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DESCRI PTI ON LI QUI D DI SCHARGE HEAD, LI QUI D DI SCHARGE
DEVI CE, AND | MAGE FORM NG DEVI CE TECHNI CAL FI ELD The

w@e@ses20T nvention relates to a |iquid di scharper/neacs/021328

a liquid discharge device, and an inmage form ng

devi ce. BACKGROUND ART Conventionally, in various

i mage form ng devices, such as printers, facsimles,
copiers, plotters, and nulti function peripherals, a
l'i qui d di scharge head WhPESCRIBLIA ges a liquid to a
recording mediumis installed to forman inmage on the
recording nedium In the followng, the liquid

di scharge devi ce nmeans a device whi ch di scharges drops

of a |iquigrdwr® preeRhdsRInARS Utkoue DT&eardEAIDEVICE, AND
medi um may be paper, yarn, fiber, textile, |eather,

I EﬁlFoﬁﬂfﬁ%i, V]@Eass, wood, ceramcs, etc. The
ecording mediumis also called a printing nedium a
copy sheet, etc., and these are used as the synonym
irrespective of the kind of the material. The term
"recordi ng" nmeans not only creating a neani ngful
TEGHNECAR EHEY characters and figures, on the
recordi ng nmedium but also creating a neaningl ess
i mge, suchhaspregeaitt énmenbinon heeYaesy diong dAedidich discharge
Recording is also called image formation or printing, ,
hend, t heseqai @ dilsshattgeddasibe, sardyMimigel iringhg heaice.
is an exanple of the liquid

BACKGROUND ART

Conventionally, in various image forming devices,
such as printers, facsimiles, copiers, plotters, and multi-
function peripherals, a liquid discharge head which discharges
a liquid to a recording medium is installed to form an image
on the recording medium.

In the following, the liquid discharge device means
a device which discharges drops of a liquid to a recording
medium. The recording medium may be paper, yarn, fiber,
textile, leather, metal, plastic, glass, wood, ceramics, etc.
The recording medium is also called a printing medium, a copy
sheet, etc., and these are used as the synonym irrespective of
the kind of the material. The term “recording” means not only
creating a meaningful image, such as characters and figures,
on the recording medium, but also creating a meaningless image,
such aé a pattern, on the recording medium. Recording is also

called image formation or printing, and these are also used as



di scharge head, and specifically a piezoelectric type

ink jet head is well known. In the piezoelectric type
wo oosjoe20head, a piezoel ectric el enent i s usedPEBIRR005/021328

pressure generating unit for generating a pressure

whi ch pressurizes an ink (or the liquid) in the liquid

chanmber. Especially, a |am nated type piezoelectric

el enent in which a piezoelectric layer and an i nternal
theéesyradan.are |lamnated is used. Wth the | am nated

type piezoelectric elenent being driven, a resilient

di aphr agmashiieyk fjernhebdieisudrd asampfl eaoliathe of i dpined

liquid chanber is elastically defornmed by a

ddseRhAcE RYY,| ﬁnﬁhgpgéﬁfE%afﬁy-é“ﬂ&%%bb@@c@fléh@ype ink jet

pi ezoel ectric el ement, and changées the internal

oBPESE CHPLRBHE o SRR 08 I8 o e, o
head For exa anese Patent No. 3114
5 PHPERPIRTTIM § ef‘ét earaAAhG ?E@r?s&r?aﬁ?%%’f%‘al‘%%@lt

piezoelectric element. In the ink jet head of this
fascaneerat it apPELEERERT YRECh Arassugideshani #bkr el the

el ectrodes are alternately lamnated to formthe
liguidnt &d thepdigiuédochamber c dlspeedial{sri setapinated type
bl ock) . At end portions of the |lam nated type '

phbeseBtEftid @lehementn khech ndiplictdalleexkeenbhyer and an
el ectrodes and the commpn external electrodes are

1HPEPREY éiégtﬂaa%9%§§'@Qm?ﬁaﬁ$55ﬂé”ﬁé@@tedwﬁfﬁethe laminated
plezoelectrlc elenent is performed by |eaving a part

10 §n§l% qﬁq %18#%&@{ %¥% ; tﬁ% ﬁlgnr Ei e&grdfgihragm

e cen on- ac

wgﬁégsfggméu¥ﬂé %@P%a&geQ%Of fif‘¥“P%e llquld chamber is

elastically deformed by a displacement in the d33 or d31
direction of the piezoelectric element, and changes the
internal capacity/pressure of the liquid chamber so that an

15 ink drop is discharged from the nozzle of the ink jet head.

For example, Japanese Patent No. 3114771 discloses

an ink jet head using such a laminated type piezoelectric
element. In the ink jet head of this document, the
piezoelectric layers and the internal electrodes are

20 alternately laminated to form the laminated type piezoelectric
element (driver element block). At end portions of the
laminated type piezoelectric element, the individual external
electrodes and the common external electrodes are formed.
Slot processing of the laminated type piezoelectric element is

25 performed by leaving a part thereof, so that a plurality of
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operation, the |lam nated type piezoelectric el enent

generates the pressure which pressurizes the liquid in
wo bmelosoi d chanber by a di splacenent in the dBAT/JP2005/021328

direction of the |lam nated type piezoelectric el enent.

The comon el ectrodes of this |am nated type

pi ezoel ectric elenment are taken from the non-actuation

parts at the both ends in the row direction of the
agtbabidomrarhs ddriveeehanne Usipamesdel geatepehhereahtand

Application No. 2003-250281 discloses an ink jet head
noh+abt wsteiornt ardiss pkabetienénds tHeredI3ader Ectmed. of Ira

| am nated type piezoelectric element. In the ink jet

opeagt fén ! Nire daglpBREG §§§%cFHé%B%%@cﬁQl@feléﬁent generates
plezoelectrlc el ement bonded to the base surface 1s

tHSréPéé‘&jr c‘nhgﬁgg‘rjhi‘igé‘ H 84 'ﬁ%ﬁ Ene E{'@,ﬂi

cor espon |qU| anber

B8 Bl PABRLSABBENCath of N5 T 06 FEBBI9" dF EcT tRes a

l'i ne tége i nk jet head. In the line type ink jet_ head
lapipafk d@@tﬁr@ﬁtezoglspﬁraﬁ@ﬁmﬂmtnoz & 6PERPRgRLeFlerodes
arranged on a single continuous nozzle plate to form
of hehhe zdnei r@ tace t yPeeppe ekt eittird @lementnaseataken from
di sposed to face the correspondi ng nozzl e openi ngs by
tReoResSadihaficn phutal atytled Wtk apidezoal erériéw direction
crystals, and the boundary portion of the adjoining
o@u{ﬁepé@gﬁgﬂfgg|§a§tégrystals is the processing region.

Moreover, Japanese Laid-Open Patent Application No.
2003-250281 discloses an ink jet head which uses the
displacement in the d33 direction of a laminated type
piezoelectric element. In the ink jet head of this document,
slot processing of the piezoelectric element bonded to the
base surface is performed, and the individual piezoelectric
elements corresponding to the liquid chambers with which the
nozzles communicate are formed.

Moreover, Japanese Laid-Open Patent Application No.
06-198877 discloses a line type ink jet head. 1In the line
type ink jet head of this document, a plurality of nozzle
openings are arranged on a single continuous nozzle plate to
form the nozzle plate. The piezoelectric elements are
disposed to face the corresponding nozzle openings by

processing of a plurality of bulk piezoelectric crystals, and

the boundary portion of the adjoining bulk piezoelectric
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In recent years, the ink-jet recording device as an

i mge form ng device is demanded for high-speed
w@eionhsm2g? The met hods for achi evi ng hi gh- speepCT/JP2005/021328

printing of the ink- jet recording device may include

a method of increasing the ink discharge frequency,

and a nmet hod of increasing the nunber of nozzles.

However, if the ink discharge frequency is increased,
crysiiaslswe@emr;vrpgethlmrad carriage in the i nk-

jet recording device at high speed corresponding to

t he increasedecaktdiysshay gend rie+grey retdrdngiddvicid tas an

to control the powerful notor with sufficient accuracy

PES By fd@eubaklgl SERAH PN G o3t hhgghséé@&mcmlwgt h The
good stablllty To elimnate the probl t he use of

neh e R d g ki bt PREoriRgrE e oo Y ¢

i ncr ased i.S taken i nfo, consid ti However
SR GeHGEnBAY L HRCT G h TS HoRe Ohe bR A AL thd e ik
configuration as in Japanese Patent No. 3114771 or

diegharase Inameopen #d entmeddpd ot LBATRBSIDDORe Zowker of
used, it is necessary to lengthen the |ength of each

n@iZImE-CdﬂpﬂnEﬂt ﬁirtheoﬁnkhdihehdrgéﬁfm&qudngy is increased,
pi ezoel ectric el enment, such as PZT, is a very sl ender

it ohg rEddssaaiy abgmegeth@ llengt kagfitbe heathaviidk-catse
the difficulty in respect of the manufacturing process

r@o PAHY 14k gh%@gﬁl@&@&wﬁe@b@ﬂamﬁg t M¥RO§ oreased
In the tase of the Iine type ink jet headof Japanese

11]T}§| cgls%}x r&&iéatf%g&uﬁ‘ggiil Caftj. ary '}Hffqguigsxgg or%keol the

powerful motor with sufficient accuracy and perform the ink
discharging at high frequency with good stability.

To eliminate the problems, the use of an elongated
head, such as a line, in which the length of the head is
lengthened and the number of nozzles is increased, is taken
into consideration. However, in order to léngthen the length
of the head with the head configuration as in Japanese Patent
No; 3114771 or Japanese Laid-Open Patent Application No. 2003-
250281 used, it is necessary to lengthen the length of each of
the component parts of the head. Since the piezoelectric
element, such as PZT, is a very slender long part, enlarging
the length of the head will cause the difficulty in respect of
the manufacturing process or handling of the piezoelectric
element.

Moreover, in the case of the line type ink jet head
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plurality of bul k piezoelectric crystals nust be
divided into the piezoelectric elenents. Since
W@ k@aos12g7 or chi ppi ng of the piezoel ectric el ePeEnIER00%021328
likely to arise, the yield worsens and the
manuf acturi ng cost becones high. DI SCLOSURE OF THE
| NVENTI ON An obj ect of the present invention is to
provide an inproved |iquid discharge head and i mage
of ofanangs¢eiadd- Dpeth@tenmé\mﬁgwetnemN@ne%-p]rstﬁméms the
are elimnated. Another object of the present
pluwvElnidyofl dullk plexoebectdiqwrgsdbishauge e adl wikiech into
can be constructed in an elongated configuration with

thOW LDl R YRl b18sedtd | qtslcﬁcds %Qﬁﬁfgﬁgdﬂlcﬁlﬁ@l@ugﬁl%f the
i mage form ng device in which the |liquid discharge

Vi hi t
P %%%el%et%{l%oﬁgggggj ecJ?g %Jl]?]eeﬂ'p?c%sg% ?h\r}gh i %lneml worsens
ovi des a ui d_di scharge head, copprising: a base

aﬁéﬂﬂ@?’“ﬁ? |a&%HFEP9 Eﬁsﬁué%ﬁQQ?awﬁﬂgﬁpdlscharge dr ops

of aliquid; a plurality of |iquid chanbers which

communi cate with the plurality of nozzles

respectively; and a plurality of piezoelectric
DESELEHURE @@haHat INYENTPNssure to pressurize the

l[iquid in each of the plurality of |iquid chanbers,

wher ei n a3l Whikictyodf tié it inteat @6RNis NMEdliSride an

in which the plurality of piezoelectric elenments are

1&&6@5& Wi st 1 G 99L¥§ﬁa£<§‘e G M DY mabet FOHRERS HNE A §n
arrangedon the base nenber in rows along a direction

w}g{%rﬁrgcﬁ} SUUPS QN+ § DF R S M % WrePLEZRAGHECLL) ©
S.

Another object of the present invention is to
provide a liquid discharge head which can be constructed in an
elongated configuration with low cost, as well as a liquid
discharge device and an image forming device in which the
liquid discharge head is provided.

In order to achieve the above-mentioned objects,
the present invention provides a liquid discharge head
comprising: a base member; a plurality of nozzles which
discharge drops of a liquid; a plurality of liquid chambers
which communicate with the plurality of nozzles respectively;
and a plurality of piezoelectric elements generating a
pressure to pressurize the liquid in each of the plurality of
liquid chambers, wherein a plurality of piezoelectric element
members in which the plurality of piezoelectric elements are

formed with grooves in columns by slot processing are arranged



In order to achieve the above-nentioned objects, the
present invention provides a liquid discharge device
wokioeksizorl udes a |iquid di scharge head and a PpeTjuR2dos/021328
container, the liquid discharge head conprising: a
base nenber; a plurality of nozzles which di scharge
drops of a liquid; a pluralite~ of |iquid chanbers
whi ch conmuni cate with the plurality of nozzles
OR kR RFSFeMPMOgEd1R PPYS A4 & %F@EB%‘P%C‘?% i@e columns of
el enents generating a pressure to pressurize the
the guiwrdlitoac pfiezbelettrid iglpmehtsi qui d chanbers,
wherein a plurality of piezoelectric elenment nmenbers
i n which tihe gderakbt yclofeyws azeelabovernert eomed oyeests,
formed with grooves in colums by slot processing are

tRE f}?%torln%%t%ﬁepﬁ@w&és I 11 QNS dal086h@r ¢k IRGHiiceN which
of the colums of the plurality of piezoelectric

5 ig%fgf &5 ##&di@daﬁsgﬁa Qiﬁéga‘é%% ngigﬁfgnééﬁgg%%er, the
objects, the p e

resent 1 nvention proyvi an | nmage

form ng, device which is provided with a liguid .
LRt itge Hac 6PIRER A dnge Sncan PUREE 4 plurality
medi um by di scharging drops of a liquid fromthe |,
of BeF LR YeH&YEiRERAre® LHRPT &dopdithgubtddi ArplYsaidity of
di scharge head conprising: a base nenber; a plurality
lofuidzchambeans ohighschamngeichtopyish shei glweelity of
plurality of |iquid chanbers which conmmunicate with
nbbeled uredpdat igfe1gezzhésa rebpedtiitye by ; paadoal etturiad i ty
of piezoelectricelenents generating a pressure to
10  ePERSSHS | Fhdh@ ingUdi Bréfseas t PfprdeReupl e athd Y1 0duid in

l'iquid chanbers, wherein a plurality
each of the plurality of liquid chambers, wherein a plurality
of piezoelectric element members in which the plurality of
piezoelectric elements are formed with grooves in columns by
slot processing are arranged on the base member in rows along
15 a direction of the columns of the plurality of piezoelectric
elements.

