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-1 DESCRIPTICN 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 i mage formig devi ces. BACKGROUND ART

‘An ink jet recording device having a liquid 15 drop

di scharge device including a |iquid drop discharge
head i s known as an i magégEIORBPHGOHevi ce such as a
printer, facsimle, copier, and nultifunction device
of the printer, facsinile and copier. 20 In the ink
j et recording device, uid drop of a recordin
liquid is | SQSER IR E Pégsﬁaﬁ@ HEdiy tbIQUF BoBRAG
medi um such as aper Qver head Pro ector)
s e et e T hRSE ol g A3

that inmage form ng such as 25 recording, prlntlng, or
copying can be perforned. It -2 is possible to record

arhi-gh §CI Sf Ny i mege with high speed by the ink jet
etcrdrﬁg—devrte—on the

The present invention relétes to liguid drop
discharge heads, liguid drop discharge devices, and

image forming devices.

BACKGROUND ART

An ink jet recording device having a liqﬁid
drop discharge device including a liguid drop
discharge head is known as an image forming device
such as a printer, facsimile, copier, and
multifunction device of the printer, facsimile, and
copiler.

In the ink jet recording device, a ligquid
drop of a recording ligquid is jetted from a recording
heéd to a recorded medium such as a paper, an OHP
(Overhead Projector) film, a recording medium or a
recording paper, so that image forming such as

recording, printing, or copying can be performed. It




recording nmedium |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
ligupbdsethbhe pesSitErd 0aMhighyiphieatiison oconagandiah

pi ezoel ectric elenment is knowmn. The liquid roomis
Clonglectpdeto iyhee henoizzk e € or rdiceahidng mipthee | oquitde
drop. The vibration plate forns a part of a side
stetacdiof meglirgnl i gim dadddimioThe mirarioed ectstcis cheap
el ement functions as  an el ectrical -nmechani cal _
cORYePSiLER é%ﬂﬁﬁﬂl¥m}%hthéeﬂ6#n§Qﬂu¥QEQﬁ@&m6ndBWéF@
As di scl osed in Japanese Patent Lald-Cp Appllcatlon
PE‘BFFE%FF“&E@ I\lo‘“C 2’0’%)39@%55%11?&% Fo0R19p 2826650y

and, Ja an . . 3178414, a PZT qgro fornmed b
TR T R P TS bt I, e {8 gl

oxide t.o na S I|d solution-of lead zirconate (PbZr3)

--aﬁ%cPég& |tana{%a(PbT|CB) is used. as a

10

15

20

25

D SroolCctl b, THETLALIOT IR 8 BLLR SHLLhca51 e
agddibbi-Qing® RAH & SOLNT i AR5 EeNelRld LA h&da" 1 €HRAY room
such as a pressing room, pressing liquid room,
pressure room, a vibration room, and a piezoelectric
element is known. The liquid room i1s connected to the
nozzle for discharging the ligquid drop. The
‘vibration plate forms a part of a side surface of the
liquid room. The piezoeslectric element functions aé
an electrical-mechanical conversion element which
deforms the vibration plate.

As disclcsed in Japanese Patent Laid—Opeﬁ
Lpplication Publications No. 2003-94652 and No. 2003-
237065 and Japanese Patent No. 3178414, a PZT group
formed by adding a small amocunt of an additive such
as niobium oxide to a solid solution of lead
zirconate (PbZr03) and lead titénate {PbTi03), is used

as a piezoelectric material forming a piezoelectric

element used for such an inkjet recording device. 1In
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syStenT and fornmed by dissolving a | ead group

conpound perovskite such as Pb (Mjii3Nb2/3)03 into the

PZT is al so used as the piezoelectric material 5

form ng the piezoelectric elenent used for such an .

i nkj et recording device. Siige the Curie tenperature

of the PZT is high (360 C, the PZT nay not be

i nfluenced by heat in a head manufacturing process.

| addddiittingn,a saitied 18o01ltihéoni nicard gl 1 enpel Akdr & tefrnary

the PZT is relatively |low (900 through 1200 C), a | ow

coyetept’alarchrf denedisked fossad viimteramaleddygroup

el ectrode. However, the above-di scussed piezoel ectric

CEPRRPENTRRAT QY S khee ugeshl esd Bx(Me,/ sk .chOk sinbp the

preferable for an_ecol ogi cal, system as approxi mately
ot 5t Rd Sthaleeher ght NeTReLH G ECE Rl @ Bakeriidr e

t e ahove- |scussed i ezoel ectric ceramic paterial is

E ¢ R1$ZCR%PELLEF AR T P ohPBURESH 131

be |ffused into a natural environment due to acid 20

ng L Ft&ﬁ QF tﬂ%yéﬁ *a bad influence to a hunman
body or the g0l ogical gﬁge@e LS Epegefhe pop s

Furt her nor e, ere i oII ng probl em

RS e 0% L R LD 00 %
PELNLeh d st GRAAREEcEhanng! Befodd®ge forMiaditdon, since
the sintering temperature of the PZT is relatively
low (900 through 1200 73), 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 ecclogical 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 is 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, aratio of cost for 5
collecting | ead agai nst benefit obtained by selling
the printer is high. In addition, since the head part
i's mechanically positioned with an extrenely high
ptepespaeintidis ,castld pgedhanbetd idfy e thek petnpernters
hi gh. Because of this, a manufacturers 10 |oad for the
cateectnenmafd tiver | @aderslexndenelduail ghse Db SCLOBURE case
OF THE | NVENTI ON Accordingly, it is a general object
ofhehe the miesrleqventi sherensr oviadlkudingvékadnd s
useful |iquid drop discharge head, liquid drop
dP§€ﬁa|f@é’ SHEH e, CPRPi RAEE tRST miah o aiev? cet Aﬁéﬂ'—héror
nore specific object of the  present |nvent|on

60598§F&€gaMQ%HH%Q@%BEtZ@e&ﬁgéﬁéﬁﬁ% R mﬁycﬁElllng
h | d |
cF BReRETREh it e P | o5 “S't@%rinf’%eéggtﬁé "bhac

risk, of. enV|ron # oII t|on i smantlin st
B Sfio R g g T %'qﬁ i8Rl S oA cev e

hﬁ!%ﬂ %ﬂéf’c}ﬂ d E’lgé?pc%étd'f%%ha?{lgs%ni}%é‘ﬂlnangfa%e”age
evi ce.
printer is high. Because of this, a manufacturer’ s

lecad for the collection of the lead is extremely high.

