Ncl udes
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 recepfion 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



a paper feed roller 131 and a friction pad 132 for separating each paper
sheet 113 fromthe paper feed cassette 114, a guide nenber 133 for guiding
each papewosheets1113, a conveyance roller 134 conveyi ng each/Pexdoipaper
sheet 113 upside down, a 10 roller 135 pressed agai nst the outside surface
of the conveyance roller 134, and-ao0tip roller 136 defining an angle at
whi ch each paper sheet 113 is sent fromthe conveyance roller 134. The

conveyance, ral.ler 134 is tated by a c , i.0g via a
gear 11 a0 E R rpRor T T dbReddfarng SO art s lPh b
printing reception menber 139 that, is,a sheet gujde nenbher i di ng each
paper shedteel1 3 1SeRPtP B tRIRP oM EFIALE FB?Yeflé P4 Héﬂl%ﬁ/ T‘%&)?@S&ds 124.
The guide range of the printing reception nmenber 139 corresponds to the
novenment ¥4&ngadofl 46héor0ingra inperl 23 echioRerPeh idpusBaihi Ay RFRction. on
the downstream side of the printing reception nmenber 139 in the direction
i n whi ch easdr papget sheets lddhveyetiontvepedejebeed nk- jet recordi ng apparatus
i ncl udes a conveyance roller 141 and a spur 142 rotated to send each paper

sheet 5113 in a diregtiok 250 of @6toeaCHy Papey reheet 1243arandkifusr her
i ncl udes an WD 03/071612 PCT/JP03/01261 50 ejection roller 143 and a spur

Lad for SENAG ouh 8aplpagelnaieeliglhd Qte Ll fanshqel essiniilgay 116
and gui de nenbers 5 and 146 rmng a paper ejection path through which
each pa%ﬁ&nipee&h%%gb§§ ﬁ%@%ﬁy%%é% e eo%kgc£ﬁg'étationary paper
sheet 113 so that recording is performed for one line. Then,
after the paper sheet 113 is 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 §f the
15 ink-jet heads of the preseﬁt 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 apparatuslincludes 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 carriaée 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



5 At the time of recording, the heads 124 are driven in accordance with an
image signal with the carriage 123 being noved. Thereby, ink is ejected
onto the wpaBsioowazy paper sheet 113 so that recordi ng isPpganpaomre for one
line. Then, after the paper sheet 113 is conveyed a predeterm ned

di stance, 10 recording is perfornedsfer the next line. Wien a recording

end signal or a signal indicating that the trailing edge of the paper

sheet 113 has reached the recording, regjon i.s, received, cordi ng
operatioﬁsi?OVS?nFﬂag%%:g%xWWﬁy Pﬁgt gg%@rf%‘%%ﬁ%1%§ ?g %%%%ﬁ%l. In this
case, since each of the 15 ink-jet heads of the present invention formng

t he head$edgs 1ﬁéscﬁm®@%Jéﬁt@@nFPBPF%%iP?YQ-oﬂﬂﬁﬁﬁbﬁro%?%tuﬁiection

thereby suppressing variation in its characteristic, the ink-jet

recor di ngjappavat upecings edortieahsadbl b2 hiajie queainteynpdade. 2 Mfitter, the

i nk-jet recording apparatus includes a 20 recovery part 147 for recovering
from ej egti-@r f abl Uneti@jdd@onheadsut@4dudhe readwer ysparévardzd.s provi ded
on the X, side in the noving directions of the carriage 123 in a position

out si de e & geor di.ngng egl-as BBovBeALFIG 24 (Thelevasoves ymart 147
i ncludes a capping pari, a suction part, and 25 a cleaning part. Wile

e Dot B8, S0e SR 208, 2T VOO AT dPOSIR0T ol IS

noved to e recover side so as to have the eads 124 capped
by the capping part. Thereby, the ink, elest]on oneniaos oladfle heads 124

are mai nttd%feden S& ot osity, by
ejection characteristic.
Tn the case of the occurrence of ejection failure,

10 the ink ejection openings (nozzles 5) of the heads 124 are
hermetically sealed by the capping parf, 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 drawinés) provided in a lower part
of the main body 111. In the waste ink reservolr, 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.