In order to achieve the above-mentioned objects,
the present inventipn provides an image forming device which
is provided with a liquid discharge head and forms an image on

20 a recording medium by discharging drops of a liquid from the
liquid discharge head to the recording medium, liquid
discharge head comprising: a base member; a plurality of
nozzles which discharge drops of a liquid; a plurality of

liquid chambers which communicate with the plurality of

25 nozzles respectively; and a plurality of piezoelectric
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of piezoelectric elenment nenbers in which the
plurality of piezoelectric elenents are forned with
W@emeMER0T N col unms by sl ot processing are arrBC#ER0EEN21328
t he base nenber in rows along a direction of the
colums of the plurality of piezoelectric el enents.
The above-nentioned |iquid discharge head of the
i nvention may be configured so that a groove at a
ehenFRE OPETEtEAI0Bt RERFS R WRIPFESALT 6P uRPR btk in
plurality of piezoelectric elenent nenbers is further
ebonnefl e tHearelotypebckisiin). chbimbeaboveherain ongdurality
liquid discharge head of the invention may be
o€ opi ¢ gos Bsb13d ¢ kakmanyapenise fOrifeahiphatbeuptarality of
portion between two adjacent columms of the plurality

p%z@éf@@@he&terlleﬁeﬁkgﬂsﬁé FOMRA SyidndgtBeveapihasomns by
ler than a width of one of "the grooves

FL8£ &Bgogéfs Clhqlg %lrgt aB%Qﬁ?é@ ché}g : th-@ %aggofﬁgmlg@)gt ir‘? r&ecgvs along

g€ "hea nventlon may
nfl ured s onmon xtern Ie trodes. ar
CSER TS 1G] cHiinEer BT oo F b 0w Reabsr of LTI arFic
drlve wavef ormto each of the plurallty of
epPBeBESectric el ements . The above-nentioned Iiquid
di scharge head of the invention may be configured so
t hat the prhe @bove-oeptiéened ebiquis disgbargeahead ef the

base nenber are bonded together by using a conductive
iadbesioe mgeme configured so that a groove at a boundary

portion between tﬁo adjacent columns of the plurality of
piezoelectric element members is further formed by the slot
processing.

The above-mentioned liquid discharge head of the
invention may be configured so that a gap is formed in a
boundary portion between two adjacent columns of the plurality
of piezoelectric element members and the gap has a width
smaller than a width of one of the grooves formed by the slot
processing.

The above-mentioned liquid discharge head of the
invention may be configured so that common external electrodes
are electrically connected to the base member to supply a
drive waveform to each of the plurality of piezoelectric
elements.

The above-mentioned liquid discharge head of the

invention may be configured so that the plurality of



The above-nentioned |iquid di scharge head of the
i nvention may be configured so that a nozzle plate in
wokioslost2be plurality of nozzles are fornmed i s pCDYReH21328
for the plurality of piezoelectric el enent nenbers.
The above-nentioned |iquid di scharge head of the
i nvention may be configured =6 that the plurality of
pi ezoel ectric _element nenbers are arranged in col unms
PLRZPPE PSS PR RBERTS 2RA P e HaFen B8 PR a2 bR URRRgSR together
portion between an mth piezoelectric el enment colum
bywheirg i icorawnctaivegedhesiest eagantan one) and an
(mtl)-th piezoelectric elenment nenber of the plurality
of pi ezoel®ad radbovelrephi omedrileirgyidanld sthergaphdws f the
wi dth small.er than a width of one of the grooves by
ihhensl ot R PERS SR gdhed awwardte it h@ﬂ@ﬂe'%ﬂé&é’ in which
di scharge head of the invention may be configured so
ur.al j n %ﬂg& I.e [
tﬁ??%g%g 3§§?§EL Sggﬁggygg% on edQSOP?ﬁgggg é%&ééﬁmihe
lurality of .piezoelectric, elenents.and a di aphragm
ol eh 10 5% P SEOPRREETET SHTTE o P RE T ural ity of
liquid chanbers. According to the |iquid discharge
head of the'§ ARSYErBRNTEAREG| tA%iid yléFhaF%%olé%cgﬁﬁ &he
el ement nenbers in which the plurality of
ipiverbidredqay deelconéhgsred esd drhadd thy Bilurapierex’si ng
are arranged along the row direction of theplurality
pbhézpe keoet e taliemeakt ememnbsr D rateharsiangked baseohemixeron the
and slanting or chipping of the individua

bREEZAGhSSt N i gap is formed in a boundary portion between an
m-th piezoelectric element column (where m is an integer
greater than one) and an (m+l)-th piezoelectric element member
of the plurality of piezoelectric element members, and the gap
has a width smaller than a width of one of the grooves by the
slot processing.

The above-mentioned liquid discharge head of the
invention may be configured so that a plurality of conQex
parts are respectively disposed at a plurality of bonded
portions between the plurality of piezoelectric elements and a
diaphragm which forms a surface of walls of the plurality of
liquid chambers.

According to the liquid discharge head of the
invention, the plurality of piezoelectric element members in
which the plurality of piezoelectric elements are formed by

slot processing are arranged along the row direction of the



el ements can be prevented, and the manufacture of an

el ongated ink jet head with | ow cost can be attai ned.
WOADead2atg to the |iquid di scharge devi ce and POT&IPR0vEME1328

form ng device of the invention, each of the liquid

di scharge device and the inmage form ng device is

provided with the above-nenti+8ned |iquid discharge

the invention, .and. it is possi.ble.to_achieve
RN, BB Rt ER g Y GikliphEs SR U ReiPebaghdrember,
- advant ages of the present invention will be apparent
M EREIREI PHVFMPRISGRAfe 4Pge 3R P WHiETocdaat A
in conjunction with the acconpanyi ng drawi ngs . BRI EF
BESEREPTFEN IoF M aDRadl NesdFtie nanwfantumeplodded elongated
perspective view of the Iiquid discharge head in the
ik jerbbdadewitlofldhedstvenhi ba. attdined.i s a
: cross-sectional view of the liquid discharge head
5 taken al ongctbealmnaid udienak odi Het i@k e & ilba¥hE the
chanber of the liquid discharge head of FIG 1 . FIG
thal® 2BrR0NET S U A AMLOLnLOR DU T IALOTos! e 15quia
'am nated type piezoel ectric el enent nmenber of the
d_guli i scharge h of, FIG .1 .. Fl 4 is.,a , ,
e ol T U SRSt PRSP ne GletiRg HanpRatided with
pe. pi ezoel ectric el enent nenber taken al ongthe |ine
TRSASPRUPCRERY P FIIGIusd dEpearae epd cds $hsednyomaion,
view of the portion of the |am nated type
3pideibelecppseilefentachirer thakkiotatamepd printing.

10 Other objects, features and advantages of the
present invention will be apparent from the following detailed
description when reading in conjunction with the accompanying

drawings.

15 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view of the
liquid disqharge head in the 1lst embodiment of the invention.

FIG. 2 is a cross-sectional view of the liquid
discharge head taken along the longitudinal direction of the

20 liquid chamber of the liquid discharge head of FIG. 1.

FIG. 3 is an enlarged diagram of the portion.of the
laminated type piezoelectric element member of the liquid
discharge head of FIG. 1.

FIG. 4 is a cross-sectional view of the portion of

25 the laminated type piezoelectric element member taken along



the line B-Bindicated in FIG 3 . FIG 6A and FIG 6B
are plan views of the internal electrode patterns of

wa bwehsminat ed type piezoel ectric el enent menbBrT/a#2005/021328
FIG 3. FIG 7 is an enlarged diagram of the
| am nated type piezoelectric elenment nmenber portion of
the liquid discharge head ini1phe 2nd enbodi nent of the
invention. FIG 8 is an enlarged di agram of the

tham g drh y@éilﬁﬁ*é%e}%cﬂqc %l enment nenber portion of
the liquid discharge head in the 3rd enbodi nent of the
i nventi on.FIA.G5 9si 8 ancexpiaidcdngdr ypedt Yethe evprgfion of
the liquid discharge head in the 4th enbodi nent of the

th@vEMirtated tGpelPiksodl €S sQecananenbew fkdrhalong
l'iquid di scharge head taken al ong the | ongitudina

tgérffﬁéQ§i9ﬁnBH%akéguiﬁ ﬁﬂ?nh?r of the liquid
di scharge head of . FIG 11 is a perspective

5 vi ew of thﬁ(# ?5% g 8' PP ar@§ "J;}f%%lfg :ilgggét gf the internal

enbodi ment e i'nvention.

r oss-sectiqna w_of he i di schar ge, head.
R R
isS a cross- sectlonal view of the |iquid discharge head

meEReh &f dAFtRe line F-F indicated in FIG 11. FIG 14
is a cross-sectional view of the |iquiddi scharge head
in the 6t FEvbddilsenn ehlabged Miagragnofi hihe ataminateg type

of FIG 12. FIG 15 is a cross-sectional view of the
piégoélectric element member portion of the liquid discharge

10 head in the 2nd embodiment of the invention.

FIG. 8 is an enlarged diagram of the laminated type
piezoelectric element member portion of the liquid dischargé
head in the 3rd embodiment of the invention.

FIG. 9 is an exploded perspective view of the

15 liquid discharge head in the 4th‘embodiment of the invention.

FIG. 10 is a cross-sectional view of the liquid
discharge head taken along the longitudinal direction of the
liquid chamber of the liquid discharge head of FIG. 9;

FIG. 11 is a perspective view of the liquid

20 discharge head in the 5th embodiment of the invention.

FIG. 12 is a cross-sectional view of the liquid
discharge head taken along the line E-E indicated in FIG. 11.

FIG. 13 is a cross-sectional view of the liquid
discharge head taken along the line F-F indicated in FIG. 11.

25 FIG. 14 is a cross-sectional view of the liquid



di scharge head in the 6th enbodi nent of the invention
simlar to that of FIG 13. FIG 16 is a diagram

W@ bimeiosmot he conposition of the |iquid di scharper/eacs/021328
in the 7th enbodi ment of the invention. FIG 17 is a
cross-sectional view of the liquid discharge head in
the 8th enbodi nent of the iAveAtion. FIG 18 is a
di agram f or explalnln t he plezoelgﬁbrlc el enent of

di pNATUINGaE dBhERGeO TR ATRAITINE Bhbbaf nEtentorGsirglar
Is a diagramfor explaining the process in which

tpi ehrate|adctilicc éRements with different widths are
produced. FIG 20 is a perspective view of an exanpl e
of the headd.ntléglal at gpess-rdectdonaildgeew nofhtiloh ltilgmid
l'i quid discharge head of the invention is embodi ed.

dféé%al%le ihead dhaghansemoMpByt iden@X 8FPtRe Of nddre idR@emilar
form ng device in which the |iquid discharge device of

i t enbodied. FIG 22 is a plan view of
> %hgh%€fﬁ2|pa Bgrt of the image form ng device of FIG

21. FIG erspective view. of gt her exanp

o the | mige-r dbnRRgRngvrea iRy ERE PRIRFAARS of the
dlscharge devi ceof the invention is enbodi ed. BEST

LjmpEd FER AR REPOU™ THES | NESTPeRiReRE SR i s o‘ﬁ‘v\ﬁnltllon

now be gi ven of an enbodi nent of
FIG. 17 is a cross-sectional view of the liquid

discharge head in the 8th embodiment of the invention.

10 FIG. 18 is a diagram for explaining the
piezoelectric element of the liquid discharge head of this
embodiment.

FIG. 19 is a diagram for explaining the process in
which piezoelectric elements with different widths are

15 produced.

FIG. 20 is a perspective view of an example of the
head-integral type ink cartridge in which the liquid discharge
head of the invention is embodied.

FIG. 21 is a diagram showing an example of the

20 image forming device in which the liquid discharge device of
the invention is embodied.

FIG. 22 is a plan view of the principal part of the
image forming device of FIG. 21.

FIG. 23 is a perspective view of another example of

25 the image forming device in which the liquid discharge device



10

15

20

25

the invention with reference to the acconpanyi ng
drawi ngs. The conposition of an ink jet head which is

wo bwesoi d di scharge head in the 1st enbodi mertT/af2003121328
invention will be explained with reference to FIG 1
and FIG 2 . FIG 1 is an exploded perspective view of
the ink jet head, and FIG 212s a cross-sectional view
of the ink jet head taken along the |ongitudina

offi FR tirersionnés| PR hanber in the ink jet head of
FIG 1. As shown in FIG 1 and FIG 2 , the ink jet
head of this enbodi nent conprises a channel plate
(l'iquid chanber plate) 1 which is made of a SUS

BEST aNODE FORS 02RRY IPG a0@T THRIIi INMVMENAGON2 bonded to the
‘under surface of the channel plate 1 , and a nozzle

plate 3 bandRGLepthEnURPET 1§ fRCi0bnt B shasiRidiment of
plate 1 . By neans of these plates 1 to 3, a

u - z [
B B LA R S G R aie
parts 8 are forned. .Each npzzle 5 serv o, .di
an ink dro e( \ﬂ?lmg’ﬁsilglgnd? par%)fl éeFegg?gi ng%?glﬁslr %%e
and, conmmuni cates with a corresponding one of the .
1pmesd fischpndegiirgdc hanbRs ' % emERCATPRbP BSFAT atiEnt ion
part 8 serves as a liquid supply route to supply the
wit hk b@Wﬁxﬂiaiﬂa@h@ithqgﬁﬂ?rqmﬁﬁianﬁﬁéspén@ﬂ@ggibma%ﬁ FIG. 1
t hepressurized |liquid chanbers 6 . The channel plate 1
ibsaprepsl@ibdyeraphching ¢oew pundiienghkofet hizee®BUS and FIG.
pl ate or etching of the SUS plate using an acid
o€t 6hk ngré £agRNMti o8l t hadwide tRsded Hee hegsstukeredlong

the longitudinal direction of the liquid chamber in the ink
jet head of FIG. 1.

As shown in FiG. 1 and FIG. 2, the ink jet head of
this embodiment comprises a channel plate (liquid chamber
plate) 1 which is made of a SUS (stainless steel) plate, a
diaphragm 2 bonded to the undersurface of the channel plate 1,
and a nozzle plate 3 bonded to the upper surface of the
channel plate 1. By means of these plates 1 to 3, a plurality
of nozzles 5, a plurality of pressurized liquid chambers 6,
and a plurality of flow-resistance parts 8 are formed. Each
nozzle 5 serves to discharge an ink drop (which is a drop of
the recording liquid) and communicates with a corresponding
one of the pressurized liquid chambers 6. Each flow-
resistance part 8 serves as a liquid supply route to supply

the ink (which is the liquid) to a corresponding one of the



liquid chanbers 6 , the respective flowresistance
parts 8 , and the openings are forned. The di aphragm 2
WO mos/hi720enbodi ment is made of a netal plate, BEURIP2065/021328

ni ckel plate. Alternatively, the diaphragm 2 may be

made of a resin plate, or a | am nated nenber of a

resin plate and a netal platez-etc. The nozzle plate 3
is formed with the plurality of nozzles 5
peeppesherdli Hguwis chempetisabity of pressurized |iquid
chanbers 6 , and each nozzle 5 has a dianeter in a

range of I1The 3thamnedopdetes] Therapazied pyamaclining (or
bonded to the channel plate 1 by using an adhesive.
pUREhSAYY Cef nereersual platet bi setwlvizle gfl ahe SUSmylate using
include a netal, such as stainless steel and nickel, a
aheskid Stohiap R Rrhy, "kdethesithd idd¥petthiveOpresditkized
any conbi nation of these materials. In order to secure
wat hth_j . wat er - l; [ '

R e e P T s S A T

di scharge direction, or the discharge surface) by
t@?iHﬁeﬁgﬂgﬁwﬁF§n§QE5§§'such as plating filmor water

repellent coating. And a plurality of |am nated t%pe
pi ezoel ect Fie Elamtegma® 22anwhheh FHHESSHdieomefe of a
plurality of pressurizedliquid chanbers 6 and serve as

metpleplate, gamdr &s agnankel apbatnddd tegnekavelysi e
surface of the diaphragm 2 (which surface is opposite
diephhegnr 2ssay ikee thaddeqotda chastrerplatsyr foacea) lamThated
di aphragm 2 and the | am nated type

10 member of a resin plate and a metal plate, etc.

