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i PRECAARGIO BV

-1- DESCRI PTI ON LI QUI D DROP DI SCHARGE HEAD, LI QUI D
DROP DI SCHARGE DEVI CE, AND | MAGE FORM NG DEVI CE 5
TECHNI CAL FI ELD The present invention relates to
liquid drop discharge heads, liquid drop di scharge
devices, and 10 inmage formng devi ces. BACKGROUND ART
An ink jet recording device having a liquid 15 drop
di scharge device including a liquid drop discharge
head is known as an i mageEBgrIBT@Oievi ce such as a

printer, facsimile, copier, and nultifunction device

of the printer, facsimle, and copier. 20 In the ink
jet recording device, a liquid drop of a recording
liquid is jett@dIPrBRPE DESCOHARGE HBAH,t & I&Uldr dPRIEE
medi um such as a gaper, an COHP ééwerhead Pr oj ector)

Fedflil SMAGE rRRRMENGgDBAEEE so
that inmage form ng such as 25 recording, printing, or
copyi ng can be perforned. It -2- is possible to record
aggt% ci Sl Dimage with high speed by the ink jet
r F on the : -

The present invention reléﬁes to liquid drop
discharge heads, liquid drop dischérge devices, and

image forming devices.

BACKGROUND ART

An ink jet recording device having a liqﬁid
drop discharge device including a liquid drop
discharge head is known as an imagerforming device
such as a printer, facsimile, copier, and
multifunction device of the printer, facsimile, and
copier.
| In the ink jet recording device, a liquid
drop of a recording liquid is jetted from a recording
head to a recorded medium such as a paper, an CHP
{Overhead Projector) film, a recording medium or a
recording paper, so that image forming such as

recording, printing, or copying can be performed. It
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recording medium In addition, running cost is cheap
and noise is small in the ink jet recording device. 5
Furthernore, it is easy to record a col or image by
using a lot of kinds of colors, in the ink jet
.recordi ng device. As the inkjet head used for such an
i nkj et recording device, an inkjet head having a

liquid room 10 such as a pressing room pressing

| iguipt SsOidM e pt@SsEEe rHo@Mh iaglyi hr @& i 8 oh0afMa N dy Bt h

pi ezoel ectric elenment is knowmn. The liquid roomis
cbagéctsgrbad hhethaoznke jledr mhsehdt ggndetried iquithe
drop. The vibration plate forns a part of a side
stefacaliofns thediud. | | doi éddddmomherpnpiogl ectsti cis cheap
el ement functions as  an el ectrical -nmechani cal '
cBRdenSiiG® el entha lhhiieh theefighis] e hererbrraiingn dsiatee
As di scl osed in, Japanese Patent Laid-Open_ Application
PEBFEBEITGHE Not T 2083598852 Carfce dF 28080126 AF7GHS bY

d.J P t No. 3178414, PZT fo db
D0 RE & SHh 1S BnBRE S0P Tl oddth 4 viAcklR LK Aol um

'.gﬁ%gﬁgégﬁﬁfﬁgéd sol ution-of lead zirconate (PbZr(3)

thnate (PbTi O8), is used. as a

pi ezoel ect e, TLer] aly LorALOG & M P2A8L eGhrlC 25 nicsor

el ement used for suc n- {1-nKj et recor ng ]éew ce.

;%Efﬁg%yﬂdnﬁeﬁﬁé@liQnsghﬁﬁﬁ@wﬁggﬁﬂﬁ%b¥n§agl§Qquid room
such as a pressing room, pressing ligquid room,
pressure room, a vibration room, and a piezoelectric
element is known. The liquid room is connected to tﬁe
nozzle for discharging the liquid drop. The
vibration plate forms a part of a side surface of the
liguid rocm. The piezoelectric element functions aé
an electrical-mechanical conversion element which
deforms the wvibration plaﬁe.

As disclosed in Japanese Patent Laid—Opeﬁ
Application Publications No. 2003-94652 and No. 2003-
237065 and‘Japanese Patent No. 3178414, a PZT group
formed by adding a small améunt of an additive such
as niobium oxide to a solid solution-of lead
zirconate (PbZrOj3) and lead titanate (PbTiO3), is used
as a plezoelectric material forming a piezoelectric

element used for such an inkjet recording device. ‘In
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systent and forned by dissolving a | ead group

conpound perovskite such as Pb(My1l/ 3Nb213) (3 into the
PZT is al so used as the piezoelectric material 5
form ng the piezoelectric el ement used for such an

i nkj et recording device. Singe the Curie tenperature

of the PZT is high (360 t), the PZT nmay not be

i nfluenced by heat in a head manufacturing process.

| B RAdi #1d:0N, & SéBQ?dlgotlfﬁ%i%r{‘tcféﬁé‘ﬁaﬁgp%%@tllércﬁ Ofe t8ry
PZT is relatively |ow (900 through 1200 C), a |ow
ceylst@ialac@nrbemets e fdirs s+ ML Er Bah ebay@roup

el ectrode. However, the above-di scussed piezZoel ectric
cepapicumatpstalskickudesH ead BIX(dE; ,sWBL ch 0;S iRdle Ihe
preferable for an ecol ogi cal system as approximtely
70%Tofi ¢ kel sohsedeaghttheTherefmebectnia sase nikdr e

t he above-di scussed piezoelectric ceramc material is

t Boawirgndiie ipiggoexpetred thiaement endedofpoursdiat ldn
be diffused into a natural environnent due to acid 20
pr8&KIsitt G AhATt AeFélSE-a bad i nfluence to a human
body or the ecol ogi cal _system may be expected. )
Furt her nor e S 7€ FHELIPoINETH TR oDl 8f that Bzd is

peculiar_ to e ink jet recording device using the
pPe28el &Y in{cﬁel &hentE 2B Y| BotsPRcd ntfHalensed nRyj beat

pghn%e%éé%(%§§@§£C£Q%EH%I%?634§§? ffﬁ”hﬁ%i%ibn, since
the sintering temperature of the PZT is relatively
low {900 through 1200 C), a low cost metal can be

used for an internal layer electrode.

However, the above-discussed piezoelectric

- ceramic material includes lead oxide, which is not

preferable for an ecological system, as approximately
70% of the whole weight. Therefore, in a case where
the above-discussed piezoelectric ceramic material is
thrown away, it is expected that a lead compound will
be diffused into a natural environment due to acid
precipitation and thereby a bad influence to a human
body or the ecological system may be expected.
Furthermore, there is the following problem
that is peculiar to the ink jet recording device
using the piezoelectric element. That is, since the

ink jet printer i1s cheaper than other image forming
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type printers, a large nunber of the ink jet printers

are consuned for general individual users. In a case
where the piezoelectric elenment including lead is

used for such a cheap printer, a ratio of cost for 5
col l ecting | ead agai nst beng%it obt ai ned by selling

the printer is high. In addition, since the head part

is mechanically positioned with an extrenely high

p ISi. Qn, cost di. sl th rdanters |

hF %? ecéﬂ%%ﬁ%? %h%é?ﬁg nanuféitﬂ?e?ﬁg ?gklgggn#%{lﬂ§ers
t BecCRdRGINSN Pbrt BEnkead IimEXFIQABLYuBEER.. 1In a case
DI SCLOSURE OF THE | NVENTI ON Accordingly, it is a

general tohi esicpbetbetriz RreSRMt | DVEDhHOAG Q g DVigle

a novel and useful liquid drop discharge head, |iquid
duepddifzahargeh aevheep andrittage dorathg deévicesmt for
Anot her and nore specific object of the present

i peddeicdnrie leaproyghdesa HensfidroptaOnddsdlyarggel ling

head which discharges a liquid drop by using a
ptigodirdattrd e s ehegh . notln meldidi e | eddncengheditaard
so that the risk of environnental pollution and
dP8F&NtlS Mf catlicahlbePRgdd 1BV S avithgand egtgpmely
dj scharge devjce having the liquid drop.25 discharge

hBagh HrP i MRget RBr APRG d@A &L STR0TFRBIaRGyNE

°B&§%%é¥ fgm%fgﬁ?enﬁehgﬂgglé¥]éﬁ&s, a manufacturer’ s

locad for the collection of the lead is extremely high.