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 awbosleeink ej ecti on openings have the sanme ink PCIOB&I/E1961 t her eby
mai ntaining a stable ejection characteristic. In the case of the
occurrence of ejection failure, 165he ink ejection openings (nozzles 5)
of the heads 124 are hernetically sealed by the capping part, and air

bubbl es as well as_ink are evacuated from.the | ej i i ngs
through a tube by th8 E?ﬁn%%ﬂ¥eﬁgﬁf9rf%?doﬁmQﬁé;ﬂ%¥§ﬁér?ﬁ% é%%é%ﬁﬁg i nk

ej ection surface of each head 124 is renoved by the 15 clegni art.

Ther eby, imerHdams 182appbeefidio Arormt&aeti bradiad 1ure e %?/%QE% ted ink is
ejected to a waste ink reservoir (not shown in the drawi ngs) provided in a
| ower pardjeafinchéeamsi.n Bodyvelr, 1 thienprirecnasievenikiaresér @6FP, the waste

ink is absorbed and kept in an ink absorbing body. 20 Thus, the ink-jet
recor di nga@ppiadaadies tof 1igusd drdpdditmesecithogudesds ethiemkthet hleads of the
present invention. Therefore, the difference between the tine constant of

the case ofy drdwifagonguehannel 1@@@@@&%@@5&@% abatihe; s@seng of
driving all channels can be reduced, so that a stable high- 25 quality

i mge can,be recorded. YO 03/ 071 LIPO3(94281 12 b Bt N8y head
above- des%’?ol%leeiser%)%ﬁgi %e%gdo’ %Zsél%ét%easgta ?ﬁventi or? 'S g%plci edgt oe%n

I nk-j et heejaedci?isnga AJ:IO%L_JLIe sdggpall %NA sample.

Further, in the above-described embddiments, the
present invention is applied to the actuator part (pressure
10 generating part), as a piezoelectric actuator, of a liguid
droplet ejecting head such as an ink-jet head. However, the
present invention 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 variations and



ej ecting head. However, the present invention is also applicable to liquid
droplet ejecting heads other than the 5 ink-jet head, such as a liquid
dropl et eyeaBiongihead ejecting droplets of a liquid resi CTaRMB/@E261 qui d
droplet ejecting head ejecting droplets of a DNA sanple. Further, in the
above-descri bed enbodi nents, the pfesent invention is applied to the
actuator part (pressure 10 generating part), as a piezoelectric actuator,
of a liquid,droplet ejecting head S k-] e §Qﬂﬁy , the

pr esent FH&B%ﬁF%ElPESaT%%lﬁgﬁnga ?gﬁg%géiﬁgﬁﬁggﬁ%?%ﬁm(gg%icro ?Eiay), an
actuator for a nmulti-optical lens (an optical switch), a mcro flow neter,
and a prd3¥uPEes8REoFMER WM as 15 a micropunp and an optical device (an
optical nodulator). Further, in the above-described enbodi nents, the
present invention iEhappidsedtt orals¢afeldhddt &2sKEa8™i PPRMISIE the direction
in which a diaphragmis displaced is equal to the direction in which an

i nk dropletidiste] eppetcationewer., 2002t-bé7 PY bsEhted mneRtbonary 4 so
applicable to an edge-shooter head in which the direction in which a

di aphgagmje ditspl agedrei Som@mpendircwhaeh t ord heerlivvedhtconpératdd dy an i nk
droplet is ejected. The present invention is not limted to the 25
specificq%%%a I.3¢| osed enbodi ments, but variations and WO 03/071612

