23 DEC 2005 1 |INK JET RECORDI NG HEAD AND MANUFACTURI NG METHOD THEREFOR The
present invention relates to an ink jet recording head and a metheg pEeroggs
manuf acturing an ink jet recording head. An ink jet type recording head Is,
known in which piezoelectric transducers are coupled to di aphragns which
form walls of respective ink pressure chanbers, wherein displacenment of
the piezoelectric transducers varies the volunme of the pressure chanbers to
thereby eject ink droplets. Such a recording head is advantageous in that,

since the displacenent ofiMrkheBl REOCRPTNDMEAS MNgzoel ectric transducers
takes place over a relatj he pressure chanbers, ink
dropl ets can be forned 3@@%@@*¢t@§ggﬁfﬁﬁﬁﬁ§5r%EBFEFR& head is still.

di sadvantageous in that, since ink droplets are jetted in a direction

per pendjcul ar tq.the dir | O Lspla nt, of the digphra t
recor dirig ﬁéﬁf%&?lﬁﬁgkﬁggébygFgégggi%qﬁﬁyn%ﬁ$e%??oﬁeﬁgFgéﬁgi%ghgj%%?the
surface oethied fecomiinufatieeringatn idekoldkngegorHéngaheiadge supporting and
transportingnt henr egaedi pgpBeath@ieihs Rl eqscomggﬁn@?ﬁrwapéﬁo

e

unavoi dably large in this direction. Ih order to overcone

above- dasGiddhectwhfd i€sdA¥duaBrsi ake] €bubype £6CQLLHAGaRRAIRATHDERRM
proposed, for exanple, in Japanese Unexam ned Patent Publication No. Sho.

62-111%R43.1s Bf m@kpécpﬁﬁssuh& geassatriengharbbless whekedhngigdbapheagm and
K of the piezoelectric transducers varies the volume of the
pressure chambers to thereby eject ink droplets. Such a
recording head is advantageous in that, since the displacement
of 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 and its related components are also unavoidably
large in thi; difection. | _

In order to overcoﬁe the above-described difficuity, an
ink jet type recording head has been propose‘d, 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 of displacement of the diaphragm, thereby to

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



flow path form ng menbers are fornmed in a |layered construction, and nozzle
openings are provided in a row extending parallel to the direCtiOQ%ﬁBECZOOS
di spl acenent of the diaphragm thereby to reduce the thickness of e
recording head. That is, the 23 DEC 2005 2 recording head has a | ayered
structure. The layered structure is advantageous in that the recording head
can be mniaturized, and it can be manufactured using a sinple nethod for
joining plate nmenbers formed by pressing or etching. In the manufacturing

nethod1%ueég%§&@§ngﬁégeh@gpﬁg@éukrggﬁgLzggzgggesive agent is used for

j oi ni ng the pl at e nenber s. wever, during nenufacture, the adhesive agent

can sometinmes pfbowh [aqegnalsluhﬁyte&é/mwg] fé)&@%ﬁ{‘g%%ﬁ’!’ ng%}\gff‘hgtt he gl ate

menbers, thus changing the ink flowresistance ther t he

reliabilityedrioperathanceh EQemESEQEQEQQeQe,aQngi gt&r Lher gor {aﬁnt&?%g%%ehhe

pi ezoel ectric transducers nust be fixed to the phragmw th. an adhesi ve
agent of [¥ifCal NgiRplal ARAnL] dol. jéhe: ARNYIAII faflballe f00RE4 iy head
e

requires nuch time and labor. In order to elimnate the above-describ
difficul tdasss oy dhkekehihype recordi ng head has been proposed, for
exanpl e, in Japanese Unexam ned Patent Publication No. Sho. 63-149159,

whi ch is forneth byheagpanufipceraime péahed fBra peiduciolg dechst akeorsiaged as
required to formflow path nmenbers, and piezoelectric transducers, one on
anot her amkdubjrecdhgsine agent is used for joining the plate members.

However, during manufacture, the adhesive agent can sometimes
flow into small holes which form ink flow paths in the platel
members, thus changing the ink flow resistance thereof,
lowering the reliability in operation of the recording head.
Furthermore, because the pilezoelectric transducers must be

fixed to the diaphragm with an adhesive agent or by etching or

laser welding, the manufacture of the recording head requires
much time and labor.

In order to eliminate the above-described difficulties, an
ink jet type recording head has been proposed, for example, in
Japanese Unexamined Patent Publication No. Sho. 63-1491S9,
which is formed by layering ceramic plates in a semi-solid
stata, shaped as required to form £flow path membérs, and
piezoelectric transducers, one on another and subjecting the
structure to firing. That is, the recording head 1is
manufactured without a separate step of mounting the
piezoeleétric 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.



structure to firing- That is, the recording head is manufactured w thout a
separate step of nmounting the piezoelectric transducers. However, 23 becC 2005
method is still disadvantageous in that it cannot achieve a reduction in the
t hi ckness of the recording head since the nozzle openings extend in a
direction perpendicular to the direction of displacenent of the diaphragm
simlar to the above-described recordgng head. 23 DEC 2005 3 It is
therefore the abject of the present invention to provide an ink jet
recordi ng head whi ch avoi ds the above nmentioned drawbacks. This object is
solved by the ink jet recording head according to independent claim1l and

t he nethodis otrhepre)ﬂmlx:e Nngheadbijek t] etf rerorshtdeieadndef0fdhngot grbk}d_qgendent
claimd4, FHkt advantgﬂfous f egt ur.es ects and details of the

i nventigh &F& deﬁt NoheQaPertdinth clangﬁ'Es t hge  ARNYS pPEBHL2AG% he
dr awi ngis:aw'ﬂa@hﬂ a| r’ﬂisl'uaer el pede isdessteddbyasha Lhksiedppecaeting dehtni ng

the invgnt e ent i i des ink jet
recor diT ng dh %p%?léggle-’l gg%rlﬁzefrg;ﬁcsid g‘&r é“%rr}“’\of{d =i Hrég}lf:smg#
pr essurdd chﬁlﬁbéﬁ@ cﬁmﬁﬁicagedlemdt hapegzdéngpeamd ngsdepﬁpdess alwimr dssure