DISCLOSURE OF THE INVENTION

Accordingly, it is a general object of the
present invention to provide a novel and useful
ligquid drop discharge head, liquid drop discharge
device, and image forming device.

Another and more specific object of the
present invention is to provide a liquid drop

discharge head which discharges a liquid drop by

using a piezoelectric element not including lead

ingredients so that the risk of environmental
pollution and dismantling cost can be made low, a
liguid drop discharge deviée having the liquid drop

discharge head, and an image forming device.
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achieved by a |liquid drop discharge head, including:

a nozzle configured to discharge a liquid drop by

using a piezoelectric elenent; 5 wherein |ead

ingredients are not included in the piezoelectric

el ement. The above object ofsthe present invention is

al so achieved by a |iquid drop di scharge devi ce,

including: 10 a liquid drop discharge head configured

to dischargeha &dbguedotrert Wherehd phesknquiihvopion is
di scharge head includes a nozzle configured to
diesthaged the &i gugdiddropbydischgrgephezackl eci¢ieding:
el enent, and 15 | ead ingredients are not included in

. the piezoel®&creizlel eppdtigurtd aboveisbheceofa tlhisguid

present invention is also achieved by an inage '

f SR P eVF ERI canPilgFced el For pd amenfdge on a

recordi ng nmedi um by di scharging 20 a |liquid drop of .
recording | i1 ntfadi AGILEIIREY AF8pnaitsdiigigeded in
hﬁ d canﬁ%%%{ed to discharge the liquid drop; wherein

t i8S Fdd Pt SchaFgéMead includes a nozzle

oo berr hd] 2587098k A%+ B ¢he Br LR AR &b 1
also achieved by a liquid drop discharge device,
including:

a liquid drop discharge head configured to
discharge a liquid drop;

wherein the liguid drop discharge head
includes a nozzle configured to discha;ge the liquid
drop by using a piezoelectric element, and

lead ingredients are not included in the
piezoelectric element.

The above object of_the present invention is
also achieved by an image forming device configured
to form an image on a recording medium by discharging
a liquid drop of recording liquid, including:

a-liquid drop discharge head configured to
discharge the liquid drop;

wherein the liquid drop dischargé head
includes a nozzle configured to discharge the liquid

drop by using a piezoelectric element, and



| ead ingredients are not included in the

pi ezoel ectric elenment. O her objects, features, and
advant ages of the present invention will become nore
apparent from 5 the follow ng detail ed description
when read in conjunction with the acconpanyi ng

drawi ngs. BRI EF DESCRI PTI ON°OF THE DRAW NGS 10 FIG 1
is a perspective view of the exterior of a liquid

drop di scharge head of a first enbodjnment _ of the
present invemddn PEFed15TES GF %P bdERCHEFEfect Vide
vi ew_of thﬁ | iquid drop discharge head of the first
1?13%6§ﬁfﬁ% o1 ﬁgeB%ésent invention; FIG 3 is a
Cross-secti = he - li.quid_dr di r.ge

head of thgﬁﬁﬂ% g%%%%F%énﬁﬁééﬁ%%%’p%gge%?%gié%ges of
| PYReNt Qe G ndeh$ i BnP&iSPEe éé@h¥'§$&%f d2dent from
pi ezoel ectric actuator of the liquid drop gl char ge
head qbﬂﬂﬁhf%gS&eﬁﬁ@@@@“ﬁﬁséﬁi HEoRr RRERAL read in

I nvention; Fl 5 is an enlarged perspective view of
pachs wictien prezretaet bicecagidipf Digshewning skl G 4;

25 FIG 6 is a structural view showng an -7 exanple

of a mechani smpart of an imge form ng

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspectiﬁe view of the exterior -
of a ligquid drop discharge head of a first embodiment
of the present invention;

FIG. 2 is an exploded perspective view of
the liquid drop discharge head of the first
embodiment of the present invention;

FIG. 3 is a cross-sectional view of the
liquid drop discharge head of the first embodiment of
the present invention;

FIG. 4 is a perspective view of a
pliezoelectric actuator of the liquid drop discharge
head of the first embodiment of the present
invention;

FIG. 5 is an enlarged perspective view of
parts of the piezoelectric actuator shown in FIG. 4;

FIG. 6 is a structural view showing an
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device including a liquid drop discharge device of
the present invention; and FIG 7 is a plan view of
parts of the inmage 5 form ng device of the present
i nvention. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON A
description of the present invention and 10 details
of drawbacks of the related art are now given, wth
reference to FIG 1 through FIG. 7, including

t he

_ FIG FIG 7, incl
FERGRETR T, ot Sp R TR e 20 yhERbRy ot g

p ([HalY ' i L |t R c

THETRS, alen e o8 BRI B AEhEBRtaSE Oo b
t pgeext@dQft of nd ek baui & @y op discharge head. FIG

2 is an expl oded perspective view of the liquid drop .
di scharge head. Fl @s 3 iflan CH 8§ 8€CHANA F eWhef image
the liquid drop discharge head. 20 The liquid drop
disehange drasic-dast atRezplre sehif orndésehangi ng a

liquid drop, a pressure room2 connected to the
nozzle 1, a vibration plate 3 (not shown) formng a
part of a side surface of the pressure room2, and a
pBEZ&e MO i¥0 Fol GRRY I¥Ga O UZL ThtE uBfGENHEQNS such as
pressure generation neans or -8 driving nmeans for
pressing the liquid in the pressure room?2 via the

vibration plate 3. The liquid drop . .
A description of the present invention and

details of drawbacks of the related art are now given,

with reference to FIG. 1 through FIG. 7, including
embodiments of the present invention. First, the
first embodiment of a liquid discharge head of the
present invention is discussed with reference to FIG.
1 through FIG. 3. FIG. 1 is a perspective view of
the exterior of the liquid drop discharge head. FIG.
2 is an exploded perspective view of the ligquid drop
discharge head. ¥FIG. 3 is a cross-sectional view of
the ligquid drop discharge head.

