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present invention relates to liquid drop discharge
heads, |iquid drop dischargd-devices, and 10 image
form ng devices. BACKGROUND ART An ink jet recording
device having a liquid 15 drop discharge device
including a I'iquid drop DEfiGtHaF§eNhead is known as an
i mage form ng device such as a printer, facsimle,
copier, and multifunction device of the printer,
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roma recordin head to ch as a
pd%%?CHﬁﬁ EHﬁE h%%é Eﬁ%§§0?8%$8?ﬂ$ %cordlng
medi um or a recordlng paper, so that |nage form ng
such as 25 recording, printing, or copying can be
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The present invention relates to liquid drop
discharge heads, liquid drop discharge devices, and

image forming devices.

BACKGROUND ART

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

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 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



is possible to record a high precision inmage with
hi gh speed by the ink jet recording device on the
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and noise is small in the ink jet recording device. 5
Furthernore, it is easy to +®cord a col or inmage by
using a lot of kinds of colors, in the ink jet
recordi ng device. As the inkjet head used for such an

i hkj pbsstibter diongedevidea arigmkpetcheadnhdwage avith
liquid room 10 such as a pressing room pressing

| Rfjghdspeem bpr édsur énkodmt yadr@inendeydme a1y whe
pi ezoel ectric _elenent is known. The liquid roomjs
copnecdanot ediam nozine afgd tdigthaF YRR EGhES Uty cheap
drop. The vibration plate forms a part of g sid :
saRflapeise tife STRYd qiPd thGorh R ThES bi EZ68IREMY fevice.
el ement functiﬁgi,as an el ectrical -necha

CERTEPEFBATE o P AR 48 ST fay Paet mag e, &Y

As discl [ P Lai ¢- . ' i

PRBI PEari 006 0 10090 0a8o2 S N, L3003° A0Toa tes
andcg§8§g§5%lqugpt No. 3178414, a PZT group forned by
aﬁglng a"Small’ anount of an additive such as niobium

oxide to a gal it@hesqiﬁlr‘%j as akdeatkedi tsonaen RIZrO8) et

and lead titanate (PbTi03) , is used as a
pi-ezeehecly idevitder i ah hieniidyy mepderaelieet rd CL2puid room

el ement used for such an inkjet recording device. In

such as a pressing room, pressing liquid room,
pressure room, a vibration room, and a piezoelectric
element is known. The liguid room is connected to the
nozzle for dischaxrging the liquid drop. The
vibration plate forms a part of a side surface of the
liquid room. The piezoelectric element functions as
an electrical-mechanical conversion element which
deforms the vibration plate.

As disclosed in Japanese Patent Laid-Open
Application Publications No. 2003-94652 and No. 2003-
237065 and Japanese Patent No. 3178414, a PZT group
formed by adding a small amount of an additive such
as niobium oxide to a solid solution of lead
zirconate (PbZr0Os3) 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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WO 2005/ 082628 PCT/ JP2005/ 003443 -3 addition, a solid
solution generally called "ternary systent and forned
conmpound per ovski PET/SR2005/003443
as Pb (My113Nb2/3) 03 into the PZT is also used as

the piezoelectric material Bformng the piezoelectric

el ement used for such an inkjet recordi ng device.

Since the Curie tenperature of the PZT is high (360 V
,addet PEA, may soati dbesdhfitiiencedrdmraeby cabladhddbrnary
manuf acturing process. In addition, since 10 the

g eenfgahdngeratad ebpf diksoRXMLNG & el aefvempud ow

(900 through 1200 C), a low cost netal can be used
formpoungdt pemalvskdylee spebt pedEb Maweolbz/sRe into the
above-di scussed piezoelectric ceramc,mteri al

imeT ullesalleqd s s whhehPie 2Rt L aGt bl &f BR&S For an

ecol ogi cal _system as appr,oxi nat el 70%.0f_ t he ol e
V\%?J@IH%PgTﬁéﬁePdTe@,oeF%eﬁegé% STt (Rged for =30 &
apove-di scussed piezoelectric ceramic material is

S A

th’P]éQ\ﬁ andy,> %peEfed that a | ead conpound will
be diffusedgintq kﬂgtélggk_ee[‘l_\é pcgw&rgugft Quacigh 20; o

preci pitation and ere a bad i nfluence to a human

Ak L L LT Bt
PELULT B a0 e Atk h 8t nhe¢RIdtdik devigeaddition, 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 pilezoelectric
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 is cheaper than other image forming



using the piezoelectric elenent. That is, since the
25 ink jet printer is cheaper than other image form ng
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| arge nunber of the ink jet printers are consuned for
general individual users. lm_a case where the

pi ezoel ectric elenment including lead is wused for such

a cheap printer, a ratio of cost for 5 collecting |ead
agabasbrhenefid, obtaingd bympeld i thheipki nter psinters
high. In addition, since the head part is

neebanbaahime paRit i gemrerai t hnaiexdvwehehgersi.gh In a case
precision, the cost for dismantling of the printer is
highreBébause efod st racmahettrt ur BRCSUdd NH e dr 18

the collection of the lead is extrenely high.

Dit SEEOSURE sOCITHE ¢ INVENTP DN ACTOr d@nﬁﬁ%}oi Pf £t for
general aobject of the 15 present invention to proyide
ACROFEE RS eI 0% HREEdDARGH tF SCHAPGE Medl 1T Lbr8
drop di scharge, device, and_i e. form ng devi.ce.