DISCLOSURE COF THE INVENTION

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

Another and more specific cobject of the
present invention i1s to provide a li@uid drop
discharge head which discharges a ligquid 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
liquid drop discharge device having the liguid drop

discharge head, and an image forming device.




10

15

20

25

The above object of the present invention is achieved
by a liquid drop discharge head, including: a nozzle
configured to discharge a liquid drop by using a

pi ezoel ectric el ement; wherein |lead ingredients are

not included in the piezoelxectric element. The above
obj ect of the present invention is also achieved by a
liquid drop discharge device, including: 10 a liquid
drop di scharge héadreonbiguted it ahadipsohaege Ankeatiidn is
drop; wherein the liquid drop discharge head includes
aapbiehedcdnf igurieguid dispharigehdrgeilgead, dnopusling:
using a piezoelectric elenent, and 15 | ead ingredi ents

_are not includedike t¢enfppered ot dischangat a Thguid

above object of the present invention is also

a@hPBvBY Nﬁ%ﬂgi%ﬁ@beF@?%ﬁﬁ§q$§HQ%§%ﬁ%FFgured to

form an inagF on a recordlng nmedi um by dischargin% 20 ,
a liquid dr 83t Fech? AP ng"PrEHE i@ TR Rt anFlqdsd in
d di,schar.ge head configured to discharge the
!fagigl&ﬁﬂff%ﬁﬁﬁ%$ne ﬁ@egﬁquid drop di scharge head
Enchudes i r’l%zeﬂa%ocx%]fagi%SQ £e ¢ Se"@ggeﬁbeihkr%%'t%n is
25 drop by using a piezoeléctric elernent, and

also achieved by a liquid drop discharge device,
including:

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

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

lead ingredients are not included in the
piezcelectric 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 ligquid drop of recording liguid, including:

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

wherein the ligquid drop discharge head

includes a nozzle configured to discharge the liguid

drop by using a piezoelectric element, and
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_6_ lead |ngred|ents are not included in the

.pi ezoel ectric element. Cther objects, features, and
advant ages of the present invention will becone' nore
apparent from the follow ng detail ed description when
read in conjunction wth the-acconpanyi ng draw ngs.
BRI EF DESCRI PTION OF THE DRAWNGS 10 FIG 1 is a
perspective view of the exterior of a liquid drop
di scharge héaddofirayfedseneabaedemantt iofclidegr ésenhe
invention; FIG 2 is an expl oded perspective view of

theekpgdied tdriop alieeemrge head of the first 15

enbodi ment of the present invention, FIG 3 is a
cross-sect i Bf&e L ikl HFt $ hefepitggied draop drdenargaes of
head of the first enbodi ment of the present

i FOBNPEEFETE Gnveqtign p‘éﬂéﬁre&elc\f’én%%%%f agpggent from

t t f the | dd di
"tﬁé°‘§piﬁﬁé«'1%£‘§cie“€%ﬁi;a$wgﬁtsea:e'a Ty EER  read 10
[ ny 0. Fl % t5n an, enI ar%1 perspective view of
par t & p|lezoe ect Fre At né’tlg}g oW RS F G 4,

25. FIG 6 is a structural view showing an -7

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of the exterior -
of a liquid drop discharge head of a first embodiment
cf the present invention;

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

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

FIG. 4 is a perspective view of a
piezoelebtric 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 1s a structural view showing an
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exanpl e of a nechanismpart of an inmage form ng
device including a |liquid drop discharge device of
the present invention; and FIG 7 is a plan view of .
parts of the image .form ng device of the present

i nvention. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON A
description of the present invention and 10 details
of drawbacks of the related art are now given, wth
rekemnpnee otfo FlnecHah heaughrkl Gf &n incd¢di Agrming
enbodi nents of the present invention. First, the -
fdestcemiadilnehiinpfa al i goildd ddicgc hrgeh degd devihe of
present invention is discussed with reference to FIG
18he¢ pheseght RIrGeBtithG ahdis a perspective view of
the exterior of the liquid drop discharge head. FIG

2 is an expTB‘éIed%é%ﬁe@tL% View of PR&tisi @i dhk opmage
di scharge head. FI G is a cross-sectional view of

t BRITLBGi dSaride oq%c*h%?gerﬁésalt J0 vt 1 9ui d drop

di scharge head has a nozzle 1 for discharging a
l'iquid drop, a pressure roon12 connected to the

plezoelectrlc elenent 4 as 25 actuator means such as
pressure generation nmeans or -8 driving neans for

pressing the ldquid if; bheqpr e88Unfesent 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 ligquid discharge head of the
present invention is discussed with reference to FIG.
1l through FIG. 3. FIG. 1 is a perspective view of
the exterior of the liguid drop discharge head. FIG.
2 is an exploded perspective view of the liquid drop
discharge head. FIG. 3 is a cross-sectional view of
the liquid drop discharge head.