The nozzle plate 3 is formed with the plurality of
nozzles 5 corresponding to the plurality of pressurized liquid
chambers 6, and each nozzle 5 has a diameter in a range of 10-
30 micrometers. The nozzle plate 3 is bonded to the channel

15 ©plate 1 by using an adhesive. The source materials of this
nozzle plate 3 may include a metal, such és stainless steel
and nickel, a resin, such as a polyimide resin film, silicon,
and any combination of these materials.

In order to secure water repellence with ink, a

20 water-repellent film is formed on the nozzle surface (the
upper surface in the discharge direction, or the discharge
surface) by using a known method, such as plating film or
water repellent coating.

And a plurality of laminated type piezoelectric

25 elements 12a which correspond to the plurality of pressurized
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pi ezoel ectric elenment 12a constitute a piezoelectric
actuator which elastically deforns the diaphragm 2
wowioehsize7 a novabl e part. In the case of the iPKI/jr005/021328
head nenti oned above, a plurality of piezoelectric
el ement nmenbers 12 which are not subjected to sl ot
processing to formthe dividegd-pi ezoel ectric el enents
12a (al so called individual piezoelectric elenents |
ligadd gfhambersn§eanfnSparaldela WERSHRE GFRREAT 6k Wit are
rows of the piezoelectric elenments 12a (the
bbodel tumithel oditsédei surHice e fihez débhphrage 2| ehsmh
menbers 12) . In this case, the surfaces of the
sptezee! ectdpposeteneat theniesssuld zehli thgaie cippdsin & to
t he di aphragm 2 surface are bonded to a base nenber

s0Pas&d) 13 e AN pHReghVe amdHhampahbeedacppairal ity
of grooves 30 are forned by perform ng sl ot

pg§98§f§é ; a%qeh@gk &Bg &ﬁ@hﬁéﬁg %; PE%E&Q?&%&H& Getuator

enents are rorne e FP

flex%fle pri teg_ abl e) 14({or suppl yi ng. a _drive :
W&bé%f %ﬁttlcFatlﬁéf 8385% W Jeaf&&a@g& ?i %’gé?en%sntas gble
is connected to the end surface of the piezoelectric
parement nember 12. The conposition of the

pi ezoel ectricity of the piezoelectric elements 12a

whi ch pr esburtiheesaskeof nkh¢ ninhemtedead regtiered jgbove, a
chanber 6 may be configured by using a displacenent in
pllhea 88y diff gritdzorleAk ke nalémnelty meimbemay 1 Rewlnioct i ane exbt

by using a displacement in the d31 direction. In this
sgpbedig@nic Jie eEReSsih®Ntd NEoMA ehet Aevibsn! preimillectric
In
elements 12a (also called individual piezoelectric elements
12a) are arranged in parallel with the directions of rows of
the piezoelectric elements 12a (the longitudinal direction of
the piezoelectric element members 12). In this case, the
surfaces of the piezoelectric element members 12 which are
opposite to the diaphragm'2 surface are bonded to a base
member (base) 13 by an adhesive, and thereafter a plurality of
grooves 30 are formed by performing slot processing, so that
the plurality of piezoelectric elements 12a are formed. 1In
addition, the FPC (flexible printed cable) 14 for supplying a
drive waveform to the respective piezoelectric elements 1l2a is
connected to the end surface of the piezoelectric element
member 12.

The composition of the piezoelectricity of the

piezoelectric elements 12a which pressurizes the ink in the
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the d33 direction is used is configured. It is
preferred that the base nenber 13 is made of a
woretoahsizer material . If the material (source nmekEr/irn)s5/021328
of the base nmenber 13 is a netal, the therma
accunul ati on by the self-heating of the piezoelectric
el ements 12a (or the piezoelestric el enent nenber 12)
can be prevented. The base nmenber 13 is bonded to the
Ppeeswel 284 rilguife FRATPHE nh YL PepFonii Agr ek udiadidv &
agent. Wen the nunber of channels is increased, the
di spherenante iof thRedBasdi mgitbieam.13AMEIN2ESeelY dfomay be
100 degrees C by the self-heating of the piezoelectric
cehehgmntesd IRausdng &heéidohdtangerst ieanghh d3y datdction. In
remar kably. Al so the head inside tenperature rise

tRES UsbWintdi , Sehbheshpddh t 1€ iimnknt eAPEhat & S Middment in
rise. If the ink tenperature rises, the ink viscosity

tiéﬁ' 453 MG W h?aﬁég tid @%d'yﬂ%fgg?gaqhar ge

aracteristics. Therefore, m ng the base nenber
13 of a al,lic terial, it i.s possible to event
Che t her et dSc GROPREFBA HA L e BREehRBEPRg bf Yhdlade of
pi ezoel ectric elements 12a, and it is possible to

appebehti mat@edradat tHntt Matenil dPSeRep geaterial) of the

characteristics due to the fall of the adhesion
bsse engpberanid tiseaf metadi thee thekmails aesimylyion thie the
coefficient of linear expansion of the base nenber 13
seiftasgeing efatati phenbeldre midhediemenageh2a mayr adeur

at a high tenperature or |ow tenperature in the area

pg%éétgﬁee&%ﬁ.d:i RO elndher hamse PeINERant be paseeiesder ™he base
member 13 is bonded to the piezoelectric element member 12 by
using the adhesive agent. When the number of channels is
increased, the temperature of the base member 13 will rise to
about 100 degrees C by the self-heating of the piezoelectric
elements 1l2a, and the bonding strength may fall remarkably.
Also the head inside temperature rise occurs by the self-
heating, the ink temperature will rise. If the ink
temperature rises, the ink viscosity falls, which will affect
the ink discharge characteristics. Therefore, by forming the
base member 13 of a metallic material, it is possible to
prevent the thermal accumulation by the self-heating of the
piezoelectric elements l2a, and it is possible to prevent the
degradation of the ink discharge characteristics due to the

fall of the adhesion strength and the fall of the ink

viscosity.
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pi ezoel ectric el ement nmenber 12. In the case of a
conventional ink jet head, the full length of the

w@emsosi2ertric el enent is not so |arge, and theCEJIFA6S/021328

been al nbst no problemthat a separation in the area
of the bonding interface between the base nenber 13
and the piezoelectric el enentgaenber 12 occurs by a
tenperature change of the environnental conditions.
However, Whemhghgaseebfigirnteiadndanear pprdeticnt Gic the
el ement 30-4 Om or | onger used in the ink jet head
base imgntehol3 4601avgel eduara3dondpf Feecrdhdive Bgent may
probl em may actually occur. Therefore, it is preferred
otOurISer tahéigbutepapd tutalorofldwheehpseaterdem thewhase of
coefficient of linear expansion is smaller than

tHOBS deqy aatbrraté bdeicaeitieCibalt REmbéNER and the

expansion falls within the above range, it is possible

p%g%c%fev ict %ﬁeﬁgggrngﬁéerﬁl?%qu .t ht‘%ﬁbQHQi 89s L rgferaf ace

WEEen e base ne and e plezoelectric

el enent mher 12, It is confir th t he .use of the
cSBiee SHRle A JF bratpdSF rilerordthrtE e
coefficient of |inear expansion is snaller than 10E
PEEHRY LG §1¢BEPL e F QY \BO 13 rFreventi HipThdras been
separation of the bonding interface. A plurality of
atimosernd @robdemothappt ysenpaaia ogr ine®hgedpranof the bonding
(el ectrical signal) which drives the respective
ishenfets Hathiceh cherlespombnbert A8 pndsshe i giskzdalgpataic
chanbers 6 respectively) are carried on the FPC cabl e

eiémedhanddiBarahit ycehirdrbyel ddapelbtare €rdfidedbOHehe
FPC cabl e 14,

environmental conditions. However, in the case of the
elongated piezoelectric element 30-40mm or longer used in the
ink jet head having about 400 nozzle for 300 dpi resolution,
the problem may actually occur.

Therefore, it is preferred to use the source
material of the base member 13 whose coefficient of linear
expansion is smaller than 10E"®/degree C. If the coefficient
of linear expansion falls within the above range, it is
possible to prevent the separation of the bonding interface
between the base member 13 and the piezoelectric element
member 12. It is confirmed that the use of the source
material of the base member 13 whose coefficient of linear
expansion is smaller than 10E™°/degree C is very effectivé in
preventing the separation of the bonding interface.

A plurality of driver ICs 16 for applying the drive
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and an electrical signal can be set up for each driver
IC 16, and it is possible to easily correct dispersion

WO eooblog720f spl acenent characteristics of each oPCT/h005/021328

drive channel s of the piezoelectric elenments 12a. The
frame menber 17 is bonded to the circunference of the

di aphragm 2 by the adhesive-agent. And in the frane
menber 17, the common qu)ui d chanber 18 for supplying
wavRteoHk (lenRteneadxteriadl t@%%ﬁ&éuﬁ%eﬁeﬁ%ﬁ e
chanber 6 is fornmed, so that it is arranged on both
chénesl of (wHichhaosraepped U3 tded prigssuriged }iauiks chppbers
common |iquid chanber 18 communi cates with the
6presset ized )i guiedcahaid@ren Ghe @PCheablewt 4 esi®teance
parts 8 of the diaphragm?2 . Next, the details of the

plarinat e £ ¥Ra veirez08! B6td4& &lraTRal ofether i@ ablle he,
expl ained with reference to FIG 3 through FIG 6B.

3.4 | ar di.agr e rti .
<Pl S 21080 dpman g Lo corbion piapderc e,
d. di scha}hgre head of . FIG_1 in the ;:gtlgrrlazlm the

L i,quj

aa?ir?e%ctjr%rpoo?s & [FPqER e Bhard=CtrPL PE T
cross-sectional view of the portion _of th lamﬁgat ed £
di §REACRRI e | RETACLCELBREFY HeRish CikEReafbhye (Hsts ©
A-Aindicated in FIG 3 . FIG 5 is across-sectional ;
theepiefoekrctyd iedament s he2a ani nat ed t ype

pi ezoel ectric el ement nenber taken along the line B-B

i ndi cat ed The Hir@Gme3membef. 1 BA sargbride@ t6Btheecptamierence
views of the internal electrode patterns of the-

ofaph8al £EbHIEEn 2 by the adhesive agent. BAnd in the frame
member 17, the common liquid chamber 18 for supplying the ink
from the exterior to the pressurized liquid chamber 6 is
formed, so that it is arranged on both sides of the base
member 13 and the driver ICs 16. The common liquid chamber 18
communicates with the pressurized liquid chambers 6 via the
flow-resistance parts 8 of the diaphragm 2.

Next, the details of the laminated type
piezoelectric element member 12 will be explained with
reference to FIG. 3 through FIG. 6B.

FIG. 3 is an enlarged diagram of the portion of the
laminated type piezoelectric element member of the liquid
discharge head of FIG. 1 in the lateral direction of the
liquid chamber. FIG. 4 is a cross-sectional view of the

portion of the laminated type piezoelectric element member

taken along the line A-A indicated in FIG. 3. FIG. 5 is a



pi ezoel ectric elenment nenber of FIG 3 . A s shown in
FIG 4 , in each of the |am nated type piezoelectric
waeetoesesmeomenbers 12, the piezoel ectric materi aC1/mpers/021328

21, the internal electrodes 22A in the pattern of FIG
6A, and the internal electrodes 22B in the pattern of
FIG 6B are alternately |anm-pated. The commpn externa

el ectrodes 23 are electrically,connecﬁgd to.the base
CrefBereqsl s s wishy Of heRar PYEL Wy oAt G2BIRALST TRS
pi ezoel ectric elenments 12a. By perform ng sl ot
ppeecesetiniofedmentaneiaeedtakgre dicagoshecline BtRnent
menber 12 in the state where the common external
iad¢chtedemn 22IG@N@ .t h€IGNd6x | ahvdl FIExt éBnakreepket rotmss of
24 are fornmed on the end surfaces of the | am nated

th¥PenPtezoe| &ddtiredel paeRérm®erchk’ laf@nhbad tiise
plurality of grooves 30 and the plurality of

5 pte%%efé@&q& Co B RIRN S b2 %%f@.rrged- In this case,

e piezoelectric elenents a to which the drive

waveformis s | ied stitute the a tion

25, and t sp‘%@%&ll c% |EC éf e}rrén?asce}lfgftg %t E%mgﬁéégd type
portions constitute the non-actuation parhé 26, The |
PG OPART Hat @ P 1STIFR toMeTBRF 8ct4i ChA EHERPeHERbEFS H3rerial
are arranged such that a gap 31 is forned at the
leyendaty Phe tirdrennsdr ebecheedes A igashsirphsean & G.
LIwhich is the sane as the width LI of the grooves 30

o@f, oanax el imtdrimlwiedebtodd€s 0B8N frortined pby teroi of)FIG. 6B
Thus, the plurality of individual piezoelectric

10 8keHRRbsndZal ¢ ankmigatent i Nupd st edewntoglectrodes 23
boundary portion in the |atera
are electrically connected to the base member 13 to supply the
drive waveform to each of the piezoelectric elements 12a. By
performing slot processing of the laminated type piezoelectric
element member 12 in the state where the common external

15 electrodes 23 and the individual external electrodes 24 are
formed on the end surfaces of the laminated type piezoelectric
element member 12, so that the plurality of grooves 30 and the
plurality of piezoelectric elements 12a are formed. In this
case, the piezoelectric elements 12a to which the drive

20 waveform is supplied constitute the actuation parts 25, and
the piezoelectric elements 12a at the end portions constitute
the non-actuation parts 26.