ARBENEF 13HE f%ngg%ifi DoBf gtb?nthsl%ﬁf%gaﬁ? head

i nventi,on is.to provide a_liqui r 0 _di sghar
h88awscﬁled?k§%rh§?ag]e%y apPlngﬁilgDIge?cgp‘gg;ﬁ l?ng ?139 a Sitely

o] electric. ele I el udi gaq ; g edignts
sgﬁﬁﬁalp%t%éls’lﬁ' g{?ﬁé 9851: %%f‘g?fgrgg I‘E 1_ngf1 q

( . e ri envi ronnent ol lut1 on an
db?&%&@f'ﬁ%cﬁgﬁhpantgaﬁgge&fW%hﬁs, a manufacturer’s

load 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
liquid 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 device having the liquid drop

discharge head, and an image forming device.



l'iquid drop discharge device having the liquid drop 25
di scharge head, and an image form ng device. WO
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the present invention is achieved by a liquid drop

di scharge head, including: &-nhozzle configured to

di scharge a liquid drop by using a piezoelectric

el enent; 5 wherein lead ingredients are not included

in the piezael edicvic @ prent ofThthahowesoebjednhvemtien is
present invention is also achieved by a liquid drop
dhsahavge #eviecd,igiintl|ddopgdikdretgquhdadrogncluding:
di scharge head configured to discharge a |liquid drop;
wher ei n t heal nguizd edrop B gehedgd chedds chagbgdes ldiquid
nozzl e configured to discharge the liquid drop by

udrag Bypiusiod ecthiezef bRt iarRilaBeréad i ngredients

are not included in the piezoelectric elenent., Thf .
above obj ectbeE &ife 1Rt ehbIrFPeftoh #E° §pdo included in
achi eved by an iqgge orm ng device configured to

f 5PR RASPREGE Trf 1€ r@t®Paf g nedi um by di schargi ng 20

s Lo g8 OSSR 0 ol LAY Blibish 1
also achieved by a liquid drop discharge device,
including:

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

wherein the liguid 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
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 ligquid drop;

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

drop by using a piezoelectric element, and



di scharge the liquid drop; wherein the liquid drop
di scharge head includes a nozzle configured to

waele®shsaoge the liquid 25 drop by using a pi ezPel/&eoi/a@®3443
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el ement, and WD 2005/ 082628 PCT/JP2005/ 003443 -6 |ead
ingredients are not included-in the piezoelectric

el ement. O her objects, features, and advantages of

the present invention will becone nore apparent from

5 the fol | odkad detgridcicendescarptnot henlvnéad in the
conjunction wth the acconpanying drawi ngs. BRI EF
DESCRPPTEONrOE FHEMRAW NGS 10 FIG 1 is a perspective
view of the exterior of a liquid drop discharge head

of a first enbedi wmdntected, theapresSent 3Weptvaptamas of
2 is an expl oded perspective view of the Iigghg ngp
drze haF ge chdad et RECR | Y6t 1BeBRBIIIHRAE 8PPATERT trom
present _inventi

. FIG 3.1
LHES FPaPH st SEHR gdeREAIPSR The fPPor ad

nmbodi t. of it N Lan; . [
erSpBEErveny e or CAE S0 pr R P e aFa B adeer O e

l'iquid drop discharge head of the first enbodi ment of
t he present

a.craqss-sectional vi.ew of

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of the exterior
of a liquid 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
piezoelectric 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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invention; FIG 5 is an enlarged perspective view of
parts of the piezoelectric actuator shown in FIG 4;

WQ200508626 is a structural view show ng an WO PCT/JP2005/003443

2005/ 082628 PCT/ JP2005/ 003443 -7 exanple of a

mechani sm part of an inmage-fferm ng device including a
liquid drop di scharge device of the present

invention; and FIG 7 is a plan view of parts of the
iemageplb bdr @ mgddeviicen abathe oft eserimageefbiroi.nBEST
MODE FOR CARRYI NG OUT THE | NVENTI ON A descri ption of
tdevpeeséncliviers ioon kel d 0dgeraidiss ehaggawasks ofot
the related art are now given, wth reference to FIG
1t arpaghemtGimventidudi #y< enbodi nents of the
present invention. First, the  first enbqdi nent of a
Iiquid di schfge’ ht&d2oP1eRe Vi %sRht P {9onthg 1mage
d#scussed wi t.h ref rergce to FI 15 1 1L_hrough FIG 3.
A e nfs AT IS Rc TR RTSABr N RRLRRT or of the
liquid drop discharge head. FIG 2 is an expl oded
perspective view of the |iquid drop discharge head.
R r3vbS rd FIP oS 8Eih @ NG T Virew of yyifR@rbivaui d drop

d ar ge head. s Jur ddf d har ge head has
a nozzle 1 for discharging a liquid drop, a pressure
room 2