chanbergs, e 701 Bl (iR Y S’Ee%Q@r@%re a&?etc't al 'dy h%t%rn' nkgjget chype

recordi ng head which is forned arran nozz pl ate, pressure

chamberr WVETHLSG mefber s e‘éh"t'ue%tw EFQE"I ng BPat ed%?\%“%?f”anot"r’learlmsand thea
met hod de®cripaivnacind i tige t HeawbRKgget tTyRe J1eGHHidwe eddbe understood

as a first approach in defining the invention in general terms.
The present invention provides an ink jet recording head
in which piezoelectric transducers provided in parts of

pressure chambers communicated with nozzle openings compress
the pressure chambers to form ink droplets, and more
particularly to an ink jet type recording head which is formed
by arranging a nozzle plate, pressure chamber forming members
and a vibrating plate one on another, and to a method for

manufacturing the ink jet type recording head.

In view of the foregoing, an aspect of the invention is to
provide an ink jet type recording head in which the
manufacturing assembly accuracy is improved,‘the number of
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.



In view of the foregoing, an aspect of the invention is to provide an ink
jet type recording head in which the manufacturing assenbly accur28dEC 2005
i nproved, the nunber of steps required for joining the relevant nenbers is
m nimzed, and the nozzle openings are provided in parallel with the
direction of displacenent of the diaphragns to reduce the thickness of the
recordi ng head. 23 DEC 2005 4 Anot her gaspect of the invention is provide a
met hod for rmanufacturing such an ink jet type recording head. In order to
achi eve the aforenentioned aspects of the invention, a nulti-layer ink jet
type record|ngﬂﬁé@@nSMSmmmufaﬁtuhedlaﬁéaﬁépnglﬁh@HQﬂmﬁﬂ|@nmashbwI&wm A
first plate nmenber of ceramc formng a vibrating nenber with piezoelectric
t ransduc@281USACEHE iagr faanah tdrerigdf | J&r fIYRY E9eeedimgnpeadmade of ceranics
with a plurality of through-holes t her ei n formng pressure chanbers, and a
lid menber ha¥Pn@rdgdUFR- mﬁixﬁvﬁthﬂg@ﬂMﬁ%ﬂ?ﬁ?ﬁP&ﬁ%séﬁ?ﬁ*éhaﬁ%%r§h3re in
communi cation with a reservoir are jojined together to forn1a pressure

gener at i AGVERREPNI N dUCRUATHBAAERTt KXt Y i r P FEEFREHT @?ﬁﬂ aé¢&d on
one surface of the first spacer npber, and the menber sealingly set
on the oFﬁ@ngﬁFPﬁég BFCPHBL§GéE h%ﬁ%%Floﬂst éﬁé 1y@h ﬁbB} de of

a netal ﬁgg and gh. Ls, _connect ed E%&gy |OW/§% { 1Lk _tank and
has thro ﬁo? ?Iﬁrotl W EH thE 4P pressur whel’s -dr@ %ommﬁl c&tng

W th mé%&&&&@@kegana@qet bE EgRer YRbLLbE,1 B f%pmgg&ggnmwa@rt Rae

of ceramics with a plurality of through-holes therein forming
pressure chambers, and a 1lid 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 thé 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 cammication with the

pressure chambers, a second spacer membe; having through-holes
through which the pressure chambers are in cammmication with the
reservoir and the nozzle openings, and ; 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



pressure chanbers, a second spacer nenber having through-holes through

whi ch the pressure chanbers are in caanm cation wth the reservoi r23ameEc 2bes
nozzl e openi ngs, and a nozzle plate nenber wth the nozzle openings forned ’
therein are joined together to forma flow path unit in such a manner that
the ink supplying nenber is placed on one surface of the second spacer
menber, and the nozzle plate nenber is fixedly placed on the other 23 DEC
2005 5 surface of the second spacer nenber. The outer surface of the Iid
menber in the pressure generating unit is joined to the cuter surface of

t he ink supplying nmenber in the flow path unit wth a macronol ecul ar
adhesi ve agent. In the pressure generating unit, which is nmade of ceramc,
smal |t hrsoWRfRIfoIs Hie Janrand FPRERE BPRERF - neMberouwhdr chur§ampl pFi ebet he
manuf acturing step of joining the vibrating nmenber, the spacer nenmber and
the Iid ﬁéﬁ’oé?e,m%gﬁ pBsithes P3RS PrEG e ARSI CFaakage Wit nkspasingde tmi £heto
whi ch high pressure is exerted, The flow path unit, which_ is nmade of netal,
has a ré‘]”é:%rvél"lea?‘.ﬁegé’ft frSudR*h SPEPLE 11gr RRRRETr é3eEDBI £LPW PABD Yphte
menber, an the&g{qje ii i s, high hg gigensional accuracy. The pressure
gener at i ¢ Thit "5 THE T DU Pat A GALY “af€%PSined together with a

macr omol ecul ar:na‘éﬂ%%%%@:;l;’@céﬁé gg! %r%*%gggf) p%éicd' LL‘EE@”ES hRqkhgE Bl - expansi on

bet ween the two unit are ne fferent materral S as descri bed

fgg‘éei’ nﬁ%‘i’nath ARS0L0RINoTLY. alrd SeB-Real i ANaknyi e ShoW RAR JB! LRt ayer
simplifies the manufacturing step of joining the vibrating
member, the spacer member and the lid member, and positively
prevents leakage of ink past the unit, to which high pressure
is exerted. The flow path unit, which is made of metal, has a
relatively large through-hole to form the reservoir in the
space member, and therefore it is high in dimensional accuracy.
The pressur= generating unit and the flow path unit are joined
together with a macromolecular adhesive layer, so that the

difference in thermal expansion between the two units, which

are made of different materials as described above, can be

absorbed.

