;e3e) z~) w@6* T~T" The present invention relates to an ink jet recording

head an wmmmmMr manuf acturing an ink jet recording head. An ink jet
type re%ﬂ%\m i s known in Which piezoelectric transducer d
to di aphragnp ek ch formwall s of respect=re ink pressure chaammﬂgnmmmmm@
wherei n di spl acenent of the piezoelectric transducers varies the volune o

the pressure chanbers to thereby eject .ink droplets. Such a recordpﬁanhead
i s advant ageous in that, shgﬁf‘hpf ﬁﬁéﬁéﬁ; f_the diaphragns by the
&s plac

pi ezoel ectric transducers t over a t%@%ly | arge area of the
pressure chanbers, ink dr MpNEFACTHRING METHOD TBEREFORHOWever, the
recording head is still disadvantageous in that, since ink droplets are

jetted in a direction perpendicular to the direction of displacenent of the
di aphr aghfe t RESF @R br PN % LATeRoi Ry inkgdetnreperdingchegd and

per pendi guh@thé@ fde ﬁ&ﬁﬁ@QEtQ&ih_@eahe%ﬁkdij@@ S:_E%%trﬁiﬁ h@%@_@rdi ng: y tge
carriage suppgrting and transpor e _recordin ad and its relate
conponent s argﬁalls% unﬁ%i%’ Y #E‘?g’éa%‘gt h esacgi ct?ﬁﬁ‘fml nr der 3

over come -descli | ffd t LNk type recording_.head has
been pr poeLaR paEEe L thulers Bl Kol o kol S kB e By B el £ NG,

Sho. 62-:}?1%1.7?% if%s%&iwé%éwr&&%%%reakhagmgﬁ:@gefzﬁe&e& UQ&QQ%QEQ{HQEQQWB

and i nk ow path fdormng nenbers are fornmed ayered constructron, and
nozzl e OPENitR@S BLEzBEEARd d Ntaanouuextendids oar ahkel y¢ Puhbe S 1 eghi on

of displacenent of the diaphragm thereby to reduce the thickness of the
recor di ngréeasre ThfamiSer$ heco thereby eject ink droplets. Such a
recording head is advantageous in that, since the displacement
cf the diaphragms by the piezoelectric transducers takes place
over a relatively large area of the pressure chambers, ink
droplets can be formed stably.
However, the recording head is still disadvantageous in
that, since ink droplets are Jjetted in a direction

perpendicular to the direction of displacement of the

diaphragm, the recording head is unavoidably large in the
direction perpendicular to the surface of the recording sheet,

and accordingly the carriage supporting and transporting the
‘recording head gnd its related components are also unavoidably
large in this diiection.

In oxder to overcome the above-described difficulty, an
ink jet type recording head has been proposéd, for example, in
Japanese Unexamined Patent Publication No. Sho. 62-111758, in
which pressure generating members including diaphragms and ink
flow path forming members are formed in a layered construction,
and nozzle openings are provided in a row extending parallel to
the direction o¢f displacement of the diaphragm, thereby to

reduce the thickness of the recording head. That is, the



2 recording head has a | ayered structure . The |layered structure is

advant ageous in that the réecording head can be mniaturized, and it can be
manuf actured using a sinple method for joining plate nenbers forned by
pressing or etching. In the manufacturing nmethod for producing the
recording head, an adhesive agent is used for joining the plate menbers.
However, during manufacture, the adhesi've agent can sonetinmes flow into
smal | holes which formink flo ‘faths in_the plate nmenbers, thus changing
the ink fFBRPFESNSt TS 1Mt cbfLa Tt i hig-thasFtiability in operation of
the recording and. Furthernore, because the piezoelectric transducers must
be fixed to theni aptiv@RRd tTFHF HHifesi ¥2 YRR eRgeguSt chl ngthat| ashe

| ding, the manufact f the recording head ' h ti d
abor i nEBFASR LT SRR fafe SEnB-ANA0E=qB8An BB0 GF FROUPE| BASCARCERR et

type recordi ead : be p - .exanple, in Japanese Unexap ned
Pat ent Pu%gls'ggt !Longﬁg’.gsl 05Q5§5§43%%g, J\él\:gil:% 9 MWWQFayé%qbe%eEgm c
plates in 0 zS @k it shaped as required to formflow path nenbers,
and piezo%?%gggrg t%;%?%%@éﬁ%: one on anot her and subjecting the structure

to tiring. Thatni $hd hadeE0EdhPndHeRdchsamapy %lmqryej: tr8c88R8hat €

step of nounting the piezoelectric transducers. wever, e nethod is™
still di spdyant agegdiekividhagent cangekcaghireyeiAingdysti fat8 hbRbers.

t hi ckness of the recordi ng head since the nozzl e openings extend in a

di recti onHpeependi dukdng cndrivf adiwerd | athefadheagl o espat ¢ ofah heodeapineagm
simlar to the above-descri bed recordi ng head. 31t is therefore the
obj ect offidte pnesersmalnvamien whiprofrda anki Mk gwetpatecoridi nghéendanhi ch
avoi ds the above nentioned drawbacks. This object is solved by the ink jet
recor di ngheRRET8ecoFANAg FH2anadagendBRt énki nflowWndrerésrenAed rhereof,
produci ng, an i nk jet recording head according to i ndependent claim 4.
Further atV¥RTalBohs® e bt L ishett sCRRT2GECRI IRE Jhe R FIReHRE oReafle

evident fromithe dependent clains, the descgripti.on and the drawi ngs. The
ol aims art T bBETRRer SPBGAUSS A7 r BLCARRIBSCR L HRARFINGEFRe THRenPPon

in general.ter h ; LNV i Levi de n_ ok jeg.r Lng . head
i n which %%%%%e 2 ??cgggéﬁgéa@eyggérggiggggﬁﬁvgasggngfO%régsggghghgnggrs
comuni catage il dbzgl etbpenrnyfactnpeesf the pressading Hueddr seqoifesm
ink droplets, and nore particularly to an ink jet type recording head which
i s formed4sh FiBhHRRY EaF?szl e plate, pressure chanber forning nenbers and

a vi brating pﬁﬁ{e ope on a cher, ang to a ngthod for nangfac}urtng t he ink
jet type recortdt RFIRRAEC P -FBRH 6 © ﬁeaPBVEQGfﬁSFlQﬁddébeS%FBitﬁﬁef an
manat act 0 g s SoRa et Rty e MR VEREn RCRORRer B0Y CTEREPrBqutPed
SRS i R e S L R e S e S T R B e
to reducemie; t hi clerpsredf biyhe anRe3MY NgebRfle plhtes in a semi-solid
state, shaped as required to form flow path members, and
piezcelectric transducers, one on another and subjecting the
structure to firing. That is, the recording head is
manufactured without a separate step of mounting the
piezocelectric transducers. However, the method is still
disadvantageous in that it cannot achieve a reduction in the
thickness of the recording head since the nozzle openings
extend in a direction perpendicular to the direction of

displacement of the diaphragm, similar to the above-described

recording head.