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 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 liquid drop discharge head has a nozzle
1 for discharging a liquid 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 piezoelectric element 4 as

actuator means such as pressure generation means or



connected to the nozzle 1, a vibration plate 3 (not
shown) formng a part of a side surface of the

wWEe@sHsa6es room 2, and a piezoel ectric el ement BECHIP2AE5/003443
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actuat or neans such as pressure generation neans or WO
2005/ 082628 PCT/ JP2005/ 003443 -8 driving nmeans for
pressing the liquid in the pressure room?2 via the
vibration plate 3. The liquid drop discharge head
abisovhagy amecomoivt ipuedsiogmt@eadd @uiduppl yrhopeniagsure
part 9. The comon liquid room8 5 supplies ink as
rseomdienyila quied widprtian pressure rgbﬁs 13 apigd gdrop
l'iquid supply path 6 and a liquid supply opening 7.
TRéSShEFIoR disafl L $arkas qusperERd +HEULAK AW pnd a
outside to the comon Liquid room 8. TTD li.nes of the
NG3PPAY PRSTDG (BGEdOtn TI6 SRR LLARES orP e

nozzl e .pl ate ;11. A plate.f d _.by N tr.o- t]
GPCER R L B TR, LS00 00
exa e. wever., . t j d
YR, T B SRR PUETEhaCan Mg,

: ; e I L _
T B R b s o e
f i@l NGt he-JH iatd@PsPhat @0 IHs sxnneat ed o @ Pask 8.

surface side of the channel plate 12. Under this

structure, iRk aside€osfli 88e 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
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 made 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
ligquid supplied from the outside to the common liguid
room 8 is supplied to plural pressure rooms 2 via the
ligquid supply path 6 and the liquid supply opening 7.
The inside of the pressure room 2 1is pressed by

deformation of the piezoelectric element 4 via the

vibration plate 3 so that the liguid drop is



20 liquid supplied fromthe outside to the common
liquid room8 is supplied to plural pressure roons 2

woe@s08828 | i qui d supply path 6 and the |iquid BCp2905/003443
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opening 7. The inside of the pressure room?2 is

pressed by deformation of ti% piezoelectric elenment 4

via the 25 vibration plate 3 so that the liquid drop

is WD 2005/ 082628 PCT/ JP2005/ 003443 -9 di scharged

fdorchhegeoz Almom . tihenprezeellectric element 4 is

connected on a base 14 so as to correspond to the

line of theThsopdeanalenbrbcspeelritaltylsasosmertath on

FIG 4 and 5 FIG 5, the piezoelectric element 4 is

for Redeby 4 wekidy §P 0veETIBPER% WO filks oblBEt Afc the

nmenbers 15 caonnected on_t he e 14 in a conb th

sﬁ86§l§5 It-natMete ﬁP%S%E%CTéggdrF@%ﬁ%ﬁawpolphgg%g 4 and
1. .The piezoelectric t C

18%% éw e B £ f ric &ré engﬁglfornéd%g§%ﬁx¥qu

fegh(e Cl % S éafé‘ 84 %WB' gég%%ﬁteratcrieyﬁemﬁo Cr)rgedléw

prez [Féctric mater I ezoelectric ceram not

!thg Q%xiQQg and @stn§ﬂdQneEerﬁﬁﬂetb@¥%rsﬁgﬁé s0

i nsi ectrodes are reciprocally pulled out to an 15
epd 23URTAC &% #Ss t D6 bBoEeBBREHRD HD Beend ZSUIdACE.

el ectrode (outside part electrode). An FPC 18 for

suppl yi ng aTifd Wikzstusatris earpeatedit fsan enthcked
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 electrode and other end
surface electrode functioning as a common electrode
(not shown), via 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 frame member 20 as outside liquid supply means

so that the ink is supplied from the ink cartridge or



surface el ectrode (outside part electrode) 17
functioning as an individual electrode and ot her end

wQosusXeaxe el ectrode functioning as a comon BCEIR20GH®3443
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(not shown) , via an anisotropic conductive film The

common liquid room8 is forqi®d in a frame nenber 20.

A supply opening part 9 is forned in the frame nenber

20 as outside liquid supply means 25 so that the ink

i sheupplb edhifik om Itheaddktéant r iedgeoen D92 @E50E26 285

PCT/ JP2005/ 003443 -10 the sub tank. In addition, an

ofeminegl par ttigl Fwamé onapbern20hesd rahetmanipdrezpkectric

that a piezoelectric unit 25 (See FIG 4) including

t el @PoelSaa %G - et bneRE14AipKe HhRePigZogd® e FPC

18 is received in 5 the openin art 21, Furthernore, . .

aSe PPEGH eérrerﬁhealba%ﬂgé‘lpa?f‘do%}{)%em\j/? bi-§t itén G ed in
er 13 is connected to e frame nmenmber 20._As a .

gﬁggogﬁﬁﬁ%QQ:RﬁﬁErggr o%ufﬁgeﬁﬁ%ﬁ%el%cFﬁﬁ?%&%ﬁﬁﬁﬁtﬁal

at .this head i ezoel ric ial t .

oLk e e P SEoBhREphCpifamerbal 1% s

SBS%&Je'q%aAJf Yeo au’i@tfﬁéﬁle Waese M@ ingredient is a

material of a perovskite type crystal structure not

i ncluding | ead,, such, 8s; barium tidanal g1 (BaTie)

where barium zirconate (BaZr03) is dissolved, is used
13iasdhepiezoel pehehe wBbErtdlis 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 (BaZr0Oi3) 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. Furthermore, the
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