The two laminated type piezoelectric element

members 12 are arranged such that a gap 31 is formed at the

25 boundary portion therebetween. This gap 31 has a width Ll
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direction of the liquid chanber by | ocating the gap

31, having the sane width as the width of the grooves
w@oeas720he boundary portion between the two | BOM/oRRDER21328

type piezoelectric elenment nenbers 12. Mreover, when

the sl ot processing is perfornmed, the grooves 30 are

formed in the | am nated typelptezoel ectric el enent

menbers 12 so as not_to reach the base nenber nd
WRREN bFF ddihFapEr 852 AR dh&giteDIT ROTRR %%pﬁ%

direction is forned as showmn in FIG 3 . Thereby, each
estmphe, tiie Iwidthabsd0t §pum pfesmes &t ieiagbnerthus, the

menbers 12 has the plurality of piezoelectric elenents
plaaalintegsflindifddoedl pherexiddtrilon edddehtsnl24 hean be
notch parts 28 along the direction of the row of the

c8ft YRLOS PAIreddwdt Boh OrBBehddryt R rRebhoih ofhd Neateral
| am nat ed type piezoelectric element nenbers 12 on the

askdesiof & nf;ecélenq.'l\ﬁh‘_jﬁagh%@f rl? 18)8¢i hgdeRe gt% p 3 I4y theving

present e ment’, the inter el ectrodes

ach actuat.i.on p e o nected o)

?t@?ﬁ%]w 4E§ﬂﬂﬁo§&§ Eédgh SATON expérnalrmipe boundary
el ectrodes 23 are not separated the bridgin
POPLigh PR ke tHAt é@lﬁlama*a%&%d&eé?ﬁfg?tghg tplement
actuation part 25 are connected to the interna
mghbergotles 22A of the non-actuationparts 26 at the

both ends via the conmon external electrodes 23.

Mor eover, Ndmeedwerer wakenetbet s bote pr2zkssfinghés performed,
nonactuation parts 26 are taken out to the side edge
tBel §2666c 930 hod Fdinmbduah €xd eraidnagkactypdesi@odlectric

shown in FIG 3 and

element members 12 so as not to reach the base member 13, and
the bridging part 27 having a height D in the depth direction
is formed as shown in FIG. 3. Thereby, each of the two
laminated type piezoelectric element members 12 has the
plurality of piezoelectric elements 1l2a integrally formed
therewith. In addition, the notch parts 28 along the
direction of the row of the actuation parts 25 are formed in
the bottom of the laminated type piezoelectric element members
12 on the sides of the individual external electrodes 24.

In the present embodiment, the internal electrodes
22A of each actuation part 25 are connected to the common
external electrodes 23, and the common external electrodes 23
are not separated by the bridging part 27. Therefore, the

internal electrodes 22A of each actuation part 25 are

connected to the internal electrodes 22A of the non-actuation
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FIG 5 . The commpn el ectrode and the individua

el ectrodes can be taken out fromone of the end
waewobasre? of the | am nated type piezoel ectric BPCEIREN005/021328

menber 12 by connecting the FPC cable 14 to the end

surface on the side of the individual externa

el ectrodes 24. In the ink jepohead which is configured

as in_the above-described enbodi nent, the driving
Pptifs 2%ttt dde PRtE PRAReTR YR s9UPE %F%’&‘P%eﬁ%‘xmdes
applied to the actuation parts 25 (the piezoelectric
28} eronteprvidn) the theeramd eteatnoges grezedl det man-
el ement nenbers 12. And the actuation parts 25 to
avhustidrhepadrtisvi2egapal sekemldwdged shapplidededge surfaces of
expanded in the [am nation direction, the diaphragm 2

the ehaséidhall exdelranMed édt idiRN02zbe Bhéihett i OIG. &@nd
the ink in the pressurized liquid chanber 6 is

FREES5Ur iged %Eﬂeegﬁgﬁg%rag% Wik %H@@gﬁdﬁ’élt@fectr_odes

pressuri zed I d so that the ink jet 1Is

di scharged fromthe nozz| . After th i sgh [ .
Bp FRe TR L Phe R e ot s (0, Pl ERCe RSt "N hinated
pressurized |iquid_chanber 6 declines, and a, certain
LB Pt P Prdde S EMGRN RARRAT ilF OHeCPPRSSHITZ e FEC
l'iquid chanber 6 due to the inertia of the ink flow at
cehie 14 e e endnshgfeee o ithengidel pAgehaprdiegdunl

the | am nat edt ype pi ezoel ectric elenent 12 in OFF
egtatealnelerctidudessbat e, the diaphragm 2 is returned to

the original position and the shape of the pressurized

l'i qui d chardeihed ink Fetunsgd wioidhe socbgifnghrsdage, irsahe
that a further negative pressure is

above-described embodiment, the driving pulse voltage in a
range of 20-50V is selectively applied to the actuation parts
25 (the piezoelectric elements 12a) of the laminated type
piezoelectric element members 12. And the actuation parts 25
to which the driving pulse voltage is applied are expanded in
the lamination direction, the diaphragm 2 is elastically
deformed in the nozzle 5 direction, and the ink in the
pressurized liquid chamber 6 is pressurized by the
capacity/volume change of the pressurized liquid chamber 6, so
that. the ink jet is discharged from the nozzle 5.

After the discharging of the ink drop, the liquid

pressure in the pressurized liquid chamber 6 declines, and a
certain negative pressure is generated in the pressurized

liquid chamber 6 due to the inertia of the ink flow at this

time. By turning the driving voltage applied to the laminated
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generated in the pressurized liquid chanber 6 . At
this time, the ink fromthe comon |iquid chanber 18

wo s00s0ppb7 ed to the pressurized |iquid chanberP@r/32a05/021328

the flowresistance part 8 . Then, after the vibration
of the ink-neniscus surface of the nozzle 5 is
declined and stabilized, the2d¥iving pul se voltage is

applied tqQ the |l am nated type piezoelectri¢c elenment 1

tTEF R REE 16 SLIRTES e 0P DRE PERCGr Gfe s Hmstate,
the ink drop is discharged subsequently. In the above

tleersbnieRgm Phaspushusied Ke rhehedipgsnapppewit sy and the
di scharging the ink drop. Alternatively, the

sipape -t rtihee presbodiped t hisgyidd Ichpmbhrsérikeretstined fay the
be applied instead. And any of these nethods can be

oBBFingl ighapeGosdanret W thutdie rdhieyh Bgve ub ses svpreefiar m
supplied to the ink jet head. In the above-descri bed

gbikrd&ld Nepdnet Beek¥Or{ A NalRd ot ¥REMBELZHE! 6L Il s time,
el ement nmenbers 12 are arranged side by side on the

I ngl , A i .
] S e A

are forned _h erformn he sl ot ocessing in the
DAY TARRh it G FELPBREO(O (e [88e THENBERS 15 4140 PATE 8.

direction of the row of the piezoelectric elenents
Thom) aftgscdh@ Nabyatier of dlieddndchRaprgecheatiofaqeniod the
enbodi nent can be constructed in an el ongated
noonie duriat ideclined hodv stogiilized,t hbendnbeinofpuisez vedtage
included in the liquid discharge head can be increased
ibyaphiei 2l agahed 1anihaped alyp@npiezoelectric element 12 for
subsequent discharging of the ink drop, so that the ink drop
is discharged subsequently.

In the above embodiment, the push-strike method is
applied for discharging the ink drop. Alternatively, the
pull-strike method or the pull-push-strike method may be
applied instead. And any of these methods can be set up in
accordance with the driving pulse waveform supplied to the ink
jet head.

In the above-described ink jet head, the two
laminated type piezoelectric element members 12 are arranged
side by side on the single base member 13, and the plurality
of piezoelectric elements 1l2a (the actuation parts 25) are
formed by performing the slot processing in the longitudinal

direction of the base member 13 (the direction of the row of

the piezoelectric elements 1l2a). Accordingly, the liquid
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As previously described, to achi eve hi gh-speed
printing of a liquid discharge head, the nethod of

wo owresRINg t he nunber of nozzl es included in p¢EIFREEH21328

by using an el ongated configuration of the head is
effective. However, the | am nated type piezoelectric
el ement becones a sl ender, ldag part, and this wll

cause the difficulty in respect of the manufacturin
o Rt et e e o PRoEEREES oine bly FERSF ERCEed ¥ an
According to the above-described ink jet head, the

eippgeter Mandianrgtépneith BV masdreandsthe| nemRer THe

| am nated type piezoelectric elenment nmenber is divided
nbrtzbes wongliveees inantet haqtim disvdhsaigedheggecan be increased
pi ezoel ectric el ement nenbers are arranged on the

byl 6B e barsatRIonfagdrabeyn are bonded to the base
menber by using the adhesive agent. Thus, the

el ongat ed LonfiguiRliong@bciNsed, Y G hie¢Bangsnhasckq

can be achieved in this manner. In this case, after

ptrt_ﬂgtgakr{\g J)Prg q@qﬁqﬁé&gggggﬁéﬁe&c ,gi,t%teﬁlélggﬁg{i anB%J.Seasing

are anged on

rocessing is perforned. through the machjnin such as
tHPCTRBbSRrRE (HF 28T ATFLYSET T dFtelEaty PY BFERGTS
12a are fornmed. After the heat treatment of the

elangabe@digpel pirardercefrthe diarkrits REhBEFsVe jBowever,

performed, the machining, such as dicing, is perforned
the Laminatmd dutrsi géedpriacstvic thlamsoft barobes odt alereter,
Wi th sufficient accuracy. By using the base nenber 13
1ohgt pertptaid ithis will cause the difficulty in respect of
the manufacturing process or handling of the piezoelectric
element.

According to the above-described ink jet head, the
above-mentioned problem is eliminated as follows. The
laminated type piezoelectric element member is divided into
two pieces, and the two laminated type piezoelectric element
members are arranged on the single base member and they are
bonded to the base member by using the adhesive agent. Thus,
the elongated configuration of the liquid discharge head can
be achieved in this manner.

In this case, after the two laminated type
piezoelectric element members are arranged on the base member
13, the slot processing is performed through the machining,

such as dicing, and the plurality of biezoelectric elements

12a are formed. After the heat treatment of the laminated
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material with good rigidity and arranging the two
| am nated type piezoelectric elenment nenbers 12 on the

whawe/ofmober 13, the positional deviation of tPer/JP2005/021328

pi ezoel ectric el ements can be reduced. And the sl ot
processing is perforned through dicing or the Iike
after the lam nated type piez®electric element nenbers
12 are arranged on_the base nenber 13. There is n
tm%opﬂfeo@%%wﬁge%%e%rw%eé& t1§péspﬁ>%if§%%%4rri e
el ements after the slot processing is perfornmed which
mafhinigesi 1spdbe aBr 8keing Thies megifioragdofot Healyridw et side
between the two | am nated type piezoelectric el enent
direaheien theraeofbeanoné rabteichday wilie feédiabenr saxmcuofacy.
the dicing blade. In order to fit the height of

respecti vesypiezegl eaerbas@! s 1823 rothé htetallic
| am nat ed type piezoelectric element nmenbers 12,

m nat ed t f . ! |
mgﬁépﬁapgﬂlocfh 8d 99%5&{#.9%& aﬁﬁ%g%ﬂ%ejcﬁé“% ethrliR® ed

pir ezoel ectri ¢ el ene menbers performe

d
after. the t l.am_nat ed, t i ezoelectyic el e
ten i e ot TP a2 el st o dibag. 13-
two or, npre | am nat ed tggelﬁ%ezoelegtric_elgfent
thenBestionadr dexiphngRdastifeMicrEdeabbie, S 1§nGds can be
preferred that the nozzle plate 3 is a single plate
redupehentAnst dliededot oPTeERSIWAY di5 PEFECFERY N ehdhy gdcing
pi ezoel ectricel enent nenbers 12. If the nozzle plate 3
orsthé vided dfiteer phar hhmtmapahentes, pderpaettiel gvgliemgnt
operation of the nozzles, a poor w ping of the ink may
mahb&es dUe 4@ Lheaggeaves @l ddwe mewbkrdiff ermiee dls no

t he boundary portion of the nozzle plate

need for handling the laminated type piezoelectric elements
after the slot processing is performed which will easily be
broken. The position of the grooves between the two laminated
type piezoelectric element members 12 can be controlled by the
feed accuracy of the'dicing blade.

In order to fit the height of respective
piezoelectric elements 12a of the two laminated type
piezoelectric element members 12, grinding of the top surface
of the two laminated type piezoeleétric element members 12 may
be performed after the two laminated type piezoelectric
element members 12 are bonded to the base member 13.

When the two or more laminated type piezoelectric
element members 12 are arranged as mentioned abqve, it is

preferred that the nozzle plate 3 is a single plate component

provided for the two or more laminated type piezoelectric



10

15

20

25

conmponents, and degradation of the inmage quality may
take place. Next, the conposition of an ink jet head
wokioeksi2e7 t he |i quid di scharge head in the 2ndPCT/JP2005/021328
enbodi nent of the invention will be explained with
reference to FIG 7 . FIG 7 is an enlarged di agram of
the portion of the |am nated2iype piezoelectric
el enent nmenbers in the |iquid discharge head in the
ebemerdnimeaesst 18 t ke thRvangzde. Platend b3 edishided into
enmbodi nent, a gap 31 is forned in the boundary portion
pbetakerorigeaenms, | dut g cdhe yWieipgezperation okltdieemozzles,
menbers 12 arranged on the base nmenber 13, and the gap
a 3godasyipigdiE tResphk |may tdidsea duedth the aframeesofand the
the grooves 30 fornmed by the slot processing (L2<L1)

1d9e] el @ rdle akothPrvsass Mg ﬁio%t@bﬁoo?etﬂﬁé) ek el plate
boundary portion so that 'the groove 30 which is

t he
a r '
BT o Sastrattiet PO ER, Thebs LTy o Mo
kaninated type piezoelectric elenment nenbers 12 have
Pt#€®1 ongi t udi nal direction | ength 55.0125nm (t he

tol erance: 0. 005mm). The gap 31 between the two .
| ani nat ed N§4te [Shez6ereesttioreldment 1REnDRE shaad jwhich is
equal to 0.01mm (the tolerance: 0. 003mm). Thedi cing

thé dt fayichelivicelgef head ip ddve 220) embodinant tf C:HE8mm
(the tol erance: 0. 002mm), and the dicing pitch (the

ipvréshict wild greoexpdaBdgd il egualfetrenBe08468I6n (t.he FIG. 7
tol erance: +0. 005nmm). The | am nated type

1iBi 8R0S BOtddSL BLEFBAL offBfESortion of the laminated type

piezoelectric element members in the liguid discharge head in

the 2nd embodiment of the invention.

In the present embodiment, a gap 31 is formed in
the boundary portion between the two laminated type
piezoelectric element members 12 arranged on the base member
13, and the gap 31 has a width L2 smaller than a width L1 of
one of the grooves 30 formed by the slot processing (L2<Ll).
Therefore, the slot processing is also performed to the
boundary portion so that the groove 30 which is the same as
each of the grooves 30 is formed at the boundary portion.