Anot her of the invention is provide a nmethod for manufacturing such an ink
jet type recording head. In order to achieve the aforenentioned aspects of
the invention, a nulti-layer ink jet type recording head i s manufactured
according the invention as follows: A first plate nmenber of ceram c formng
a vibrating member with piezoelectric {ransducers on the surface thereof, a
first spacer nenber nade of ceramcs with a plurality of through-holes
therein form ng pressure chanbers, and a |id nmenber having through-hol es
t hrough which the pressure chanbers are in communicating with a reservoir
are joiped;to f.qrm res un|t dn such \er
That thorriFof oF ot e reinsr RIuStactd i dre sy ot 1o e  ErSTREEL,
menber , aland“tkheJ?T-d ITﬁé?ﬁ}é-‘rlmB beaﬂl nﬁ}sﬁ%etavondshet}m helbosrerfrwetmnﬁme
spacer gRsPBickN '@K1§U895¥é991§r9£@§\5e§ag§ eﬁea ﬂft ﬂ@P@g%&@ s
as roug es

connected t hrou %h a flow path to an ink tank t hr ough

whi ch tﬁ%gﬁﬁ%%% r O cHAMSPeadens éﬂﬁﬂﬂhl%aﬁpﬁgtﬁﬁtweﬁ@?ﬁlékﬁbe®¥ B t he

reservoim gk njem)ma“éﬁbeﬂtxln@n Médch aheoﬁaeﬁgur@ ctm@@éﬁde@t seqeish &pacer

menber aV|n thr %hlholes ttg t€%¥ ich the pre a %ha ers.ar

comuni c‘é’f’f% 22U v iR AE Yhe ITFESTE ofB |n§‘§ 2308 a°hoz E'e

pl at e nnmtmntmnh shre noexlidenpenifigsn f othed tdupencterstre jdided,t ogettdier to

forma n u er atqt ggagpg§ § S

pl aced %%Qa(l)%ﬁ%sur aéclteldo tahggggéo spgg%r eslr gl%ohe nozzl e %‘%e

menber 3% 3Ry PRERYUCHNLIR HEe HimbRg t’?:esaﬁ‘f%%lw ihegerRent %%)ﬁbfer

menber . gh? m& réﬁéﬁacm@éntrﬁlpﬁbmrahnﬁme @Eeﬁécbkﬁﬁjlﬂx%\%éﬁfcll ng unltL

i's joine Q, out.e p er e pa
c‘j}) ?Sé’jgéé@dﬁe(g éﬁ%éé\ﬁé}[@ LI, JiBiroer é)r]aé]castl oF" b

unit witH a% i VE agen e pr essurd g unit,

whi ch i 5 (e, 0f npﬁa?@ges S Brha i A m}?sn@éf : gﬁﬂlhast RSP

menber , s the manufacturing step o I ng~the vrbrating

menber, he £&uPBNDRL a3ihd rishe dd d f@merm@nddaeﬂétgel Y aBHeV dre

| eakage of ink past the unit, to which high pressure’is exerted. The flow
pat h unigarﬁ/!ruafhfpynwlea@fumetﬁn figfe adedmlingneddanga dhricugvri@de to
formthe reservoir 1 n the space nenber, and therefore it is high in

di mensi aralamenigiany. a Thezplespliaeegeperasung vhiambamd folreninigowepddersuni t
are joined together with a macronol ecul ar adhesive |ayer, so that the
differermdl i a vidmetiinkpahskten dre wern anipchero ward stowd chethed ndge of
different materials as descrjbed above, can he absorbed Fig. 1is a

sect | ond2nHiAFSHoW Agtae il ki IphyEYPRy 5ESPRRINEL PESBe recor ding head
constructed in accordance with a preferred enbodi nent of the invention;
Fig. 2 is an expinsiet peisdatirdeg HEWaa dshackeser dhadiAfadt$BaWsi b Fi g.
1; Fig. 3 is an explanatory di agram show ng the positional G

rel ati onstopidéet apen ipkessier chgbersecordbegr eheadi ngnheadiidh g.tHei s an
expl anat ory di agram showi ng the position of a piezoelectric transducer in
t he recorapyip ¢rading ggssenslya pecepacyi viss visprsiedi, ngthde npodetri oral

steps required for joining the relevant members is minimized,
and the nozzle openings are provided in parallel with the
direction of displacement of the diaphragms to reduce the

thickness of the recording head.



rel ati onshi ps between piezoel ectric transducers and el ectrodes in the
recording head; Fig. 6 is ‘a sectional view taken along a line AAAin Fig. 5
showi ng the structure of the piezoelectric transducer nounted on a
di aphragmin the recording head; Fig. 7 is a perspective view outlining the
recording head; Fig. 6 is a perspectivge view show ng the rear structure of
the recording head; Figs. 9(a) and 9(b) are, respectively, a |ongitudinal
sectional view and a cross-sectional view taken along a line B-Bin in Fig.
9(a) showi ng timeuranor dipgthead iRkt ingeanibnk idr quicdtidedigy. mdOfdd £020(V)
are sectional views for a description of a nethod for manufacturing a
mul ti - | ayenuigesuming ejudlypen rimlecpetdi tygpdecet aodixigli mgad 0 t he i nventi on;
Fig. 11 is an exploded view for a description of a step of joining plates
t oget her to fdimm ardeowtmatdcuheve &he R fipcener{imnahdad@eehy aref dibgr ans
showi ng an adhesive |ayer through which the flow path unit is joined to a
pressureinvention, a multi-layer ink jet type recording head is
manufactured according the invention as follows: A first plate
member of ceramic forming a2 vibrating member with piezoelectric
transducers on the surface thereci, a first spacer member made
of ceramics with a plurality of through-holes therein forming
pressure chambers, and a lid member having through-holes
through which the pressure chambers are in cammmication with a
reservoir are joined together to form a pressure generating
unit in such a manner that the first plate member is placed on
one surface of the first spacer member, and the lid member is
sealingly set on the other surface of the spacer member. An
ink supplying member made of a metal plate and which is
connected through a flow path to an ink tank and has through-
holes through which the pressure chambers are communicatingwith
nozzle openings and the reservoir is in comumication with the
pressure chambers, a second spacer member having through-holes
through which the pressure chambers are in cammmication with the
reservoir and the nozzle openings, and a nozzle plate member
with the nozzle openings formed therein are joined together to
form a flow path unit in such a manner that the ink supplying

member is placed on one surface of the second spacer member,

and the nozzle plate member is fixedly placed on the other



generating unit. Preferred enbodi nents of the invention will now be
described with reference to the acconpanying draw ngs. Figs. | and 2 are
respectively a cross-sectional view and an expl oded perspective view
showi ng a preferred enbodi nent of a nufti-layer ink jet recording head
constructed in accordance with the invention. In these figures, reference
nuneral 1 designates a spacer nenber made of a ceramic plate of zirconia
(Zr@2) or the like having a thickness of 150 Vim The spacer nenber 1 has a
nunber of el ongated holes fornmed at predetermined intervals therein, thus
form ng pressure chanbers2. Each of the elongated holes 2 has one end
portion | eeafedeo@ér ther eserndi FP2¢easmenben. i nTHe gouBer aslr £ Hice ob Hethend
portion | ocated over a nozzle opening 3. A diaphragm4 is fixedly nounted
on one sutf@c@&eBPeghdsphler PREFiSEFel JeTies adiiaghramint 418 s joadedofta the
mat eri al which, when fired together with the spacer nmenber 1 , is