The liquid drop discharge head has a nozzle
1 for discharging a ligquid drop, a pressure room 2
connected.to the-nozzle 1, a vibration plate 3 (not
shown) forming a part of a side surface of the
pressure room 2, and a biezoelectric element 4 as

actuator means such as pressure generation means or
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di scharge head al so has a common liquid room8 and a

supply opening part 9. The common liquid room8 5
supplies ink as recording liquid to plural pressure
roons 2 via a liquid supply path 6 and a liquid
supply opening 7. The supply,opening part 9 supplies
the ink froman outside to t%e common |iquid room 8.
Two lines of the nozzles 1 are arranged in 10

pa&qul g ldd8ss Of‘??ng%%' ny 1111qé\la' e frf%@?éessure

by N el’ectro-casti 'S used

nezehe plate dile Ir%rsﬁml zﬂamé/veyer : Tﬂghﬁf q%'éa& edro

mat eri al s can be used as the nozzle plate 1

t BE SIS dHONE1 2ol 5ak0ETRG bR Ehéﬁﬂ@' r%lo%{ & 1a5nd a
12 made of a silicon substrate, for exanple.

vshpatliyomn et ey mpaber 913 forami b Vi Buaw %oﬁd e
3 is connected to a back surface side of the channe
peapplizs Underas hiscetdieiurd qiik as peaeadi pgedbure
l'iquid supplied fromthe outside to the common |iquid
r50AM8 i2s Wipp i biqubdpbupgll ypressuré andne 2ivud d he
liquid supply path 6 and the |iquid supply opening 7.
TREPPAY @@ estinthe’ pr eSber 6upepdin Openprespedtby supplies
deformation of the piezoelectric element 4 via the 25
vEBRat-Pén fHoh &3 QBtERde tRe Hhequiemmeppliguigt room 8.

e nozzl .
d|scharged &romtihes o% the nozzles 1 are arranged in

parallel lines on a nozzle plate 11. A plate formed
by Ni electro-casting or the like is used for the
nozz;e plate 11, for example. However, other plate
materials can be used as the nozzle plate 11. Each
of the pressure rooms 2 is formed in a channel plate
12 made of a silicon substrate( for example. A
vibration plate member 13 forming the vibration plate
3 is connected to a back surface side bf the channel
plate 12.

Under this structure, ink as recording
liquid supplied from the outside to the common liquid
room 8 is supplied to plural pressure rooms 2 via the
liquid supply path 6 and the liquid supply opening 7.
The inside of the pressure room 2 is pressed by
deformation of the piezoelectric element 4 via the

vibration plate 3 so that the liguid drop is
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The piezoelectric element 4 is connected on a base 14
so as to correspond to the line of the nozzles 1.

More specifically, as showmm in FIG 4 and 5 FIG 5,

the piezoelectric element 4 is formed by making
groves 16 on two piezoelectr%c menbers 15 connected
on the base 14 in a conb tooth shape so that the
grooves 16 correspond to the nozzles 1. The

pigzoel ectric.el t 4 is a stacked 10 layer type
pﬁgfgéiﬁ% ??cfg?gggﬁﬁ 5Fﬁ%ﬁab%' reci procal Iy stacking
a pi ezoel ectil e Layehohartsd by g 290 EClieored on
mat eri al (piezoelectric ceran153 no i ncludi ng cad
and i d NS4 dg, eh §CLK0ES I ayglond e LRSI 98 @) ept rioges
are reciprocally pulled out to an 15 end surface so as
t o ohe 1caNnect edote §Ee@%¥ﬁﬁ&ff§? a8l egbkede o autSi de ang
part el ectrode). - An FPC 18 for supplying a driving
sirgal 3,5 wosanetéedellecar ientlstéhace ekegloradal by
(outside part electrode) 17 functioning as an

i mehikndirdyad r erest t 6denand cothies z @abtle 20r s ur neoders 15

el ectrode functioning as a conmon el ectrode (not
skonmpechdd am ahesbasepild donducténe tpbmh shepe so
common liquid room8 is forned in a frame nenber 20. A
stppity e merpart 16 corpsmsaendi ot hBef name Irsghber

20 as outside liquid supply nmeans 25 so that the ink

i s suppl i ed FrorR1heoehRCERAT iHgenent -40is a stacked

layer type piezoelectric element formed by

reciprocally stacking a piezoelectric layer formed by

a piezoelectric material (piezoelectric ceramic) not

including lead and an inside electrode layer. The
inside electrodes are reciprocally pulled out to an
end surface so as to be connected to an end surface
electrode (outside part electrode}. An FPC 18 for

supplying a driving signal is connected to an end

~ surface electrode (outside part electrode) 17

functioning as an individual eiectrode and other end
surface electrode functioning as a common electrode
(not shown), via an anisotrppic conductive film.

The common liguid room 8 is formed in a
frame member 20. A supply opening part 9 is formed
in the frame member 20 as ocutside liquid supply means

so that the ink is supplied from the ink cartridge or
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--obtain a go6F DiRKAEPR

the sub tank. In addition;, an opening part 21 is
formed in the franme nenber 20 so that a piezoelectric
unit 25 (See FIG 4) including the piezoelectric

el ement 4, the base 14, and the FPC 18 is received in
5 the opening part 21. Furthfénnre a circunferentia
edge part of the vibration ptate nenber 13 is
connected to the franme nenber 20. As a piezoelectric

maher isaly afadibe  phezaghegtdd c £l e(%ﬁ?&?ﬁaﬂﬁabay%' dlh%sd

a piezoelectric 10 material 'not

| pgRadicentn ithaISeHanMierSRECIA] Cab | ynad H%%relz%electrlc
whose nain ingredient is a nmaterial of a perovskite

tMpetCcsSt@esStruct une m@tludmi%dtm peadoeleh B
bariumtitanate (BaTi 03) where barium zirconate
(BaZmed)t 4 dilssobayed, 145 wsel tHb BBCthHE is received in
pi ezoel ectric material. The bariumtitanate where
baheuwpzriconaterti 81di sfolntédtmsran a circumferential
el ectrical -nmechani cal coupling coefficient of 0.5,
seAgeaprait P PAThe wiksetical plrdchamshercddpliisng
coefficient. Furthernore, the 20 bariumtitanate where
baPRBRCHE L diiat e ® st ARESOMEEWEe a0 t he perovskite type
crystal structure and iherefore it i s possible to

BFEE16r Fpdrant ShchE akl&mal |
tﬂ S%g%lﬁé% trQﬂ%negg §|g%e %18(%Ea ,tS"BEE%%@fEégrlc
material not including a lead ingredient is used.
More specifically, a material whose main ingredient
is a material of a perovskite type crystal structure
not including lead, such as barium titanate (BaTiO3)
where barium zirconate (BaZr0i) is dissolved, is used
as the piezoelectric material.

. The barium titanate where barium zirconate
is dissolved has an electrical-mechanical coupling
coefficient of 0.5, similar with PZT' s electrical—
mechanical coupling COefficient;_ Furthermoré; fhe
barium titanate where barium zirconate is dissolved
has the perovskite type crystal structure and
therefore it is possible to obtain a good
piezoelectric property such as small crystal
anisotropy.

Since the Curie temperature of the barium
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-11- titanate where barium zirconate is dissolved is
low (approximately 130 C), an electric connection is
to be made by the anisotropic conductive film whereby
the electric connection can be nmade at a | ower 5
tenperature than sol dering._Jhe connection can be

made by ot her nethods such as wire bonding. In this
enbodi nent, the bariumtitanate where barium

ZicQQRANEs |19hdF&SBhYedx szﬁ%at@\@gealss%%éaﬂls low
titanate where a slight anmount of Fe or Kis

| nelpded: My beyused. “Thysansinedd ead é@m@@&thﬁ%‘ yded o
at all in the plezoelectrlc el enent as the actuator
meensnade Hjhethégahdsdtappdicsadmidechead, filld Shereby
possi ble to rmake the environnmental pollution risk |ow
afntheneke ctlsi ¢ heodhsmiinoin meprcdsd hade Alexh, ltdwer

second enbodi mrent of the liquid drop discharge head

ofermpe atasept thanepArloeriing di stussednnscfiden kmn be
structure of the second enbodinment is the same as the
fese ébcditentMehhods sksibarfst iwhr of PPRE1SGruct ure

of the second e odlnegﬁ is omtted.  In the second
enbodi nent, L YRAGIBS i i dhkH Bt tiiganate

T ”%Wfﬁigiff EPATY 4 oahigol vl Y 3hel2" Wbiover,

barium titanate where a slight amount of Fe or K is
included may be used.