PCT/ JP0O3/ -53 nodifications may be nade without departing fromthe
scope of



the present invention. The present application is based on Japanese
priority application No. 2002-047371 filed on February 25, 5 2002, the
entire cowDanwsieef whi ch are hereby incorporated by refePemaeos/ sl
03/071612 PCT/JP03/01261 -54 CLAIM5S 1. A |l ayered piezoelectric el enent
conprising: a plurality of driving-parts divided by grooves, the 5 driving
parts conprising alternate | ayers of piezoelectric |ayers and interna
el ectrodes; and non-driving parts formed at both ends of an array of said
driving PpaPE¥S the non-driving parts conprising the alternate layers of
t he piezoelectric layers and the internal 10 el ectrodes, 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 parts, the nunber of said
driving parts n, ard a# ésiystadceid®dd dsdinicerlsapat nepmRIfiSHYg parts
satisfy R:!1~ 8 X 10-6 InlC. 2. A layered piezoelectric elenent conprising:
a plurality of drivingpantsydb¥i dethiyy geaesesivitied oy igiouyepar the
conprising alternate | ayers of piezoelectric 20 |layers and internal
el ect 50des:; AQR- AL VL NG i3 BT Ad t b OLdYy and% rObiaBo AL E@r 1

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
10 electrodes,
wherein a common electrode of said driving parts is
extended from said non-driving parts; and
a capacitance C (F) of each oflsaid driving parts,
the number of said driving parts n, and a resistance R (Q)

15 Dbetween said non-driving parts satisfy R £ 8 X 107¢/n/C.

2. A layered piezoelectric element comprising:

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

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



said driving parts, the non-driving parts conprising the alternate |ayers
of the piezoelectric layers and the internal electrodes; and 25 an

i nternal wbastrwde for conduction connected to a WO 03/ 07P6TAP03/01261

PCT/ JP03/ 01261 -55 common external electrode of said driving parts and
undi vi ded by the grooves, wherein-aseommon el ectrode of said driving parts
is extended fromsaid non-drivi ng parts. 5 3. The | ayered piezoelectric
el emrent as clairre rein.s ntern c

conduct i GIPHLE &x ﬁ%?)Je %%C[s%ré’r‘?t 81 §2&4u fl‘flnga pahapegtqﬁ {JIEL%%ZK{ t he
internal electrodes of the alternate | ayers has before the alternate 10
| ayers arey g’”—rh@o@ééov‘iﬂrs The | ayered piezoelectric elenent as clained in
claim?2, wherein said internal electrode for conduction is fornmed in a
plurality of |ayerswhefeif aTlremhayeebdcpialoalfeceidcdelehatPagtsci& med in
claim4, wherein each of the layers of said internal electrode for
conduct i aaxthasica $hapessibsiantdrdhiygegaatst o a shape that one of the
internal electrodes of the alternate |ayers has 20 before the alternate

| ayerg are grooved. 6. A |ayered piezoelectric el ement conprising:

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 Dbefore 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;



a plurality of driving parts divided by grooves, the drivi
conprising alternate |ayers of piezoelectric 25 |layers and

ng parts
i nt er nal

el ectrodewp 0732 071612 PCT/ JP03/ 01261 -56 non-drivi ng partpodaeeed at

both ends of an array of said driving parts, the non-drivi

ng parts

conprising the alternate |layers of56he piezoelectric |ayers and the
i nt er nal el ectrodes; and 5 an external electrode for conducti on connect ed

el et rode 1or  bondURlT G BeFAgOF bF et BH & uPPhRe- e (e 1

ornea on a surrace o

Ipéﬁﬁ%gabf

ayere

pi ezoel ectric | ayer which surface is undivided by theiFgrooves, 10 wherein

a conmon SAi6cCrédHeénePaEiY dieyPRY PFArY $Y PG SHERIFHE%h

parts. 7. A nethod of manufacturing a | ayered piezoelectri

95 d non-dri vi ng
c el enent

i ncl udi nglaepinarcal Leyens aff itiengipapesectsielihavesd BpdgEBSVERLSTTEH- dri vi ng

parts fornmed at both ends of an array of the driving parts,
el ect r odefey:rocesdugtd on connected to a conmon external el

and an i nternal
ectrode of the

driving parts and undi vided by the grooves, the driving parts and the

non-dgi ving parts copLitirsgiablertabee | ayercdnahic2Oopi e2ned

eeid it kayers

and internal electrodes, the driving parts having a common el ectrode

ext ended Jéﬁﬁgﬁl%%t@?ﬂégréfgd¥lod%@% SsalBeqPBINRA OWRN | $hBGetheridieps of:

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 piezoelectric 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

the dummy part being formed of a piezoelectric layer

to a base,

to have a

25 shape substantially symmetrical to a shape of a group of the



(a) fixing a nmenber including a dumry part to a base, the dummy part being
formed of a piezoelectric |ayer to have a 25 shape substantially

symet ri cab iBo7m1shape of a group of the WD 03/071612 PCTPIPOBINM®2E1 - 57
internal electrodes of the alternate layers in a direction in which the
alternate layers are fornmed; and (¥)7+enoving the dummy part fromthe
menber. 5 8. The nethod as clainmed in claim7, wherein a dunmy internal

el ectrode corresponding to the jnternal _.el rode.far ¢ ti,on.i s formed
in the deRYFTParts %fté%%§sn8Eh8%ea%{EﬁEﬂ%%%%%ﬁeg?af%1%f£L ergﬁh ?ﬁe 10
dummy internal electrode has a shape symetrical, to a shape that one of
the int emhathetbetzberinade LR¥CEF 1 &FRat¥FMeeP8Y has before the alternate

| ayers are grooved, the one of the internal electrodes being closest to a
surface of the nenb@ér) rafmpeingheheluiumpaert STeBrgvRedFRECef rom t he
surface of the 15 nmenber being created by renoving the dumy part. 10. The
nmethod as clainmed in claim8, wherein the dummy internal electrode has a
shape substantially symmetrical to a shape that a first one of the

interpal el ectrodesy of rhen20naht £ Nty ens chasmbef anerehia al ternate
| ayers are grooved, the first one of the internal el ectrodes alternating

mith a second.one.of, thedataenab elesbiedes &f chbeatémmate |ayers, —the

second off&"OF the T htertial el ectrodes el ng closest to a surface of the

menber alh%%tggged%or!c éiécgf%nrggn¥ggmed 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 fhe alternate layérs are grooved,
the first one of the internal electrodes alternating with a
second oné 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



25 therefrom the surface of the nmenber being created by renoving WO
03/071612 PCT/JP03/01261 -58 the dumry part. 11. A piezoelectric actuator
conpri si Ngo 03a7wnyabl e part; and 5 a | ayered piezoel ectri ecelemznel
deform ng said novable part, the |ayered piezoelectric el enment conprising:
a plurality of driving parts dividetBby grooves, the driving parts
conprising alternate |ayers of 10 piezoelectric |layers and internal

el ectrodes; and non-driving parts forned at both ends of an array of said
driving part S RePHon- driving parts conprising the alternate |ayers of

t he piezoelectric layers 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 parts, the nunber of said
driving parts n, ard.a RepistaptecRiq RctyeitaseACBRFEFHEH-drivi ng parts
satisfy R< 8 X 10-6/n/C. 20 12. A piezoelectric actuator conprising:
novabl e part; and d ayredeppezoelaciric el enent deform ng said novable

art,
" 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:



25 the | ayered piezoelectric elenment conprising: WO 03/071612

PCT/JP03/ 01261 -59 a plurality of driving parts divided by grooves, the
driving papotes/ocenpri sing alternate |ayers of piezoel ectriPCTIIR§RZI1361and
internal electrodes; non-driving parts fornmed at both ends of an 5 array of
said driving parts, the non-driving®arts conprising the alternate |ayers
of the piezoelectric layers and the internal electrodes; and an internal

el ectrode for conduction cqnnected 0,.a _compn_ext lLectrode of said
driving parts and 10 un&i&ﬁﬂﬁaibgyt%%(B?%Hﬁﬁkpaﬁ§8r§§ﬂﬁgﬁgg n el ectrode
of said driving parts is extended from said non-drijivin arts. 13. The

pi ezoel egredpeeactihr crigdngl BpREY FHRYIE I f%tfﬁ?aﬁﬁe%%gé%ssgid i nternal

el ectrode for conduction has a shape substantially equal to a shape that
one of tpeekotbematic dlagetnsoded bitetrelalalechapdebayers has before the
alternate |ayers are grooved. 20 14. The piezoelectric actuator as cl ai ned
inclaim 12, wherein sadh-iditieingl petectfaded at bohduetdomi enf orned in
a plurality of layers. 15. The piezoelectric actuator as clainmed in claim