conpati bl %uFﬁrcﬁ‘éFgé?%r%ﬁ*‘t% iR B UBR Ni8G Bembgrd int thast howi pptle| writ ¢
nmodul us. | p_this_enbo iaphragn14 is made of a thin zirconia

di t, th
pl ate 10 ‘Gﬁf’natﬂ?ﬁﬁﬁ@ég?gé‘ﬁﬁl gfi G ‘t'fe®8F8Cer menber. As shown in Fig. 5,
on' e surfces i A0 o0t U e o e 2,0 ke Blve g o

to piezoelectric Tranmsducers are pro

pressure er, 1 - | od f tr -
(descri beﬁhﬁg%)ov%?réfgqg?‘gvl%gd?% goﬁteelapi %gogpgct%%Pﬁgﬁg%gg{ sqgﬁcco}.{/er
the drivesshgnati apPlod\Ineheehtedesny. My specidifiald Y en8ach ifad ey
transducers 7 is made of a thin plate of pi'ezoel éctric Vibrating nmaterial
such as Rfdmbahj cbhes spukstaridrldy @tiathd nllengbhnke,t f&@idpff%%ilﬂi&él@”ber
2 but smaller in wdth than the latter, as shown in Fig. 4. That is, the

t ransducesréverst slebegkhadesoft hak phstl ekesundtsuele ahIRMNEIig@S dresEide in
the direction of wwdth with the longitudinal direction as an axis. As shown
in Figs. B a@nenied he Blarbinwmtpamedirionmorhisthects oueds & retraled hoas tehe

pi ezoel ectric transducers 7 and the | ead-out electrodes 6, for instance, by
sputteri rkglamherets, leF@e oWRFolER fhese (5R tirrmi gheofrasrotiiaphiagming of
each piezoelectric transducer 7 is cqonnected to the drive signal applying
el ect rodégﬁc%ﬂlf’“fbr?er uFeE tg‘l?rrﬁfc?é"% StebRfet I d it & WD HRhfoh aQcecaSite 8.

h i i | desi . | id.menmb
f ene ¢ othel ks Sh AN e L ALAL AL WP Ale M AP UGN 2 el ST
lid menber, s mpdenofa amgle&efnb%cmgeh,aMJé r gqxtas;get rebth Jdfae

spacer nmenber 1, is conpatible in characteristics wwth the latter. In this

enbodi merfif idrdricdBoe @hedmbhli RxEHanEAdinad HY e SOheineiv8 LAk eknessichhe
lid menber 10 has through-holes 11 through which the nozzl es openi ngs 3l
are in capainmaddi af vdihféhenpr easerd adlsandter de2crabedt migh- hekas b2

t hrough which the reservoir 21 is in c with the pressure chanbers 2 . 9
The abovebdssdréded nenbers 1, 4 and 10 are fixedly conbi ned together, thus
formng a pressure generating unit 15. Reference nuneral 20 designates a
spacer nmenber formng a flow path unit 35. The spacer nenber 20 is nmade of
a corrosion-resistant plate such as a stainless steel plate 150 umin

t hi ckness and which is suitable for formation of ink f | ow paths. The
spacer menber 20 has .a substanti allxr,v-sh %ed t hr ough-hol.e form ng th

af or ement i oned ¥&ser voi @ FECTHAP A VhSEh SRoMER D 2 f"ﬂ’gﬁi‘gﬂa\ﬁrﬁrcﬁ in
pressure chanpers 2 i o] jcati it he_nozzl e eni ngs. .. The
Phr ough- Hete FePR rEerhacrefertals “2prdhedinrbd adra FEcErBR i sthoRy i ng

inlet m?}%rf%%%%ﬁgﬁ&%rglégltﬁg %g@eggglgnof the pressure chanbers 2.

More specific , 1n the enbodi nent having thé nozzle openings in two

lines, the thrqugh-Jiolg Eﬁr@&?QOt:ﬂé@ ;&i@rpvafeitriv%l \}:ﬂé"bu@??tﬁevi:%E%%‘ing
portion extending radially outward of the ink supplying inlet nenber 24,
and two pafedl Isowrorild omisg ext gnding fromthe two outer ends of the V-shaped
portion along the ends of the pressure chanbers 2.

Fig. 3 is an explanatory diagram showing the positional



Ref erence nuneral 26 designates an ink supplying nenber fixed to one
surface of the above-described spacer nenber 20. The ink supplying nenber
26 has through-hol es 27 through which the pressure chanbers 2 are in
ea~me~ni cati o~n with the nozzl e openings 31, and through-hol es 28 through
which the reservoir 21 is in cam-~nicagio~n with the pressure chanbers 2.
The i nk supplying nmenber 25 further has the ink supplying inlet nenber to
24 on its surface, which is connected to an ink tank (not shown). Reference
nuneral 30 designates a nozzle plate fixed to the other surface of the
spacer nenb 0. The nozzle plate 30 is of a stainless steel plate 60

r 2 d :
umin thi Eﬁﬁe‘éé%ﬁalﬁﬁi ﬁtl“?eéhiplréSFBrPoFH?@EFrE?i 6 Bhenpegordbperhend: 40
umin dianeter,.The, ngzzl e openings 31 in the nozzle plate 30 are forned in
cor r espondencef ##t h 4 A& ﬁlneéiﬂﬁ@“%ﬁé’rﬁ’er@aﬂraﬁhém i Poss tekeh RE are
stacked ope_on .and fixed together as a unjt usging an adhesive or by
wel di ng udi %beagggégiﬁ%gﬁ%gﬁﬁé’eﬁﬁ{d all§, q:thheerreeﬁ?rt ”f%?‘rﬁatdrfe af orenenti oned
flow path unitgL35. & th s_op j st he stacki Qf the nmenbers Js
per f or ned unde?gg'hi gh J%lr esasuﬁéglg %9\/\./%%/%% \f%egf/ 3§%wﬂ'€gac§ﬁ?atpecﬁf‘%s Waed
one on an ; 0B i
through-hg%£§¥3§h%g?#%nga%ﬁgépegégé%?gég%g?é ggééﬁéﬁ?ﬁggﬁ%ngfggﬁgﬁgggﬁge
the menbefs ene prEerafingehdlad;as described above. The pressure generating
unit 15 and the flow path unit 35 are joined through their confronting
surfaces, nanefyg.tbeigoat settsuniacesewl caken!d lon@weridd Al fheriqk
suppl yi ng nenber 26, with an adhesive, thereby to formthe recordi ng head .
Thus, t heS pheseine tHasens timy efi hheopiende hé ¢ oni ¢ htxamgddider mounted
t hrough-hol es 12 of the lid nenber 10 and the through-holes 28 of the ink
suppl yi ngPwebeiapBragmhirh&heesecesdingliheadd they 11 are further in
comruni cati on throuph t he through-holes 11 of the Iid nenber 10, the
t hr ough- hol es B¥9of 7t 3 Pﬁr§@68‘|t§1vﬁgv|‘rﬁﬁb‘é?téﬁnéﬁa the Ferrinhdieadn2 of
t he spacer neqper %g W th _the noaﬁhp openinﬁs 31. F%gs.? and 8 show t
front and rear” %t uttUt &5 F5F FHREE IS VXY 8FCFARY) BECtIPRT | IR HTRY Head
accormlukﬁé)égg L@yg&tbggd_ln the front structure, the nozzle openings are
arranged 'n two 7Thes a prédetermned intervals. In the rear structure,
the pressure ati unkhgly s faxgdl the fy : it
35, and cabl egp%é ar gqgr)ovlilﬁgd@f(c?r% a?)%‘)iéili %’g I e(;:tq(rjv'ief:lgll' s?gnlgﬁlglt 0 t dél
pi ezoel ecddd i diANSHUERT 3nd aViEroshs HdosidndNariés 8pRREhedlbagany 15 of
t he piezoelectric transducers 7, the respective transducer 7 is flexed in
the direcd+bnofimi Bid. wB(h)t bowdngi thei rakoddiagt headasjextiag an tinks
deform ng the diaphragm 7 towards the pressure chanber as shown in Fig. 9.
As a resutaopkewr; vol une of the correspondi ng pressure chanber 2 is
decreased; that is, pressure is applied to the ink in the pressure chanber.
Hence, the inkFir%-th&(Bﬂess&PéthaﬁBeFegtﬂ-?nﬁér végweo fpava deserdiptides