The bariumtitanate where barium zirconate is
di ssol ved has an el ectrical -nechani cal coupling

weowbhsweent of 0.5, simlar with PZT s el ect rPCHIP2005/003443
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mechani cal coupling coefficient. Furthernore, the 20
bariumtitanate where bari wnizirconate is dissol ved

has the perovskite type crystal structure and
therefore it is possible to obtain a good
ptezaeheet Whery dperiymsuthcasasralils crhiyssallved is low
ani sotropy. 25 Since the Curie tenperature of the

b e b oo WOM20R8/10 8282 8 (HCT/ aiP20D6¢ P 3448onridct i banaise to
where barium zirconate is dissolved is | ow,
(appragembvelyhel 31 GjotARPéFe€ORCR CddififecE LM " akPbY
be made by the anisotrpgic conducti ve fiIn1mherer

t hBeePeELrird G SR F bhoRaR2Be Pind@ &t 2 | BueP™s

tengerature t han soldfring. TheT%pnnectiontcan be be

nhBEPRY 25U & oI SGEA" s wilPE BSTITGELPA (GRS
nbaqdi t, .the bar.i tit wh bari [ t
TEA0Fs 81 Vi At MBI Thonathy =% WIS R ol T er e

a slight a"%nt%ﬁfs F&nﬁgdﬁn%ﬁalothgcIb%@%ﬂﬁﬂa%fﬁggnlésceéj'

Thus, since Tead i's not inc éd at all _
P{Nﬁéggl %Cdtrri'lﬁn el epephade tihe @Liyvdt Peameansykig. .t hesowever,

I qui rop discharge head, it is possible to
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 pilezoelectric 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 liquid
drop discharge head of the present invention is
discussed. Since the structure of the second
embodiment 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 niobate (KNbO3z) that is a
material having a perovskite type crystal structure

not including lead is used as a piezoelectric



make the environnental pollution risk | ow and make 15
the dismantling cost |ow. Next, the second enbodi nent

w®@Rooshg26k8 qui d drop di scharge head of the preReniP2005/003443
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invention is discussed. Since the structure of the
second enbodinent is the sapme as the first

enbodi nent, an 20 expl anation of the structure of the
second enbodinment is omtted. In the second
efbedi-aent ,(pA SRSl €t heSeeranie) i kgt edhenpiesoelectric
pot assi um ni obate (KNbQ3) that is a material having a
pel emekict @ .t ype crystal structure 25 not including

| ead is used as a piezoelectric WO 2005/ 082628

PCT/ JP2005/ 003443 rantix et @3 ¢ ahaipi érseiedtient is
ceram c) of the piezoelectric element 4. The ceramc
vbosesgaium indgresientas san pel gs§rdpnt opatkaRaS 3N

el ectrical -nmechanical 5 coupling coefficient of 0.5,
SFRAPPAA DG P FAT &Lt ecefi BaP- mScfdni Tal "tblpFitdg S
coefficient. Furthernpre whose. mai n

the_ceram
| AP EHF SO i e PRALST nFﬂFBEéPQ ﬁ&?fﬁﬂe‘:bSP vskite
RS LA M Sy et b ORRDI
SPBLL S YS! Al oL S OhL OPYneSHRER VLA (UM L fpbe R ALY ©
structure and 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 potassium niobate is
high (approximately 435 C), 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 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



ceram c whose nein ingredient is potassiumniobate is
hi gh (approximately 435 C), it is possible to nount
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the second enbodi nent as well as the first

enbodi nent, since lead is naB-included at all in the
pi ezoel ectric elenment as the actuator neans in the
liquid drop discharge head, it is possible to make
the enmuittemnental pollution risk |ow 20 and nmake the
di smantling cost |ow Next, the third enbodi nent of the
li qui d droﬁnd¢@®h$@ﬁ¥®e@db©ﬁlmhétprés&ﬁrQWWanhﬂ$e
is discussed. Since the structure of the third

embodi e attfe skl aguthe sPAAM iR HeRt, an 25
explanatlon of the structure of the third embodi ment
V\ﬁ) Bo05MG8 2078 RET/HPP0057? 093925183 ViR t fed. In
the third enbodi nent 0ose ain r.edi

| BeBPYRI % doiim 41 Y Shates (f(léutélrﬁ\la{bo%)l“r‘?%é‘ tlead

IS?.FEI&SWH ra#glt :}3?%9}%%?% citBerO\I{%l%lere.L gpféélggalectrlc

'S USG

PLezogliegt e ﬂfé%in@2&9@8{9&%6%&@@@4 anic) of the

plezoe nce a sintering tenperature

of the ceraml;q MPSe; TBER: hRIEeFRMa thisrDiSUtRe ceramic
sodiumtitanate is

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 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 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
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that it is possible to manufacture the piezoelectric
element 4 at low cost. 15 s, in the third

enbodi nent as well as the first and second

enbodi ments, since lead is not included at all in the
piezoeliedterd.c el ement as the actuator nmeans in the
l'iquid drop discharge head, it is possible to make
the environfanttdle poduEh oAMPPERMEOY .0 HREFBRE PSS
di smantling cost |ow Next, the fourth enbodi ment of
thelni daiod e ddraspt dt 8 cRaF§ELheadiam (et apreaete,%nt
invention is discussed, Since the struct ure of t he
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ceram c) of the piezoelectric elenent

whose main ingredient is nickel sodium titanate is
relatively high (approximately 250 C), it is possible
to mount the FPC by soldering as well as the PZT.