Fig. 1 is a sectional view showing a multi-layer type ink
jet type recording head constrﬁcted in accordance with a
preferred embodiment of the invention;

Fig. 2 is an exploded perspective view of the recording
head shown in Fig. 1;

Fig. 3 is an explanatory diagram showing the positicnal



jet type recording head constructed in accordance with a preferred

enbodi nent of the invention; Fig. 2 is an expl oded perspective vi e28 DECt2065
recording head shown in Fig. 1; Fig. 3 is an explanatory di agram show ng
the positional 23 DEC 2005 6 rel ati onshi ps between pressure chanbers in the
recording head; Fig. 4 is an explanatory diagram show ng the position of a
pi ezoel ectric transducer in the recordsng head; Fig. 5 is a perspective view
showi ng the positional relationships between piezoelectric transducers and
el ectrodes in the recording head; Fig. 6 is a sectional view taken along a
line AAin Fig. 5 showi ng the structure of the piezoelectric transducer

out 1 i ngt THE: FaRer apHoPREbaR RPESSE-BOcheRterk . tne rdePERblEmtife  car

outlinin e recor I'sS a perspective

structure of fhe _recglr,diaﬂge ?ﬁ%ha@ Byrand @nglrﬁiggge&éxeé% ng

| ongi tudi nal seCtional view a cross-sectiona arong a

B-Bin in R, 8%pdcehow RahBauERSOLG &%&%‘éé&ﬂfﬂdﬁg#ﬁh} nk droplet; Fig.
10(1) - 10( are sectional views for a description” of a nmethod for

manuf act ur ng'lajl_:@ul tg -ligyea tpdespedkeieé iRk LEEQLHGNItheadAeLOIShaY to
the invention; Fig. 11 is an exploded view for a descriptionof a step of
relationships between piezoelectric transducers and electrodes
in the recording head;

Fig. 6 is a sectional view taken along a line A-A in Fig.
S showing the structure of the biezoelectric transducer mounted
on a diaphragm in the recording head;

Fig. 7 is a perspective view outlining the recording head;

Fig. 8 is a perspective view showing the rear structure of
the recording head;

Figs. 9(a) and 3(b) are, respectively, a longitudinal
sectional view and a cross-sectional view taken along a line
B-B in in Fig. 9(a) showing the recording head jetting an ink
droplet;

Fig. 10(I) - 10(V) are sectional views for a description
of a method for manufacturing a multi-layer type ink jeﬁ typ?
recording head according to the invention;

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.



joining plates together to forma flow path unit; and Figs.' 12(a) and 12(b)
are di agrans show ng an adhesive |ayer through which the flow pata3 DBC 2005
joined to a pressure generating unit. 23 DEC 2005 7 Preferred enbodi nents
of the invention will now be described with reference to the acconpanyi ng
drawings. Figs. 1 and 2 are respectively a cross-sectional view and an
expl oded perspective view show ng a preferred enbodi nent of a nulti-I|aver
ink jet recording head constructed in accordance wth the invention. in
these figures, reference nuneral 1 designates a spacer nenber nade of a
ceramic plate of zirconia (Zr02) or the like having a thickness of 150 m
The spacer nenber 1 has a nunber of el ongated hol es forned at
predet erm ned 4 therein S rmnj pressure cha rs2. Each of
t he el ongat ed ﬂh%%éygéiase %dérﬁﬁﬁggrt%gnnyl{l%ca*r@ﬁerb%?na ¥eser Y 2R°as
shown in i ; . 1.he nd.p [ d _aver__a .nozzl e opening
31. A di g;%ggl%ef?gl“ iﬁggggé%gnggdggﬁ ggglog@?%géggofdrtaﬁé’%gpsacer menber 1.
The di aphragm;4d s madey i I1GP.5 WheL Ay r i t he
spacer nenber r}qllzljél 's_ lcorrpa?zl‘ b e%e%gdrfrtéggelﬁlsati Cs vﬁft%eeéjct%%g‘?e%?’fle?‘fv%%% it
has a hi gh ekaslddedpdiddifecd fivd NiiSew IHRAI AR o Ad¥e A APRAMA And S ge of
a thin zirconia plate 10 min thickness, simlar to the spacer nenber. As
shown ina mudti5laged s ydneeirdiigy daphragstudlettimndrscrddice
applying drive signals to piezoelectric transducers 7 are

with the invention. In these figures, reference numeral 1

designates a spacer member made of a ceramic plate of zirconia

(2r0,) or the like having a thickness of 150 pm. The spacer
| member 1 has a number of elongated holes formed at
predetermined intervals therein, thus forming pressure

chambers2. Each of the elcongated holes 2 has one end portion
located over a reservoir 21 as shown in Fig. 3, and the other
end portion located over a nozzle opening 31. A diaphragm 4 is
£ixedly mounted on one surface of the spacer member 1. The
diaphragm 4 is made of a material which, when fired together
with the spacer member 1, is compatible in characteristics with
the 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 S 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 electrode (described below)

dre provided.



provi ded in correspondence to the pressure chanbers 2, and | ead-out

el ectrodes 6 of a common el ectrode (described below are provi de®3 [23C REC
2005 8 The piezoelectric transducers 7 cover the drive signal applying

el ectrodes 5. More specifically, each of the transducers 7 is made of a
thin plate of piezoelectric vibrating material such as PZT, which is
substantially equal in length to the ressure chanber 2 but smaller in
width than the latter, as shown in Fig. 4. That is, the transducer 7 is
designed so that it flexes in such a manner as to curve in the direction of
width with the longitudinal direction as an axis. As shown in Figs. 5 and
A, the aforenenti oned comon electrode 8 is forned on the piezoelectric

transducers 7rradqtihe dLad-ou. elegliQdessSy f jpstance, Ry, s i ng.
That is, the IomePL surface (6% t he side o? thégﬁfighﬁggnﬁflp% gg%ﬁgi

pi ezoel e&@%iyin@r aapddeebdési ssconnegbed topdber delYe,Si 98aknaprpkyi Ble
el ectrode 5, and the upper surface is connected to th% common el ectrode 8.