In the present embodiment, the laminated type
piezoelectric element members 12 have the longitudinal-
direction length 55.0125mm (the tolerance: 10.005mm). The gap

31 between the two laminated type piezoelectric element

members 12 is equal to 0.0lmm (the tolerance: +0.003mm). The
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12 can be produced with the accuracy falling within

the tolerance so that the groove 30 is fitted to the
w@apeBirzat t he boundary portion between the | ar@Tian2ee5/021328

type piezoelectric elenment nmenbers 12 . In the present

enbodi nent, the |am nated type piezoelectric el enment

menbers 12 are arranged so +pat the groove 30 may be

| ocat ed, at the boundary_portion bet n.the | am nat e%

di GHRI piedel &der w&déhe%%n*%hww&vg %’5, ARdeERR! gdp O3 P 3mm

in the boundary portion has a width smaller than the
(hhelt tokgranne :gt@eV8280) » BN  theackicipopePahel tHre Ritch of

absorbed and the | am nated type piezoel ectric el enent
thenbhessve? 309n ilse epnetluced vd§46 Ssuf f(tbeehdlacanoexcy.

In the previous enbodi ment of FIG 3 , the adhesive
+8060tmkised wheen hendtag t | At edtkYB€element members

pi ezoel ectric el ement nenbers 12 to the base nmenber 13

r ) [ 995Mar [ WeRN
1?ﬁ§aﬁ?;gr§ a]{e C%?pg%lheg%éeri%trl C elférlrg%{]&rrgpn%}g% 12.
the ot her_ han in_the sent..enhaod] e 0 I

tSTghaReT 194 1R aanbs; BECATRMS et did ehe b s 07 {hat the

boundary portion, the grooves 30 are forned by the |
bERBRA By ReBSsiGTy DREHERN HeS DARANTG 57 YBRpPLEEReITTER IS

possible to avoid the problemthat the adhesive agent
elemgrierneibens €en t he indivi dual piezoel ectric

el ements 12a. Next, the conposition of an ink jet head

whi ch i s the HHequiréseénscampodinesdd ithet Aem3ndted type

enbodi nent of the invention will be explained with
phebeeeaeter i® dilement mefbéxrs 812 are arranged so that the

groove 30 may be located at the boundary portion between the
laminated type piezoelectric element members 12, and the gap
31 in the boundary portion has a width smaller than the width
of the groove 30. Thus, each tolerance can be absorbed and
the laminated type piezoelectric element members 12 can be
produced with sufficient accuracy.

In the previous embodiment of FIG. 3, the adhesive
agent used when bonding the laminated type piezoelectric
element members 12 to the base member 13 may enter the gap 31
in the boundary portion between the laminated type
piezoelectric element members 12. On the other hand, in the
present embodiment of FIG. 7, even if the adhesive agent
enters the gap 31 in the boundary portion, the grooves 30 are
formed by the slot processing after the bonding is completed.

It is possible to avoid the problem that the adhesive agent is
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Is an enl arged diagram of the portion of the |am nated
type piezoelectric elenent nenbers in the liquid

walt@ehsmge head in the 3rd enbodi ment of the |iPVEM2A0@EN21328

In the present enbodi nent, the gap in the boundary
portion between the | am nated type piezoelectric

el ement nenbers 12 is omttedesand the | am nated type

pi ezoel ectric el ement nenbers 12 are arranged on the
ipaseterinivers the LRAALVERMAHInE#CSIPRETSF oplements 12a.
processing is also perforned to the boundary portion

so that tReexgrodhe 8omphbthions athansdmé asteledd ofhidie is
grooves 30 is formed at the boundary portion. Even if
thbelidend didicsehaegnehdath i thd IBrdpeabedimenbosf et i s
used, the sane effects as in the above-nenti oned 2nd

1ﬁggﬂg5k rullcla'?)eb%x@@ﬁ§h@§dw1ﬂ\ll?)&tefetr@ﬁc§0fmoﬁlé| an, ofr1G. 8

an in Jet head which is the liquid discharge head in

the 4 h n b

‘nince t%trﬁq‘G of Ehé EIB/ %gé& 8\9'1 9‘& f%ﬁﬁgétgén&]%pe
ex Ioded rspective view of,t li.qui d .di,sc
O£ 2PRF SC O AR Qﬁﬂbﬁ%l‘lgﬁ]‘e 198 EEOR A, IR 1
view of the |iquid dlscharge head taken al ong the
thengrd vembrdingnteofi SheotnYeREI9ui d chamber of the
l'iquid discharge head of FIG 9 .In each of the

previ ous ehbddv3mﬂna§enthembpdﬂmehﬁﬂ $hieapge heathenpeundary
uses a displacenent in the d33 direction of a

poa it BAt lest aepe thieedaaliaated ct whensrizoedschbektn element
described. In contrast, the present enbodinent is an
reXBEP5e19fid Mitted and the laminated type piezoelectric
element members 12 are arranged on the base member 13. 1In
this embodiment, the slot processing is also performed to the
boundary portion so.that the groove 30 which is the same as
each of the grooves 30 is formed at the boundary portion.

Even if the liquid discharge head in the present embodiment is
used, the same effects‘as in the above-mentioned 2nd
embodiment can be obtained.

Next, the composition of an ink jet head which is
the liquid discharge head in the 4th embodiment of the
invention will be explained with reference to FIG. 9 and FIG.
10. FIG. 9 is an exploded perspective view of the liquid
discharge head of this embodiment, and FIG. 10 is a cross-
sectional view of the liquid discharge head taken along the

longitudinal direction of the liquid chamber of the liquid

discharge head of FIG. 9.
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l'iquid di scharge head using a displacement in the d31
direction of a lam nated type piezoelectric el enent.

wo mobis72enbodi nent of FIG 9 and FIG 10, the be®E&P2005/021328

menbers 13 are nmade of an insulating material, such as
ceram cs. The thin-filmelectrode 10 is fornmed on one
surface of each base nenber-43, and the | am nated type
pi ezoel ectric el ement nmenber 32 is_bonded to the |
surface ofInt kachhph ¢ e EausogEP2E1BF eac It lipeid
base menbers 13 by the adhesive agent or soldering. In
dssice cjer deast ahtel, uppsid idimplgcerentr #i eche g3 usiipgetion
the jig, so that the edges of the base nenbers 13 and
of he 1animatead t?lpéeppéfd’@ﬁ@!lﬁrd elehenentasrerdeer sle32ribed.
are in parallel with each other. The thin-film

18! €G1¢008S 180P L0860t ARGtV RS BhEERANSId IJ1C the

el enent nenbers 32 and t he base nenbers 13 are

simult aneousl us| -G i saw.
1 BSTae Bhgo i A MG TRaRatE B S a8 ST
equal , pitches_are forned. The thin-filmelectrqdes 10
aSPeC & A ABBIn AR PR LEr B (S Tor ¢ he
respective piezoelectric elenents 32a are_forned. The
FPC cabl esni4#hgr embeaéeent @i Fduldl 288t FEF ecttodde Rpse
sol dering, etc. The other conpositionlocated above the
melinaghs aginazel mattheopr as eimswididdioneatersabs syt @9 y
the sane as that of the previous enbodi nents, and a
cdeseid¢Pl | mhet hpiaefiwnl &lde e 10disNExtmed hen one surface

conposition of an ink jet head which is

of each base member 13, and the laminated type piezoelectric
element member 32 is bonded to the surface of the thin film
electrode 10 of each of the base members 13 by the adhesive
agent or soldering. In such circumstances, positioning is
carried out using the jig, so that the edges of the base
members 13 and the laminated type piezoelectric element
members 32 are in parallel with each other. The thin-film
electrodes 10 on the laminated type piezoelectric element
members 32 and the base members 13 are simultaneously cut
using a dicing blade or a wire saw. The individual
piezoelectric elements 32a arranged at equal pitches are
formed.

The thin-film electrodes 10 are also divided, and
the pull-out electrodes for the respective piezoelectric

elements 32a are formed. The FPC cables 14 are bonded to the

pull-out electrodes by soldering, etc. The other composition



the liquid discharge head in the 5th enbodi nent of the
invention will be explained with reference to FIG 11

wo bwenshoFl G 13. FIG 11 is a perspective Vi eRCDIP20652021328
principal portion of the liquid discharge head of this
enbodi nent, FIG 12 is a cross-sectional view of the
[iquid dlscharge head taken-a&ong the line E-E
indicated in FIG 11, and FI G IS Cl oS -sectlgna

LFRAF DRI PRIt S A hERd PARRT Gl SRR,
F-F indicated in FIG 11. In the present enbodi nent,

esdent miilnattde sape b el et the prewbaes resinstigenss, and
whi ch have the sane conposition as that in the 2nd

a eddogsht ipeniforar@eaeoAngell ibe tomdtteds of six pieces in
parallel with the longitudinal direction thereof. The

| ength of Nhe | kGl dogbssharge Jreas LAkt Het head which is
} ongi t udi nal direction thereof is about 330nm The

5 tﬁ’goﬂgdlcg cﬂescWaggP H%ac‘ihﬁn i5+@f cABogiAenCaE N8

cover ecause e use the 330 mmlong liquid

.dischar e hea and. a. ad t f

£ SE0PLOS T B, B LTS AP A 15 ESPALE B
obt ai ned. When the t wo Ian1nated t.ype piezoelectr.ic
FEFenbht roifberid i ar R BFR G §P&@ Bg E??kPEﬂQﬁﬁfaéhe

| ongi tudinal direction as in the previous enbodi nent
poft oG ofl the Hdquorndhethatgodeadcaf bbif aRePPIImaA hELIG-
out si de end portions of the |lam nated type
1pi £2 0l @dgd-Geeltanral whedesSs tihe tlhgulidngdiscihmgd head
direction. However, when three or nore |am nated type
10 tQh@ﬁO@i&Q} e @liesenly eRdessck? iar @181 angeshadlmmg 13 is
t he
a cross-sectional view of the liquid discharge head taken
along the line F-F indicated in FIG. 11.
In the present embodiment, the laminated type
piezoelectric element members 12 which have the same
15 composition as that in the 2nd embodiment are arranged in two
rows of six pieces in parallel with the longitudinal direction
thereof. The length of the liguid discharge head in the
longitudinal direction thereof is about 330mm.
The shorter-side width of the paper of A3 size can
20 be covered because of the use of the 330 mm long ligquid
discharge head, and a line head that is capable of printing an
image on the paper of A3 size can be obtained.
When the two laminated type piezoelectric element

members 12 are arranged side by side along the longitudinal

25 direction as in the previous embodiment of FIG. 1, the common
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| ongi tudi nal direction as in this enbodi nent, the
comon el ectrodes cannot be taken fromthe interna

w@emsosi2ertri c el enent nenber ot her than the PCT/JP2005/021328

pi ezoel ectric el ement menbers | ocated at the both ends

of the head. To obviate the problem the base nenber

13 is electrically connected2g4th the comon

el ectrodes in this enbodinent. That s, gs shown in
ekpchrades qpa PRt Epkan Breetthsusutssgeartd dpeetiqnsaafy the

connected to the common external el ectrodes 23, and
lehengoedhoiyrex péerakleteric clemed acebprdvinlethe

integrally with the extension portions 23a extendi ng
1bAgihedrack duetacenof Hdweeteny nakadthype or more laminated

pi ezoel ectric el ement nmenber 12. And the extension

t?ﬁé th A0S A3 100 ct BEhORF Do S N2l aebestFORGSd 23 iy the

ack surface of the |lam nated type piezoelectric

lg%ﬁgﬁp ir{?_l.m?ﬁrre%:%ig eagl ng‘f%;ig%aleln%oﬁg IQSE% eghé occ';n%n

ctive base nmenber 1 I's made of a netallic
terial, such _as SUS In_this.case, the.extension, .
eDBFTONRS SRIGHE PlictEBTROR @kt dFnat Er et 1 BHEEo ST e
the back surface of the | ami nated _type piezoel ectri
cAPEABR TSI OLIR TR BOR HEI® R AREHSEL 118 81T BndisFDe S
toget her by using a conductive adhesive agent, so that
lbhetedchartitealbdibnegndg ahdtheérasdact ri cconnecti on
t hereof can be attained sinultaneously. It is possible
to reduce Thebuwiter tht phebhemuftaet aisegmpmbeeskesis
needed and attain the nmanufacture of the |iquid
edbschargel peathndckBdl QM KEOsSke common electrodes in this
embodiment. That is, as shown in FIG. 12, the internal
electrodes 22B are electrically connected to the common
external electrodés 23, and the common external electrodes 23
are provided integrally with the extension portions 23a
extending to the back surface of the laminated type
piezoelectric element member 12. And the extension portions
23a of the common external electrodes 23 on the back surface
of the laminated type piezoelectric element member 12 are
electrically connected to the conductive base member 13 which
is made of a metallic material, such as SUS.
In this case, the extension portions 23a of the
common external electrodes 23 on the back surface of the
laminated type piezoelectric element member 12 and the base

member 13 are bonded together by using a conductive adhesive

agent, so that the mechanical bonding and the electric
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And, as shown in FIG 13, the base nmenber 13 is
connected at the end of the head wwth the FPC 14 by
wWo bwossi2eer 11, etc. Therefore, the internal ebPEDIR0CR1328
22B of the | am nated type piezoelectric el enent nmenber
12 are electrically connected to the FPC 14 via the
base nmenber 13. \Wen arrangFdg-the three or nore

| am nat ed type pi ezoelectric, el ement nenbers._al o t he
CPORGFE i AS e CoRoRS: bt ates (B IS HBRUSHbot e

can be taken by electrically connecting each of the
PPaAihEE el t5a5hIqs ER6eNBRPRT cokldifeManyeABEREiIRG RFRCeSSes
base nenber 13 respectively. Since the comobn

nekdetlr and sataraint ahenmbyufiscogrea et baee lignbdrdigcharge head
there is alnost no influence of the voltage drop in

wihB Lot ecsexli ate part of the |iquid discharge head
which is constructed in an el ongated configuration.

Next, the £ORPOS tdr@RnOfinaprénki 3 eteieadsehiehiobs 1deis
l'iquid discharge head in the 6th enbodi nent of the

céﬁé%ﬁf%ﬁ’”%’iékjﬁ %%d‘ﬁ%! ghgeﬁeé{@l LA defy CRee 59 g%&?%ééolder

Cross-section Vi ew
lLiquid di gcharge he in_the 6fh %%gpdinen f éh
HinvERE 1 o SARICHEt §UEhAEtoris G 1S3 IoRRe 248 7k the
cross-sectional view of the |iquid discharge head in
leménated chIRRIIMETOSIRPCERECT AN MSTIRT] 4Ft 2Bt hat of
FIG 13 . In the present enbodinent, the liquid
ediest hacgkl heathrizas etdh&ocbhposP® i Igh wilsi ¢thei base member 13.
essentially the sane as that in the 5th enbodi nent,
and the bagerireifremnglidg sheatiered @n more laminated type
piezoelectric element members along the longitudinal direction
thereof, the common electrodes can be taken by electrically
connecting each of the laminated type piezoelectric element
members to the base member 13 respectively. Since the common
electrodes are taken by using the base member 13, there is
almost no influence of the voltage drop in the intermediate
part of the liquid discharge head which is constructed in an
elongated configuration.