correspondj ng through-hole 11 of the Iid nepber 10, the through-hole 27 of
the ink s‘#pp% VNP nbeF BRNUARCERELPEr BuBHifdrdayerotYPRe iffadat FM%er 20

inthe flow path unit 35 into.the nozzle opening 31, fromwhich it is
etted | A headrariRedras BB ¢he TRGEnIA;
Fig. 11 is an exploded view for a description of a step of
joining plates together to form a flow path unit; and
Figs. 12(a) and 12(b) are diagrams showing an adhesive

layer through which the flow path unit is joined to a pressure

generating unit.



The ink flow paths extending fromthe pressure chanbers 2 12 to the
nozzl e openings 31 are defined by the through-holes 11, 27 and 22, which
are formed in the Iid nmenber 10, the ink supplying nenber 26 and the spacer
menber 20, respectively. The through-holes 11, 27 and 22 are reduced in
diameter in the stated order, which supstantially prevents air from
entering into the pressure chanber through the ink flow path even when the
meni scus of the ink in the nozzle is destroyed and drawn toward the
pressure chanber. The ink in the pressure chanber 2 may flow t hrough the

t hrough-hol es 12 and 28 into the reservoir 21; however, since the

t hrough-hole 28 is snmall in dianmeter, this flow of ink will not greatly
reduce the preRE@ferredatemgodiments| @bt B erisetentifdrectwitlie jnemti bg of
the ink droplet. Wen the application of the drive signal is suspended,
that is ,9%FehiPed PieRosréeEPNESt FANSABCAFCPMPINYE8g0RBAWEDISES Unexcit ed
state, the volume of the pressure chanber 2 is increased so that a negative
pressure is fo#lh%ﬂ' ih 3R DIFR PRI @ AT OF Sré€6itd onee v gie 2a@Rount

of ink as Ipreevi gé%a/ consuned. s.éavplsiheoqq.fromthe reser\voi 1 through t he

t hr oughhot es Zng BF T o h%gdPéssure C éﬁﬁb?rfﬁefﬁ?dng PrEe R eSsur e
in the pre r@igf‘?&%’ﬁrigk ad s AdNe M03alR e 3Ly Eﬁwsx%rdgn%gs he

meni scus I n the nozzl e openings prevents the ink fromreturning towar
pressure ghanbers. iHarefone, the negadé ve:puessyr edrerRhf@ct hvge a1 sucki ng
the ink fromthe reservoir 21. 13 The flow path unit 35 is connected to
the pressid<sigenesfitd ngoadet remibdy one o M Jedasyey poktenerforplr-eeunliar
adhesi ve about 30 umin thickness. Therefore, even if, when the anbient

t enper at rx@hargesshd heikswohanihg 35 tandkbesasr e furigesd o, shThe sekakrve to
each other because of a difference in thermal expansion, the shift is

absor bed nmide |laydraonf amorovErcyiar eddingsitesl $wltelsat t héomoed eapl at e
is prevented frombeing bent; that is, the layer of nmacronol ecul ar adhesive
prevent s RIRSFtRmREnesh ofinpEeiTad s| ovkRer el i t Fhul mefHavindr BEREFHEECUri ng
t he above-described recording head now wi |l be described with reference to

Fig. 10. AR&herit- nbtehi af FAF ﬁdqgﬁﬂﬁﬁﬂuﬁ%%?%Lﬁt%&ﬁe°?%reF8rEﬁFF6Hnof
the pressure ch nQFr§ 2 by firing i regsred:.ln t he ﬁrese ttgnbogénent, a
Lhi ' pl at@ G 1B o HERTFRG S £ &) TRe° BONG; sDeRby: Randly, TA GFEER
heet" i f tJ fi h 4 . t,0;
She o RSl SR ecRal hEgt EEEL 1R P o8 lupiagth Lo or

Chaﬂbersf%ﬁael}r qnév@n{ﬁan% . oM d B Y @Sk NehBe AR Ol i 1St gheet, a
second sheet 42 is machined on the press. That is, through-holes 43 and 44

t hrough Wiiaghddign r£seevahtelbsi S inh teAINI L d10N Whdh £ Dheedozabethpeni ngs
31 are fornmed in a green sheet of zirconia having a thickness suitable for
format i owicth tthe bpdceenhemb®. 1This fdangda tsitielst i40 charseteoi stthesswdohd
sheet 42, and a third sheet 45 is placed on the first sheet 40, which is
made 14he latter, and it has a high elastic modulus. In this
embodiment, the diaphragm 4 is made of a thin zirconia plate 10
um in thickness, similar to the spacer member. As shown in
Fig. 5, on the surface of the diaphragm 4, electrodes 5 for
applying drive signals to piezoelectric transducers 7 are
provided in correspondence to the pressure chambers 2, and

lead-out electrodes 6 of a common electrocde (described below)

dre provided.



of a green sheet of zirconia having a thickness suitable for formation of
the di aphragm 4. The three sheets 40, 42 and 45 are joined to one another
under uniform pressure, and then dried. In this drying step, the three
sheets 40, 42 and 45 are tenporarily bonded together and sem -solidified.
The assenbly of these sheets is fired gt a predeterm ned tenperature, for

i nstance 100DC, while the assenbly is pressurized to the extent that the
assenbly is prevented frombending. As a result, the sheets are transforned
into ceramc plates, the interfaces of which are conbi ned together by
firing. That is, they axe forned into an integral unit. As described above,

t he through-h%%es 41 forfing i he gresaure chanbers are forned in the first
sheet 40. The {fir U POT BT 24 aFE2BREPEREPY "srRE T F nthrdEF L videriciegnavhen

the thre h are t oraril.y bonged together, the second and third
sheet s 4§p§%§§&§ (ﬁgfgﬁgggfﬁltﬁe |i d"REfbe? PERHE + A2l d¥ apheag ©of the
respecti [ ot Ldef qr and: t he essure i s suitably concentyated
at the t\é%}ééﬁﬁﬁgfgs A1, E‘%hl%g: decondfri t?utg *f'o ?ﬁét‘éon‘l’# ningg?ﬂeJt%t’é’e%ond
and thirg; : : j i ISt o-She 4 frring.. Th I he