Thus, since lead is not inéluded at all in
the piezoelectric element as the actuator means in
the liquid drép discharge head, it is possible to
make the environmental pollution risk low and make
the dismantling cost low.

Next, the second embodiment of the liguid

. drop discharge head of the present invention is
discussed. Since the structure of the second
embodiment is the same as the first embodiment, an
'explanaﬁion of the structure of the second embodiment
is omitted.

In the second embodiment, a ceramic whose
main ingredient is.potassium niocbate (¥KNbO3) that is a
material having a perovskite type crystal structure

not including lead is used as a piezoelectric
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25 not including lead is used as a piezoelectric -12-

materi al (piezoelectric ceramc) of the piezoelectric
el enent 4. The ceram c whose nain ingredient is

pot assi um ni obat e has an el ectrical -nechanical 5
coupling coefficient of 0.5 4simlar with PZT's

el ectrical -nechani cal coupling coefficient.
Furthernore, the ceram c whose main ingredient is
PALRSHWN Ni,0Pas SeNastihe REIOUSKE ] €oFYRRLCY M Alelectric
structure and therefore it is possible to obtain a 1%
geoempir@zoel ectric property such as snmall crystal

ani sotropy. Since the Curie tenperature of the

ceranm ¢ whosthaedérangcedtherte infipot Bsgh o Bnebatse i s
hi gh (approximately 435 C), it is possible to nount.

t hotBRGimm suideztaghas wael lelasctt hecPZFmethathuss1l in
the second enbodi nent as well as the first

eabodilieg cathckcleat o€ Mot5,i relndbadratwitél IPAT 4 he

pi ezoel ectric element as the actuator neans in the

| 4acd rdicey diseharjeahes@unliing cepessipliento make

the environmental pollution risk |ow 20 and nmake the

dF S FEREFIRE Tosthe oRP T RBREC, RS M7 4P eiBEdPREAn fof 1
Rehedidh S gpflschar gghead of (he prese it
tgkggéture and therefore it is possible to obtain a
good piezoelectric property such as small crystal
anisotropy. Since the Curie temperature of the
ceramic whose ﬁain ingredient is ﬁotassium ﬁiobate is
high (approxzimately 435 C), it is possible to mount.
the FPC by scoldering as well as the PZT.

Thus, in the second embodiment as well as
the first embodiment, since lead is not included at
all in the piezoelectric element as the actuator
means in the liquid drop discharge head, it is
possible to make the environmental pollution risk low
and make the dismantling cost low.

Next, the third embodiment of the liquid
drop discharge head of the present invention is
discussed. Since the structure of the third

embodiment is the same as the first embodiment, an

explanation of the structure of the third embodiment
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enbodi nent is the sane as the first enbodi nent, an 25
expl anation of the structure of the third enbodi nment
-13- is omtted. In the third enbodiment, a ceramc
whose main ingredient is bisnmuth sodiumtitanate
((Bio_sNao,s)Ti03) that is g% mterial having a 5
perovskite type crystal strutture not including |ead
is used as a piezoelectric material (piezoelectric
cegam Gl Qfq t he piezoelectric elenent 4. Since a
sintering tenperature of the ceramc whose main

i ngredient it% bisdautR; $QdbpWdd ANt & 4ScdParqialyidike
or less than 1200 C, it is possible to reduce the

amBuRt 10fgAdie et | adi YRt e &Bh Yt ieXpans ve

metal, in the internal layer electrode, so that it is
POg 5kl 2105 B act st fLbeaphezeetefl rheviabeaent 4

at low cost. 15 Thus, in the third enbodi nent as well
apetrbeskiitestt el segendlemiodiatents, nstniedleatiricc lead
not included at all in the piezoelectric elenent as

t he useduatsora ebdsotherhield qutediap dbseharde dioatc
it is possible to make the environnmental pollution

r Fekapd qlow ard ereRécERE 1gicd i | ¢ hgnenst 4-ow.  Next,

the fourth enbodi nent of the liquid drop discharge L
head of theSgré&em FHUBRFLAF it¢mperature of the ceramic

whose main ingredient is bismuth sodium titanate is
equal to or less than 1200 C, it is possible to
reduce the amouﬁt of the palladium, an extremely
expensive metal, in the internal layer electrocde, so
that it is possible to manufacture the pilezoelectric
element 4 at low cost.

Thus, in the third embodiment as well as the
first and second embodiments, since lead is not
included at all in the piezdelectric element as the
actuator means in the liquid drop discharge head, it
is possible to make the environmental pollution risk
low and make the dismantling cost low.

Next, the fourth embodiment of the liquid
drop discharge head of the present invention is
discussed. Since the structure of the fourth
embodiment is the same as the first embodiment, an

explanation of the structure of the fourth embodiment



di scussed. Since the structure of the fourth

enbodi nent is the sane as the first enbodi nent, an 25
expl anation of the structure of the fourth enbodi nent
-14- is omtted. In the fourth enbodinent, a ceramc
whose main ingredient is nlgk sodiumtitanate

(BBi (Ni0.5Tio.5)03) that is a mterial having a 5
perovskite type crystal structure not including |ead
I $ U, q)qg% f piezoelectric material (piezoelectric
ceram ¢ the piezoelectric element 4. Since the

Curie te”pe@ﬁLgﬁecﬁoﬁfﬁhcgﬁ%@dimgwpse Tg ic. whose

i ngredient is nick sodiumtitanate i s atively

hingl A n( apRrAd @t el ¥s 2§Qc@aal Istodlsnpoeﬁtghstet o mount
the FPC by soldering as well as the PZT. Thus, in the

f BB Naybhadi JTend ; ast met: | las at e tahoMer GhSeus ea

enbodi nents, since lead is not included at all in the

5 ppezoelséditd ¢ whenenysaalt Be rulf w@cd uabor iAeansiiing thead
l'iquid drop discharge head, it is possible to nmake the
ehsiueﬁmbmaﬂarpﬂ¢m®ebactrib rladve miall mkeetbhelectric
di smantling cost low Next, the fifth enbodi mnent of
t @errmgEid o fdrigpe o@%@haﬁéecﬁ@a@ cflemenpr ésent
invention is 20 discussed. Since the structure of the
fifth enbodiSagrfte ithe Heushfetagrerafutstobnbbai mesrmic

amghose main ingredient is nickel sodium titanate is
10 relatively high (approximately 250 C), it is possible
to mount the FPC by soldering as well as the P2T.
| Thus, in the fourth embodiment as well as
the above-discussed embodiments, since lead.is not
included at all in the piezoelectric element as the
15 actuator means in the liquid drop discharge head, it
is possible to make the environmental pellution risk
low and make the dismantling cost low.
Next, the fifth embodiment of the liquigd
drop discharge head of the present invention is
20 discussed. Since the structure of the fifth
embodiment is the same as the first embodiment, an
explanation of the structure of the fifth embodiment
is omitted.
In the fifth embodiment, a ceramic whose