| The liguid drop discharge head has a nozzle
‘1 for discharging a liguid drop, a pressure room 2
cbnnected to the nozzle 1, a vibration plate 3 (not
shown) forming a part of a side surface of the
pressure room 2, and a plezoelectric element 4 as

actuator means such as pressure generation means or
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room2 via the vibration plate 3. The liquid drop

di scharge head al so has a common liquid room8 and a
supply opening part 9. The comon |iquid room8 5
supplies ink as recording liquid to plural pressure
roonms 2 via a liquid supply.gpath 6 and a liquid

supply opening 7. The supply opening part 9 supplies
the ink froman outside to the common |iquid room B.
Tdoikinegs mefarthef swzgtessingr e hay riangeddi in $le pressure
parall el lines on a nozzle plate 11. A plate forned
byobin @l edtar czloastilngabdiohhellaitke 35 uBled 1dgutibedrop
nozzle plate 11, for exanple. However, other plate

nai echakrgecdieast abed hsst he coourdre pl@uedltooBadh arcd 2
the pressure roons 2 is forned in a channel plate 15
19VURRdY GPeAId1T iRBAC sBbst Fake cowroRxhhgheéd Acom 8

vi bration plate nmenber 13 form ng the V|brat|on pl ate

BSngééﬁﬁeét% 3% HePAERIBAr fl&&éué#d@o@ Pﬁé cﬁamure
late 12. Under this,struct 20
'Fgara ?uafm e 175t Ehela 5 @ € omman Ahiidui d
|.q§¥>§» St oh 6 sha Phed re‘f’?pﬂe“&%%f’x;”?sﬁe}% FgepLies
Tt B U BTG T g
vibration plgfe 13 50 that chhenl z%%é%‘ﬁcﬁkésafganged in
parallel lines on a nozzle plate 11. A plate formed
by Ni electro-casting or the like is used for the
nozzle 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 mede of a silicon substrate{ for example. A
vibration plate member 13 forming the vibration plate
3 is connected to a back surface side of the channel
plate 12.

Under this structure, ink as recording
liquid supplied from the cuiside to the common liguid
room 8 is supplied to plural pressure rooms 2 via the
liquid supply path 6 and the liguid 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 liquid drop is
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di scharged fromthe nozzle 1. The piezoelectric

element 4 is connected on a base 14 so as to

correspond to the Iine of the nozzles 1. Mre

specifically, as showmn in FIG 4 and 5 FIG 5, the

pi ezoel ectric element 4 is fernmed by nmaking groves 16

on two piezoelectric nenbers 15 connected on the base

14 in a conb tooth shape so that the grooves 16

caikespackd ofdde bhezheszle The piezoel ectric el ement

4 is a stacked 10 |ayer type piezoelectric el enent

formed by IMdcd prozabeestadki rg canepitezdel ectonaelcayer on

formed by a piezoelectric material (piezoelectric

cer grise) Ifotso i ael Gidi agrirespcardl = thei dénel edt rtdue

| ayer. The inside electrodes are reciprocally pulled

oBPZEdedn 115 dirsuppacs fdeadd to de ebaAnactad FtI& art and

end surface el ectrode (outside part el ectrode).

Fﬁé 18 Fort P& PP FPRGCE T iIFE G hat 8 é@ﬁﬁ@&éwto
3& surface ﬁ%ectrgde gput3|de art ele trode) 17

fﬁlﬁ PShiHP SRS ah®i R Bl AR FoUR Gnlie ﬁé‘rs

20 surf ce electrod fun tlonln as .a ectrode
% V|ah%n ﬁlsgtrdﬁlc éﬁﬂgﬂcﬁcgggfl

CHERN éHqu;}eldo&‘?Qg‘ 8 go.r‘}re ﬂcﬁ‘ fo %%”ﬁp%'f%esr 120

A"supply opEni ng part rame menbe

20 as outsi %4Iﬁyégoéyeekxl@m%ﬁéu@%th@t t%%a'cfﬂgd

is supplied fromthe 1nk cartridge or
layer type piezoelectric element formed by

reciprocally stacking a piezoelectric layer formed by
a plezoelectric 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 electrodé and other end
surface electrode functicning as a common electrode
(not shown), wvia an anisotropic conductive film.
The common liguid room 8 is formed in a

frame member 20. A supply opening part 9 is formed
in the framg member 20 as outside liquid supply means

so that the ink is supplied from the ink cartridge or
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_10 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. Furthgrnore, a circunferential
edge part of the vibration plate nenber 13 is

connected to the franme nenber 20. As a piezoelectric
maher isalb afarilhe Dhezoaledbnic el esmiidgapathi 21haad,

a piezoelectric 10 material not including a | ead

| igradiderim ithaisedamdbmembpeci2ii cal [yha sepéeizalkelectric
whose nain ingredient is a nmaterial of a perovskite
typétciyst@estT¥Uet ut b inotludiclaudiing peadoedechrds
bariumtitanate (BaTi 03) where barium zirconate
(BAZREIL % diksdraed, 1As ased tie d&P¢ ht8 piezoelcedtied in
material . The bariumtitanate where barium zirconate

i EREi OPGNEE R an? & ecEMFERSIRRT i  aF L EBYUBILEFgntial
coefficient o .5, simlar wth PZTFs el ectrical -
TEORENEERT CHupt b g7 SBEPELERoLE e RAER fir &3 (e 20

barium titanate where barium.zir ate i s dissol ved
haRhPRS Ut Ovaki T FLRRCCRTIIST dlducture and

therefore it Js ggg)fec‘%géfeEErggt ﬁ‘fa'ﬁqarigaofd?f the
pi ezoel ectri¢ properfy such as Siall crystal

apk 899t ric element 4 at this head, a piezoelectric
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 (BaTiOs)
where barium zirconate (BaZr0O3) 1is dissolved, is used
as the piezoelectric material.