vol une o?lgggﬁkgggégggg*éﬁaﬁkég %gﬁ,qé §%f§§§§%eagF$ga§L*ﬁggyi?%#?lsﬂgond
and thi r@eﬁgeﬁt $046hedpragduta EREALEE 80pheinghl PN ASi R FPACE! + KDL 50, a
lid nmenber 51 and a di aphragm 52, respectively. In this state, electrically
conduct i yetpast e dsayehswar anf oringed on t henswrface e tHLansd®cdtaghriagm 52
at the positions of the pressure chanbers 53 and of the conmon el ectrode

| ead- out deeignrdl sobyhatt hitcklékem pni sachga medmoer &KRelad i metye tin cdhd ayers
of piezoelectric materials of a clay-like consistency are formed with a
mask by @irackhgnsefawidshprbghdehe htongihtbdimslidicectbsponderacaxics t he
pressure chanbers 53. Wen_the thick |ayers have been dried to the extent

t hat the§Safeo¥ni +AbF&9for 3 f3REng tHEe t3faranantignedi sRyuman lisdtrodae

whol e asgenbby S eatg&g&t,a tegperature suitable for firing the

pi ezoel ettt & ITams At &G 2ORe & 5FBRSARGRTSndt 2R SN S2GRitfe of
from 100 0 C. T . Lh Lezogl ectric transdugers 54 are formed for
t he resp%g%%vgééggsgﬂrgg%héﬁ g?gc 3 % e%P?$§?riﬁg(IH§§?tT%%Te ?eﬁqw%fl ayer
of electg) d [ ri j 4 v t I qde
ead- out Fortt mal o andot et B etoarect e AR Al S HTERR AR
form ng geihoduedeh 2s @ssSpebhesetbad MBEROotdenhdhusridd1e HAHOUr @ GARAMRY | NY
unit is fornmed, which appears as if it were made of a single conmponent

al t hougheléctneodeades the dhaphpaem sthbr€aspader commerteandd thd idbrmrber .
On the other hand, an ink supplying nenber 60 a reservoir form ng nmenber
66, and aleogzbdepBate nenber 69 are prepared using netal plates having

respective predeterm ned_thi cknesses. That is, the ink supplying nenber 60
is forned by ToFFRE +ArHbgh- hbl 34 64, HRE RN GHhHiHSTHY i atrs

t hrough-holes 27 and the flow path requlating holes 28, in the netal plate
on' 56 3 bR BEEBRE e hstr Vi Se T i e bR SBEERSoEB e Loy Buttiohg

t hr ough- hol es 64 d 65 ich.correspond. to e.reseryvoir, 21 and t.h
through-%%?%%uﬁi,gﬂﬁmgﬁgsﬁgfalT&Fa}ééoﬁepﬁgrpﬁgséﬁ fﬁgen ;zFeﬂﬁﬁnga;Enber
69 is algo: for faragng - i r diot;

nozzl e d%@h%ﬁggﬁgfgy'ﬁqfﬁ%pnénggggthQ%ﬁﬁtﬁ%“%?%?%@eig é§§§§9in£Fi§gell
bondi ng ébhpadiphaviiy WHDUah-MRias O and i tReoughhebe 71 i, i ngfrd ed
bet ween the nenbers 60 and 66, while a bonding film 76 having through-hol es
72 and cethbé@ilgEnbP! & 7314 S maAeerd£dabehween; { Feoneabens @b mw BRA. im this
connection, it should be noted that the through-holes 70, 71, 72 and 73 are
fornmed ithidlendeosdi ngrie | idd7 meatkebr761 0 Nhaec recamymetodmt 1 1L heehrensghni ng
portions of the films 75 and 76, nanely, the bonding regions thereof, do
not covewhitke ttheuglimless ©pendgs64]l6Samndno8wpinidabiorewbdt $h@0, 66 and
69. The nenbers 60, 64 and 69 and the filnms 75 and 76, which have been

st acked pPresserabehandsessi bod d@Anshroygh-hhéemnlld) boretegh unbéEhprdssur e
to formthe flow path unit. The pressure generating unit and_the flow path
unit ar erpERTER Bs2} of FolR COMRUINAZHPN HitE fhe pressure fhatersisfve | ayer 80 is
formed on the surface of one of the units, for instance, the surface of the
i nk suppl yi ng nenber 60, by coating it wth adhesive or by using a thermal
wel ding film(see Fig. 10(1V)), and the lid nenber 51 of the pressure
generating unit is placed on the adhesive layer 80 thus fornmed in such a
manner that the



t hr ough- hol es 56 and 57 are coaxial with the through-holes 62 and 61 (Fig.
10(V)). As a result, an adhesive layer 81 is forned between the flow path
unit and the pressure generating unit, which serves as a cushion nenber to
absorb the difference in thernmal expansion between the two nenbers. The
adhesive | ayer 80 spreads outward when gqueezed between the two units. As
shown in Fig. 12; there are provided regions 82 around the through-holes
where no adhesive is provided, thereby to prevent the adhesive from

spreadi ng int e rough- hol.es of the |id mber 51 and the ink supplying
nmenber 60. In %{: ratgggred"%ds%el}fcgf mf:"ﬁ%eirﬁve tidn, 2Pfe Y edgsr efgié%fiati ng
unit is ; 1 i | r ity than netal, and

t her ef or e Vi Elﬁa%§%@%%%%2t%$%%e@ adjpg%%rsﬁ" i E7B&FBELRAcURE Anbducer s
is greatly att Shoat S Qs j revented. Furthernore, the

el ements forning the vi bx{r]'géel ng:l p%drtl onl%o%et%e%r eggf:airnﬁeﬂgﬁﬁ g?r’f"h@‘? a
inventiorehe paikRedyaseramsd nt eghab USLL ¥t Rt Johe siynt rusi on, of _any
foreign nenberb Tthufeature positiye?% %Iininaté%htﬁg qf fi%ﬁﬂﬁ)ﬁ’f_?nk

| eaking heoaisss of - ddmrieoiied 6o BAbess @fh ds RN dhef AT £5 weébe?i;&@ffisﬂg
head of the invention, the base of the pressure generating unlt and the

cer am cs Jnoim ngitReegisbrati ehigknes adu g bl tfct € ofrimaed ot offeNRRT AL &k €S
suitable therefor. Thus, the operation of the recording head is high in
reliabilipgathsAs d&¥er i ppacapovemiere A0l thad agesubsitanetiatlyjye Veslnzgedg