Further trafé@scedsant 2isrefeienes ndmetninl0p 0eebgnét i dzbé deseEbEr
whi ch, together with the diaphragm4, forns the pressure chanbers 2. The

lid menbeibdfcisg meeepiad smdlerdsilpzmwhivilichwhenstibsedntegetheequrtthihhe
spacer nenber 1, is conpatible in characteristics with the latter. In this
enbodi nelength s Heeleppésaurhi ahanbeon? abpt agma Ib&rnim nwidhhcknassthdhe i d
menber 10 has through-holes 11 through
latter, as shown in Fig. 4. That is, the transducer 7 1is
designed so that it flexes in such a manner as to curve in the
direction of width with the longitudinal direction as an axis.
As shown in Figs. 5 and 6, the aforementioned common electrode
8 is formed on the piezoelectric transducers 7 and the lead-out
electrodes 6, for instance, by sputtering. That is, the lower
surface (on the side of the diaphragm 4) of each piezoelectric
ﬁransducer 7 1s connected to the drive signal applying
electrode 5, and the upper surface is connected to the common
electrode 8.
Further in Figs. 1 and 2, reference numeral 10 designates
a lid member which, together with the diaphragm 4, forms the
pressure chambers 2. The lid member 10 is made of a material
which, when fired together with the spacer member 1, is
compatible in characteristics with the latter. In this
embodiment, it is made of a thin zirconia plate 150 um ;n
thickness. The lid member 10 has through-holes 11 through
which the nozzles openings 31 are in camumication with the

pressure chambers 2, and through-holes 12 through which the

reservoir 21 is in camunication with the pressure chambers 2.



whi ch the nozzl es openings 31 are in coarunication wth the pressure
chanbers 2, -and through-holes 12 through which the reservoir 21 is3ipEco2 05
carmuii cation with the pressure chanbers 2. 23 DEC 2005 9 The above-gescrlged
menbers 1, 4 and 10 are fixedly conbined together, thus formng a pressure
generating unit 15. Reference nuneral 20 designates a spacer nenber form ng
a flow path unit 35. The spacer nmenbers20 is nade of a corrosion-resistant
pl ate such as a stainless steel plate 150 min thickness and which is
suitable for formation of ink flow paths. The spacer nenber 20 has a

subst anti al | yTNeshapede -tBsengbelol Rehbepsna t he agﬁmeqaﬁtgggedffgégfyoir
21, and through-holes 22 through which the pressure chanbers 2 are n

cat mm catbmbinethtbbethezzl ehagefbngingla fhesshireugbnbeheinfOLRi pOL 4 he
reservoir 21 extends radially of an ink supplying 1nlet nmenber 24 and then
parall el to tRefendacef nuherprlegSudesighamesra 2padbeenspBeif E6ahiNg an the
enbodi nent having the nozzle openings in two |ines, the through-hole

form ng thew rmsgErveinit2l 3iSncl udese a spatmpedepbeiri opoexi ©ndiadg radi adly
outward of the ink-supplying inlet nenber 24, and two parallel portions

ext endi ngOFFORiONerL@p SERNEr PARdS® Sluathes/-asafpdch L gy ts oee il phagte heS@ends of
the pressure chanbers 2. Reference nuneral 26 designates an ink supplying
menber BRxEY T O $UrFRE S ¥CHR HS Sdve s Eprhéarspaden pénbek ggow The

i nk supp er 26 has thr 27 through which_t essyre

| vi h- h h
e rbaPPpythd MRS AoAAn | ALRHAN N ot 4 ehgantiShyy Y- DNESS

through-hole forming the aforementioned reserveir 21, and
through-holes 22 through which the pressure chambers 2 are
in commnication with the nczzle openings 31. The through-hole
faorming the resexvoir 21 extends radially of an ink supplying
inlet member 24 and then parallel to the ends of‘the pressure
chambers 2. More specifically, in the embodiment having the
nozzle openings in two lines, the through-hole forming the
raserveoir 21 includes a V-shaped portion extending radially
outward of the ink supplying inlet member 24, and two parallel
portions extending from the two outer ends of the V-shaped
portion along the ends of the pressure chambers 2.

Reference numeral 26 designates an ink supplying member
fixed to one surface of the above-described spacer member 20.
The ink supplying member 26 has through-holes 27 through which
the pressure chambers 2 are in camunication with the nozzle
openings 31, and through-holes 28 through which the reservoir
2l is in cammnication with the pressure chambers 2. The ink

supplying member 25 further has the ink supolying inlet member



openi ngs 31, and through-holes 28 through which the reservoir 21 is in
canmmi cation with the pressure chanbers 2. The ink supplying menbes e 2005
further has the ink supplying inlet nmenmber 23 DEC 2005 10 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 nenber
20. The nozzle plate 30 is nade of a sbainless steel plate 60 min

t hi ckness and which is suitable for formation of nozzle openings 40 mi:n

di aneter.,, T | ¢ openings 31 in.{he late 30 are forned in
correspoﬁﬁ%ngg Qﬁ%ﬁ ?H§‘6F§§Sd¥%k%%aﬁ%er% g.g%ﬁ%Qngﬁbé?h 5pk Z@ndnd(BBtare
st acked A another and fixed together as a unit using an adhesive or by
wel di ng using ¥ di ffusion between netals, thereby to formthe aforenentioned

fl th it hi t4 Ki f,th b, i
ow path uni Ré%§¥$§%& ham@RenatiPie s Ngnst 86Kkhng 9 éga§&ﬂg%ef%£%#25ﬁed

perfornmed under a pressure; however; they can

one on anefrhMd Notiis d &l rdS1aHe Qpa & Hed OB oAl “fﬁﬁg{?aéggﬁgéﬁgﬁe 30

t hrough-hole for formng the reservoir 21 is within ecause

the nenbers malde oJrade seh ifledls sasedeplhicRedoahaven dhEcRAESSULRAGPREERT i Ng
unit 15 and the flow path unit 35 are joined through their confronting

sur f aces,isnammlgab lid€ o £ Eriratdt isaH fodc as2afl et Beehidgrenbenmlin anthhdeenk

supplying nmenber 26, with an adhesive, thereby to formthe recording head.
The nozzle openings 31 in the nozzle plate 30 are formed in
corzespondence 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 33
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 cammunication 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