Next, the composition of an ink jet head which is
the liquid discharge head in the 6th embodiment of the
invention will be explained with reference to FIG. 14 and FIG.
15. FIG. 14 is a cross-sectional view of the liquid discharge
head in the 6th embodiment of the invention similar to that of

FIG. 12. FIG. 15 is a cross-sectional view of the liquid

discharge head in the 6th embodiment of the invention similar



insulating material, such as ceram cs, and the
thin-filmelectrodes 15 are forned on the surface of

wo bmelosree’ menber 13. The base nmenber becones | pemJe2005/021328
slender if the liquid discharge head is produced in an
el ongated configuration, and it is necessary that the

base nmenber be made of a rigdH-material. In this
odi th els no restriction that the materi al
tg;%% r%?émﬁe is conductive, and it is possible

to use the ceramcs as_th i d ma | of .t ase
menber i nstfe&dCoPTERE et C{Jg“eﬁ’ﬁt'e%ﬁ f ‘ﬁtsﬁg‘arge
conposition of an ink jet head which is_ the I|qU|d
hepd dms gdeheaarprithen MH dnedersapts2linehawaame gf that
will be explained wwth reference to FIG 16. FIG 16
ishoves Sthe eobopdsent prarod tthee Haisguimdmdée s chairige neetzd cifnan
the 7th enbodi ment of the invention. In FIG 16, (a)
5 inSuBatilrdn meitewiel, t Secprdnedramipert and €He tdreid-ifgaimd
di scharge head of this enbodinent, (b) is a bottom

e%/%f)@etlcsz{eé he, Iarg%gnqé&c&art% headaet &t GndGdR megigeg 13.

s a top view of the liquid discharge head o

16 (a) . Ip the Brr‘?.élﬁr? coqr{e%grﬂah tDgaPLL thfﬁthe

pi ezoel ectric e enen arrange

si ngl e, ba 13 .in Wws, wWhich is sim rtothe

13ar R PR SRS &S BRSoned SBoPLoT SRR 11 cal |y

in the enbodi nent .of FIG 16, the pi ezoel ectric
ceniimpta idihep8d1 Pt ot % %ﬁqezﬁg’éd’ thatwehe ESsviedPredr e

referred to as piezoelectric elenment row 12A and
10 mpiezokleoctigid sheaeitl r oinl2Bisespbodinvent, there is no

restriction that the mate;ial of the base member is conductive,
and it is possible to use the ceramics as the rigid material
of the base member instead of the metallic material.
Next, the composition of an ink jet head which is
15 the liquid discharge head in the 7th embodiment of the
invention will be explained with reference to FIG. 16. FIG.
16 shows the composition of the liquid discharge head in the
7th embodiment of the invention. In FIG; 16, (a) is a plan
view of the principal portion of the liquid discharge head of
20 this embodiment, (b) is a bottom view of the liquid discharge
head of FIG. 16 (a), and (c) is a top view of the liquid
discharge head of FIG. 16 (a).
In the present embodiment, the plurality of
piezoelectric element members 12 are arranged on the single

25 base member 13 in rows, which is similar to the 1st embodiment
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In the present enbodinent, a gap 31Ais fornmed in the

boundary portion between the mth piezoelectric
we@b@aesm2orol utm 12m (mi s an integer greater tPENJIJR0E)021328

and the (m+l)-th piezoelectric el enent colum 12mtl of

the piezoelectric element row 12A. Simlarly, a gap

31B is forned in the boundar$2porti on between the mth

B! BE0C! YIS SLETE0LLE0! WL A2 and. L en (L) clfbdiment. of

iezoelectric elenent row 12B. In this case, each of ,
Fifie Hapstha Rigr@eieBtpit vREsNa e MHPRIPI &2 0RFRATian9ed 1in
el enent colum 12m and the (mtl)-th piezoel ectric
tepenewt wWolamare2mefehned atavalt piezoghpehric shemendy row
than the width LI of one of the grooves formed by the
18hoanprpiessilegticid sléhgnt row di2dBerespedsivselppose
that the edge position of the mth piezoelectric

el ement copdirfhel PrekBnt hempOSindite @i gast BoA {§heormed in
right-hand direction in FIG 16) is referred to as the

tﬂgsﬁ5ﬁﬁﬁh ig&%ﬁlohhﬁegggﬁﬁﬁgﬁagkﬁﬁ %&e&gglectric element

pl ezoel ect enment co n the negative
direction (the left-hand direction.in FIG% 16) i.s
PUPESr LT 0 3¢ efe LBOEPET o Buck e SrancE dhf (D) -tk
between the pgsition A and the position Bis smaller :
PLRZAC Pt T S Sengf Cohemyr bdvie $5 FOFnRBISHYS et Lot
processing. I n the present enbodinent, the |iquid
edementr e hiedd | Siaidanyed a@arhatlb Ae wpamed ofn tte
gap 31 between the mth piezoelectric el enent colum
bdZndany pdiet ilom+-betivhepi eroeh-edt Hiezeleépehticoélement column
12mtl of each rowis smaller than
12m and the (m+l)-th piezoelectric element column 12m+l1 of the
piezoelectric element row 12B.

In this case, each of the gaps 31A and 31B between
the m-th piezoelectric element column 12m and the (m+l)-th
piezoelectric element column 12m+1 has a width L3 which is
smaller than the width L1 of one of the grooves formed by the
slot processing (L3 < L1l). In other words, suppose that the
edge position of the m-th piezoelectric element column 12m in
the positive direction (the right-hand direction in FIG. 16)
is referred to as the position A, and the edge position of the
piezoelectric element column 12m+1 in the negative direction
(the left-hand direction in FIG. 16) is referred to as the
position B, the distance (B-A) between the position A and the

position B is smaller than the width L1 of the groove 30

formed by the slot processing.
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the width LI of the groove 30 forned by the sl ot

processing. Even if the gap 31 in the boundary portion
whednses120t he mth piezoel ectric el ement col ummpPEaP20652021328

(mtl)-th piezoelectric element colum differs in

position for the colums of the piezoelectric el enent

menbers, it is possible to aBsorb the gap 31 for each

colum wi thin.in L d of. the g ve.30.fo

t he sl ot 5&%3%§%P%§Se§%x%$b?4% %ﬁ%ﬁp%ggt?%§8%$ éé?%ﬁ%% ©

| et head which is the |jquid discharge head_jn the 8th
nhRoth FeRERSES RE FRRErFTDA At hocbspPab bt Bppen the

reference to FIG 17. FIG 17 is a cross-sectiona
nytvwifzaHedtirdgi glansehapejerieddn anghehgt m+1l) -th

enbodi nent of the invention taken along the direction
phézodbeaiozid edeokntheolumpiPrdils cfaegehhead. 14 rsnidlder than

present enbodi ment, the piezoelectric elenments 12a are

tRerai@ed 1N oF RhepgtebvstIwcidsmed Bywbheéhside processing.
actuation parts 25 to which the drive waveformis

Eggﬁpif adhe 326 BAE;ROPRACEHUMIAY RRAKES0RObE it Cihd REth

rive waveformis not supplied are arranged

oRkbSLIBel. hit-Lhe dbaghragm Rhal ondy) - theo LAl ddtsc

convex parts Za are _ Int _ _
TPERR O IR GHdiA8 TheM I Pot SBafhe BSLURi Thene
plurality of convex parts 2b are formed in the
PpOre IREL NG e eacatpBaERer by itthd SagRESIDES afRAPII . fbe
pi ezoel ectric elenments 12a used as the non-actuation
gpar3s % eadpectims| yithin in the width of the groove 30
forméd by the slot processing.

Next, the composition of an ink jet head which is
the liquid discharge head in the 8th embodiment of the
invention will be explained with reference to FIG. 17. FIG.
17 is a cross-sectional view of the liquid discharge head in
the 8th embodiment of the invention taken along the direction
of the nozzles of the liquid discharge head.

In the present embodiment, the piezoelectric
elements 12a are arranged in a bi-pitch structure in which the
actuation parts 25 to which the drive waveform is supplied,
and the non-actuation parts 26 to which the drive waveform is
not supplied are arranged alternately.

In the diaphragm plate 2, the plurality of convex

parts 2a are formed in the portions which are bonded by the

adhesive agent to the piezoelectric elements 12a used as the
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In the present enbodi nent, the convex parts are forned

in the portions of the diaphragm bonded to the
w@rmsoshertric el ements, and, even if a vari at PONIRXN05/021328

the width (the width in the direction of the nozzle

row) of the piezoelectric elenents 12a arises, a

variation in the drop di schaBde volune bet ween t he

r ective nozzles_5.can be re shown _in

25E3RE o TS - pPBYoE R M S ot CRBNBEr RIS R aTe
bonded, to ther on the base nmenber 13 and the sl ot

fpEBedskh nfgﬂq PPELPBENBRALCH tare BasdedpP¥ Hhat adpesiyg@gent

D2 of the edge-position piezoelectric elenent 12al at
tohtherpiefoqlestpiiczodbrerts clad ernast agebernaR-actuation

(adj acent to other piezoelectric elenent nmenbers 12)
phstkar@errddpctiikelyi dth DI of the other piezoelectric

el enents 12a (D2>D1) . This problemarises for the

fol l owi ng feagen prasenbodibbdiddde, ke WBARekOPAHY are
the groove 31 betmeen t wo adjacent pi ezoel ectric

fsksﬁgan]{ r&?rr@ o+thdnlYo ?z 5&@9?14@% £8AS L5 08 the

pl ezoel ec eI enment I ezoe ect ric

nb 12 which th
PP EREI e hart RN BcofUde YR ot s Tong SERBRpE i wideh

bl ade 35 and i.s deforned to_the side of the groove 30
(FRECHLGED A% AWy disrREGBY hethf Ci9Fg 16 4AW) 36T
Therefore, the width D2 of the edgeposition
ppee@e&emm clememsnt 122a8rised argearinihonhen ik Hmp
of the other piezoelectric elenents 12a. To avoid the
dpsohbkege aslooredibegweent bhes eedpmditnieet nozzles 5 can be

reduced.

As shown in FIG. 18, when the two piezoelectric
element members 12 are bonded together on the base member 13
and the slot processing is performed, it is possible that the
width D2 of the edge-position piezoelectric element 12al at
the end of the piezoelectric element member 12 (adjacent to
other piezoelectric element members 12) is larger than the
width D1 of the other piezoelectric elements 12a (D2>D1).

This problem arises for the following reason. As
shown in FIG. 19, when forming the groove 31 between two
adjacent piezoelectric element members 12 by dicing, the edge-
position piezoelectric element 12al of the piezoelectric
element member 12 in which the slot processing is already
performed receives the stress by the dicing blade 35 and is

deformed to the side of the groove 30 which is already formed
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the convex parts 2a are provided in the diaphragm2 ,
and the width of the convex parts 2a is forned so that

WOi2006/5710Me sane as the wi dth of each pressuri ret/JP20snzi328

chanber 6 . In addition, the convex parts 2b are al so
provided in the position mhigg is located under the
partition 6a of the pressuriz.a l'i quid chamber 6 , and
bpetieightinos brade 898. beriuddaioed, b¥nbhei @t U i the edge-
parts 25 and the support part 26. V%SB thi;$q1a an
t he piégggFgg?%thg?iﬁg%t 15§g2%1;%fs ?E%%Lﬁhé#hfﬁFthdth
e piezoel i c..el.ement e W
%rcgél)g}%f o?{g? gr %??%%i%ﬁt%%ce egleglsﬂgﬁgﬂ?? is varied
according to the piezoel ectric el ement width, which
causes a ditff 8V8ACEE R RIRPLFS) uRECBFIENT i i thidr @pbodiment,
ich is discharged fromthe nozzle concerned. To
%iquw BPéBPeg‘? e REGWeedpant the adimmhfagrm@d and the
t he back surface of the diaphragm2 , and the
piddogifethei corvenmmissi2a dedfoheedi 8z alRCtiki Gs the same
el enent 12al are bonded together. Even if the width of
ashehedgedphsof i edcHpiRaneheeLEHC] 48R MhaldR)r 65  1n
different fromthe width of the other piezoelectric
RlcaTaehy 183, cifeaiheNa el e01d yaloy ats san.Lbe

di aphragm 2 depends 'on the wdth o e convexpar

O O AR LS R R whed O B B Bl B

liquid c ers e sane,I f ot d drop
I ce.th ariation in the volume of a liqu
GAEHEE TP RE S0 Yesl 0 LD, e

unified by the actuation parts 25 and the support part 26.

When there is no convex part 2a in the diaphragm 2,
the width D1 of the piezoelectric element 12a differs from the
width D2 of the piezoelectric element 12al and the width
(area) of deformation of the diaphragm 2 is varied according
to the piezoelectric element width, which causes a difference
in the volume of a liquid drop which is discharged from the
nozzle concerned.

To avoid the problem, the convex parts 2a are
formed on the back surface of the diaphragm 2, and the
piezoelectric elements 12a and the piezoelectric element 12a1
are bonded together. Even if the width of the edge-position
piezoelectric element 12al is different from the width of the
other piezoelectric elements 12a, the area which effectively

acts on the diaphragm 2 depends on the width of the convex



According to the present enbodinent, it is possible to
prevent the deterioration of the picture quality of an
wo pawg®esieti ch is formed by the |iquid di schar ger¢iear005/021328
The convex parts 2a and 2b of the diaphragm 2 may be

integrally fornmed fromthe sanme material by, for
exanpl e, el ectrocasting of nB@keI Al ternatively, the

gm,2 na ma.tes and t
pg%ﬁggaaparﬁlez gug% %lgyjl e for rrfé&% ’%é ?a‘?ﬁesg%rlzed
such as stai nl ess steel (SUS t.hr ough
1EREEH PR ol RS HUhGTTOLS, TEREORBHIER gmreguce
2a and 2b may be fornmed in multiple layers, and in the
thaseapratiien ml thel Bolwyeraf a tlicwigodsph| ¢ischanges from
the widths (areas) of the convex parts 2a and 2b
edch frevzaite Bet ween the nmultiple layers. I n each of the
above-nmenti oned enbodi nents, the description thereof

5  has been giayrdanigusbnghé heredet@ embbldijneht feal.is possible
However, the liquid discharge head of the invention

tHBﬁ!ré’x?erFtorUHeglc'i%%@thEQtPorhe@fj'ﬂh%t %%'t‘hréy&@aiizﬂg of an

cartridge as shown in S shown I'n
te y |nk tr| [ises an
ihafe VERGL A" FonebBE 4N SR P98eARe 80 R SS
mhlch IS t e liquid dISCh ge he of_ t hei nv i on
and an | nRERERTSXWRRERS iR %tﬁé the %Je?&zfagm 2 may
supplied to the ink jet head 41. The ink jet head 41
bantntemraldy doxred3faem the tsads Apserhal Hewd-for ageaple,

type ink cartridge 40. According to this enbodi nent,
10 eleécisogodsing eft oickel. Alternatively, the diaphragm 2 may

be formed from a resin film, and the convex part 2a and 2b may
be formed from a metallic material, such as stainless steel
(SUS), through etching or patterning. Furthermore, the convex
parts 2a and 2b may be formed in multiple layers, and in the
15 case of the multiple layers, it is possible to make the widths
(areas) of the convex parts 2a and 2b different between the
multiple layers.
In each of the above-mentioned embodiments, the
description thereof has been given by using the single ink jet
20 head. However, the liquid discharge head of the invention may
be configured into a head-integral type ink cartridge as shown
in FIG. 20.
As shown in FIG. 20, the head-integral type ink
cartridge 40 comprises an ink jet head 41 having a plurality

25 of nozzles 42, which is the liquid discharge head of the



obtain the head-integral type ink cartridge in which

the nmultiple nozzles are arranged wth high density.
waemehsmomanuf act ure of a small-size liquid capdT/irkges/021328

with | ow cost can be attained with good reliability.