18 head of the invention conprises a pressure generating unit and a flow
pat h uni tthrpyghmhedqur & ogaiagat £hg Premen biked haasiamsois aké  meder of
ceram cs formng the vibratin mber with the piezoelectric transducers on
the surf &OEMREGL S hé?fi “@éc@l%nﬁéﬁ AL/ cSHAPRIEhS are

t hrough-hol es fqorming the pressure chanbers, and_the |id nenber havi t he
throughhH?é?WHﬂ%ﬁﬁﬂ#kWﬁ%% %ﬁ? BPEE\ T CRHMARST 3 reiQ??xﬁ%ﬁﬂ?%%I'%ﬁgmﬁth

t he resernQi ' . are jQj ' C ner that first
pl ate msr%glfml’n phg(;e“ on oofllezasﬁlr{‘é;’lce'o é{‘%az&'#ﬁig% r%%aac!{er“trr%n%%‘g?l%%%gt he

lid menben )it $RAHSIIM $Hla FhdheDtdere sWL ag6 Oéndaeyo BPERE o PERDELe The

flow path unit includes the ink supplying nmenber nma a net pl ate

whi ch is ctempeetsed t hresgd tpecikowapaih ta the iddcdaMenthadich fies the
t hr ough- hol es t hrough which the pressure chanbers are in comrunication with
t he nozzhezepfen owenibmgst Ha reeer Lanesi,s the conpougiahbde Wddninke fHessure
chanbers, the second spacer nenber having the reservoir and the

t hr ough- lrelsesvicliroudh whithdele gprésshapedhpabeisnaextendiomgumdaiin with
t he nozzl e openings, and the nozzle plate menber with the nozzle openings,

t hese rreﬁbléi*’érﬁepggtfiéi hBé FBHPLNERndi AndgEhmamparingd  taad tWe pam@kigbl ying
menber is placed on one, surface of the second spacer and the pozzle

nmenber,
pl ate meRBEFIPES: iR MACETOBn T BYRePUSEFt &S Tﬂgb&'ﬁ‘leerv's?}??% of
the lid r.1S,.0in to the auter surface of .the ink supplying nenber
with a nﬁ?’g%ﬂ‘e?&kgﬁ ch"ﬁesﬁn\#;s é’gféntt%.e At 1% tcl%’@ -5 'eIOIO )1/9 gener ating
tf duci . L fei T
nber o o SPRZEEEESHERAD | 8 LRELINORLE Sal oI A

advant agequsdi Rof balke isdidtd® JEthd Uthdd S &A1Y NESSee ANELAdEr S @A

applying el ectrodes can be installed directly thereon.” On the other hand,
the flowrpat hnknstppaying Aemeleat R¥Ehis| BhBSugECIRSSed 02?%15&6\&?\ NESEREH Oi I
is made of netal, and thus is high inrigidity. In addition, the ceramc
pressur e thenepaés sgrenichanse tde neaak finosompunicathon witle ghei rnzdle oget her
wi th a macronol ecul ar adhesive agent relatively high in elasticity. Hence,
bendi ng ePenkhoags Ohitsndue thraevmhdid¥es @fcshrpughevhatherparstsaryaic
positively prevented. As a result, the ink jet type recording head of the
i nvent i off EAnROTRIRICatidyt | Vel Yh sHRE RUPSSHRSnERamberg id- i s Theghith
reliabil Istu%'plying member 25 further has the ink supplying inlet member



20 CLAIMS |, A layer-built ink jet type recording head conprising A a
pressure generating unit (I 5) conprising: (1) a first plate nenber (4)
form ng a vibrating nmenber having piezoelectric transducers (7) on a
surface thereof, (2) a first spacer nenber (1) having fornmed therein a
plurality of through holes form ng pregsgure chanber (2), and (3) a lid
menber (10) having through-holes ( 11 formed therein through which said
pressure chanbers (2) are in conmunication with a reservoir (21), said
first plale aBnbars sardatenstwisifdeet S nEHEL(LY) Bhd2BaildX | BaREn¥SPT( 10)
being integrally connected to one another in such a manner that said first
pl at e nend@wis- pl aced on one surface of said first spacer nember (1) and

said |id nmenber élO) is sealingly set on the other surface of said.space
member (1): 8, RALITENFPaPRRGRAL (BTN Mgt 1PFELR PRRCCUPBITRNGS

Connect edhe TG SH1TRE 2 1S SRR SRR And oo e Mg

e i % 5 A 5 GET, 2ROt LU G eyl o

sai d resefyoir; (Al)e il FHUEUN LY A8 2%1ENo88hInBECESULE SHhaThRiet ofr2) |
The nozzle openings 31 in the nozzle plate 30 are formed in
cor-espondence with the pressure chambers 2.

The ‘members 20, 26 and 30 are stacked one on another and
fixed together as a unit using an adhesive or by welding using
diffusion between metals, thereby to form the aforementioned
flow path unit 35. In this operation, the stacking of the
members is performed under a high pressure; however, they can
be accurately stacked one on another without intrusion or
deformation although the large through-hole for forming the
reservoir 21 is within in the stack because the members are
made of metal, as described above.

The pressure generating unit 15 and the flow path unit 3§
are joined through their confronting surfaces, namely, the
contact surfaces of the lid member 10 and the ink supplying
member 26, with an adhesive, thereby to form the recording
head.

Thus, the pressure chambers 2 are in cammmication through the
through-holes 12 of the lid member 10 and the through-holes 28

of the ink supplying member 26 with the reservoir 21, and they



(2) a second spacer nenber (20) having said reservoir (21) and through

hol es (22) through which said pressure chanbers (2) are in comrunication
with said nozzle openings (31), and (3) a nozzle plate nenber (30) having
sai d nozzl e openings (31) formed therein, 21 said ink supplying nmenber
(26), said spacer nenber (?0) and saiginozzle plate nenber (30) being
integrally connected to one another in such a manner that said ink
suppl yi ng nenber (26) is placed on one surface of said second spacer nenber
(20) and said nozzle plate nenber (30) is fixedly placed o the other
surface of said second spacer nenber (?0); and C. art adhesive agent

I nt ]tcagralala‘g éff!tg‘iaﬁpﬁ-ﬂan out er surface of sah %%déggggg}r‘ éigég)s Eg tpget%léter
sur f ace %ﬂﬁ%*??ﬁﬁ"he r 5 j dtnifg
surfaces;-the area of said flow t ) s, l.arger than the area of
sai d presytﬁl ed‘ét?%‘?altq'n l"L?m"'thr@ eR 3(7 ?ch'Fa’y‘HF SYRg ating, pember

Pl ur al | {y281 595 cEBRr ﬁ'a”ﬁﬁm@esst#’fﬁ”@%%%é‘%ﬁ?h&%ﬁgﬁﬁaﬁ'p?rigﬁueg
tire pressure chanb er a f#ﬁg/path unit conprising: a nozzle plate nenber

havi ng nozzf%} é%?%b%g?o d therein;

Figs. 7 and 8 show the front and rear structures of the
multi-layer ink Jjet type recording head according to the
invention. In the front structure, the nczzle openings are
arranged in two lines at predetermined intervals. In the rear
structure, the pressure generating unit 45 is fixedly secured
to the flow path unit 35, and cables 37 are provided for
applying electrical signals to the piezcelectric transducers 7.

When a drive signal is applied to any one of the
piezoelectric transducers 7, the respective transducér 7 is
flexed in the direction of width with the longitudinal
direction as an axis, thus deforming the diaphragm 7 towaxrds
the pressure chamber as shown in Fig. 9. As a result, the
volume of the corresponding pressure chamber 2 is decreased;
that is, pressure is applied to the ink in the pressure
chamber. Hence, the ink in the pressure chamber 2 is forced to
move through the corresponding through-hole 11 of the lid
member 10, the through-hole 27'of the ink supplying member 26
and the through-hole 22 of the spacer member 20 in éhe flow
path unit 35 into the nozzle opening 31, from which it is
jetted in the form of an ink droplet.

