1 I NK JET RECORDI NG HEAD AND MANUFACTURI NG METHOD THEREFOR The present

I nvention relates to an ink jet recording head and a nethod for

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 displacement of

t he piezoelectric transducers varies the volune of the pressure chanbers to
t hereby eject ink droplets. Such a_récording head is advantageous in that,
since the displacenent oENEhdER % Mizoel ectric transducers

takes place over a rel aiAwmeFrACTURDNG aMETHOD TRERBFERSUr € chanbers, ink
droplets can be formed stably. However, the recording head is still

di sadvantageous in that, since ink droplets are jetted in a direction
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unavoi dably large in this direction. in order to overcone the
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| nk of the piezoelectric transducers varies the wvolume 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 1ink 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 alsc unavoidably
large in thl; diiection.

In order to overcome the aﬁove—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 nenbers are forned in a | ayered construction, and nozzle
openings are provided in a row extending parallel to the direction of

di spl acenent of the diaphragm thereby to reduce the thickness of the
recording head. That is, the 2 recording head has a | ayered structure The

| ayered structure is advantageous in that the recording head can be
mniaturized, and it can be manufacturé@d using a sinple nethod for joining
pl ate nmenbers formed by pressing or etching. In the nmanufacturing nethod
for producdqirdihe; reseedhag aheage-an adhesivg-agent is used for joining the
pl ate nenbers. However, during manufacture, the adhesive agent can
sonetimes fl ke nthaperkld hekescwhireh fier maddvaddoyedad hsian theep! ahe
menbers, thus changing the ink flow resistance thereof, |owering the
reliabil iterdadioperetddncat bdenirecotadr hgedeasnd Furéigry®rRanbesadseetine

pi ezoel ectric transducers nmust be fixed to the diaphragmw th, an adhesive
agent or usyingt cai mimplel asehogel ong,jeieimpnplackurmembet e firemdli bg head
requires nuch tinme and labor. In order to elimnate the above-described

di fficul piress g dmkefehingpe recordi ng head has been proposed, for
exanpl e, in Japanese Unexam ned Patent Publication No. Sho. 63-149159,
which is fornEd® B¢ apanuigcearima TRwEted farapserivciolgi dchastaeeordhaged as
required to formflow path nenbers, and i ezoel ectric transducers, one on
anot her éﬁ&dsuﬁpeéﬂhﬁf*Yﬁéagent 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 1ink flow rasistance thereof,
lowering the reliability in operation of the recording head.
Furthermore, because the piezoelectric 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. 63-149159,
which is formed by layering ceramic plates in a semi-solid
state, 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 is
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 nounting the piezoelectric 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 displacenent of the diaphragm
simlar to the above-described recording head. 3 It is therefore the object
of the present invention to provide an ink jet recording head whi ch avoi ds
t he above nentioned drawbacks. This object is solved by the ink jet
recording head according to independent claim1l and the nmethod for
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is forned §?¥ arran |ng a ncﬁezztlhe EI a'ltne ressg;e chcgnber fc rmng ne grs
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i nk j etlesypépréoor @ndy theadirawings. The claims are to be 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 accuracy is

i mproved, the nunber of steps required for joining the relevant nmenbers 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. 4 Another aspect of the invention is provide a nethod for
manuf acturi ng such an ink jet type recording head. In order to achieve the

f ti ts of the _i ti l.ti-layer ink jet, t
Cecording heal P ERSFnaRst U2t BEGor BVRDTERE. I G GRSt (BRFBRA. TREF i r st
| at ic formng,a vjbrati mber with pi lectri
Fr aneducBRC SACEHE Lo (et (br bl 15 (1721 SRRbeT Mt hmde. of ceram cs
ith a plurali f. through- hol es. t i n. f or i no. hant, d
1 0 manber hadng X DugH MO B 1 B Eort ST e T Lo MK e 2081 i n
ccm m cat hopn kb a a/ RELLELLafLE JPA}E‘edjeéxfgf‘%&%r ’%.—%c%%%gr%%ﬁé“r%s

generating unit in Such a manner that th pl at'e e I's placed on

one surfacguehctieshi bako3RAG rtHE”PﬁéenéDQntJE?é&ﬁicﬁﬁﬂpeﬁ.E§rs%eghheg|y set
f nmenber. An r

on the other surface of the spacer ; i nk suppl yi ng menb made of
a metal phbaberade WMYLRiE StosINeE 0d BirRrkoWgNnambbew,pahhp 1288168kt ank and

has t hrough- hol es through which the pressure chanbers are conmuni cating

Wi th nogzhRs@pearsysnantet berfeser vheteb®,i 8 £0ABUNsfateOMBnbErt Rade
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 thé first plate member is placed on
one surface of the first spaéer 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 1is
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 cammnication 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 communication with the reservoir and the
nozzl e openi ngs, and a nozzle plate nmenber wth the nozzl e 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 i$ fixedly placed an the other 5
surface of the second spacer nenber. The outer surface of the 1lid nenber in
the pressure generating unit is joined to the outer surface of the ink
supplying nenber in the flow path unit wth a macronol ecul ar adhesive
agent. In t cpr%ﬁfure enerating unit ich is nade of ceramc, _smal