Thus, in the fourth embodiment as well as
the above-discussed embodiments, since lead is not
included at all in the piezoelecfric 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 liguid
drop discharge head of the present invention is
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

main ingredient is Ba;NaNbsO;s that is a material



Since the Curie tenperature of the ceramc whose main
ingredient is nickel sodiumtitanate is 10 relatively
whe@k/ogmppr oxi mately 250 C), it is possible tRCTBRNO5/003443
the FPC by soldering as well as the PZT. Thus, in the
fourth enbodi mrent as well asl3-he above-di scussed
enbodi nents, since lead is not included at all in the
pi ezoel ectric elenment as the 15 actuator neans in the
| hquildodrop-uhissher gerbrad, tvPe sywssabl etraatakes the
envi ronmental pollution risk |ow and nmake the
disean@lsi iy wosto¢ beE tRERt Mafties i/l t (P baBeglesir ot
the liquid drop discharge head of the present
| REEAMISN if 20heli REB3SBUSCE Hce A" R Fubture of the
fifth enbodinent is the sane as the first enbodi

Nt .

an expl anatifor? gt2 {5t 3t r HEPYPe™ ﬁQMF??Ftﬁngrégﬂgﬂt 1s
' i itted. | he.fifth_enbodj
5 cHRanrMBs b5 T he il bATeRE Mo VB RaRBBOR T

' terijal / PCT/ 1P200 - 15 .
5o Sl B, 20951052028, 0T JPO005 00D 15 s
u§ed as A My -&?Jcefmgrg@t Quisdl ez O0ghaCtHerefore it
ceramc) of the piezoeleCtric elénment 4. In a materia

grQUBwhase B n hRgyedigst nhterd HaZNaNRSOLYy thsttd e .
the material having the tungsten

Hence, it is possible to reduce the cost for a

10 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

15 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 sixth embodiment of the liquid

drop discharge head of the present invention is

20 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

25 main ingredient is BisTi30:2, which is a material of a



bronze type crystal structure, a piezoelectric strain
d33 coefficient is large (250 pC N and therefore it
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Hence, it is possible to reduce the cost for a 10
driving circuit and form aniigrage form ng device

havi ng high functions at a | ow cost. Thus, in the

fifth enbodi nent as well as the above-di scussed
epbediABRN Sy eYit ecdrgasiung, nos uisrel udecttat all in the

pi ezoel ectric element as the 15 actuator neans in the

| bfladedeap rdics clratrgel dbalipiproeiles Possi bleranieghkef the
the environnental pollution risk |ow and make the
dbsranelieng rdoste Jewenekt , the sixth enbodi ment of

the liquid drop discharge head of the present
i nvention i §m2@ é}%ﬁ]s%]g g“SPHEeWPﬁéesﬂadﬂ G gd dget is

si xth enbodi nent is t t
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pl1 ezoel ectric el enent
possible to reduce the cost 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 i1s 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.

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



In a material group whose main ingredient is 5
Bi 4Ti 3012 that is a material having a bisnmuth | ayered
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relatively large and therefore it is possiblet o

drive the material at a | owivel tage. Hence, it is
possible to reduce the cost for a driving circuit and

10 form an i mage form ng devi ce having high functions
ahavdnlgowheostundi bee hrkake nepal drysical uskduasware is
conposition elenent, it is possible to obtain good
coppodiitiidred om rab dabi-Hisguat ech@aNadeP1hur nf hgilarly,
and therefore to obtain good mass production. 15 Thus,

i Ahehaadienin lenbodl REnthas bhemutls kawered compound type
above- di scussed enbodi nents, since lead is not

| REVSdEd ALBHFLIRCthe PPEzeemddsd I EMentPA¥She
actuator nmeans in _the liquid drop discharge head, it

i 41564Si%5% R TvgRe2 t he environnental poliution risk

20 | d k di i l.Qw, i_al
2 o A R S LR TREhL BOSSORt W TR LAl e
SLENGLUL 0ty d0Cb AL NG, Leal oS didcdd RAehoL Wifing
a e-di scussed bariumtitanate, potassium niobate,

LB arelg, gaistactole sl i o

PCThIR200R/ 10034435 i md Fphatiype the Adumusteni br eneamdype
crystal structure is

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 liguid 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 ligquid 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



not limted to above-di scussed Ba2NaNb5015. Simlarly,
the material having the bisnmuth | ayered conpound type
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di scussed Bi 4Ti 3012. In addition, the present

i nvention can be applied tdagot only the

above- di scussed head using the stacked |ayer type

pi ezoel ectric elenment but also a head using a Binorph

t ypédpi ervéect rhcidyengnbetv@efurltedfer ror@ trhehpreseln

i nvention can also be applied to a head using the
spaeked | @yxr shypenpi ezeebectri e dagmintewhérbphng slid
deformation in a d33 direct ion or A d31 direction is
usBda MM RN ki e CEEeBrdi Ag tdEATE Relanifnrgevided
form ng device of the gresent I nvention as a_liquid