The ink flow paths extending from the pressure chambers 2



an ink supplying nmenber to which ink is supplied front an ink supply inlet
menber to which the ink supplying nenber is directly connected the ink
supply inlet nmenber extending in a direction perpendicular to the ink
suppl yi ng nmenber, the ink supplying nmenber having first through hol es
formed therein through which the pressype chanbers are comruni cated with
the nozzl e openings; and a spacer nenber having a reservior and second

th h hpl h which, th .n icated with th

noz2l 6 opEhi R NHEREI TRV ESEE Y o8 RN CReF PR e ddur e
hanb , ' h d . i cat | ith th |

openi ngs. 1 acThe i StPLRRoua roraed o EneiTLE RpRRE MdpctREnate o

t hrough tbﬁ%gﬁyp&@ hBReWah 21! g5q eh&h%p%%%ermé@@;g[%Q éz%%ggfitg%el :

suppl yi ng hber,”the spacer nenber and"the nozzle I bein _
i ntegral | yhgomasifi-no186e1 BNohaind N5 uGe JRMe itHhal adig denk nswpRl Vi ng

menber is fixedly placed on one surface of the spacer nenber and the nozzle

pl ate nenbeités dirded|ywhliate subshanatianys wiammf the gpacegomenber. The
recording head as set fo 111 claim 2, wherein the thermally fusible film

has throughtéwires fmtangkd pregssirel ahanberbe: tperposies Onkt Beowi path

t hrough holes so as to have a dianeter larger than the dianmeter of the

first threwh Wotrstheegpoadsicusl pf theh ink A g Ehozzle is destroyed
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. ASN. A2+ BT Fovar the pressure chamber. The ink in the pressure
chamber 2 may flow through the through-holes 12 and 28 into the
reservoir 21; however, since the through-hole 28 is small in
diameter, this flow of ink will not greatly reduce the
pressure; that is, it will not adversely affect the jetting of
the ink droplet.

When the application of the drive signal is suspended,
that is, when the piezoelectric transducer 7 is restored to its
unexcited state, the volume of the pressure chamber 2 is
increased so that a negative pressure is formed in the pressure
chamber 2. As a result, the same amount of ink as previously
consumed is supplied from the reservoir 21 through the through-
holes 28 and 12 into the pressure chamber 2. The negative
pressure in the pressure chamber 2 acts on the nozzle opening
31; however, the meniscus in the nozzle openings prevents the
ink from returning towards the pressure chambers. Therefore,

the negative pressure is effective in sucking the ink from the

reservoir 21.
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ay] ca] cal] calpgal £1ow path unit 35 is connected to the pressure

generating unit 15 through a thick layer of macromolecular
adhesive about 30 um in thickness. Therefore, even if, when
the ambient temperature changes, the two units 35 and 15 are
urged to shift relative to each other because of a difference
in thermal expansion, the shift is absorbed by the layer of
macromolecular adhesive, so that the nozzle plate is prevented
from being bent; that is, the layer of macromolecular adhesive
prevents the formation of prints low in gquality.

A method for manufacturing the above-described recording
head now will be described with reference to Fig. 10.

A ceramic material having a thickness suitable for
formation of the pressure chambers 2 by firing is prepared. 1In
the present embodiment, a thin plate of zirconia having a clay-
like consistency, namely, "a green sheet" is used for formation
of a first sheet 40. A press is used to form through-holes 41
in the green sheet at the positions where the pressure chambers
2 are to be formed. Similarly as in the case of the first
sheet, a second sheet 42 is machined on the press. That 1is,
through-holes 43 and 44 through which the reservoir 21 is
in camumnication with the nozzle openings 31 are formed in a green
sheet of zirconia having a thickness suitable for formaéion of
the lid member 10.

The first sheet 40 is set on the second sheet 42, and a

third sheet 45 is placed on the first sheet 40, which is made
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10%2 & () reyh18%Z &he) -sheets are transformed into ceramic plates, the
interfaces of which are combined together by firing. That is,
they are formed into an integral unit.

As described above, £he through-holes 41 forming the
pressure chambers are formed in the first sheet 40. The
through-holes 41 are extremely small in width. Hence, when the
three sheets are temporarily bonded together, the second and
third sheets 42 and 45 (which form the lid member and the
diaphragm, respectively) are not deformed, and the pressure is
suitably concentrated at the through-holes 41, which
contributes to the combining of the second and third sheets 42
and 45 with the first sheet 40 by firing. Thus, the volume of
each pressure chamber can be set as required.

The first, second and third sheets 40, 42 and 45 thus
fired function as a spacer member 50, a lid member 51 and a

diaphragm 52, respectively. In this state, electrically

conductive paste layers are formed on the surface of the



10 10 10!'! "109& ()--! "109% ()-- Mbrmopr}oPlnt 10%g& ()- , 10%& ()- 103J
10JJ 10JJ'L-"109%J& ()-4 'L-"10%z& ()-4 'L-"10%z& ()-4 P

dEoP1nt 109&10%&" () - Fs109%g& ()-"10%g& ()- s10%& ()- 10%g& ()-109%g& ()-
IFI1 11" dEoP1m 10% 10%g& () - L

109%g& () -1 100/@1&' ()-109g& ()-10%g&' ()-530%g&" ()-"" ##. #i ##} ~20P1nt . " 10%gP& ()
-5& 10%g& () - F+10%g& ()-!1"1"100& ()-1T"10%gg& ()-!" 10%g& () - ##$' $($) $* $+$$

. .T |10Q(y& %392/%6%?551;[ ? {%Fg\ t|h osx%m%%A'loofcyQ%e( )przeT;unggéh(a)mbers 53 and
of the common electrode lead-out terminals by a thick film
printing method. Relatively thick layers of piezoelectric
materials of a clay-like consistency are formed with a mask by
printing so as to provide through-holes in correspondence to
the pressure chambers 53. When the thick layers have been
dried to the extent that they are suitable for firing the
transducer-forming materials, the whole assembly is heated at
a temperature suitable for firing the piezoelectric transducers
and the electrodes, for instance, in a range of from 1000°C to
1200°C. Thus, the piezoelectric transducers 54 are formed for
the respective pressure chambers 53 (see Fig. 10 (II)).

Thereafter, a layer of electrically conductive material is
formed over the common electrode lead-out terminals and the
piezoelectric transducers 54 by a thin film forming method such
as a sputtering method. Thus, the pressure generating unit is
formed, which appears as if it were made of a single component
although it includes the diaphragm, the spacer member and the
lid member.