Next, the conposition of an ink- jet recording device

which is the imge forning déVice in which the liquid

.di scharge device.q he i nyent.ion is, ewmpodi.ed wi,ll._he
BhEFRREE A0 Ao afl, bRl Y SR SR e R iRR L A ipedRo
21 is a diagram showi ng an exanpl e of the mechanjsm
spEPtied th&henag ﬂ%hﬁ%@d dblri cdhen 1iki ¢/t tead i Yuisgd the
di scharge device of the invention is enbodi ed, and
irkGamk 43 arepluastedeint® the headrdnpadrabriyem gtk t he
mechani smpart of FIG 21. In the inmage formng
cdevridge t4le cdNacoadénd 38o i shiwelethboddmabty it iheamsible to
scanning direction, by the stay 132 and the gui de rod

5 ob8dinhind Head-heteyrde ﬂﬁﬁ@efnm@airlﬁﬂagy ¥n diis0ars @the

across the side covers 101A and 101B ich constitute

nhD€i 1 @M A0k The %mﬁ Wit s gg&gﬂsia¥rhmieme

scanni.ng direction (carrfage nove I rection) |,
TR ETCWI % T € RBELHTOEE r ] oo Ay E Par Tt oo
carriage 133, the recordi ng heads 134 including the
bFoﬁFt?¥ﬂ?q(ﬂlQﬁb§8§doFe}%?¢§%%Ryo , cyan (C) , nmgenta
(M , and black (Bk) which are the liquid discharge
heads of tNeRxtn cenpapl tionli & Ivar dakrpeti ARCAFGig
10 device which is the image forming device in which the liquid
discharge device of the invention is embodied will be
explained with reference to FIG. 21 and FIG. 22.
FIG. 21 is a diagram showing an example of the
mechanism part of the image forming device in which the liquid
15 discharge device of the invention is embodied, and FIG. 22 is
a plan view of the principal portion of the mechanism part of
FIG. 21.
In the image forming device, the carriage 133 is
held, movably in the main scanning direction, by the stay 132
20 and the guide rod 131 which is the guide member horizontally
disposed across the side covers 101A and 101B which constitute
the frame 101. The carriage 133 is moved in the main scanning
direction (carriage movement direction), indicated by the

arrow in FIG. 22, by the scanning motor which is not

25 illustrated.
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of each color are provided. The recordi ng heads 134

are arranged so that the ink discharge openings are
w@enapeEoi n t he direction which is perpendi cul BET/IRR003121328

mai n scanning direction, and the ink drop di scharge

direction is directed dowmmward . A s nentioned above,

the driver 1Cs are carried oA8the recordi ng heads 134

T ustrat o LRFOGSh Ereohat WAL (I ORER) So31 ) R grecording

arness Xi"bl e " pfin

cabl e 02. .The sub-tapks 135 for supplyinpg t in

hERGp 37 CHIIERE EBF oFSoF oihho 4t DEPHFAGE pegH 3D , cvan
are also carried on the carriage 133. Suppl enent,
(SUpprggefta hdDinkngs béach 6%#knwh%§htﬁéesgg?a%k?{§$ of

each color is carried out through the ink supply tube
digéhafgedutndsolodr theommvémt iork whecty ddgehapge (Wdkink drop
120c, 120m 120y) which is inserted into the cartridge

.oEOédtch¢Eﬁﬁ akt®4 probedsdppl ThpwrgroaiihglhSaderi34 are
supplying the ink in the ink cartridge 120 is di sposed

alrPah§€d Cs¥ A9 nk0adkNgi Pekdrdel bperRbgbNEre arrayed in the
intefrnmedi ate part of the ink supply tuge 136 is held

dfée%’gﬁﬁ 8?%*%%%é%?f‘é?%s*@ﬁ%ﬁ%ﬁ%e}&%Zm%ﬂ% ﬁé‘g@%ﬁﬁt )

. . . ' [ 142
Rk PR T5ador SaR T FRa CRFESsire T Atec e
141 of the paper feed tray 112, the separating pad 144

d@gnneards made of a material with a |arge coefficient

of friction is disposed to confront the hem circul ar
As mentioned above, the driver ICs are carried on

the recording heads i34 and connected to the control part
which is not illustrated through the harness (flexible printed
cable) 102.

The sub-tanks 135 for supplying the inks of the
respective colors to the recording heads 134 are also carried
on the carriage 133. Supplement supply of the ink of each
color to the subtank 135 of each color is carried out through
the ink supply tube 136 of each color from the ink éartridge
120 (120k, 120c, 120m, 120y) which is inserted into the
cartridge loading part 114. The supply pump unit 115 for
supplying the ink in the ink cartridge 120 is disposed in the
cartridge loading part 114, and the intermediate part of the
ink supply tube 136 is held by the locking member 105 disposed
on the back plate 101C which constitutes the frame 101.

On the other hand, as a paper feeding part for
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feed roller 143 which carries out the separation

feeding of every sheet of the paper 142 fromthe paper
wat@eksT2gr part 141. The separating pad 144 i s pouphedos021328

agai nst the surface of the feed roller 143. In order

to transport the paper 142 fed fromthe paper feeding

part to the | ower part of th%Precordlng heads 134,

nb h
“eclithe ¥ FRERE T BN e el B Rlarle T
and the retainer 148 mhlch has t he edge

(RFRIWRS PARLEEH }éh %pﬁp@rpﬁs\?ﬁdéaay I\HrQe'O\F@re t he

transport belt 151 is provided, and this transport
s¢panatis®y padaléfavkpeh tisimadef of al Betewiak atitdald yarge

attracting the paper 142 and for conveying the paper
cd«Pf i drite offo$ir i cvhomhi < W icgfsednts tdef redortdiendremi-

heads 134. The transport belt 151 is an endl ess form

chedilaraméddhirs1 1 eANSPD N RG] lcakdlebSoM® Utk haipmeer ibhe
conveyance roller 152 and the tension roller 153 such

t a r
TRl ST R A ?%fc[‘.ﬁloéﬁ?a‘l’e% N P

a fron nd a bac fraont .l ayer _i.s
SRSt T Y L, TP SRR BR R 1 Al BhglRee
resin material mhlch i's about O m cronet er st hi ck and
the sipfagrdcthl £8°7 696 Sdé3control . For exanpl e,
the front layer is formed froman ETFE naterial. The
back | ayerln( girdgreteesrannrd [thgePargF ol ﬁ%ﬁuﬁ#Pm $he

formed fromthe sane material as the front |ayer and
papdy etteei nigopart, to the lower part of the recording heads

134, the guide member 145 which guides the paper 142, the
counter roller 146, the conveyance guide member 147, and the
retainer member 148 which has the edge pressurization roller
149 are provided. Moreover, the transport belt 151 is
provided, and this transport belt 151 is a transport unit for
electro-statically attracting the paper 142 and for conveying
the paper 142 to the position which confronts the recording
heads 134.

The transport belt 151 is an endless form belt, and
this transport belt 151 is wound between the conveyance roller
152 and the tension roller 153 such that it is rotated in the
belt transport direction (the sub-scanning direction).

The transport belt 151 has a front layer and a back
layer. The front layer is used as a paper attraction surface

and formed from a resin material which is about 40 micrometers
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resi stance control by carbon. Mreover, the charging
roller 156 is provided, and this charging roller 156

WO 3008/0812a1 gi ng unit for electro statically chapgi/mpoedne1328

surface of the transport belt 151. The charging roller
156 contacts the front |ayer of the transport belt 151
and is arranged so that it r40rotated to follow the

otation of the transport belt 151. A predeterm ned
threBonfd £ A0E IR soh st han e R Shar 35y xample,
t he charg%gg raoller 156 as a pressing Qressure. The
tRENTEYRN YA 116 fosmedet for af) ST EAs MAtEFo8hdi ngpe back
roller and is in contact with the mddle resistance

lpgger (B¥ddlre nesdsdpore baver 15mmowd tlhaeri hést fesmgsbriirom
belt is grounded. On the back surface of the transport
thel sarid Imattdrel gjuiade thenbesntl Siayexr andasgbdlected to
corresponding to the printing area by the recording

rBeadtdide @i &9 BBABSK. 157 has the front surface
whi ch projects toward the recordi ng head 134 side

beyond th b-ne t rQl hegs.:su '

t he transg%%t Eeif %@% %g%ﬁ%ey r%QQ%%ﬁ ﬁgF iézﬁgﬁ%#déHl and
ension roller .153) .in order .t o maintali. he fl atness

CBF0 He TS oI GO e Ro P11 T T ANDS POAE ST ahe

trapnsport helt 151 is rotated in the belt transport

SARFEERbh SIRHT e tEEnTRY SRR FoIther t782SPert patled S1-

t hrough the drivin% belt by the feed notor which is
Thet charging atedder 156 contacts the front layer of the

transport belt 151 and is arranged so that it is rotated to
follow the rotation of the transport belt 151. A
predetermined pressure is exerted on the both ends of the
shaft of the charging roller 156 as a pressing pregsure.

The conveyance roller 152 serves also as a
grounding roller and is in contact with the middle resistance
layer of the transport belt 151, so that the transport belt is
grounded.

On the back surface of the transport belt 151, the
guide member 157 is arranged corresponding to the printing
area by the recording head 134. The guide member 157 has the
front surface which projects toward the recording head 134
side beyond the tangent line of the two rollers supporting the
transport belt 151 (conveyance roller 152 and tension roller
153) in order to maintain the flatness of the transport belt

151 with the front surface.
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Moreover, as a sheet ejection unit for ejecting the
paper 142 in which the inmage is recorded by the
wo ewensizog head 134, the separation nail 161 fBPET/JP2005/021328
separating the paper 142 fromthe transport belt 151,
the delivery roller 162 and the delivery roller 163
are provided. And the paper-éutput tray 113 is

O e BSE AL G SR

162 and the dellver roller 163 is rais from
ERRPRROTU PR RY ¥180 bR %%WeafaﬁCﬁeFaﬁ?an %2rd]esr rogated
i ncrease the amount of the paper which can be stacked
throedle Pupalriydngubeltdyy 1U8: faed RetpackhEeh f i a1adf

the main part 1 of the inmage form ng device, the
itlhpsexattedt 171 is detachably nounted. The dupl ex unit
171 receives the paper 142 which is returned by the

opposi t e- digreelvie@) Bot at speeofe dfe’&ibhanﬁ@@rfobeéjec]ﬁhg the
and reverses the paper 142, feeds again the

4 t
L

13401 ASe Sl hedupber unk] S0l senvesas e panu$14z £rom

reover, as s

non-printing area_on one side of the_carr
thRet §kﬁ§PQﬁEM9%lﬁglgFreE??cééﬁ%Wﬁ¥ﬁn§Pﬁ§8ﬁaL§
mechani sm (subsystem) 181for naintaining and

debEvery i 1y keve 168apEe oPreviedathzz1Aas sher e di Al Mdadsay

134 is arranged. In this maintenance recovery
lir@chandispck®t unbercabe ndeerexy82ofldercappi nglreddte present
nozzl e face of the recordi ng heads 134, the w per
chbadendifs, fthle WopliBgohBetween the delivery roller 162 and
the delivery roller 163 is raised from the paper output tray
113 to a certain height in order to increase the amount of the
paper which can be stacked on the paper output tray 113.
On the back surface of the main part 1 of the image
forming device, the duplex unit 171 is detachably mounted.
The duplex unit 171 receives the paper 142 which is returned
by the opposite-direction rotation of the transport belt 151,
and reverses the paper 142, and feeds again the reversed paper
142 to the position between the counter roller 146 and the
transport belt 151. The upper surface of the duplex unit 171
serves as the manual feed tray 172.
Moreover, as shown in FIG. 22, in the non-printing

area on one side of the carriage 133 in the main scanning

direction, the maintenance recovery mechanism (subsystem) 181



nozzl e faces, and the dummy di scharge receptacle 184

for receiving the drops di scharged when perform ng the
walenwpsdoschar ge (the di schargi ng of the dr opspethirhodni32s

not contribute to the inmage recording) are provided.

Simlarly, in the non-printing area on the other side

of the carriage 133 in the méen scanning di recti on,

chPendHITY: (80 URLORLEROEPL AL 6yl B3 A Qf oECERLVADG, 112 o
2 FEaHOFREEHIA e e Retyh

rops drseh rscharge i s
al so rOV|d t he above- escrl d |na e formn
TREGFY gtl'f?éadgse&& at Pof™ F&&dfrhy ery™8 %ET—“%‘?CGE covery

paper 142 is carried out fron1the paper feed tray 112,
mgRaRheEn per the2 cRRdMEBPE el e |§éPPlP§ @%ﬁl'détpwe face
t he gui de nmenber 145. The paper 142 is pinched between
of heheé r eespaiingélerd$513andthderigrmmibérdeol 8 8r £dd Bvignichg the
transported. The paper edge is further guided by the
5 n6ebhveypasss giindie thé 7 damely pabsdecth gairesbpt helé r s Py
belt 151 by the edge pressurization roller 149, and

rEB&\diﬁ& CiHed rar%fpst H§ sERAPSRQ hdrS fetEBERINGY 1RO WlimnRP

degrees. At th ime, the control circuit™(which iIs
t I I t
oS o L) ol Lol e ot o

SN '9#%@4% haper eTBaFL 93%&%@%5&%%”@35?3 affe & ¢

al t er nat el char ing voltage pattern. In the transport
bel t 151, $3-15eily- | iRethe ePIOMANGr 888 ePHi Herl Other
w dth are alternately charged by the plus and m nus
10 sidktafeshambraipgged38nin hehs utpigc acanngndi decedioion, the
dﬁE;;hdischarge receptacle 185 for receiving the drops
discharged at the time of the dummy discharge is also provided.
Inlthe above-described image forming device, the
separation feeding of every sheet of the paper 142 is carried
15 out from the paper feed tray 112, and the paper 142 fed to the
upper part is guided by the guide member 145. The paper 142
is pinched between the transport belt 151 and the counter
roller 146 and transported. The paper edge is further guided
by the conveyance guide 147 and pushed against the transport
20 belt 151 by the edge pressurization roller 149, and the
direction of the transport is changed by about 90 degrees.
At this time, the control circuit (which is not
illustrated) controls the alternating application of the plus

voltage and the minus voltage from the high voltage power

25 supply to the charging roller 156, and the transport belt 151
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is the circunference direction of the transport belt

151. When the paper 142 is fed on the transport belt
wdbeobmoyed alternately with the plus and m nBST/JP2005/021328

vol tages, the paper 142 is attracted by the transport

belt 151 and conveyed in the sub-scanning direction by

the rotary novenent of the téansport belt 151. Then,

.whil.e. the rriage 3.1s ved in.the i n_scannin
et He PEca P eRt Darbi I Thfef . 1
accordance with the_imge signal, so that the ink
the obaRIRO T fear dadr tBhe r@&-&&&@d I59peRS 195 &nd an
image is recorded on the paper 142 by one scanning
prédetemiirmd midtpapee dhteimmtelansherved by wheirdars and
di stance in the sub-scanning direction, the inmage is
migasrdert ared hedpapesydd 2i byt eubelskannhhgg searsttign which
line. Wien the print end signal or the signa
ikngheadi namie ke MakeofidhePaner theaspsegepatt i
printing region is received, the recordi ng operation
of the re ' h 3444 S: ] nat a
142 115 dol e ot BIERE piper® aindl tray 11y DyhoRLE 151
ecor di head i.n this jinage formng.device.is
R ST LRy e T FRUFIE T arse hEgY o thges, the
invention, and the |iquid discharge head of the
PRRGENt Tt AT TERCAPA RY gHitfedsianproRt @RsEnAP i gy IsPnveyed
usi ng the el ongated configuration. Thus, it is
ipotke bs b tsrammiagndaracgherda ithe irekapyt meeenenli mf the
device with a small size and high printing speed. In
tthrspbo eatentliSaned enbodi nents, the |iquid

Then, while the carriage 133 is moved in the main
scanning direction, the recording head 134 is driven in
accordance with the image signal, so that the ink drops are

discharged to the stopped paper 142 and an image is recorded

on the paper 142 by one scanning line. After the paper 142 is

transported by a given distance in the sub-scanning direction,
the image is recorded on the paper 142 by the following
scanning line. When the print end signal or the signal
indicating the arrival of the paper rear edge at the printing
region is received, the recording operation of the recording
head 134 is terminated and the paper 142 is delivered to the
paper output tray 113.