The barium titanate where barium zirconate
is dissolved has an electrical-mechanical coupling
coéfficient of 0.5, similar with PZT' s electrical-
mechanical coupling COefficient._ Furthermoré, the
barium titanate where barium zirconate is dissclved
‘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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25 Since the Curie tenperature of the barium-11
titanate where barium zirconate is dissolved is | ow
(approximately 130 C), an electric connection is to

be made by the anisotropic conductive film whereby

the electric connection can-pe- made at a | ower 5
tenperature than sol dering. The connection can be

made by ot her nethods such as wire bonding. In this
ethodnpers widnee baa i iinmt iztlawatres t evhes edbasblfed is low
zirconate is dissolved is used. However, Dbarium

t i bppatox inteerel @ $BDgHE) anpnntlekthe wredbiscdon is to
i ncluded may be used. Thus , since lead is not

i REl @s® &y dthe i anisperppéfodatdydeiveefbdm adartaby
actuator neans in the liquid drop discharge head, it

i §PFoSi T 1D CrRRECEREN SR SifhEPR@E BBl Putlic®ie i sk

1 ow and ke 5 the dismantling cost | ow. Next, the
R i %

EBRE - F0oF Ot HETAGui d L 1ff opCRNSERAPGe GfdadPe
f_th t | tion is, di d. Since th
SPPUSt (e O The"SERBAT UMbt ekt ZF SPPRE-S4me as t he
first enbodi . |anat i uct
of the' socord et sERpSXRERAS Ol Yot [En ol Ehti®

efbedid B i G CEE 2MLG, MNOSE; FRLAhRAedi ent Ly, However,
pot assi um ni obate (KNb0O3) that 1s a :

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

Thus, 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 second embodiment of the liguid
drop discharge head of the present invention is
discussed. Since the structure of the second
emquiment is the same as the first embodiment, an
explanation of the structure of the second embodiment
is omitted.

In the second embodiment, a ceramic whose
main ingredient is potassium nicbate (KNbOs) that is a
material having a perovskite type crystal structure

not including lead is used as a piezoelectric



10

15

20

25

‘material having a perovskite type crystal structure 25

not including lead is used as a piezoelectric -12

mat eri al (piezoelectric ceramc) of the piezoelectric
.element 4. The ceram c whose nmain ingredient is

pot assi um ni obate has an elegtrical -nechanical 5
coupling coefficient of 0.5, simlar with PZT' s

el ectrical -nmechani cal coupling coefficient.

Fustbet adr g pitdws s @bt tcwheseniri)n ohgtedi piikzio®lectric
pot assi um ni obate has the perovskite type crystal
s¢temtote dand therefore it is possible to obtain a 10
good piezoel ectric property such as small crystal

ani sot r opy. TSencEndel Quvheseempémnatinaredient is
ceram ¢ whose main ingredient is potassiumniobate is
hpghagapprodiirlaly B35 &n, eileqis gpxkimeehapirsdnt .
the FPC by soldering as well as the PZT. 15 Thus, in

t REUB& BN CERITch PreRRt a8 Tudl- o as itk ¥ ¥Eh PLT s

enbodi ment .. since lead. is noE:incIude - at all in the

o SR a e o AR = s COHE LA O T BARGYI m { he
B 81 SORer 98 IR od S PRRSLILERhE IR
ChETRBSALD sl Lo Rt HI LU ETOOHLTE

| B¥eQkhR?d Sind therefore it is possible to obtain a
good piezoelectric property such as small crystal
anisotropy. Since the Curie temperature of the
ceramic whose main ingredient is ﬁotassium niobate is
high (approximately 435 Ty, it is possible to mount.
the FPC by soldering 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 liguid
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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di scussed. Since the structure of the third

enbodi nent is the sane as the first enbodi nent, an 25
expl anation of the structure of the third enbodi ment
-13 is omitted. In the third enbodi ment, a ceramc
whose main ingredient is hisguth sodiumtitanate
((BiD.5Nao.5) Ti@3) that is a material having a 5
perovskite type crystal structure not including |ead

i $susedtasda piezoelectric material (piezoelectric
ceram c) of the piezoelectric element 4. Since a
sintering téampertat urtei off &hbodédmamic avhoseambhcnwhose
ingredient is bismuth sodiumtitanate is 10 equal to
onallpsd nighvad k200 1< bismushpessiibire tbtanatece the
amount of the palladlun] an extrenely expensive
mét i p. sNRot Wl $Galertiadt | hyep BRECigde havinghat it is
possi bl e to manufacture the piezoelectric, elenent
aPeFgwscdde ?MPQ%%%YSFﬁltﬁéqﬂﬁq%F%ﬁ%%Elhﬁﬁ@ugénWbﬂead

as the first and second enbodi nents,.since lead is
nof UPRE Il?cFecF HEAFPEi ﬁCFﬁéCpun@ztc?e?’e%}ruEl%F%iﬁtct&”slc

t he__actuyat neans. i e i d dr o char ge head,
e et R P Re R oA roniR Al Tpol | ki on