25 main ingredient is Ba;NaNbsOis that is a material



expl anation of the structure of the fifth enbodi nent
is omtted. In the fifth enbodi nent, a ceram c whose
25. main ingredient is Ba2NaNb5015 that is a nateri al
-15- having a tungsten bronze type crystal structure
is wused as a piezoelectric_material (piezoelectric
ceramc) of the piezoelectricelenent 4. In a nmateri al
group whose main ingredient is 5 Ba2NaNb5015 that is

thevmaterd ak hgyiag m%r{ztwgﬁ%ﬂnc?gggéq PG, Syt al 5

structure, a prezoelectric coefficient is

| a1=G81 (250s ph DY cand dcharefpieettali $pReSYl &0 ¢
drive the material at a | ow voltage. Hence, it is

pessidiic t oo f egHeeptike et O c ae 18mdhitviang circuit

and forman i mage form ng device having high

functions atIm domacestialThusyup nwhdeef nbhtih ampdidenit is

as well as the above-discussed enbodi nents, since ,

| BadNedba0is tihect udedthe akltdmiahehpvezgekbet tivmgsten

el ement as the 15 actuator neans in the liquid drop .

dibseragy e fieaderyetails sgassitlec 1 oanpkezoled ectric strain

environmental polluytion risk |ow and nake the ]

diSrartag gl ¢b3Rt| &, IR&ES (40 PRI N) eapsdithaiefpre it

the li uiq? drop di scharge head of the present

| MPemA TR LS 260 aREeTSeddie SHcRF1he SEr dotiore Bl Eae -

Shé%%e, it is possible to reduce the cost for a
driving circuit and form an image forming device
having high functions at a low cost.

Thus, in the fifth embodiment as well as the
above-discussed embodiments, since lead is not
included at all in the piezoelectric element as the
actuator means in the ligquid drop discharge-head, it
is possible to make the environmental pollution risk
low and make the dismantling cost low.

Next, the sixth embodiment of the liguid
drop discharge head of the present invention is
discussed. Since the structure of the sixth
~embodiment is the same as the first embodiment, an
explanation of the structure of the sixth embodiment
is omitted.

In the sixth embodiment, a ceramic whose

main ingredient is Bi4Ti30;2, which is a material of a
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enbodi nent is the sane as the first enbodi nent, an
expl anation of the structure of the sixth enbodi nent
is omtted. In the sixth enbodi ment, a ceram c whose
25 main ingredient is Bi4Ti 3012, which is a materi al
of a -16- bisnuth layered coppound, is used as the

pi ezoel ectric material (piezdelectric ceramc) of the
pi ezoel ectric elenment 4. In a material group whose

Ry Y eﬁé?@&ehls coﬁlp%&fhﬁ,b’% &géh Lg qaymterial

having a bismuth | ayere conpound, a piezoelectric

siRl b &MBSc €08kl hghentid1s (Fréabbyebyriar g @it c) of the
therefore it is possible to drive the material at a

| @sexdd bget rHeneeemeint 4. possi ble to reduce the cost
for a driving circuit and 10 forman image form ng

devi ce havi nin ha ghatemdbilornsraip whoéow nash. ifgieRiient is
alkali nmetal is not used as a conposition elenment, it

i BipddsPhd e ltat obs ad nmgbediadonposing om bismuth layered
controllability at the tinme of burnin and therefore

t ¢8RI god dP haE S epreeduvitd o‘htralsnTﬁgé, ciong fiffies i ixt his
enbodi nent_as_wel|l as the above-discussed
efSdditettsy Lfhee Pe&d theartore néfudédprassdinle e he
piezoelectric elepent as the actuator neans in the

I

t

Pdi'E dr'thh B SBharge dedd, T3 VP ECpBEsi bAENS ke 15

en\glreontrr(t)ent al

9%551 redugglkwg(gégésgor a driving circuit and
form an image forming device having high functions at
a low cost. Since alkali metal is not used as a
composition element, it is possible to obtain good
composition controllability at the time of burning
and therefore to obtain good mass production. -

Thus, in the sixth embodimen£ as well as the
above~discussed embodiments, since lead is not
included at all in the piezoelectric element as the
actuator means in the liguid drop discharge head, it
is possible to make the environmental pollution risk
low and make the dismantling cost low.

A material whose main ingredient has the

perovskite type crystal structure not including lead

‘is not limited to the above-discussed barium titanate,

" potassium niobate, bismuth sodium titanate, and

nickel sodium titanate. Similarly, the material
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20 | ow and nmeke the dismantling cost low A materi al

whose main ingredient has the perovskite type crystal
structure not including lead is not limted to the
above-di scussed bariumtitanate, potassium niobate,

bismuth sodiumtitanate, andlg§ ni ckel sodi um

titanate. Simlarly, the material -17- having the
tungsten bronze type crystal structure is  not limted

t ve-di sc ZN@gﬁg%. L m tﬁ@r :
ngfgﬁﬁgf é%iﬁgﬁ %gggisnut_ _g§§¢gbggg%%8&n tﬁﬁ%ture e
Chytl ali ot £ &gt HECa b vBAGild 4 S8 L B leNBRANE Ssimilarly,
di scussed Bi 4Ti 3012 I n addition, the present invention

cahebenatappl 4 Bdhboingt toRl bidigneloysydirseussrthedd type

usi ng- the stacked | ayer type piezoelectric el enent

butrvaltsdl stheatunsi 4g adli Mimpht &y peopiBzoeleetd C

el enent. 10 Furthernore the present invention can al so

beispplssxt BT dvead using the stacked | ayer type -

pi ezoel ectric elenent wherein a deformation in a d33

direction orln ggdddtienti dhe puswanht Nexvenanonnkjast be

recording device as_an image 15 form ng device of the

pRe®drited memebncadyathieq@kp veli dtnay geedeiccd Hevd ng

a liquid drop di scharge head of_ the present invention

5 SRSTRRE vt AV F of UPENEA © 40P KR CE T hCaRASREGE BUE ALso
6 is aBStruchurm

ng%baF G imorph type piezoelectric element.

using a
Furthermore the present invention can also be applied
to a head using the stacked layer type piezoelectric
element wherein a deformation in a d33 direction or

d31 direction is used.

Next, an inkjet recording device as an image
forming device of the present invention as a liquid
discharge device having a liquid drop discharge head

of the present invention is discussed with reference

to FIG. 6 and FIG. 7. Here, FIG. 6 is a structural

. view showing an example of a mechanism part of the

image forming device including the liquid drop
discharge device of the present invention. FIG. 7 is
a plan view of parts of the image forming-device of
the present invention.