25 14, wherein 96&55- Platie ayerss of uisdirbi-direknal gheed roaerieinyo
s P it
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



-60 conduction has a shape substantially equal to a shape that one of the

i nt ernal

el ectrodes of the alternate |ayers has before the alternate

| ayers arwOogsoomwer. 5 16. A piezoel ectric actuator conpri PCAGPO3/@26mvabl e

part; and a | ayered piezoelectric elenent deformng said novable part,
| ayered piezoelectric el enment conpré68+ng:

divided by grooves, the driving parts conprising alternate |ayers of

pi ezoel ectric | ayers and interna | ectrodes; n-dri_vi formed at
bot h end<LAYEH1CR RAT JFSERY -sdlk"isgftﬂ P ste,\qutrlhe t(r%’or?— Blggigﬁ%ﬁa;carot?l S

conprising 15 the alternate |ayers of the piezoelectric %g%ﬁgs and t he

HSfect ed

i nt er nal

ofl aber daesrnahdeares naf Erecktiida s *edRdac

t he

10 a plurality of driving parts

to

a common external electrode of said driving parts, the external electrode

f or condutis enteenaygef bayes airea ggapfade of 20 the | ayered piezoelectric

| ayer which surface is undivided by the grooves, wherein a common
el ectrode of said driving parts is extended fromsaid non-driving parts.
25 17. Aliquid droplet ejecting head conprising: WO 03/071612

PCT/J%03/01261 -6lig. a piezoelectric actuator comprising:

10

15

20

25

a movable part; and

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
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

aﬁ 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,

wherein a common electrode of said driving

parts 1s extended from said non—driving parts.

17. A liquid droplet ejecting head comprising:



a piezoelectric actuator pressurizing a liquid chanber conmunicating with
a nozzle so as to eject a liquid droplet fromthe nozzle, the

pi ezoel ecwpiog/oawtiziat or conprising a | ayered piezoel ectri @ecalJesizél 5 t he
| ayered piezoelectric elenment conprising: a plurality of driving parts

di vided by grooves, the driving patis conprising alternate |ayers of

pi ezoel ectric layers and internal electrodes; and non-driving parts forned

at both ends of an 1Q arr f.said drivi S, -dpivin arts
conprising the alfbﬁH§F89$§§gF%Ccﬁc Y895 %%8%?%%?%}%&ﬁ%3@%gggnd t%ep

internal electrodes, wherein a comon el ectrode of said drivin parts is
ext ended FEERES aF ARG ARG AN §158r & SROFNSE P é‘scgﬁaép £Ghc? léqﬁ%)d of each of
said driving parts, the nunber of said driving parts n, and a resistance R
bet ween shioglabnEdon viligy mpeaziis, s ghespieRelectgrix fGLBRARPE. CAPTLELPEqui d
dropl et ejecting head conprising: 20 a piezoelectric actuator pressurizing
a |iquidga ahgabes sosToulaaihing edehbng, nozzle so as to eject a liquid
droplet fromthe nozzle, the piezoelectric actuator conprising a |ayered

piezo$!ectric el emefle 1tRRrkayphedod &z06leetibimenel esmitigianpri sing: 25 a
plurality of driving parfs divided by WO 03/071612 PCT/JP03/ 01261 -62
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 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/C.

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



grooves, the driving parts conprising alternate |ayers of piezoelectric

| ayers and internal electrodes; non-driving parts fornmed at both ends of an
array of weiododwiyi ng parts, the non-driving parts conpri PCagroiiéie
alternate | ayers of the piezoelectric layers and the internal el ectrodes;
and an internal electrode for condu®fi-on connected to a common external

el ectrode of said driving parts and undivided by the grooves, 10 wherein a

comon el ectrode said drivin parts.Ls_exten r Ld_pon-driving
parts. 199°9HETq %&ngﬁﬁgb?%fp%'é%ffﬁﬁrﬁgé ga%f%géﬂﬁ%aq%k%9%|%?n]181
wherein said internal electrode for conduction has a 15 shape