:szfggrigmgﬁggﬁ?ﬁ%n?lgﬁ ?%ﬁga%“ﬂé¥%§%§felg¥'tN%Xceramlc
whose main ingredient is bismuth sodium titanate is
equal to or less than 1200 C, it is possible to
reduce the amount of the palladium, an extremely
expensive metal, in the internal layer electrode, so
that it is possible to manufacture the piezoelectric
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 piezcelectric element as the
actuator means in the liguid drep discharge head, it
is possible to make the envircnmental 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 1s the same as the first embodiment, an

explanation of the structure of the fourth embodiment




drop di scharge head of the present invention is
di scussed. Since the structure of the fourth
enbodi nent is the sane as the first enbodi ment, an 25
expl anation of the structure of the fourth enbodi nent
-14 is omtted. In the fourtiy-enbodi nent, a ceramc
whose main ingredient is nickel sodiumtitanate
(BBi (NFO5Ti0.5)03) that is a material having a 5
pes ovskicted.ype crystal structure not including | ead
IS used as a piezoelectric material (piezoelectric
ceram c) of Inhehs ezpetteet embodimemrit, 4 Srmmeithehose
Curie tenperature of the ceramic whose nmain
imgiadiegredd eiitckies mbdkam soddnat e ittandteel ativel y
high,&approxinately 250 OC), it is possible to.nount
t heBEPELpys Tdol et aIng-hat wed | agatke ipAT havimg, 2i n t he
fourthﬁgnbodinent as well as the above-di scussed

eBOATAERTE, iRt S TRAAE s SHEUCHHG R BRCAPALRG tifad
pi ezoel ectric elenment. as, the 15 actuator, neans in the
PHGURGSHr 65 @) SUrieh ol RO C {190 Tpdssi b b° ¢ BohRS e
T A TR R e S,
et Vond, S50 e e UL LR DB oo
fihbBe main ingredient is nickel sodium titanate is
relatively high (approxzimately 250 C), it is possible
to mount the FPC by soldering as well as the PZT.

Thus, in the fourth embocdiment as well as
the above-discussed embodiments, 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 fifth embodiment of the liquid
drop discharge head of the present invention is
discussed. Since the structure of the fifth
embodiment 1s the same as the first embodiment, an
explanation of the structure of the fifth embodiment
is omitted.

In the fifth embodiment, a ceramic whose

main ingredient is BayNaNbsO1s that is a material
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the 'iquid drop discharge he

enbodi nent is the sane as the first enbodi nent, an

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 materia

-15 having a tungsten bronzeigype crystal structure is
used as a piezoelectric material (piezoelectric '
ceram c) of the piezoelectric element 4. In a materi al
ghewp nghas e ureg sit éngbedinert type SoBa2taNo5Otncithate i Ss
the material having the tungsten bronze type crystal
stpgct wrse,a @ pregoebetiriiicc mstheatinl 4881 evetiliecitanitc i s

l arge (250 pC/N) and therefore it is possible to
dEp¥emise rif ekhal Paezaclewtvula ayksmerende, it is

possi ble to reduce the cost for a 10 driving circuit .
and form an iTheye"d bR RiAg d&FUEe WhRRs Mahnghngredient is

f [ t I t. Thus, .in the fifth enbodi t
kAR, 8 lon sopl, Thus. i e LD, croed et

I [ t__incl [l in th [ tri, .
L3 Winq LSS, 3t S e BLEERE SR sevas
dizsGgh Lty [ t - .
Siashacg heatal ! 3000 O LRSS I e rorore 1

diy smRpfdd iith £Osh EQE%eN%ﬁ%’ﬂgg%figihaﬁnQOQB%E%%fgage.
. ( . ad of the present

| AR ONid Sis 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 BisTi30:2, which is a material of a
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- 20 discussed. Since the structure of the sixth

enbodi nent is the same as the first enbodi nent, an
expl anation of the structure of the sixth enbodi nment
is omtted. In the sixth enbodi ment, a ceram c whose
25 main ingredient is Bi4Ti3%2, which is a nmateri al
of a -16 bisnmuth | ayered conpound, is used as the

pi ezoel ectric material (piezoelectric ceranmc) of the
pbézoeltéctird yert@neonpdunkn asmissd ahsgthep whose

main ingredient is 5 Bi4Ti301l2 that is a materia

haierged duitemint mabgeied (pdrpouelkechr ptezeebedia)i f the

strain d33 coefficient is relatively |arge and

t Réeeperleqtrie pbewebtedto drive the naterial at a

| ow vol tage._Hence, it is possible to reduce the cost

for a drividd @ rRRFeThRY TOOMEY Mhase magdnf oparegiient is

dgvi e avi%% high functions_at a low cost. Since

aPRat 3%t &M% 1ot2 JRRbS R824 Negnpukid i bhsBrEReAf Y Sred
IS _possible to pbtai od ¢ ositi . :

CBREPEIaH 17 (5-SEOPRECEIE o Burhi hg° SRATEREHETY: cis

t [ S_pro ian. 15, Thus, in_t sixth

. T ’

chpadr e Dot BS *aBE RUE g ot EchiepyBs bl

epRadiMB S SLOEE L ead S 1RQf véf@é%g?d abnald '4¥tf§

pi ezoel ectric elenent as the_ actuator "neans 1 the

| bauisd Aron: i sehgrgecheadodt for 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 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 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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'is possible to make the environnental pollution risk

20 |l ow and nake the dismantling cost low. A materi al

whose nmin ingredient has the perovskite type crystal

structure not including lead .is not limted to the

above-di scussed bariumtitamate, potassium niobate,

bi sruth sodiumtitanate, and 25 nickel sodium

titanate. Simlarly, the material -17 having the

t hagshen threortzaend ypencbyshale stypectanrestsl not ricwdred is

to above-di scussed Ba2NaNb5A 5- Sim larly, the

naDérﬂaMﬂtﬁdrgptmbobesdmshm&ﬂ&deﬁhﬂhﬂﬁ&@ﬁa typémilarly,

gstal structure is not limted to the above 5

Fseunese mBiadTi By ingnthadbtlisowtht hlea pe eséntompeermd drype

can be _applied to not only _the above-di scussed head

u§FH§taﬂh@t§ﬂéﬁﬁéﬁelh?eﬂoﬁyééﬂﬁﬂé%%é¢%c¥h?ca@p€ﬁbnt

byt al so head using a Bi norph type piezoelectric

eHéﬁEH?? Baur'tiEehore the present invention can al so

b lied _.to a head us t he stacked | ayer type
p?e?gglggtnaﬁjﬁﬂ +REMLEE§ K& SFeforhh ¥ ElPﬂygaﬁﬁ?e
I d. hbxt n_in
CLBETE L e QR Lo i ey BRd T

p’&ﬁée%ttg roptldﬁpgﬁ SQEL&%&% aefdlets geeﬂs;ﬁ'eﬁ% 'ﬂa"%‘:t“é W so

[ qul e presen I nven
i g deseusssthgvd BIREEHENESpe piezoelectric element.