On the other hand, an ink supplying member 60, a reservoir
forming member 66, and a nozzle plate member 69 are prepared
using metal plates having respective predetermined thicknesses.
That is, the ink supplying member 60 is formed by forming
through-holes 61 and 62, which correspond to the through-holes

27 and the flow path regulating holes 28, in the metal plate on
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the press. The reservoir forming member 66 is formed by
cutting through-hcles 64 and 65, which correspond to the
reservoir 21 and the through-holes 22, in the metal plate on
the press. The nozzle plate member 69 is also formed by
forming tﬁrough-holes 68, which correspond to the nozzle
openings 31, in the metal plate on the press. As shown in Fig.
11, a bonding £ilm 75 having through-holes 70 and a through-
hole 71 is inserted between the members 60 and 66, while a
bonding film 76 having through-holes 72 and a through-hole 73
is inserted between the members 66 and 69. In this connection,
it should be noted that the through-holes 70, 71, 72 and 73 are
formed in the bonding films 75 and 76 in such a manner that the
remaining portions of the films 75 and 76, namely, the bonding
regions thereof, do not cover the through-holes 61, 62, 64, 65
and 68 of the members 60, 66 and 6%. The members 60, 64 and 69
and the films 75 and 76, which have been stacked in the above-
described manner, are thermally bonded under pressure to form
the flow path unit. i

The pressure generating unit and the flow path unit -are
joined as follows: As shown in Fig. 12(a), an adhesive layer
80 is formed on the surface of one of the units, for instance,
the surface of the ink supplying member 60, by coating it with
adhesive or by using a thermal welding film (see Fig. 10(IV)),
and the lid member 51 of the pressure generating unit is placed

on the adhesive layer 80 thus formed in such a manner that the
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through-holes S6 and 57 are coaxial with the through-holes 62
and 61 (Fig. 10(V)). As a result, an adhesive layer 81 is
formed between the flow path unit and the pressure generating
unit, which serves as a cushion member to absorb the difference
in thermal expansion between the two members. The adhesive
layer 80 spreads outward when squeezed between the two units.
As shown in Fig. 12, there are provided regions 82 around the
through-holes where no adhesive is provided, thereby to prevent
the adhesive from spreading into the through-holes of the lid
member 51 and the ink supplying member 60.

In the recording head of the invention, the pressure
generating unit is made of ceramic, which has a lower density
than metal, and therefore vibration propagating between
adjacent piezoelectric transducers is greatly attenuated; that
is, crosstalk is prevented. Furthermore, the elements forming
the vibrating portion of the recording head of the invention
are joined as an integral unit without the intrusion of any
foreign member. This feature positively eliminates the
difficulty of ink leaking because of inadequate adhesion. ]

Furthermore, in the recording head of the invention, the
base of the pressure generating unit and the ceramics forming
the vibration generating unit are fired at temperatures
suitable therefor. Thus, the operation of the recording head
is high in reliability.

As described above, the multi-layer ink jet type recording
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head of the invention comprises a pressure generating unit
and a flow path unit. The pressure generating unit includes
the first plate member of ceramics forming the vibrating member
with the piezoelectric transducers on the surface thereof, the
first spacer member of ceramics with the through-holes forming
the pressure chambers, and the lid member having the through-
holes through which the pressure chambers are in cammmication with
the reservoir, which members are joined in such a manner that
the first plate member is placed on one surface of the first
spacer member, and the lid member is sealingly set on the other
surface of the spacer member. The flow path unit includes the
ink supplying member made of a metal plate which is connected
through the flow path to the ink tank and which has the
through-holes through which the pressure chambers are in
camumication with the nozzle openings and the reservoir is in
camunication  with the pressure chambers, the second spacer
member having the reservoir and the through-holes through which
the pressure chambers are in communication with the nozzle
openings, and the nozzle plate member with the nozzle openings,
these members being joined together in such a manner that the
ink supplying member is placed on one surface of the second
spacer member, and the nozzle plate member is fixedly placed on
the other surface. The outer surface of the lid member is

joined to the outer surface of the ink supplying member with 2

macromolecular adhesive agent. That 1is, the pressure
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generating unit for producing pressure to jet ink droplets is
formed by firing the members made of ceramic. Therefore, the
pressure generating unit is advantageocus in that it has a very
good liquid tightness, and the signal applying electrodes can
be installed directly thereon. On the other hand, the flow
path unit having a relatively large recess to form the
reservoir is made of metal, and thus is high in rigidity. 1In
addition, the ceramic pressure generating unit and the metal
flow path unit are joined together with a macromolecular
adhesive agent relatively high in elasticity. Hence, bending
of these units due to the Qifference in thermal expansion is
positively prevented. As a result, the ink jet type recording
head of the invention can be made relatively small in

thickness, and it is high in reliability.
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CLAIMS

1. Alayer-built ink jet type recording head comprising:
A. apressure generating unit (15) comprising:

(1) a first plate member (4) forming a vibrating member having
piezoelectric transducers (7) on a surface thereof,

(2) a first spacer member (1) having formed therem a plurality of through-
holes forming pressure chambers (2), and

(3) a lid member (10) having through-holes (11) formed therein through
which said pressure chambers (2) are in communication with a
reservoir (21),

said first plate member, said first spacer member (1) and said lid member

(10) being integrally connected to one another in such a manner that said

first plate member is placed on one surface of said first spacer member (1)

and said lid member (10) is sealingly set on the other surface of said space

member (1);

B. a flow path unit (35) comprising:

(1) an ink supplying member (26) made of a metal plate, said ink
supplying member (26) being commected through a flow path to an ink
tank, and said ink supplying member (26) having through-holes
(27,28) formed therein through which said pressure chambers (2) are in
cormmunication with nozzle openings (31) and said reservoir (21) is in
communication with said pressure chambers (2),

(2) a second spacer member (20) having said reservoir (21) and through-
holes (22) through which said pressure chambers (2) are in
conumunijcation with said nozzle openings (31), and

(3) anozzle plate member (30) having said nozzle openings (31) formed

therein,
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nozzle plate member (30) being integrally connected to one another in
such a manner that said ink supplying member (26) is placed on one
surface of said second spacer member (20) and said nozzle plate
member (30) is fixedly placed on the other surface of said second

spacer member (20); and

C. anadhesive agent integrally jolning an outer surface of said lid member
(10) to the outer surface of seid ink supplying member (26), wherein:
at.said. joining surfaces;thevarea of said flow-path.unit (35) is larger tham

the area of said pressure generating unit (15).

2. A multi-Jayer ink jet type recording head comprising:
a pressure generating unit comprising a pluwality of pressuse chambers and
actuator for increasing pressure in the pressure chambers;

a flow path unit comprising:

a nozzle plate mentber having nozzle openings formed therein;

an ink supplying member to which ink is supplied from an ink supply
inlet member to which the ink supplying member js directly connected, the ink
supply inlet member extending in a direction perpendicula: to the ink
supplying member, the ink supplying member having first through holes
formed therein through which the pressure chambers are communicated with
the nozzle openings; and |

a spacer member having a reservoir and second through holes through
which the pressure chambers are communicated with the nozzle openings,
wherein the reservoir is communicated with the pressure chambers; wherein
the pressure chambers are communicated with the nozzle openings via the first
thirough holes in the ink supplying member and through the second through

holes in the spacer membe;;
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the ink supplying ;member, the spacer member and the nozzle plate
member being integrally connected to one another in such a manner that the
ink supplying member is fixedly placed on one surface of the spacer member
and the nozzle plate member is fixedly place on the other surface of the spacer

member.

3.  The recording head as set forth in claim 2, wherein the thermally fusible film
has through holes arranged in positions 1o be superposed on the first through holes so

as to have a diameter larger than the diameter of the first through holes, respectively.