I
df§cﬁ§ﬁb§%ﬁﬁﬁ%ﬁ?k&&?n ng PELYISE drof %%%a}géghead
t t i ti is_di i th f
O S e B0 LEphef BRI et Rsey
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mage formhg device including the |iquid drop

di schay a8, devi e 94 h ctahe%mt Vet 80y BLEe 105S by

a plan view of parts o e inmage formng device of
t RG ePrRSENts dNWMEMd ORo+hR thQ 1ifRged W RYagB8VinEEn Sscan

carriage 103 25 is held by a guide rod 101 and a stay
182 rehitchbrares Wh@P054 082628 RCT/ JRR06b 003448age 103,
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 also provided so that the ink drop jet
direction is downward. The four ink jet recording
heads 107 respectively jet ink drops having coloxs of
yellow (Y), 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 also OHP (Overhead Projector) film, and means a



-18 gui de nmenbers bridging between left and right side
pl ates (not shown) , so as to be capable of being slid
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at the carriage 103 and between a pulley 106a 5

provi ded at a main scanni ng-etor 104 and a pull ey

106b provided at the other side. The carriage 103 is

noved and caused to scan via the timng belt 105 by

t hiea et ha  cahrireg amotioradd4i $ nfoheedar sitagdk @di nnseapaper
direction as shown in FIG 7. In the carriage 103, 10

arf iakk ey Pé@@rmnﬁf&ﬁﬁﬂaﬂﬁﬁig)pié&l@édtheapaper
direction in which plural ink jet opening parts a re
crifedine mapy dddnmindg @ ¥ ecitohe ¢Hé1ﬁ&xﬁ@@ﬁ@r regdling

107 js also grOV|ded so that.the ink._dro
d.-"r%]clt%h % deRGWE ¢ B FhoR PAR Jlét‘l raé@orla?fﬁgl?@d

oGt %}ﬁve'ay%% chtach SCBRdchrAck fBl) Fxon tne
F ggﬂeemrcsbk;g% anke 108 Lor Gol ooy 2 eyproud ded sty 115

e carria correspon

1‘E¥é d@éi% By di ng heads %%tegq %ura?égﬁﬁat al

IS S mamalntan nane an in

Cairatf (gg@@etf@lkii%rﬁyb)ﬁ apki 10BN aatBe Lt'?llé 1S4PRl ¥ircle
tube (not shown). Furthernore, as a paper feeding part

f ard1 14 eedbagepap@ledikdy (#5C] ¢i€l) NY1BOLnANli% PaREEgRGked to
--;“:;de 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 conveyance belt 121 and the counter roller 122 so
as to be conveyed. By the conveyance guide 123, the
paper 112 is sent in the upward direction, 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. 1In
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(pressure plate) 111 of the paper feeding tray 110, a
half circle roller (paper fe2ding roller) 113 and a
separation pad 114 are provided. 5 One sheet of the
paper 112 is separately fed fromthe paper stacking
p&ddifaony a hehhrpfing rolld ewll%% is3profHaeled as
separatjon pad 114 nade of material having a | arge
cCEFT TRt MR F r fREi GhaFAdEY theSs RAFRCE Ad etheol | er

aper feeding roller) 113 and is energized to 10 a
(% %WﬁY§Wﬁ§ ?}tcﬂsére LSS S§ORNVIRYAREEa Dy elahcés an

S
[ h 112 f th
PRI B ey afhbuer TRTe e fmsf?eéégimﬁgs ﬁ%‘&er
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r Qldqere 125, @re PBQVEQE‘JegEH%eC%Vﬂa@g% beldo hads 13,2

el ectrostatically attaches and conveys the paper

The 1Rapeinddida 568t af kamLtibg  RaRes: fegding Ratd, i,@%
the guide 115 is put between the conveyance belt 121

agd ddec cuntiey Fothennd22ns0 chwsyhache reanveyetz 7By i a
t he conveyance guide 123, the paper 112 is sent in

t hbeupviarithgliberti DB2 hadt her tiwihed suvbItantizd |yy9Qhe
degrees, and then the paper
sub scanning motor 131.

The conveyance belt 121 has 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
has a thickness of approximately 40 Um and whose
resistance is 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 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 roller 126 gives 2.5 N to



112 is conveyed on the conveyance belt 121. The head
end pressuring roller 125 is pushed to a side of the
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2005/ 082628 PCT/ JP2005/ 003443 -20 addition, a

charging roller 126 is provizted as chargi ng neans for
charging a surface of the conveyance belt 121. The
conveyance belt 121 is an endless belt. The
cobvayamer hef ttHRlshsfliung prestswesie g £onmwemnceThe
roller 127 and a tension roller 128. The conveyance
bebhvE¥hmreyvotoakketrnld7 Belrkscadveyariceund r ectlilay so as
nanely a sub scanning direction, by rotating the
ctaveyparicet of IetddPe vealistieaad niaifbellpa €30 Iagerheot
timng roller 133 bX the 10 sub scanning notor 131.
ThEec oorsipafec Pl 121 2Rad oy SRFHRETAyer and a

back surface | ayer. The f i 121 t
shown) funct GHEL3R r&eﬁﬁ]a%g 13%?9&?3%%&1‘?‘%9{;@ a%‘g'fo F f1aed

by, f I [ i al_which
CHideness T on DxTHRES FAG D i Shoks tpondiis o a
resj.st ' [ . T E