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 i1s 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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'to FIG 6 and FIG 7. Here, FIG 6 is a structura

vi ew showi ng an exanple of a mechanismpart of the 20

i mage form ng device including the Iiquid drop

di scharge device of the present invention. FIG 7 is

a plan view of parts of thejgmge form ng device of

the present invention. In the image form ng device, a
carriage 103 25 is held by a guide rod 101 and a stay
1§@idki alendrer s 18r paid iegneehercs rbri«ft ngnbetrwean |safde
and right side plates (not shown), so as to be

capabke dindieisigowh] d sbnaa rmi bescaapalbiecbifobeihg slid
timng belt is provided at the carriage 103 and
bénwaefad puday dbsacsipnoevi ded imming naghtséanpinuyided
notor 104 and a pulley 106b provided at the other
sfHetNthEadaiadRel 4932n8 brsviasraml Rabied t‘l@6§can

via the timng belt 105 by kK the main scanning noto

185V A dere aéarar.r&agjennﬁpﬁngegﬁ mHteet 1 Oh @gdsﬁomm@y

F | 3, 10 d )

YA LA AR %%ew q”b'n”%ém%%%%b@a%s is
t

S gefl RPN ALS, BEEn GO TALR IR AR 095 by

9 the A %agflggnﬁgnﬁgggga%% 'aqéﬂomgﬁgj e/ %%{nougcan

j et recor respective

dﬂ@ﬁ?%c'%@‘ﬂrpgascoil%ﬁnoin yeld . ow(Y) . 1.0Y@é Qarriage 103,
magenta(M, and bl ack(Bk).

an ink jet recording head 107 is provided in a
direction in which plural ink jet opening parts are
cross the main scanning direction. The recording
head 107 is alsolprovided so that the ink drop jet
direction is downward. The four ink jet recording
heads 107 respectively jet ink drops having colors of
yellow{Y), cyan{C), magenta (M}, and black(Bk).

Furthermere, sub tanks 108 for coleoxrs 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 also OHP (Overhead Projector} film, and means a



~ Furthernore, sub tanks 108 for colors are .provided at

the carriage 103 so that corresponding ink.colors are
provided to the recordi ng heads 107. 20 Suppl enent al
ink is supplied froma main tank, nanmely an ink
cartridge, to the sub tank 108 via the ink supply
tube (not shown). Furthernore, as a paper feeding part

. for feeding paper 112 (including not only paper per

. Smat2riblt wilete GHP {fgehead fy0jeft ostabkkm cand paper

10

15

20

25

means a -19 material where an inmage is forned) stacke
oatachaper pssttackingspart pprassurkel bl af ephélpagfert he
paper feeding tray 110, a half circle roller (paper

f éeadngg rtoldwer)1lQAl3aahdld séparls ionlpad 1pépare feeding
provi ded. .5 One sheet of the paper 112 is separately

f 88lLedm ttHed Fuper 8eREKRiHdOParmad 14l byarhephgifided.
circle roller_ 113. The separation pa d 114 nmde

nab8r FRCHaihg B | BREE T cdéff il etParat eyt fof f%% the
eghel Lsitel s, pallen (pager feeding rol o) HI e o
e SBRRARE R R gL, SOLVEYLDO, e el 12
| Ssseraendn: 08 s come g el s Ry 2 e
head 188d RIAsSHTEOGaERY! @b1423 are Provided. MRS gized 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 provided. 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 conVeyahce belt 121 and the counfer roller 122 so
as to be conveyed. By the conveyance guide 123, the
paper 112 is sent in fhe upward diréction, is then
~turned substantially 20 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 menmber 124. 1In
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r BRFEEeT2E:

conveyancé belt 121 electrostatically attaches and

conveys the paper 112. The paper 112 sent fromthe

- paper feeding part via the guide 115 is put between-

the conveyance belt 121 and the counter roller 122 so
20 as to be conveyed. By thegonveyance guide 123, the
paper 112 is sent in the upward direction, is then
turned substantially 90 degrees, and then the paper
liddisiconveyethangihe conveyancs hiektp#ddtidéhe dwead
end pressuring roller 125 is pushed to a side of the
25heogueyancmipel fot2¢hbygangr esssunfpoenbér th24. | n
-20 addition, a charging roller 126 is provided as
changeygnasaixe forldhar gThg sowdvercefbepg 121 is an
conveyance belt 121. The conveyance belt 121 is an
eRBlé$S HA]LE TheTRBNGEPIRYS S thabll 131hdigghaing

bet ween thﬁlconve ance roller 127 and a tension

Bl THERUREYEfce Ve 1217 191 fes <piv ion
dFPeBTon 2y rBis Eﬁta'v%&snﬁc%ﬁ%]aﬁci{? 05%23'1'1%% i e
95 Bk it SRR RR e O Rl e il

h | r_. f I T .
aifr%gch]f&ﬁ,ceo%g{g{agﬁgg gﬁgam%%ﬁ%%é‘ﬁée %8M-e N7 via

sur . ayer tirons as a paper
atheagtinon susd acer sborned the £0Fi £XaPBh€erd 14 &y the

resin material which
sub scanning motor 131.