- In the image forming device, a carriage 103

is held by a guide rod 101 and a stay 102 which are
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vi ew show ng an exanple of a nmechanismpart of the 20
i mge formng device including the liquid drop

di scharge device of the present invention. FIG 7 is
a plan view of parts of the image form ng device of
the present invention. In tthinage form ng device, a

carriage 103 25 is held by gui de rod 101 and a stay
102 which are -18- guide nenbers bridgi ng between |eft

2 %&Hegh%?‘%g sgﬂgﬁﬁginﬁﬂ%aeapggm) 1% %%cit %igqejr.xt Aside

ern mai h scan direc

bma%eemm% ssmswgge%o als the car &5@%.1%0%@%%%(;; slid

t
between a pulley 106a 5 provided at a main scann

Mo ik ransean pyk keyt 116D Pt ovidedqabetifte 10 NeFovided
side. The carriage 103 is noved and Caused to scan

Vit the tdamtnpadpel 10302y bdthecdRi B HEANRING (Y OF

104 in the carriage main scan direction as shown in
FbGoviddd dthea casihageal®dnd nabhonk Opetandecorgi NPey
head 107 is provided in a direction in which plural

i AR Getprmypeiried phrtbhearehear ossdéhe Whien ceganimgy 103 is
direction. The recording head 107 is also provided so

t Revecthenhikcardpd) 6p sdigmectianths Hdwmangr delthel Guby
ink jet recording 15 heads 107 respectively jet ink
dFBFs M RFIDLERE BPt oyl thgaRperiage main scan

magent (i, and bl ack(BK).. Fujthermore, Sub tanks 108
an ink jet recording head 107.is provided in a
direction in which pilural ink jet opening parts are
cross the main scanning direction. The recording
head 107 is also‘provided so that the ink drop jet
direction is downward. The four ink jet recording
heads 107 respectively jet ink drops having colors of
yellow (YY), cyan(C), magenta (M), and black({Bk).

Furthermore, sub tanks 108 for colors are
provided at the carriage 103 so that corresponding

‘ink_colors are provided to the recording heads 107.
Supplemental ink is supplied from a main tank, namely
an ink cartridge, to the sub tank 108 wvia the ink
supply tube (not shown).

Furthermore, as a paper feeding part for
feeding paper 112 (including not only paper per se

but alsoc OHP (Overhead Projector) film, and means a
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provided at the carriage 103 so that corresponding

ink colors are provided to the recordi ng heads 107.

20 Supplenmental ink is supplied froma main tank

nanely an ink cartridge, to the sub tank 108 via the

ink supply tube (not shown)._Furthernore, as a paper
feeding part for feeding paﬁgr 112 (i ncludi ng not

only paper per se 25 but also CHP (CNerhead

Pr qj ; i d. t e n
BTN ety 38 RS B 60mne B Bk AF 2 paper

(@rtea%ﬁarg;{ p@@ﬁ@) (bkles%fuﬂéﬂepmp@f ﬁﬁeglfn%er g&/ %&P

half circle roller (paper feeding roller)

seRABPN Pag 114, ape ovided:18 Qagl%ﬁee(tpégef heeeding
paper 112 is separately fed fromthe paper stacking

paol 1kl byl 3 henbahf seipaala 164 18841134 alhke provided.
separation pad 114 nade of material having a | arge

coekf isticarit of fhécpheerf ddes idhesbahlatielcl efed oft6émn the
(paper feeding roller) 113 and is energized to 10 a
spdpeof gthechah§ piard el Il ber thE3. hasf actomieyanckler 113.
part for conveying the paper 112 fed fromthe paper

f B8 FepFarat ben aphgwad 4simpsle of £ thetpadedi A higeglsa

107 a con:%%gnce belt -121, a counter roller 122, a

COAVEFariaS %811230farf&l&tllsarheﬁa%ﬁdtbneeéwrﬁ gircle
rollﬁ 125 are provided. T coan¥ance helt 121
cFEAt st RARSY | §oRFLEChES and 1is energized to

a side of the half circle roller 113.

As a conveyance part for conveying the paper
112 fed from the paper feeding part at a lower side
of the recoding heads 107, a conveyance belt 121, a
counter roller 122, a conveyance guide 123, and a
head end pressuring roller 125 are providéd. The
conveyance belt 121 electrostatically attaches and
conveys the paper 112. The paper 112 sent from the
paper feeding part via the guide 115 is put between
the conveyéhce belt 121 and the counﬁerrroller 122 so
as to be conveyed. By the conveyance guide 123, the
paper 112 is sent in fhe upward diréction, is then .
~turned substantially 90 degrees, and then the paper
112 is conveyed on the conveyance belt 121. The head
end pressuring roller 125 is pushed to a side of the

conveyance belt 121 by a pressing member 124. In



conveys the paper 112. The paper 112 sent fromthe
paper feeding part via the guide 115 is put between

t he conveyance belt 121 and the counter roller 122 so
20 as to be conveyed. By the conveyance guide 123, the
paper 112 is sent in the upm% d direction, is then
turned substantially 90 degr and then the paper
112 i s conveyed on the conveyance belt 121. The head

g?ﬁd&rtaﬁﬁ{”'Qggﬁg%:l;%fl%%llsefuf%dlé %o%h‘%% f :%he

Conveyance a pressing

%%ara;qqig}lrsz@ane ¢Rar %%&grlq{d;eé %@@fh%ep%@"ﬁ?@ as

chargi'ng means for charging a surface of

cepveyanaa-debt1421ip1The WV@U@@@%E@H blaalc i 2 BNis an
endl ess belt. The conveyance belt 121 is hung 5

behwaess 4 e TONVeyaaceon®ld wind270oand a2tenss Gung
roller 128. The conveyance belt 121 revolves in a

5 bbktt weey eytas ceodiregahicen,raldet y1 27 sahds@arangi on
‘direction, by rotating the conveyance roller 127 via
t meltliem g el tTh82cand eptenas hagtr bblerel33 s the a
10 sub scanning notor 131. The conveyance belt 121 has
abeditt senveyaRce afd rachdon s ranety| ayskb BrEmuitace
Iayer 121a (not shown) functions as a paper
a tlff&&tﬁw:smaﬁetafcép@ed‘-b@y CRRYEBRBAPI éOld-epfijrjeN via

e RPOH S Pabt) TAPan@ e TiRng 2odler 133 by the

10 sub scanning motor 131.

The conveyance belt 121 hés a surface layer
and a back surface layer. The surface layer 121a
{not shown) functions as a paper attraction surface
formed by, for example, a pure resin material which

15 has a thickness of approximately 40 Um and whose
resistance 1s not controlled, such as ETFE (Ethylene
Tetrafluoroethylene) pure material. The back surface,
such as a middle resistance layer or an earth layer,
is made of the same material asrthe surfaée'layer.

20 The resistance of the back surface layer is

controlled by carbon content.

The charging rolle; 126 comes in contact
with the surface layer of the conveyance belt 121 and
rotates as following the rotation of the conveyance

25 belt 121. The charging roller 126 gives 2.5 N to
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resistance is not controlled, such as ETFE (Ethyl ene
Tetrafl uoroethyl ene) pure nmaterial. The back surface,
such as a nmiddle resistance |ayer or an earth |ayer,

Is made of the same material as the surface layer. 20
The resistance of the back syrface layer is
controll ed by carbon content. "The charging roller 126
comes in contact wth the surface |ayer of the

c belt 1 r : gl Law

PRMEY Al ekt ¢ 121 sand a%géﬁée??ﬁfg%lh%hg%%hég@ The

rotation of the conveyance 2 argl ng

I Qldrefe #2881 ¥8812r5107t Qodds HOth §hRASnef rted:leilézf‘?aécg as

as pressurizing forces. The conveyance rol

WeIoK §= St s 19 HUREd ROk 8l SiGs tBncd 01 89Bkaqbaa W0 &) of
resi stance | ayer (back layer) of the conveyance belt
12hef aromrepsdtagbedtAlQl dmenbetndBfagi.s arranged at

a back side of the conveyance belt 121 as

correspondi iy dwide mpembeirng 3 aas byrthegedcartdiandack
heads 107. An upper surface of the guide nenber 136,
pediectat tthe epgeeyghncehdaldeotl ngsheadsesPrmbing to a
than a tangent of two 10 rollers (the conveyance

r BFEEE 1 HiRP t e FBRsreFotdbinerhaady dQppor AthgiRIRr
conveyance belt 121, = Under this_structure; in the

pPHAIE &Healhe h@ulgsnVeyhtde bib tP121eFESplished Hide of
52582%%¥6fﬁg£50§eg&5tE%?g%é¥%r%ﬁgﬁralggn%%ﬂ¥sgé)€¥%
rollers (the conveyance roller 127 and the tension
roller 128) supporting the conveyance belt 121.