subst ant i Bi $3PERFATiCo laY8RaRPY HattegRaLof L EREF$HTT nal el ectrodes of the
alternate | ayers has before the alternate |ayers are grooved. 20. The
liquid dropl et ejecting headdasvinaineedsi forpedcihilrtls engfepéi At sai d
internal electrode for conduction is fornmed in a plurality of layers. 21
The |iqui drgspplfetsagideatri tgndesdrias, chai med-dnivi@ipa2@, cehpresimeach of
the layers of said internal 25 el ectrode for conduction has a shape

subst anti g} Y, Baa 0 18y Y05 03f 0612 RE6E1 dPOB{ 126 ers G3d shape that one
of the internal electrodes of the alternate |ayers has before the

alternate,|ayers ane 9.8q¥gd- ang

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



22. Aliquid droplet ejecting head conprising: 5 a piezoelectric actuator
pressurizing a liquid chanmber communicating with a nozzle so as to eject a
liquid owopBetieizomthe nozzle, the piezoelectric actuat ®@CT@eMOIRGI Ng a

| ayered pi ezoel ectric elenent, the | ayered piezoelectric el enent

conprising: 10 a plurality of driw63g parts divided by grooves, the
driving parts conprising alternate |ayers of piezoelectric |ayers and

internal gl ectrodes; non-driyi rt;s th e of.ap array of
sai d dri VPR parts, O{Iﬁeoﬁo{élﬁ%r%}\%e%%a&are?%ggﬁ%% scl?iggﬁel%qt%ﬁe gllalt ernat e

| ayers of _the piezoelectric |layers and the internal electrodes; and an
ext ernal &R¥R%T JHe FﬁFOESnHE%t%iﬁ??ﬂﬁ&ﬁéé?gﬁrst%r%.%ﬁﬂﬂﬁﬁ?'external el ectrode

of said driving parts, the external electrode for conduction being forned
on a surface of 20 the | ayered piezoelectric |ayer which surface is
undi vi ded by the grooves, wherein a common el ectrode of said driving
parts is extended feam saidiqwint diropiley phetsin®$1e2@ campihRkif@t recordi ng
apparatus conprising: WO 03/071612 PCT/JP03/01261 -64 an ink-jet head

ej ectisng an ink dropl giezddie=ditkd ektheadr comdsting ngy pi digeléctric

actuator pressurizing a liquid chanber communicating with a nozzle so
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
plezoelectric 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:



as to eject the ink droplet fromthe nozzle, the piezoelectric 5 actuator
conprising a | ayered piezoelectric elenent, the |ayered piezoelectric

el enent cwomsiozienzy: a plurality of driving parts divi dedPoy/Jgeaees, the
driving parts conprising alternate |ayers of piezoelectric |ayers and
internal electrodes; and 10 non-dri%#ng parts forned at both ends of an
array of said driving parts, the non-driving parts conprising the

alternate | ayers of tEgggé%%pggggté@g?%ﬁﬁge§i§9%é§?8glégternal el ectrodes,

wherein a comon el®t of “§ard I S extended from said

non-driving parts; and a _capacitance C (F), of each of _sajd, drivin parts,
the nunber of said #§ id¥gIsdr £€3H, C%rﬁ‘aélag%n@sias%’éﬁ&?ehec ]é{%\eae%tuggpa

non-driving parts satisfy R:!~ 8 X 10-6 /n/C. 20 24. An ink-jet recording
appar at upwomuriging: 2 hiauitk -Jhemblesagoeperet ¢afgingh Witk @r BpEete Ihe ink-j et
head conprising a piezoelectric actuator pressurizing a |iquid chanber
comuni caid n® eHkbtatheztle dwplas tfoomj eoe ndmzliank tdeophezodterittine
nozzl e, the piezoelectric 25 actuator conprising a | ayered piezoelectric

el enegt, MR Q3/971643r PO RO3/126H pibkothectaieradmenezoel ectric el enent
conprising: a plurality of driving parts divided by grooves, the driving

parts conprising al{ﬁgrﬁgf%fé@Y%ﬁézgglectric element comprising:

a plurality of driving parts divided by
grooves, the driviﬁg 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

(Q) between said non-driving parts satisfy R < 8 X 107°/n/C.