TER AT e Php L Pela e AR ETIE, (M Sfper

SUGH 3% d8 ddi e Geshs! fGe dAvee GirdfLeabid yeLide of
a material as the surface layer. 20
The o 68 3ANCE; Oheb B8 Back mpd a0l Y efah§ent of two
rollers (the conveyance roller 127 and the tension
roller 128) supporting the conveyance belt 121.
Under this structure, in the printing 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



controll ed by carbon content. The charging roller 126
cones in contact wth the surface |ayer of the
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rotation of the conveyance 25 belt 121. The charging
roller 126 gives 2.5 N to W22005/ 082628

PCT/ JP2005/ 003443 -21 both ends of the shaft as
pressuri zing forces. The conveyance roller 127 works
asezogudunch rof | €ne scomgeyboceomeddt I& hi ddide turns the
resi stance | ayer (back layer) of the conveyance belt
1papker lgrlowmtingso52A §ai decherber PEIBers 1der el at
a back side of the conveyance belt 121 as
cbetysgendig e@umtepr rﬁ#ﬁg arda B tHaer EEFMAIRPCE
heads 107. An upper surface of the guide nenber 136
pP@ﬂ@c@@lto a side of the recording heads 107 nore

th t t of two 10 I th .

han 2 SR, o DL oLLEES L EONEICS g e
bhelt 121 t hi £ , bt

CORRIENES Be o422 pglBURE 1S SHALUCE: o Wiler 112

the %g&%ffsaﬁgulff%e@ffwﬁ gui.de IS%%@@O At d b bSer

gui ded. rthernore, as a paper argi ng part
fon o GSChall g {heapanstthh? i-acqr dad-08chy tderection

recordi ng heads 107, a separation claw for separating

the paReledlin f+ee gheqdeonveyanaadeldpd2lii@ is put
between the conveyance belt 121 and the 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
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 negative charging is
performed in a belt shape with a designated width in

the sub scanning direction that is a revolution



di scharging roller 142, and a discharging roller 143
20 are provided. The paper discharging tray 144 is
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bot h-surfaces paper feeding unit 151 is detachably
arranged at a back surface g3t of the device main
part. The bot h-surfaces paper feeding unit 151 takes
25 in the paper 112 returned by reverse direction WO
2005082628 PCTMIPRENEL003243 s - revotluei ewrofeydece
conveyance belt 121 and turns the paper 112 over so
abetld fl@dd ndwl phpetylapdaggige t et hiepha heash Ut efurns
roller 122 and the conveyance belt 121. 5 In the ink
j 6 &t ditiry RRRTEelhivitig AHe T ebdve- Hi g cgsyeryance
structure, one sheet of t ape 12 is separately

£ b1 a1l S A BAFE L HhaTBhgdie RABS Fod Lot o
in a substantially vertical .direction .is guided by
ety o, SrmebEoerstns e nche ol Benhe
conveyance_ bel a Il er 0 as
CUMBINGE DELS 2200 Lhe el ranLelhen A28 o
paper 112 i spguided, by Lbe:coaveyance g dg 123 and
pushed to the conveyance belt 121 by the head end
PLEISWE AP h&5ad2P0%0atrRaly iRl - gt Fesbb e iafg the an

paper 112 1s changed substantially 90 degrees.
image signal so that ink drops are jetted onto the
paper 112 which is stopped and one line 1s 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
liguid 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
is 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.



At this tinme, by a control circuit (not shown in the
drawi ngs), a voltage is applied froma high voltage
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that a positive output and a negative output repeat

by turns. As a result of thiz4-a charging voltage
pattern is formed on the conveyance belt 121. That

is, positive and negative charging is perfornmed in a
belt shape Whé prdeshgnansdndiidich lish 26tt Admsied to the
scanning direction that is a revol ution W 2005/082628
Pebrobs? 0o3add empRddmeadts orpuThéagagdion 38df ed

on the conveyance belt 121 positively and negatively

c BRed Bt + oR hsMa¥o ben 88 dene igdirsi t 188Peg tdHer egoBy the

t he conveyance belt 121 el ectrostatically and the
pﬁﬁﬁﬂ”ﬁfﬁyfgh% BOATEV dlpﬁqﬁ%%%ﬁn)scanning di rection

by the revalving novenment.of .the conveyance belt 121,
Wil o the cariT agea 89 T hovad e © FEErariG fehdse-
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| 3 st qppedsand ane i de | §rbpcandetha r£Et QEIRE PAPBBwever,

112 is conveyed with a designated distance, the next
| i iSrd £60F defvehR@ oheGQ GidY 1 1M PEBSS Hos Hief 41 nat ed

based on receipt of a recording finishing signal or a

sivgialoudik LR edoEhehieeals ,enthe OHP sheet, a plastic
material 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 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 liquid 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



15 of the paper 112 has arrived at the recording area,
so that the paper 112 is discharged to the paper

wale@shsasgs ng tray 144. Thus, since the inage fPRPCHIFM05/003443
device has the |iquid drop discharge head of the
present invention, 20 |ead i-agredi ents are not
included in the head. Hence, even if the inmge
form ng device is thrown away, it is possible to
prievente¢dredi rgd onngrhedict smi coma tdififalsj ng, recording
furthernore costs for collecting and dismantling the
i rgel dorfid ngrdevirdé nearribethewthase Zbindwesinange
form ng device can be reused easily. WO 2005/082628
PCYIFPD0s2 008243 SUZL Frie preBeRgSineRTbatisgneevice
limted to the above-discussed enbodi nents, but
varQat  IFRTARBY RIS dtFOhsC may thé-hfadel §f t ngaR e used
departing fromthe scape of the present invention. 5