Under this structure, in the prinfing area, the
conveyance belt 121 is pushed by the upper surface of
the guide member 136 so as to be guided.

Furthermore, as a paper discharging part for
discharging the paper 112 recorded on by the
recording heads 107, a separation claw for separating
the paper 112 from the conveyance belt 121, a
discharging roller 142, and a discharging roller 143
are provided. The paper discharging tray 144 is

provided for holding the discharged papers 112. A

- both-surfaces paper feeding unit 151 is detachably

arranged at a back sﬁrface part of the device main
part. The both-surfaces paper feeding unit 151 takes

in the paper 112 returned by reverse direction
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di schargi ng the paper 112 recorded on by the
recordi ng heads 107, a separation claw for separating
t he paper 112 fromthe conveyance belt 121, a

di scharging roller 142, anda?%gischarging roller 143
20 are provided. The paper charging tray 144 is
provi ded for hol ding the discharged papers 112. A

beg@-oa%dtfiwsoggggé Esggﬂg A tb%ﬁghgﬁadsw%@ﬂs the

arranged at a sur part o evice nmaln

ggaberqubq&%ﬁ uchages tRaRRed aadh ngagai-t 1351 fakes

I'n the paper 112 returned by reverse direction -22-

rpuekidleror i dbeneepveranes beld drd end tBnRS e
paper 112 over so as to feed the paper 112 again

beeween 2tihe counter roller 122 and the conveyance

belt 121. 5 In the ink jet recordi ng device having the
above- di scussed st rickujet ereocxkbatg ddetheepaperinklZhe
Is separately fed fromthe feeding part. The paper
laPotveddipwarssed atsubsuanet,i alle steeeicalf theegtEpemr 112
is guided by the guide 115. The paper 112 is put 10
béEwEER T LlohvEganEEcBelthel Teathdng heatbunt §he paper
riller 122 so as to be conveyed. Furthernore, a head

e

42pdft SPWHRA phiper B¥DStENGdiadety bye ¥ hécadnddyatdel on
gELdSu} %d?%%zﬂ%%@eguigetqqs?°”%ﬁ%?ﬂ§§p§§'ﬁl%zﬁsbéut
between the conveyance belt 121 and thé counter
roller 122 so as to be conveyed. Furthermore, a head
end part of the paper 112 is guided by the conveyance
guide 123 and puéhed to the conveyance belt 121 by
the head end p;essufe roller 125 so that the
direction of the paper 112 is changed substantially
90 degrees. |

At this time, by a control circuit (not

shown in the drawings), a voltage is applied from a
high voltage electric power supply to the charging
roller 126 so that a positive output and a negative
output repeat by turns. As a result of this, a
.charging voltage pattern is formed on the conveyance
belt 121. That is, positive and negatiﬁe charging is
performed in a belt shape with a designated width in

the sub scanning direction that is a revolution
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the head end pressure roller 125 so that the 15

direction of the paper 112 is changed substantially

90 degrees. At this time, by a control circuit (not
shown in the drawings), a voltage is applied froma

hi gh vol tage electric pomer_fypply to the charging 20
roller 126 so that a positiVvé output and a negative
out put repeat by turns. As a result of this, a

c [ | t af N+hs f; - t c

ot T3 e PR A A Rehars e enarh ey e
pgefier ned igha Ppbélghane Weldh 1o Aes) oprk edeW SN divns
25 the subscanning direction that i's a revolution

- 83- ttareaHdbagde papelslidHesrdehpnchBeces

belt 121 positively and negatively charged by turns
sbefhatl 2tthe: Jpaperodd2t i saddieredi hdé heapenveyande
belt 121 electrostatically and the paper 112 is 5
conuepged it hehsubulscananngndi rEicté onidy bhiethe

revol ving novenent of the conveyance belt 121. Wile
t Feveavingg@onoane st nefetihet ke misparniteigo@bhdd 2107 are
driven corresponding to an_  inmage signal so that ink
drops are j&hid® ditd ¢mbriagepapsr iBLmeireedh rhe
stoggea_and one lipe_is recorded. After the paper 112
i 5eEBRPePad NRATS al YbsPgRatlEd Vel SUMcRSPPRELREXE] Bk

Ifmésgoggg%aing%réﬁggdigg dropé are jetted onto the

paper 112 which is stopped and one line is recorded.
After the paper 112 is conveyed with a designated
distance, the next line is recorded. The recording
process is terminated based on receipt of a recording
finishing signal or a signal indicated the rear end
of the paper 112 has arrived at the recording area,
so that the paper 112 is discharged to the paper
discharging tray 144.

Thus, since the image forming device has the

':liquid drop discharge head of the present invention,

lead ingredients are not included in the head. Hence,

even 1f the image forming device is thrown away,-it

~is possible to prevent the lead ingredients from

diffusing, furthermore costs for collecting and

'rdismantling the image forming device can be low, and

the image forming device can be reused easily.
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process is term nated based on receipt of a recording
finishing signal or a signal indicated the rear end 15
of the paper 112 has arrived at the recording area,

so that the paper 112 is discharged to the paper

di scharging tray 144. Thus,_sjnce the image form ng
device has the |Iliquid drop discharge head of the
present invention, 20 |ead ingredients are not

i ncl uded i n fthe- f’@@@nt"'@ﬂ%nt.l%\fﬁrhéfné’aelhfﬁﬁ@%d to the
form ng device |s thrown away, 1t is possible

PEBY@RL-dihe-d £2dd | 8apedi gRint & F At dwlzéwélt%ns and
furthernore costs for coIIectlng and dismantling the

i MBge ffiefat inth davi gebeanabe hawhand @5pkhe ingRgRom the
form ng device can be reused easily. -24- The present

i aeepkl af ithaegirésant edntventthesrmbove- di scussed -

enbodi ments, but variations and nodifications may be
made wi t houtfcdepmrammbe f r ohet e kjsdopee of rdhegpdesente,
invention. 5 For exanple, the inkjet recording device,
ofdeoP feexmiree ®fof hbhenag@gfa)rﬁﬁmgl@@vﬁ@ersceu% is

di scussed as a liquid dro dlscharggAdeV|ce However ,
tﬂésﬁpééﬁ% 3FhventitGiiids P| A&SE

kinds of sheets, the. OHP.she Jastic 10 materi al
SEER 8§e§%~rﬂd@fmamnoasanafaéﬁr@wei:m higsed for

aVQ%%%G?'f%h éégf sﬁee%grl dﬁﬁ sheet, a plastic
matérial such as a compact disk or a plastic material
used for a decoration plate, a fabric, a metal
material such as aluminum or copper, a leather
material such as a cattle skin, a pig skin, -or
artificial leather, wood material such as a weood or
wood plate, a bamboo material, a ceramic material

such as a tile, a three dimensional structural body

" such as a sponge, or the like can be used as a

recording medium where the liguid is such as the ink.
Furthermore, a printer device for recording
on the various kinds of sheets or the OHP sheet, a
recording device for recording on the plastic
material such as the compact disk, a recording device
for recording on the metal plate, a recording device
for recording on the leather material, a recording

device for recording on the wood, a recording device .

qﬁ?t@ﬁElCVaH(ﬁEWeverr



material such as al um num or copper, a |eather

material such as a cattle skin, a pig skin, or
artificial |eather, wood material such as a wood or 15
wood pl ate, a banboo nmaterial, a ceramc nmateria

such as atile, a three dine gional structural body
such as a sponge, or the |lik&“can be used as a
recordi ng medi um where the liquid is such as the ink.