The conveyance belt 121 hés a surface layer
and a back surface layer. The surface layer 121la
(not shown) functions as & paper attraction surface
formed by, for example, a pure resin material which
has a thickness of approximately 40 Mm and whose
resistance is not controlled, such as ETFE {(Ethylene
Tetraflucoroethylene) pure material. The back surface,
such as a middle resistance layer or an earth layer,
is made of the same material as the surface layer.
‘The resistance of the back surface layer is
controlled by carbon content.

The charging roller 126 comes in contact
with the surface layer of the conveyance belt 121 and

"rotates as following the rotation of the conveyance

belt 121. The charging reoller 126 gives 2.5 N to
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15 has a thickness of approxi mtely 40 Um and whose
resistance is not controlled, such as ETFE ( Et hyl ene
Tetrafl uoroet hyl ene) pure material. The back surface,
such as a mddle resistance |layer or an earth | ayer,

is made of the same material2mas the surface |ayer. 20
The resistance of the back surface |ayer is

controlled by carbon content. The charging roller 126
cboed iemdsonifacthe wshhfthe sswrfeamant byengofokrhes. The
conveyance belt 121 and .rotates as follow ng the

r obaviegiergfe thwel bonveydnverks kel ta I@doultierchdregi rp as
roller 126 gives 2.5 Nto -21 both ends of the shaft
a§opeesdadtzimngnidd tesrevict agsvvedavee (bbter 1ayer) of
works as a ground roller so as to contact a mddle

r EBEsCRRVEYRRS pphEkiRdydor @roundirgnveyance bel t
121 for grounding, 5 A guide_nenber 136 is _arranged at

2 back  sidd G IR TERNEYance bl @rANGRd at a back

at _ Foe |
BAHE T07 AT ppEreYBOFPabBis e Yol G- FeRBEnAw to =

PRSI TS 0Y Phe | HOR LN L BE a5 o7 Al Bper

an a't WO roller e convey

r Qlulr%rac,%z%@rtﬁé h &iﬁ@i’%ﬂ%ﬁbe&o!ﬂ% ﬂgc?%eéggp?:?t It ngsitcrée of

conveyance be 1 er this struc ure,
PEhit iRG A Eoh g theadsCoOTeYRNGE edd 424 hgeRushad Y,

t he upper surface of

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 surface 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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the guide nenber 136 so as to be guided. 15

Furthernore, as a paper discharging part for

di scharging the paper 112 recorded on by the
recordi ng heads 107, a separation claw for separating
the paper 112 fromthe conveyance. belt 121, a

di scharging roller 142, and a discharging roller 143

~ 20 are provided. The paper discharging tray 144 is

prevbded ifoor dlichagebheegianchangadd pepersndl2urfs the
bot h- surfaces paper feeding unit 151 is detachably
apeprged 1&t cardracko sasf doe fpandt tife tgepeevite agiain
part. The both-surfaces paper feeding unit 151 takes

. pstiwgenh&hsaperunier r spdired 132 raaverike deopveyamoe??
revol uti on of the conveyance belt 121 and turns the
papeéi 1£d-over so as to feed the paper 112 again
between the _counter roller 122 and the_conveyance

belt 121. 51n thfe ik jet recerdiing &Y tee hevaga e

aggve-discussed tructu one sheet of the paper 112
i

CTBAAEEY 190 T ENFERE F cBBnG IRt . OTHERBapaPeE 112
112 R, A8 SRR BIU Ao e gl O Rt gt
PSP Mg angeo Ll U son
end Batledf Yhemargnidd21hs guidgd bypLhe; gonyeynge
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 pushed to the conveyance belt 121 by
the head end pressure roller 125 so that the
directicn of the paper 112 is changed substantially

90 degrees.

At this time, by a control circuit (not
shown in the drawings), & 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 negative charging is
performed in a belt shape with a designated width in

the sub scanning direction that is a revolution
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gui de 123 and pushed to the conveyance belt 121 by
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 vgldage is applied froma
hi gh voltage el ectric power supply to the charging 20
roller 126 so that a positive output and a negative

odt pettriepeat The tpapsr As2airesidd of tBeScoaveyance
charging voltage pattern is fornmed on the conveyance
bekflt1221 Hritibyebpsahiveecart inegat | vleaehangbyy tivgrns
performed in a belt shape with a designated width in
2560t hdasubr Isc g ey HlZedsi enhdhmd iy athevoboviegrangs
direction. The paper 112 is fed on the conveyance
beptt13€ hssiasvedrytandcaddat iand ytiehapgeerby 12urims

so that the paper 112 is adhered by the conveyance
bEPRVEY P gt dt B P cAFPPIARG (He $ralpen 12y &es
conveéed in the sub sc?nnkng direction b% ihe

r BV PG SV HERE D bf Ot hENEomPEVERERP BRI Pe151 12 whi | e

L1 car LaOgul Lo oied e bl g, heade, 10

are driven corresp So. _
|PECUEORRRS AR 100D LA SRR IMEIMIED S 3
| smegrveyethad tdy a: 426l 9Nt e ops 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 if the image forming device is thrown away,-it
1s possible to prevent the lead ingredients from
diffusing, furthermore costs for collecting and

dismantling the image forming device can be low, and

the image forming device can be reused easily.
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di stance, the next line is recorded. The recording
process is term nated based on recei pt of a recording
finishing signal or a signal indicated the rear end 15
of the paper 112 has arrived at the recordi ng area,

so that the paper 112 is disgharged to the paper

di scharging tray 144. Thus, since the inmage formng
device has the |iquid drop discharge head of the
present invenkl @restht eagdvengieti e i el@ited to the
included in the head. Hence, even if the inmage
fabovegddevicsdd dhibowhmaway, idut svposstbbast and
prevent the lead ingredients from diffusing,
foodhédmarte cgostsa ¥ dpe cnkbecwiindicand depsnantbi dgonheche
I mage form ng device can be |ow, and 25 the inmage

f 8eaPAg odetince rzes Rt r dnyedtdaily. -24 5 The present
invention is not linmted to the above-discussed
enbodi ment s FOButeXARR B8 i ohBCaR@kIfddife et bRg Aayise .
made wi_t hout departing fromthe scope of the present
iﬂ@%n??oﬁ.xa@&l%a% het pBaGHK AT ERGr AP g CaEVi de

f | of .t he j far devi .
REefleBi RS aaiid Gh o T arDe e 457! pnevdiowever,
t i n ' | S. Limted t hi .Vari ous
PROPEER TR T RTohe 00 LABRAS, LB Enstar o