5 Foafs e%%pjrje‘?u%ﬂegffﬁﬂ &SP nGeieVi%e, one of
exanpl es of the image form ng devices, is discussed
as a liquid drop discharge device. However, the
present invention is not limted to this. Various
ki nds of sheets, the OHP sheet, a plastic 10 materia
such as a conpact disk or a plastic material used for
a decoration plate, a fabric, a netal material such
as al um num or copper, a | eather



material such as a cattle skin, a pig skin, or
artificial |leather, wood material such as a wood or 15
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such as a tile, a three dinensional structural body

such as a sponge, or the like6ean be used as a

recordi ng nediumwhere the liquid is such as the ink.
Furthernore, a printer device for recording 20 on the
various kinds of sheets or CLWeIXFP sheet, a recording
device for recording on the plastic material such as

t he conpact disk, a recording device for recording on
the netal plate, a recording device for_recording on

the | eat her Imthrisguiq @é@é&d@h@cbéraévbééﬂ*orcomprlSlng

recordi ng on the 0 recordi ng devic i )
2005/ 082628 @cﬂ?%ﬁ%o@%é%ﬂh‘?edz Of fLSFgléd%Qﬁ My bhauid
ceram c ater i ng_.device for
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the fabric e use

c 005/082628
P%%%ngoosl o%%ﬁggi/&-%%-mg%l MBS 1. A liquid drop

~di scharge head, conprising: a nozzle configured to

di scharge a liquid
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 liguid drop discharge head as claimed
in claim 2,
wherein main ingredients of the

pilezoelectric element are barium titanate.

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

plezoelectric element are potassium niobate.

5. The liquid drop discharge head as claimed



5 drop by using a piezoelectric element; wherein | ead
ingredients are not included in the piezoelectric

we@b@sesne28 2. The |iquid drop di scharge head asPCl/a20€d003443
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10 in claim1, wherein main ingredients of the

pi ezoel ectric element are maké&ri al s having a
perovskite type crystal structure not including |ead.
15 3. The liquid drop discharge head as clained in
chiai mlaimherein main ingredients of the

pi ezoel ectric elenment are bariumtitanate. 20 4. The

| i qui d drop wiiethangaaiendizgrefiapntd dih thaim 2
wherein main ingredients of the piezoelectric elenent
aPé FSEAxTUrd fi 6BaMenm5e FhEMUTuisPHiep Sisenartge
head as cl ai med WD 2005/ 082628 PCT/ JP2005/ 003443 -27-
in claim2, wherein main ingredients of the

pi ezoel ectri sodiumti.t

t, e. bi tn, te. 5 .
6. The quui6g“ d ﬁ%eﬁ.lg?{%% fc’%n%aglég AR o8| Bipimed
2&&“3?5?41??in i ngredients of the

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 liguid drop discharge head as claimed
in claim 7,
wherein main ingredients of the

pliezoelectric element are Ba;NaNbsO0;s.

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

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

layered compound.



pi ezoel ectric elenment are nickel sodiumtitanate. 10
7. The liquid drop discharge head as clainmed in claim

waooakgases n mai n i ngredi ents of the piezoel eck@T/aP2005/003443
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el enent are materials having a tungsten bronze type
crystal structure. 15 8. The2s-qui d drop discharge
head as clained in claim?7, wherein main ingredients
of the piezoelectric elenent are Ba2NaNb5015. 20 9.
The liquid drop discharge head as clainmed in claima1l,
wherein main ingredients of the piezoelectric elenent
are mat eri alld -ha¥herg ld B shud hop28iseparwde coapduad
WD 2005/ 082628 PCT/ JP2005/ 003443 -28 10. The liquid
dicdi it hit gel ®édd %s claimed in claim9, wherein
main ingredients of the 5 piezgelectric elenent are
Bi 4Ti 30 2. FeReLPqld- HriopIdBPLeRatge Hevile,

conprising:., . A
ﬂy%zoelé%trlc element are BisTi301z.

11. A liguid drop discharge device,
comprising:

a liqguid drop discharge head configured to
discharge a 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

pilezoelectric element.

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

a liguid drop discharge head configured to
discharge the ligquid 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



a liquid drop discharge head configured to 10
di scharge a liquid drop; wherein the [iquid drop

wale@sisaoge head includes a nozzle configured PCI/JP2005/003443

10

15

20

25

di scharge the liquid drop by using a piezoelectric

el ement, and | ead ingredients2®&fe not included in the
15 piezoelectric elenment. 12. An image form ng device
configured to forman i mage on a recordi ng nmedi um by
disichaegilrgtaid iglemedicop of recording |iquid,
conprising: 20 a liquid drop discharge head confi gured
to discharge the liquid drop; wherein the liquid drop
di scharge head includes a nozzle configured to

di scharge the liquid drop by using a piezoelectric

el ement, and 25 | ead ingredients are not included in

t he WO 2005/ 082628 PCT/ JP2005/ 003443 - 29-

pi ezoel ectric element. 5 10 15 20 25