&1 &

t hr ough- &1 S FS9P1he Bt v, T APTF nprrfeee PRethe
manuf act yr.in of _jQining the vibrating,_ .nmenber, the spacer, nenber and
the lid #ér‘?’og?e,%bg%% b%Jsi(%'thlev es%ﬁ‘é%eﬂ?éef:gﬁkﬁae WG kS pégthﬁle i f",r"et 0
whi ch hi re I IS exerte unit ich,is na of .petal,
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menber, andnt hen@forg dtedis) M ohahos digepgippal accuracy. The pressure
generating unit and the flow path unit aré joined together with a

nmacronol ecul arrnadhespyeskayer gefierkahgt Beicdi HREERNES hagl hef ned - &xpansi on
between the two units, which are made of different materials as descri bed

above, camahe whseidednoFey. drd sfarmedtiionathyi ewadomi ngmdetyl téhicyer

type Inksimplifies 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
ralatively large through-hole to form the reservoir in the
space member, and therefore it is high in dimensicnal accuracy.
The pressure 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 constructed 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 positional



jet type recording head constructed in accordance with a preferred

enbodi nrent of the invention; Fig. 2 is an expl oded perspective view of the
recording head shown in Fig. 1; Fig. 3 is an explanatory di agram show ng
the positional 6 rel ationships 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 recording 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
mount ed QR la wlicd AgeN bac den rpeossling dtedmberd tin AHeS R RUUENRF Howy Vi ew
outlining the recording head; Fig. 8 is a perspective view show ng the rear

structure of rile réecis dingekphdnatogy. d2égramnghBibhgatte pRSRGIHNV ALY, a
| ongi tudi nal sectional view and a cross-sectional view taken along a |ine

B-B in ir Bigzdlacshioo nganbducecoidi hjeheadopdihignfead;i nk dropl et; Fig.
10(1) - 10(V) are sectional views for a description of a nmethod for
manuf act uri ng Fdgnul 5i - fayex tpErsbadkive wvipw retowingg thead pasddridinag t o
the invention; Fig..11 is an exploded view for a description of 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 piezoelectric 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 9(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 jee type
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 path unit is
joined to a pressure generating unit. 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 showing a preéferred enbodi nent of a nulti-Iaver
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 (ZrQzZ) or the like having a thickness of 150 m
The spacer nenber 1 has a nunber of elongated holes forned at

predet erm ned gyd gLV %ﬁat%gagm Lbus § an{gg {ﬁdéovmnch‘gngg\s/%?? %gh of

t he el ongated hol es s~one_ &nd portion |oca er ar

shown | n bz hediéh {he- 0 BeEncBNUoPeRt 8BcbAGALE] Ve 3, Nozz! © openi ng

31. A diaphragm4 is fixedly nounted on one e spacer nenber 1
The diaphragmidd s magdes of sdmeieydetit W Gh.a \Mméiéé‘&t 1 Npfa WAd the
spacer menber 1, is conpatible in characteristics wth atter and it

has a hi ghh elxasiddedmdddtsect ivé hiisew esthmeli rigend ,pztén:eeﬂ@ph:rn@g:mﬂnér& negle of
a thin zirconia plate 10 min thickness, simlar to the spacer nenber. As

shown ina Rudtislagred hels udaceafrdimgg desshrcagmetuadettirodgessdrdantce

applying drive signals to piezoelectric transducers 7 are
with the inwvention. In these figures, reference numeral 1

designates a spacer member made of a ceramic plate of zirconia

| (2zx0;) or the like having a thickness of 150 um. The spacer
| member 1 has a number of elongated holes formed at
predetermined intervals therein, thus forming pressure

chambers2. Each of the elongated 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
fixedly mounted on one surface cf 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 5 for
applying drive signals to pilezoelectric transducers 7 are
provided in correspondence to the pressure chambers 2, and

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

are provided.