The recording head in this image forming device is
constituted by the liquid discharge head of the invention, and

the liquid discharge head of the invention can attain high-



di scharge head of the invention is applied to the ink
jet head but the present invention is not limted to
wa bweiosko] et head. Alternatively, the present PCWEIIN21328
may be applied to a |iquid discharge head which
di scharges drops of a liquid other than the ink, such
as a liquid resist for patteddirng, and a liquid

' ar head . whi di.scharges_.dra gene.. .
SREFP: 20 AR e R A e P P PR puracion.
gnage,forning device in which the |Iiquid dischar%e
THES1 ¢t ofS tBRPS ntPoRtFaLike b JHi T WP CEe 1REDI &F ned
with reference to FIG 23. FIG 23 is a_ perspective
rerenddng tdevigrmagd thopnPhgl Hewd 22 agfd HHi08 Pxanpied .speed.
the imge form ng device of FIG 23, the fullline head
201 i s provmddgte dobovehmehtibréd nendrebcte2®s, the liquid
recordi ng medi um (paper) 200 is transported by the

5 deeBMeygaceeddlderchélingpstibe feedipld etokbethdlZnk Aet head
plurality of discharge nozzles are di sposed on the

bﬁ@aghgoﬁriger&o\fﬁrv Eﬁgoﬂ'hgé endf o i¥ed RS Fﬁlgpigﬁﬁje%d head.

area of” the recordi ng nmedi um 200, The ful i ne

w30shar AL A0S 9ok0Re LhectLanonalt aathotetie,

'ng dium ranspor € conhveyance
roller 211, and _ an | e can be recorded in_thefull,
lﬁ@&bgd%b?é“%"r?eea hsR% gggi:%cgjr%‘?bl??g‘gr?édid&ﬁ%o@fa? 1qydep other
In a case of the full-line ink-jet recordi ng device,

thRanthfelrlecFuim@snadlimvid zedifth foreoptoprobng, and a
pl ai n paper, the problemin which the paper contacts
10 ltiheideddscheerge head which discharges drops of a gene

analysis sample, etc.

Next, another example of the image forming device
in which the liquid discharge device of the invention is
embodied will be explained with reference to FIG. 23. FIG. 23

15 1is a perspective view of the image forming device of this
example.

In the image forming device of FIG. 23, the full-
line head 201 is provided. 1In the full-line head 201, the
recording medium (paper) 200 is transported by the conveyance

20 roller 211 and the feeding roller 212. A plurality of
digcharge nozzles are disposed on the head 201 to cover the
whole width of the recordable area of the recording medium 200.

The full line head 201 is arranged to cross the

transport path of the recording medium 200 transported by the

25 conveyance roller 211, and an image can be recorded in the
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swelling or winkling of the paper through osnosis of

the ink easily arises. In this case, the use of a high
WO 2®6/05120% | nk may reduce the osnosis of the ipkr/areoedne1328

paper and may prevent the occurrence of the above

probl em Mreover, in the case of the full-line

i nk-j et recording device, it4Ps necessary to conplete

8 PECOLADA Ofa e cEuLhe B, SE30NAR, LENS0R o2 L e

reason, the nozzl es an channel s

nmust be ranged wit i gh nsi,ty in the recordj.n ,
head usegf?cﬁ 3 f Iéhq ﬁ@aﬁﬁa}PétlPEE%?Bi?EFQﬁéﬁéﬁadeVlce'
According to the |Iiquid discharge head of the ,

WhEDeRR$ oFSCQUTENg @@ga%haﬁn@@@a@h@@taprah@w Riain paper,
hi gh density and the high viscosity ink can be used

tivet bootvlgm ol edichhéhki geapelr digdizatge thealeadl die to
invention is effective for use in the full-line

swelt di g ngr herichkarinbublE- theepdppe sugB. obfiokhe of the ink
above-nenti oned enbodi nents, the |iquid discharge

ed8Yigeapisddle iMVeREs0Rabas HiremAPRlE 8dnt ght PEsEdBAS, ink
form ng device which is constructed in the printer

m%?ﬁ??é%#%(¥he %%%gﬁﬁg’okhgh@rfﬁgﬂghit%%?@ékg? %ﬁ%Q£gy prevent

to suct odriments.” Al ter nat _ _
BRVPERRHINF (o GHREPHLE VM composi (1o of & |
mul ti-function peripheral having printer/fax/copier,
f unct i ons. MWV RFer 10t hBepFasemt ithredtilonliag dPkuidfe
applied to the inmage form ng device using a recording
recquiltn@tdrriaehan tt he hekessarfy ximgompéateénghe printing of
the full main scanning line at a time. For this reason, the
nozzles and the liquid channels must be arranged with high
density in the recording head used for the full-line ink-jet
recording device.

According to the liquid discharge head of the
invention, the liquid channels can be arranged with high
density and the high viscosity ink can be used without problem.
The liquid discharge head of the invention is effective for
use in the full-line recording head or full-line type device.

In the above-mentioned embodiments, the liquid
discharge device of the invention has been applied to the
image forming device which is constructed in the printer
composition. However, the present invention is not limited to

such embodiments. Alternatively, the present invention may be

applied to the image forming device which is constructed in



solution, etc. The present invention is not limted to

t he abovedescri bed enbodi nrents and vari ati ons and
wordshiet i ons may be made wit hout departing fPrPoOnIR20es/021328

scope of the invention. Further, the present

application is based upon and clains the benefit of

priority from Japanese patené6application No.

004- 344075, fil.ed on, Novenber, 29, 20 Japanese
R RSB oEaPEon MOt SU0RFdoR Pl e D P e e 2

, . 2005 the entire contents of which are incorporated .
PRERE? T TRK/(GOPdPENERNEE PG 1 MOTROVREYi BRI BERRFYe HEsgtion

conprising: a base nenber; a plurality of nozzles
mgii ehsalibsc leppdaedr bpstled imddegficgmiagpieyace tysigfg a

l'iquid chanmbers which conmunicate with the plurality
retordirzd €s quesipethevetlyan artee ani,unafikyngftreating

pi ezoel ectric elenments generating a pressure to

5 sBLesseH) z&-d.he liquid in each of the plurality of
liquid chanbers, wherein a plurality of piezoelectric

el ement ”Wﬂﬂ?EﬁeE@n%h5ﬁ$bﬁ{$bﬁﬂﬂgwﬂokt%iﬂgted to the above-

pi ezoel ectric elements are formed with grooves in
col u ar.e arran base

s, by sl ot ocessin ed on_th
B e e e
plurality of piezogelectric elenents. ) ,
made without departing from the scope of the invention.
Further, the present application is based upon and
10 claims the benefit of priority from Japanese patent
application No. 2004-344075, filed on November 29, 2004, and
Japanese patent application No. 2005-290417, filed on October

3, 2005, the entire contents of which are incorporated herein

by reference.
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2 . The liquid discharge head of claim1l wherein a
groove at a boundary portion between two adj acent

waeedoandRonf the plurality of piezoel ectric el erengP2005/021328

menbers is further formed by the slot processing. 3 .
The Iiquid discharge head of claim1l wherein a gap is
formed in a boundary portiondbetween two adj acent
colums of the plurality oé%gﬁﬁgoelectric el enent
menbers andt he gap has a w Smal ler than a width of
one of the grooves forned by the slot processing. 4 .
The I'iquid discharge head of claim1l wherein conmon
external electrodes are electrically connected to the
base nenbek- o ldgppfydasehange pask SPAPESSEREh of the
plurality of piezoelectric elenents. 5 . The liquid
di schar ge ehémseofnembarm 4 wherein the plurality of
pi ezoel ectric elenments and the base nenber are bonded
t oget her hy gisiragiaycendusiiMes agfiesi vesegende dropsTheg a
l'iquid discharge head of claim1l wherein a nozzle
1p4@tg; in which the plurality of nozzles are fornmed is
provided for the plurality of piezoelectric el enment
menbers. 7.._ -The-,liguj | Schar : a'm Yini
wherein tﬁ%‘ﬁfﬁ%& %?ybgfg%igggéggggggg gﬁéﬁ%n% neﬁ%éﬁge
are arranged .i.n colLums on the base nber, a gap is
WEGR e (P AJGEHIRTy PHOF AT I BEEREERCLK? rF e
pi ezoel ectric el enment colum (where mis an integer
great er tHarPloW@LisndoAnPIeaagladt iice2damertsgenerating a
el ement columm of the plurality of piezoelectric
peésserg to pressurize the liquid in each of the plurality of

liquid chambers,

wherein a plurality of piezoelectric element
members in which the plurality of piezoelectric elements are
formed with grooves in columns by slot processing are arranged
on the base member in rows along a direction of the columns of

the plurality of piezoelectric elements.

2. The liquid discharge head of claim 1 wherein a
groove at a boundary portion between two adjacent columns of
the plurality of piezoelectric element members is further

formed by the slot processing.

3. The liquid discharge head of claim 1 wherein a
gap is formed in a boundary portion between two adjacent

columns of the plurality of piezoelectric element members and
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menbers, and the gap has a width smaller than a width
of one of the grooves by the slot processing.8. The
wo 2meiosh2ei schar ge head of claim 1l wherein a pleCEIR2005021328
of convex parts are respectively di sposed at a
plurality of bonded portions between the plurality of
pi ezoel ectric el ements and a48raphragm which forns a
r | §+.0 I ity | Lguid.c
B e, A mara Ll M o i Bih ST bft cof I Srooves
di schar head and a liquid container, the liquid
faF%%%nggﬂﬁéf CokpPFEPAY9a base nmenber: a plurality
of nozzles which discharge drops of a liquid; a
plurality of |iquid chanbers which conmunicate with
the plurality of nozzles respectively; and a plurality
of pi ezoel4ctThe lalopaendssgmregathieag afpréssurk wherein
pressurize the liquid in each of the plurality of
cbimgon dexcteatzdr @leoievbdes @reldlieitiriyadiypteznediast rdcc the
el ement nmenbers in which the plurality of
bREEZAGKESE M RIPTONESIAL $e VG W £B 856RVES #HE:
colums by sl ot processing are arranged on the base
[ I . di ' of the columms of the
oIRERE g ot P AR A L RAE DS 10, “An | mage
form ng device which is provided with a liquid
di scharge head and fornms an inmage on a recordi ngmedi um

by dischargiqﬂudrqps,of aliquid fromthe_|iquid ,
. e liquid discharge head of claim 4 wherein the

plurality of piezoelectric elements and the base member are

bonded together by using a conductive adhesive agent.

6. The liquid discharge head of claim 1 wherein a
nozzle plate in which the plurality of nozzles are formed is

provided for the plurality of piezoelectric element members.

7. The liquid discharge head of claim 1 wherein the
plurality of piezoelectric element mémbers are arranged in
columns on the base membet, a gap is formed in a boundary
portion between an m-th piezoelectric element column (where m
is an integer greater than one) and an (m+l)-th piezoelectric
element column of the plurality of piezoelectric element
members, and the gap has a width smaller than a width of one

of the grooves by the slot processing.



di scharge head to the recording nedium the liquid

di scharge head conprising: a base nenber; a plurality
wmboonoz2bes whi ch di scharge drops of a |iqui d;Per/JP2005/021328

plurality of |iquid chanbers which conmmunicate with

the plurality of nozzles respectively; and a plurality

of piezoelectric el enents geAérating a pressure to

pressuri ze li,qui d i ch_of the ur, I|ty

liquid chaib hlr%s 10t RSB e B p?eilge Spsrein o
| emept nepbers in which the plurallt

P Pé%é%cqfr.%oreaeéneﬁifgsa?eefl@%?@d:w@ﬁyg%asaeeeqi Rt a

colums by slot processing are arranged_on the base

PhErBeItY rof dvendeidopgraiens dettivaerofthenelesalibng @f t he
plurality of piezoelectric elenents.

piezoelectric elements and a diaphragm which forms a surface

of walls of the plurality of liquid chambers.

9. A liquid discharge device including a liquid
discharge head and a liquid container, the liquid discharge
head comprising:

a base member;

a plurality of nozzles which discharge drops of a
liquid;

a plurality of liquid chambers which communicate
with the plurality of nozzles respectively; and

a plurality of piezoelectric elements generating a
pressure to pressurize the liquid in each of the plurality of
liquid chambers,

wherein a plurality of piezoelectric element
members in which the plurality of piezoelectric elements are
formed with grooves in columns by slot processing are arranged
on the base member in rows along a direction of the columns of

the plurality of piezoelectric elements.

10. An image forming device which is provided with

a liquid discharge head and forms an image on a recording
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medium by discharging drops of a liquid from the liquid
discharge head to the recording medium, the liquid discharge
head comprisihg:
a base member;
5 a plurality of nozzles which discharge drops of a
liquid;
a plurality of liquid chambers which communicate
with the plurality of nozzles respectively; and
a plurality of piezoelectric elements generating a
10 pressure to pressurize the liquid in each of the plurality of
liquid chambers,
wherein a plurality of piezoeiectric element
members in which the plurality of piezoelectric elements are
formed with grooves in columns by slot processing are arranged
15 on the base member in rows along a direction of the columns of

the plurality of piezoelectric elements.
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