F h . a_Pprinter .ce in 0
VEPFos T o, YGRS SatErTad "2 eahulig
dgki e Ao ¥ ecOLGAINGN drhe i 38k t6e AREEHAlSiEh as

t he conpact di sk, a recording device for recording on
tB@rﬁ%&@réﬂ?ﬁ@ﬁyasﬁ@ﬁo@ﬂrEliFWh@@, £EOb ri@Ganl NGePice
the |l eather material, a recording 25 device for

r €eer dicip rali idieonoetle Faraciar didg 8B%I 68 ke25-cd®Orbe used
recording on the ceramic material, a recording device
fas téeorldiqgidndtbp tHsehdigendéonak. structural

body such as a sponge, a printing device for

recording on the fabric, or the like, can be used 5 as
the liquid drop discharge device. 26 CLAIMS 1. A
liquid drop discharge head, conprising: a nozzle
configured to discharge a liquid drop by using a

pi ezoel ectric el enent;



wherein the piezoelectric elenent is a stacked | ayer
type piezoelectric elenment forned by reciprocally
stacking a piezoelectric layer forned by a

pi ezoel ectric material not including | ead and an
inside electrode |ayer; and the inside el ectrodes are
reciprocally pulled out to?an end surface so as to be
connected to an outside electrode 2. The liquid drop
di scharge head as cl ai nedCLRRMEl ai m 1, wherein main
ingredients of the piezoelectric elenent are

material s hav a erovskite type crystal structure
not |ncIEd|%giﬁgﬁﬁd OHTé???Hﬁﬁi% g@ G’ dCSRRAR §é N Eead

as cl ai madnokplel abmt Zyumdtered /:RRhR rigdgredignty of
pi ezoel ectric elenment are bariumtitanate. 4. The

drOPqENduaﬁag i BEREP Y Hedld &5 s8ekitied in claim 2,
whw&@ﬁﬁlﬁh@HpBetBQIéEHfHEf%I@héH%31sp'e Skﬁggrig glenment

are potassium niobate. 5. The liquid rop i s¢h ar ge
tYREagiggoel af kedc - 2lement dlainad bywecébmomal by

stb@gﬁﬁg|§nb§e9£e1£5%rlc layer formed by a
piezoelectric material not including lead and an
inside electrode layer; and

the inside electrodes are reciprocally
pulled out to an end surface so as to be connected to

an outside electrode

2. The liquid drop discharge head as claimed
in claim 1,

wherein main ingredients of the
piezoelectric element are materials having a

perovskite type crystal structure not including lead.

3. The liquid drop discharge head as claimed
in claim 2,
wherein main ingredients of the

piezoelectric element are barium titanate.

4. The liquid drop discharge head as claimed
in claim 2,
wherein main ingredients of the

piezoelectric element are potassium niocbate.

5. The liquid drop discharge head as claimed
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pi ezoel ectric elenment are bisnmuth sodiumtitanate. 5
6. The liquid drop discharge head as clainmed in claim
2, wherein main ingredients of the piezoelectric

el ement are nickel sodiumtitanate. 10 7. The liquid
drop di scharge head as clained in claim1, wherein
mai n i ngredients of the piezoelectric elenent are
mat eri al s having a tungsten _jptonze type crystal
structure. 15 8. The liquid drop discharge head as
claimed in claim7, wherein main ingredients of the
pi gaoeheGh i, el enent are Ba2NaNo5015 20 9. The liquid
drop di scharge head as clained in claim1, wherein

mai n i ngredi aMesx e0fn theinpiezeelEdlis &f eprat are
materials having a bismuth 25 |ayered conpound. 28
10piZheellieguixd drepedéacharge Hieatditls sbaiomdtiiktanate.
claim9, wherein main ingredients of the piezoelectric
6. The ligquid drop discharge head as claimed
in claim 2,

wherein main ingredients of the

piezoelectric element are nickel sodium titanate.

7. The liguid drop discharge head as claimed
in claim 1,

wherein main ingredients of the
piezoelectric element are materials having a tungsten

bronze type crystal structure.

8. The liquid drop discharge head as claimed
in cilaim 7,
wherein main ingredients of the

piezoelectric element are Ba;NaNbsOis.

9. The liquid drop discharge head as claimed
in claim 1,

wherein main ingredients of the
plezoelectric element are materials having a bismuth

layered compound.



el ement are Bi 4Ti 3012. 11. A liquid drop discharge
device, conprising a liquid drop discharge head
configured to discharge a |liquid drop; wherein the
l'iquid drop discharge head includes a nozzle
configured to discharge the liquid drop by using a

pi ezoel ectric el enment, and fe piezoel ectric el enent

is a stacked |ayer type piezoelectric elenent forned
by reci prigcalthy stackbdngrof piezegt@etidLd lay e fiakedy
Ry a piezoelectric material not including |ead and an
Cthl&ﬁ el ectrode | ayer, and the inside electrodes are

reCIprOCﬁHé¢e9H|h@gnoﬂhgrégléﬂt§n9fsﬂﬁi%ﬁ%f%%f@%tEQCbe
connected to an outside electrode. 12. I mage

SN G FePileBl €bnf i gured to form an |nage on a
recording medi um by discharging a |iquid drop of
recording liquid, conprising: a liquid drop discharge
head confligufeditviddischadgechdmieyd idpiidedr epmpuhedagn:

the liquid dry i scharge head includes nozz| e

conf i gur &d qugﬁg%hé$g t h& T ¢ %Fd?% a@y ﬁ%?ﬁbg%Fed to
digicdzggleeeat Aiquétiedeap; and t he piezoel ectric el enent

is a stac

ed layer type .piezoelectric elenent forned
by recipWESﬁFF? gkgcﬁﬁﬂﬁlg dpPBzHeFEERFPR Nageriretndes a
ndzyla MeREGhAC It Nl £EhabgdOthe 1iquid drop by using a
piezoelectric element, and
the piezoelectric element is a stacked layer
type piezoelectric element formed by reciprocally stacking
a piezoelectric layer formed by a piezoelectric material
not including lead and an inside electrode layer, and
the inside electrodes are reciprocally pulled out
to an end surface so as to be connected tc an outside

electrode.

l2. An image forming device configured to form an
image on a recording medium by discharging a liquid drop of
recording liquid, ceomprising:

a liquid drop discharge head configured to
discharge the liquid drop;

wherein the liquid drop discharge head includes a
nozzle configured to discharge the liquid drop by using a
piezocelectric element, and

the piezoelectric element is a stacked layer type
pilezoelectric element formed by reciprocally stacking a
plezoelectric layer formed by a piezoelectric material not

including lead and an inside electrode laver, and



including | ead and an inside electrode |ayer, and 29
the inside electrodes are reciprocally pulled out to
an end surface so as to be connected to an outside
el ectrode.

29

the inside electrodes are reciprocally pulled out
to an end surface so as to be connected to an outside

electrode.