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

el ectrodes 6 of a common el ectrode (described below) are provided. 8 The

pi ezoel ectric transducers 7 cover the drive signal applying electrodes 5.
More specifically, each of the transducers 7 is made of a thin plate of

pi ezoel ectric vibrating material such as PZT, which is substantially equal
in length to the pressure 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 wwdth with the

| ongi tudi nal direction as an axis. As shown in Figs. 5 and 6, the

af orenenti oned common electrode 8 is forned on the piezoelectric
transducers 7Ta@adptikededadntilc etecidodess6) fayvdnstRracarike sPpddLri ng.
That is, the lower surface (on the side of the diaphragm4) of each

pi ezoel expPlyingr odbdaterd@si sSconnetdeel tspadief tha VEy si gaath appt vi tige

el ectrode 5, and the upper surface is connected to the common electrode S.
Further $F¥amS¢acends and 2s r efadened nanmetlain 10pbese gnaf epiexde eaenber

whi ch, together with the diaphragm4, fornms the pressure chanbers 2. The |id
menber l‘OlgP%a?ﬁdb% e hat THH AtiPCR,, WhéRDf {8 etiboyanhbalivteqead Spacer
menber ible in characteristics wwth the latter. In this

1, is  conpat

embodi metRNIFR F %h%e%?s%“{ﬁi TIRRBNE PYF %R 45E 7 WidH kiR sthehe 1id

menber H%J%?:fhé%“%ké%ﬁe§n1¥fJV°¥9h 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, 1is
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 cammmnication with the
pressure chambers 2, and through-holes 12 through which the

raservoir 21 is in cammnication with the pressure chambers 2.



whi ch the nozzl es openings 31 are in camm cation with the pressure chanbers
2, and through-holes 12 through which the reservoir 21 is in canunication
with the pressure chatters 2. 9 The above-descri bed nenbers 1, 4 and 10 are
fixedly conbined together, thus formng a pressure generating unit 15.

Ref erence nuneral 20 designates a spacer nenber formng a flow path unit
35. The spacer menber 20 is nade of a &%orrosion-resistant plate such as a
stainless steel plate 150 pmin thickness and which is suitable for
formation of ink flow paths. The scacer nenber 20 has a substantially
V-shaped thr 88§h- doPeefdrairadbede aeoPentntl ondd arserMi ar2l, £ aRedly

t hrough- hol es 22 through which the pressure chanbers 2 are in camuiication
with t hecRBRNEdopeaRKHS T3 EhFe LORPORGhahBresshoengegerheingsenyoi 1521

ext ends radi all)é of an ink suppl ¥i ng .inlet menber 24 and then parallel to
the ends of tREBIBFERSEr BUMERAthelsdesighesespacspacak| pembart fiermithgda ment
havi ng t?? nozzl e g&e,ni n% int l'i nes, the through-hole formng the
reservoi F197 iRATUAED I VaSmapedt Bor tTRFH St B/T0SF r 48i al $ y masie wakd af the
i nk suppl Xi ng inl et rrem;_ernt24 %réd 4 par allel . portions extending fromthe
two out eF°BRAELER~ERE IV SRIp &L TS SBT &0y T A tePe Praseutel
chanbers 2.. I i t an _ink suppl.yi ng_nmenpe fixed
to one sﬁ%fé@g% ’ %gﬁﬁie%}ﬂe%%}i esz glg%aag:%eslre %é’r"f'b Prﬁ‘gel%?hgfi hagstb?)‘f'yi ng

menber 28, pas. { M ough-iol & 2hehBeouafh WAk o t BEBEEARILT 11AFERSEaam € TN

car nmcation with the nozzl e

through-hole forming the aforementioned reservoir 21, and
through-holes 22 through which the pressure chambers 2 are
in cammnication with the nozzle openings 31. The through-hole
forming the reservoir 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
reservoir 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-hecles 27 through which
the pressure chambers 2 are in camunication with the nozzle
openings 31, and through-holes 28 through which the reservoir
21 is in cammnication with the pressure chambers 2. The ink

supplying member 25 further has the ink supplying inlet member



openi ngs 31, and through-holes 28 through which the reservoir 21 is in
canui nication with the pressure chanbers 2. The ink supplying nenber 25
further has the ink supplying inlet nmenber 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 stainless steel lflate 60 min thickness and which is
suitable for formati on of nozzle openings 40 min diameter. The nozzle -

openi ngs 34 ba thes neuaidd aten36nare fosnkectad Q@rr‘g&pgﬁgienggnw thothe
pressure chanbers 2. The nenbers 20, 26 and 30 are stacked one on aéother
and fi xesh¢weget her as a unit using an adhesive or by wel di ng usi ng :

di ffusion between netals, thereby to formthe aforenmentioned flow path unit
35. In this opeeferencet herstmcki Ty désibratasmbenszizd pesfptaed; waderoa
hi gh pressure; however, they can be accurately stacked one on another

wi t hout imhe wiier guriizterohittiion spadeugieniwr 240 .ge Ther aoghlleobaafter 30
forming the reservoir 21 is within in the stack because the nenbers are
made of it dl2deaP s Erhaiad ebv\AEeeth@ It S emgénerhichgessi endswhaght he
flow path unit, 35 are joined through their conf[ontin% surfaces, nanely,
the contsEts SHFFARLIF GHEG § 4P et AC 2R R RPTHE G KB s uPip L i Ag2maERBer 26,

wi th an adhesive, _thereby to f?rn1the recordi ng head. .
The nozzle openings 31 in the nozzle plate 30 are formed in

correspondence 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
raservoir 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 35
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