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,



pi ezoel ectric layers and internal electrodes; 5 non-driving parts forned at
both ends of an array of said driving parts, the non-driving parts

conpri si Ngo oBleleat t ernate | ayers of the piezoelectric | ay@Cy/iromiiéie
internal electrodes; and an internal electrode for conduction connected 10
to a common external el ectrode of s&S5d driving parts and undivided by the
grooves, wherein a common el ectrode of said driving parts is extended from

Said non-dri ving pachs. 16,28 oIhe Lok:Lel. recoiing appaLatys as cl ai ned

in claim?24, wherern said’i rna ectrode for conduction has a shape

substantially equal to a shape that one of ,the internal. . el ectrodes of the
alternate |ayers has befBrEfPﬁ %FXépgéF&Vngyg?Eé%ﬁguﬁfggt%H. 20 26. The

ink-jet recording apparatus as clainmed in claim?24, wherein said internal
el ect r odegtervesondhiet BohViBT Bt FIWT4SpPdr al tegpaie I1ayers. ©55 27. The
i nk-jet recording apparatus as clainmed in WO 03/071612 PCT/JP03/01261 -66
cl ai m 26, pidsseiartedchlefetbeandyiermhlsalidctnedesal el ectrode for
conduction has a shape substantially equal to a shape that one of the
intermal el ectrodes of thenabteyngy eadtayevsmbasabebotle drive alft ennat e
| ayers are grooved.
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



5 28. An ink-jet recording apparatus conprising: an ink-jet head ejecting
an ink droplet, the ink-jet head conprising a piezoelectric actuator
pressuri zwog3amseink chanber comrunicating with a nozzl e s®Cagproidl@2¢10 ej ect
the ink droplet fromthe nozzle, the piezoelectric actuator conprising a

| ayered piezoelectric elenment, thebbayered piezoel ectric el enent
conprising: a plurality of driving parts divided by grooves, the driving

parts comprising alLer 0l &l ayers ik 115:pL e70dlaed Ghecbayers and internal

1 .
el ectrodes; non-driving par or me oth ends o n array of said

driving parts, the non-driving parts conprisi the alternate | ayers of
the pi ezdehe&HEe ?89e?%n%HﬁF4%We a?n?e?ﬂgPeéTg%FF5§é§? Xnﬁq%%fé%)ékternal
el ectrode for conduction connected to a commpn external el ectrode of said
driving parans theé oestef rdle dinderpadecioftedstfRfudt dhepel hgRdrsred on a
surface of the layered piezoelectric |ayer which surface is undivided by
t he groovies;er25 hakebefora dommirieaheter bdeerd v dirdoivedng WO 03/ 071612
PCT/ JP03/ 01261 -67 parts is extended fromsaid non-driving parts. 29. An
i nk-j &t recording apparatus conprising: an ink-jet head,

28. An 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 elgctrode 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



5 the ink-jet head conprising a | ayered piezoelectric elenent pressurizing
a liquid chanber so as to eject an ink droplet therefrom the |ayered

pi ezoel ecwpiog/oeleerrent conprising: a plurality of drivingPparpes/des ded by
10 grooves, the driving parts conprising alternate | ayers of piezoelectric

| ayers and internal el ectrodes; andé7faon-driving parts fornmed at both ends

of an array of said driving parts, the non-driving parts conprising the

alternate lavers of. (he.pigzgel.echrlonlayp AR ke 15 internal

el ectrodé¥ omion el ectr said driving parts is extended
fromsaid non-driving parts; and. a difference between a tine constant of a
driving voltage applied to the | ayered piezoelectric elenent 20 in a case
of driving all of said driving parts and a tinme constant of a driving
vol tage applied to Zhe IAgyénid]epi BoeRTERNT PPPEFaREAt CPAPETASE of driving
one of said driving parts is smaller than or equal to 2 gsec.

an ink-jet head,

5 the ink-jet head comprising a layered plezoelectric
element pressurizing a liguid chamber so as to eject an ink
droplet therefrom,

the layered piezoelectric element comprising:
a plurality of driving parts divided by
10 grooves, the driving pérts 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—dri&ing 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 plezoelectric 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.