Thus, the pressure chanbers 2 are in cotnunication through the

t hrough-hol es 12 of the |id nmenber 10 and the through-holes 28 oR3{DH 2O
suppl ying nenber 26 with the reservoir 21, and they 23 DEC 2005 11 are
further in commm cation through the through-holes 11 of the |id nenber 10,
t he. t hrough-hol es 27 of the ink supplying nenber 26 and the through-holes
22 of the spacer nenber 20 with the nhbdzzle. openings 31. Figs.' 7 and 8
show the front and rear structures of the nulti-layer ink jet type
recordi ng head according to the invention. In the front structure, the
nozzl e openings are arranged in two lines at predetermned intervals. In
the rear structure, the pressure generating unit 25 is fixedly secured to

the fl &by ¢ [ id Lyi | ect.rical

Si gnal S A0 RENE) tn RmdfiCaEan 25 b g oRsbREnoB8Tg A1 R T U Cy
t [ I ' , : i 7
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axis, thus dﬁ{@rm@gtﬁPsuﬂéaHBﬁ.l@Qmﬁ topegils shilePr RaRtEe GRATASH aa}%hom

in Fig. 9. .As aresult, t vol une of the cortespondi ng pressure chanber 2
IS decre@%ggleiaggniéifpjggsure is applied to the ink in the pressure
chanmber. Hence, the ink in the pressure chanber 2 is forced to nove through
t he correspondiig .t'hr cagd- Bols@odl tofe tfmordt dandrerber $Qrutherelr amghhwl e 27
of the ink supplying menber 26 and the through-hole 22 of the spacer nenber
20 in thewflltdwlayer ink jet type recording head according to the

invention. In the front structure, the nozzle 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 piezoelectric 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 iongitudinal
direction as an axis, thus deforming the diaphragm 7 towards
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 pfessure
chamber. Hence, the ink in the pressure chamber 2 is forced t;
move through the corresponding through-hole 11 of the 1lid
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



path unit 35 into the nozzle opening 31, fromwhich it is jetted in the
formof an ink droplet. The ink flow paths extending fromthe presggqgﬂ;zoos
chanbers 2 23 DEC 2005 12 to the nozzle openings 31 are defined by t

t hrough-holes 11, 27 and 22, which are fornmed in the Iid nmenber 10, the I nk
suppl yi ng nenber 26 and the spacer nenber 20, respectively. The

t hrough-hol es 11, 27 and 22 are reducedi2zin dianmeter in the stated order,
which substantially prevents air from entering into the pressure chanber

through tdee thek nblz@Wedaigen i9MeN Ithaite ki S B4 e #@d% bt t%g nozzle

Is destroyed and drawn toward the pressure chanber. pressure
chanber 27meand | 0w, t hipigh abe tfumdeah- bal enel 21 2 dm@Rinkeht Otdhethéesmwmr

21; however, since the through-hole 28 is small in dianeter, thls fl ow of
i nk will supiplyieat Inensencest md priesssparerhateriter i bow |r|es fel y
affect the jetting of the ink droplet. Wen the appllcatlon of the rive

si gnal i fheuspendgd-hallest lils, dWhemd (22 pirer redecied d o KA@M iA ithe
restored to its wunexcited state, the volune of the pressure chamber 2 is

i ncr eased teseah@rdehegat i §P§§§aﬂelﬁ§lwbmmaYantihe pressufeomchanber 2
As a result, the sanme anmount of ink as previously consuned is supplied from
the resePPSRFLRG LATGUJHNS hRXE RFBEAhCHASIES IBnawsh thet snkhé lgreRakte
chanber 2. The nega ressure chanber 2 acts on the

ve ressure_in the
nozzl e off¥RMnghness;* %ﬁbWEvgtsctﬁeoﬁehp§c&§ 1t He'$1039F &1 Bpédi HES GHoxRen

the and drawn toward the pressure chamber. The ink in the pressure

chamber 2 may flow through the through-holes 12 and 28 into the
reservoir 21; hewever, 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 towerds the pressure chambers. Therefore,
the negative pressure is effective in sucking the ink from the

reservoir 21.



ink fromreturning towards the pressure chanbers. Therefore, the negative
pressure is effective in sucking the ink fromthe reservoir 21. 233l 266
13 The flow path unit 35 is connected to the pressure generating unit 15
through a thick layer of macronol ecul ar adhesive about 30 4min thickness.
Therefore, even if, when the anbient tenperature changes, the two units 35
and 15 are wurged to shift relative tqieach other because of a difference

in thermal expansion, the shift is absorbed by the |ayer of rmacronol ecul ar
adhesive, so that the nozzle plate is prevented frombeing bent; that is,
the |ayer of Teer dimlwecphah adhési vBS prsevenhaethedf otontiwd frgyduds | ow
inquality. A nethod for manufacturing the above-described recording head
now W | |gdree theiord bed iwi t 15 r sherggbe & otFigk I@yek cef amacnotcdrdcalldmvi ng a
t hi ckness suitable for formation of the pressure chanmbers 2 by firing is
prepar ecedhef itcheapreSedf embddi mEvickneasi n Pratefofezi reeni d fhawhean a
clay- |ike consjistency, nanely, "a green sheet" is used for formation of a
first sHeed AP LieNr EITPPI2GHER CHANGEH t FhGughvchobrest 9135 andhd Sgraesh sheet
at the positions where the pressure chanbers 2 are to be forned. Simlarly
as in t HEQRESEDIS et P52 sKBetO 82SBcBRASEhRRF2Y3 e & fmac Kilfd® RN The
press. That s, ihrou h- hol es 43 and. 44 {hrough which the reservoir 21 is
in canmiicht PTGt heFREMFO2 e tj'ﬁ'en? 345 aPESPERRED B BYr é8¥STsiRfet of