Various kinds of sheets, the OHP sheet, a plastic

material such as a compact disk or a plastic material

used for a decoraticn 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 wood 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 1s such as the ink.
Furthermore, a pfinter 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




10 material such as a conpact disk or a plastic
material used for a decoration plate, a fabric, a
netal material such as alum num or copper, a |eather
material such as a cattle skin, a pig skin, or
artificial |eather, wod mategial such as a wood or 15
wood pl ate, a banboo material, a ceramc nateria

such as a tile, a three dinensional structural body
sfich ascerspiongeyn othéheelrbkd ccamtber used asracording
recordi ng nmedi um where the liquid is such as the ink.
Fdevheendics, rmeqridierg devicbe ftdrreecdidéngiol@lon t he
vari ous kinds of sheets or the OHP sheet, a recording
devireetige ly doudyi fgcbnaghe Firestde, aapeiniingudievdsce
t he conpact_di sk, a recording device for recording on
t Rerngesiomslidte, on Feeofabrd deAtethe ot LkBecofdimPoised
the |l eather material, .a recordi ng 25 device for
r@EoFB‘ienglJ&P%%edmd?lécpéé&ediqgﬁvh%%fce -25 for
recording on the ceramic material, a recording device
for recording on the three dinensional structura

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

i quid drop di scharge head, conpri sing:
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a nozzle configured to discharge-a liquid 5 drop by
using a piezoelectric elenent; wherein | ead
ingredients are not included in the piezoelectric
elenment. 2. The liquid drop discharge head as cl ai ned
10 in claim1, wherein mainaggredients of the

pi ezoel ectric elenent are materials having a
perovskite type crystal structure not including |ead.

15 20 3. The liquid drop dicgehiaryye head as clainmed in

claim2, wherein main ingredients of the

. pi ezoelectric elenent are bariumtitanate. 4. The

liquid drop discharge head as claimed in claim 2,

wher ei n mai -+ Agriddiehd sdsppt e s Qliaxgre| ket di c compmEming:
are potassium niobate. 25 5. The liquid drop discharge
head as cl aidmgtPz2ke scqpfiguygd to discharge a liquid

drop by using a piezoelectric element;
wherein lead ingredients are not included in

the piezocelectric element.

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

wherein main ingredients of the
piezoelectric element are materiais 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

* piliezoelectric element are barium titanate.

4. The liquid diop-discharge head as claimed

in ¢claim 2,
wherein main ingredients of the

-pilezoelectric element are potassium niobate.

5. The liquid drop discharge head as claimed
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in claim2, wherein main ingredients of the

pi ezoel ectric elenment are bisnmuth sodiumtitanate. 6.
The liquid drop discharge head as clained in claim2,
wherein main ingredients of the piezoelectric elenent
are nickel sodiumtitanate._5/- The liquid drop

di scharge head as clained in claiml1, wherein main

i ngredients of the piezoelectric elenment are
mhheritalism I2gvi ng a tungsten Dbronze type crystal
structure. 8. The liquid drop di scharge head as

“claimed i nwhleaiemry , mavher @hgredilentsgredieneés of the

pi ezoel ectric el enment are Ba2NaNb5015. 9. The liquid

 drépzarderdnge hekemert chaenbd snutle| svdian whéesiate.

mai n i ngredients of the piezoelectric elenent are
materials having a. bismuth 25 |ayered conpound. -28

10. The liquid drop discharge head as clainmed in ,
claim?9, mthaﬁ$ﬁnﬁ+ﬁ?har@%PEn@é%ﬂh%qﬁﬁ head as claimed

in claim 2,
wherein main ingredients of the

piezoelectric element are nickel sodium titanate.

7. The liquid 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 claim 7,
wherein main ingredients of the

piezoelectric element are BayNaNbs0;s.

9. The liquid drop discharge head as claimed
in c¢laim 1,

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

layered compound.
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pi ezoel ectric elenment are Bi 4Ti 3012. 11. A liquid drop
di scharge device, conprising: a liquid drop discharge
head configured to 10 discharge a |iquid drop;
wherein the liquid drop di scharge head includes a
nozzl e configured to discharge the liquid drop by
using a piezoelectric elenent, and |lead ingredients
are not included in the 15 piezoelectric elenent. 20
25 12. An image form ng device configured to form an
I mage on a recording nedium by discharging a liquid
drop of recdnddi rmhd i glididcdeppi siimgharde quedddeaep

di scharge head configured to discharge the liquid
deopimgideriei rckaim| Pgui d drop di scharge head includes

~a nozzle configured to discharge the liquid drop by

usi ng a pi exdeiTeit w2 bhefBareddmdi el i Hgeedi ent s

are not .included in the piezoelectric elenent. 10 15
ZElezoelectrlc element are Bi Tis0i:.

11. A liquid drop discharge device,
comprising:

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

wherein the liguid drop discharge head
includes a nozzle configured to discharge the ligquid
drop by using a piezoelectric element, and

lead ingredients are not included in the

piezoelectric element.

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

a iiquid drop discharge head configured to
discharge the liguid drop;

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

lead ingredients are not included in the
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piezoelectric element,
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