zirconi a havi ng a t:hickness suitabl e for formatian of
hatromletull s aé%esxve, so that che nozéle 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 £iring 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 thrbugh-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 is,
through-holes 43 and 44 through which the reservoir 21 1is

in cammication 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 shest 40, which is made



the Iid nenber 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 nade 23 De&p2adaodst
of a green sheet of zirconia having a thickness suitable for fornmation of

t he 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 ldonded together and sem -solidified.
The assenbly of these sheets is fired at. a predeterm ned tenperature, for

i nstance 1000C, while the assenbly is pressurized to the extent that the

nbly J t f di ng. . As . It, .th heet s, t f d
"o cerd @ BrAPAs ShERS I BrTAEL o CUANEn farb RSP GRR Her OB

firi . Jh ' .f [ ' | it. d ' b ,

the 10y ditaran 48 VBl S1nBhlEdm 10 e WSS aldids (¥ of2 hhdEs T r e
heet 40._The. . - A [ 1 i i.dt h.

the. thiES ofeibeRC ' BB Chth sy SHALETROL IR 'ordsdhehna < Eeld"”
sheet s %ﬁﬁ] 4§n(WE&%hd%%?%%%Q%é dtﬁ%”ﬁﬁ&e%”@h%@%s Qbapggagﬂh 45 a

respectively) are not de , and the pressure s sui'tably conce fFat ed

at the téyn@&lymgso&kemmw@méw%&iwomgjofgg@i niﬂgeqséé&mfcond

and third sheets and 45 with the first sheet by firlng..Thus, he
vol une off wWacde psessyBe ighaRed o) Hepseliedsrheddlr edmptia dirs) , esecond

and third sheets 40, 42 and 45 thus
instance 1000°C, while the assembly is pressurized to the
extent that the assembly is prevented from bending. As a
result, the 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, ﬁhe 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, whicp
contributes to the combining of the second and third sheets 42
and 45 with thevfirst 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



fired function as a spacer nenber 50, a lid nmenber 51 and a diaphragm 52,
respectively. In this state, electrically conductive paste |ayer238E& 2005
formed on the surface of the 23 DEC 2005 15 di aphragm 52 at the positions of
the pressure chanbers 53 and of the conmon el ectrode | ead-out term nals by
athick film printing nethod. Relatively thick |layers of piezoelectric
materials of a clay-like consistency ape formed with a mask by printing so
as to provide through-holes in correspondence to the pressure chanbers 53.

When t hes fdlidadmyse sabavaebees i tdoingd df0 dhee prdsanird hatadieys a5 spit abl e
for firing the transducer-formng materials, the whole assenbly is heated

at a tenpethéucensiot ablecteabdei riexwdtder ptaznchacsr ik t4anndeger siland the
el ectrodes, for instance, in a range of from 1000C to 1200C. Thus, the

pi ezoel gtimitcing amedhoer.s SKedratifvalpdthick tlayearsspect ipit 4uelssdt €ic
chanbers 53 (see Fig. 10 (11)). Thereafter, a layer of electrically

conduct imas-antadid AL is clayretkeverns hetentynare| totmedievl €ada and sk ebyri nal s
and the piezoelectric transducers 54 by a thin filmform ng nethod such as
a sputt @difgimg hedl. a5h e, RIRY e sthireugnke bes ngnugrrrespansianme whi ch
appears as if it were nade of a_single conponent although it includes the
diaphra@ﬁetPﬁﬁ§§E€§rqaﬁﬂﬁﬁr%né3tmaWW?HHEBﬁbéthE1%4%56¥héﬁvﬁaﬁﬁe%n i nk

SUPRLY1 19 IETDCL Qe ekERLILtyc [ UG JETDCL O, 2yl 2 nozzle plale
thiCkne%%%%sducer-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



That is, the ink supplying nmenber 60 is formed by form ng through-holes 61
and 62, which correspond to the through-holes 27 and the flowpathz23 C 2005
regulating holes 28, in the nmetal plate on 23 DEC 2005 16 the press. qge
reservoir formng nenber 66 is formed by cutting through-holes 64 and 65,
whi ch correspond to the reservoir 21 and the through-holes 22, in the netal
plate on the press. The nozzle plate Aénber 69 is also fornmed by forning

t hrough- hol es 68, which correspond to the nozzle openings 31, in the netal
plate on the press. As shown in Fig. 11, a bonding film 75 having

t hr ough- hileespr@sand a T orgberivolie 78cisingsearemebesyearn t kg ABADEsy 60
and 66, while a bonding film 76 having through-holes 72 and a t hrough-hol e
73 is insertiey behweaghHe hesihdéds 86dani 69 whirch hcareerpead Ote  tHe
shoul d be noted that the through-holes 70, 71, 72 and 73 are forned in the
bondi ng faddsesrviEirmndl 78ndn thuec thrargmdrotemt22 heinr elei hietg Ip@liatmnsomf t he
films 75 and 76, nanely, the bondin regi ons thereof, do not cover the

t hr ough- FdleespEess62, Bhe o5 zahd EEadle tmembpenbdds 69, aiGamnfoffed They
menbers 60, 64 and .69 and the filps 75 and 76, which have been stacked in

t he abovECTdEG i FaFovaidIoles e &oer HBLICR bendcespADEr presthe e narF? m
the flow path unit. The pressure geqerating unit and the flow path unit are

j oi ned aSPESHER 3 1as Ih&WE MT By PL23€aPD SheaBRtEfve 2ayatowBoh & ¥%r med
glrjlpl}é)lhgi ﬁg&ﬁ%ggﬁﬁ%g é%gteﬁ gik{‘f‘ﬁ‘d‘f#l’lp@s&&'{q—cﬁéleg h?OSgy;la%e t?Irotuhg%—i nk
hole 71 is inserted between the members 60 and 66, while a
bonding film 76 having through-holes 72 and a through-hole 73
1s 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 58 ¢of the members 60, 66 and 69. The members 60, 64 and 69
and the filhs 75 and 76, which have been stacked in the above-
described manner, are thermally bonded under pressure to form
the flow path unit. | ]
The pressure génerating 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 ipstance,
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



adhesive or by using a thermal welding film(see Fig. 10(1V)), and the lid
menber 51 of the pressure generating unit is placed on the adhesi»®pEay®os
80 thus formed in such a nmanner that the 23 DEC 2005 17 t hrough-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 fornmed between the flow path unit and the pressure
generating unit, which serves as a cdshi on nenber to absorb the difference
in thermal - expansion between the two nenbers. The adhesive |ayer 80
spreads outward when squeezed between the two units. As shown in Fig. 12,

there arenppo¥hdgd1e@disESRR fF sl é@@xi&f“?.’:’gﬁ"Qgiseéh%\'gs%ﬁaﬂ?%gqh%%i ve is

provi ded, thereby to prevent the adhesive from spreadrng

through-Q@aesuﬁgg$f_Ihd(qumMNAglaamigdmtjr&hsgggggkgg r $9. ikn the

recordi ng head o e invention, the pressure generating unit 1s nmade of

cerani c, fohhed baswaehnowele GG tyath hami eded , tRAdo L HSEGELT GeMbRBRiGN
propagati ng between adjacent piezoelectric transducers is greatly
attenuatenitt hatichsservessasl & dissipi@myetdntrbr ko hbebr®r €het HEf EberrRES
formng the vibrating portion of the recording head of the invention are
j oi ned asnamhemmedr xpamsiont hetitveeme the rtso onenbeasy fThHei gdhesilver .
This feature positively elimnates the difficulty of ink |eaking because of
i nadequat2yedh@di spreafdygr owaiazice when tigueetad diegwdemdtbé tWe BnVSAti on
the base of the pressure generating unit and the ceramcs formng the

vi br at i kS geReYat +AgFafFi-t ldre TR aRe tRFerdadireegions 82 around the

through-holes where no adhesive is provided, thereby to prevent
the adhesive from spreading into the through-holes of the 1lid
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
bése 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



suitable therefor. Thus, the operation of the recording head is high in
reliability. As described above, the nulti-layer ink jet type recd? ®E§g2003
DEC 2005 18 head of the invention conprises a pressure generating unit and
a flow path unit. The pressure generating unit includes the first plate
menber of ceramics formng the vibrating nmenber with the piezoelectric
transducers on the surface thereof, th#& first spacer nenber of ceramcs
with the through-holes formng the pressure chanbers, and the |id nmenber
havi ng the t hrough- hol es through which the pressure chanbers are in

msnm cation with the reservoir, which nenbers are joined in such a manner

t hat tggafirgttﬁgate menber is @Iaced on,one surface of the first spacer
menber , "SHG Phe tPEd TEMRTLIIR SQ PIhafy sBt BFesPnsSoarerauimaceniot the

2 metal S Har B vl eh PRERORMBE odtn IFEREAN THE TR pL 494 F Hend THAR BNk and
ceny Lu 38 1 O S ot Bt o P iTal! RS Rt e hens csiver 1 s in
S i e i e i e S i R
Che nozsTe opmn nge. ree e e e b T o Hed Toasthar 18 SRR e
that théne 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 éf 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
canmumication  with the nozzle openings and the reservoir is in
camunnzmﬂxl} with the pressure chambers, the second spacer
member having the reservoir and the through-holes through which
the pressure chambers are in comumication 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 oﬁ
the other surface. The outer surface of the lid member is

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

macromolecular adhesive agent. That is, the pressure



i nk supplying nenber is placed on one surface of the second spacer nenber,
and the nozzle plate nenber is fixedly placed on the other surfacgspEte0os
outer surface of the |lid nenber is joined to the duter surface of the ink
suppl ying nenber with a nacronol ecul ar adhesive agent. That is, the
pressure 23 DEC 2005 19 generating unit for producing pressure to jet ink
droplets is fornmed by firing the nenbeys nmade of ceramc. Therefore, the
pressure generating unit is advantageous in that it has a very good |iquid
ti ghtness, and the signal applying electrodes can be installed directly

t hereon. On the.other han t he é path unit having a relatively |arge

recess tSEPSFﬁF%HQ U rARF rPFY Vﬁ&ﬁgcﬁr?ﬁﬁ%ﬁe BPdIeRusnks dppgRaLs is

dit addi t { t dth t al
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di fferen€&°rn expansi on 1 s p05|t|v t he
ink jet Lypg &MM Lol dde iy enidon A b & ka5l |
in thicéness g é Qg in reI% |I|#y 2 %%ggogl%gk%%g% %
act uat or bemﬂnsft%ruséaI@krbetl?y%e&%w di ngh heRrd, otHEY I18d W9, éhap@q%
menber having therein a plurality of through holes formng pressure
chamberspath 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 difference 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.



a di aphragm pl aced on one surface of the spacer nenber; first electrodes
formed on the di aphragm piezoelectric transducers fornmed on the f23BEC 2005
el ectrode; and a second el ectrode fornmed on the piezoelectric transducers,
wherein said piezoelectric transducers_ are arranged in a side-by-side
arrangenment direction, and a wi dth of Pach pi ezoel ectric transducer in said
arrangenent direction is larger than a wdth of each first electrode in the
arrangenent direction. 2. The actuator unit as set forth in claiml,
wherein tigLAsDd8er nmenber is a ceram c spacer nmenber. 3. The actuator unit
as set forth in claim11, wherein the diaphragmincludes a vibrating ceramc

plate. 4. 1The acl uaksr WH for a8 iGli hBE ldiotdhhalidmpiligrel n the first and

second el ectrodes are independently fornmed;” and wherein the second
el ectrode ser vespasrmenherbavief dereindelurslity T ehraughuholes farming pressee forth in

claim4, er &Q,the common el ectrode covers a plurality of piezoelectric
transducef8a™8™The actuator unit as set forth in claim1, wherein a | ength

of the piezoel ecfifghgagnh pRIOEHYE BASsurfacs UPGeapidephlemmrgual in length to a
| ongi tudi nal direction of the pressure chanbers. 7. The actuator unit as

set forth in cliisptrelectrofles foraed ewthsrdiaphaegne | i d nenber covering the ot her

surface of the spacer,. . er. 23 DE 2q$5 2 f. The agtuator unit as set
forth in clai _mpie,t%ogl cetrnrepi%rrrir?lfcﬁlecerﬁ'i?f rzr%ee_ Tt .Fﬁééltte.eg%rg%cag s are fornmed by
printing a thin sptaidel@ftrode eararldentthe pierodlécdii¢ fgnsdatas, al . 9. The _
mul ti-layer ink jet type.recording head according to claim1l, wherein said
wherein said piezoelectric transducers are arranged in a side-by-side
arrangement direction, and a width of each piezoelectric transducer in said
arrangement direction is larger than a width of each first electrode in the arrangement

direction.

2. The actuator unit as set forth in claim 1, wherein the spacer member is a

ceramic spacer member.

3. The actuator unit as set forth in claim 1, wherein the diaphragm includes a

vibrating ceramic plate.

4. The actuator unit as set forth in claim1, wherein the first and second electrodes
are independently formed; and

wherein the second electrode serves as a common electrode.

S. The actuator unit as set forth in claim 4, wherein the common electrode covers

a plurality of piezoelectric transducers.

6. The actuator unit as set forth in claim 1, wherein a length of the piezoelectric
transducers is substantially equal in length to a longitudinal direction of the pressure

chambers.

7. The actuator unit as set forth in claim 1, further comprising a lid member

covering the other surface of the spacer member.



flow path unit (35) is fornmed by thermally bondi ng under pressure said ink
suppl-ying menber (26), said spacer nember (20) and said nozzle pl 28 &GRS
(30) and bonding films in such a manner that said bonding filns do not
cover said through- holes (27) of said ink supplying nmenber (26) and said

t hr ough-hol es (22) of said spacer membler (20). 10. A multi-layer ink jet
type recordi ng head conprising: a diaphragm made of ceramc naterial; a
spacer nenber nade of ceramc material having therein a plurality of

t hrough holes form ng pressure chanbers; first electrodes forned on one
surface of the spacer nenber so as to situate above each of the pressure
chanbers;Spiez&bb@cMa®Cunﬁansﬂdbﬂhﬁlﬁ@mmédwbnemhéepkﬂeﬂeeuemmnﬁﬂeama second
el ectrode f rned on the |c t sdu ers so as to electrically
connect tﬂ@ PRAGSLRY PryRL % @e?$ é@@nﬁﬁ?%e #ch other; and a
third el ectrode for electrlcally connectlng an external device and t he
second electrode, the third el ectrode nmounted on the surface on which the
first elecgtrod

hond ag ot "7 oT e M- LDRT THGRt (e Fesbring Head sac0iag lortiaigh LoV iBRinFECt hi o

el ectr Odeﬂ@«!ir%aﬁ‘i @rﬁi (3'5§?§ ﬂoYmg@B?%‘etrﬁgllif Qoﬁchﬁ axd& éﬁé’ésure%}ﬂ nk SMW‘ fgcabl e on
which the first electrodes and the third electro e are adjacently “arranged.

23 DEC 20m8mper £2), smbspﬁmltmembgte(ﬁo]mqaeinqz;bepla@ommbmgmmmi as set forth
inclaiml t he second, e d the third ectrode are

ol oot 11 cortme RS el A SatRere, SRR s e n e BB e L nal
end of eagdlei297 0£sLE 1K SipblyaNs deRer (IB) ahd b4d tigbesieholed (e feaidl e.

spacer member (20).

10. A multi-layer ink jet type recording head comprising:

a diaphragm made of ceramic material, '

a spacer member made of ceramic material having therein a plurality of

through holes forming pressure chambers;

- first electrodes formed on one surface of the spacer member so as to situate

above each of the pressure chambers;

piezoelectric transducers formed on the first electrode;

a second electrode formed on the plezoelectrlc transducers so as to electr 1ca11y
connect the respectlve piezoelectric transducers with each other; and ‘

a third electrode for electrically connecting an external device and the second
electrode, the third electrode mounted on the surface on which the first electrodes are

mounted.

11.  The multi-layer ink jet type recording head as set forth in claim10 , wherein
the first electrodes and the third electrode are electrically connected to the external
device via a cable on which the first electrodes and the third electrode are adjaceritly

arranged.



13. A nulti-layer i.nkjet type recording head conprising: a diaphragm a
spacer nenber having therein a plurality of through holes form ng 4¥Rs€Zp65
chanbers; first electrodes forned on one surface of the spacer nenber so as
to situate above each of the pressure iganbers; pi ezoel ectric transducers
formed on the first electrode; a second“electrode formed on the

pi ezoel ectric transducers so as to electrically connect the respective

pi ezoel ectric transducers with each other; and a third el ectrode for

el ectri cal lp. COMRGHLIRYARAT BX QTR rcdRHing®eand: e 1SEcod ! salrqde. the
third el ectrode nounted %ﬂ thBe s};u?face o% \Eﬁ?c% tﬁoe ]fSLlrst el'ectrodes are
mount ed.  the second electrode and the third electrode are electrically connected at a region

away from the cable than a longitudinal end of each piezoelectric fransducer which is

closer to the cable.

13. . A multi-layer ink jet type recording head comprising:

a diaphragm;

a spacer member having therein a plurality of through holes forming
pressure chambers; |

first electrodes formed on one surface of the spacer member so as to
situate above each of the pressure chambers;

piezoelectric transducers formed on the first el'ectrode;

~ a second electrode formed on the piezoelectric transducers so as to

electrically connect the respective piezoelectric transducers with each other;
andv

a third electrode for electrically connecting an external device and the
second electrode, the third electrode mounted on the surface on which the first

electrodes are-mounted.