Thus, the pressure chanbers 2 are in comunication through the

t hrough-holes 12 of the lid nenber 10 and the through-holes 28 O the ink
suppl ying nenber 26 with the reservoir 21, and they 11 are further in cane

i cation through the through-holes 11 of the 1id nenber 10, the

t hrough- hol es 27 of the ink supplying menber 26 and the through-holes 22 of
t he spacer nmenber 20 with the nozzleldpenings 31. Figs.'7 and 8 show the
front and rear structures of the nmnulti-layer ink jet type recording head
according to the invention. In the front structure, the nozzle openings are
arranged in two lines at predetermned intervals. In the rear structure,
the pressure generating unit d5 is fixedly secured to the flow path unit

35, andag@lBueshed7 iar@mmroidadesh f or crRnigh nghel eﬁkbhgﬁLh_%il%%a'lsl (0 thRe
pi ezoel ectric transducers 7. Wen a drive signal is applied to any one of

the pieznel erimbex BNEHC @hFohgH-MD VeSS RICHIEV Eher BARULESS1 Fihg mdhSEed in
the direction of wwdth with the longitudinal direction as an axis, thus

def or ni n@a hendli eipdr agpbighonwalds 2he Hressuspacbanhembas JOWLdH tha. 9.
As a result, the volunme of the corresponding pressure chanmber 2 is

decr easedijozdlmtopenipgesdure is applied to the ink in the pressure chanber
Hence, the ink in the pressure chanber 2 is forced to nove through the

cor r espondi ng Rigsough- antie 81 5heWw tthe |fxbntreahdr rédr sheucuumegh-dfbol the@7 of

the ink supplying nenber 26 and the through-hole 22 of the spacer nenber 20
in the flmyti-layer 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 1is applied to any one of the
piezoelectric transducers 7, the respective transducer 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 pressure
chanbers 2 12 to the nozzle openings 31 are defined by the through-holes
11, 27 and 22, which are formed in the |id nmenber 10, the ink supplying
menber 26 and the spacer nenber 20, respectively. The through-holes 11, 27
and 22 are reduced in diameter in the 14tated order, which substantially
prevents air from entering into the pressure chanber through the ink flow
path evér whennthelrenpeaisgsl tlherenkleifnnile byozrke thgodgsi-heyes 1and
drawn toward the pressure chanber. The ink in the pressure chanber 2 may
flow thr@l]gt@%ezghr@@g#hho#é% feraed 28ni nhe tlhiel membexoil0,21thaoveker
since the through-hole 28 is small in dianmeter, this flow of ink will not
great|y FERBL¥EIRHemeFRasUFR; 2nRatthes, SPRCRF| Memberad@r seeypettévelyhe

jetting of tge ing g&ﬁplet. Wien the _application of the drive signal is
suspendedh® tREPUFR-NQRRES the Fi'e2BEl é¢t AFE FRAHSEdcén dipmetest dRedho its
unexcited sta t.he vol re chanber 2 is increased so that

a negati§§aﬁ?é§?ﬁPEer“F%gﬁkgg?%QgﬁgéggzgguPEevéﬁéﬁber 2.2 §TPBsult, the
T R e LT R e T R A e
negel LYeerBoBUREh MR IR AP EhaTERL 2k, o d nescls0asges 31
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; hdwever, 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 towérds 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. 13 The fl ow
path unit 35 is connected to the pressure generating unit 15 through a
thick [ayer of macronol ecul ar adhesive about 30 min thickness. Therefore,
even if, when the anbient tenperature changes, the two units 35 and 15 are
urged to shift relative to each other because of a difference in thernal
expansion, the shift is absorbed by the | ayer of macronol ecul ar adhesive,

so that the n le.plate is prevent frombeing bent; that is, the |ayer
of macr onol ecgﬁér %g%"ési ‘3’(9&1 prugvlgtnt éqt he>f &%ﬁ%ﬁ@gf Sori hbe IRTRFASERality.
A net hod agf aci urd nget - desgr.i ped, recordi_n head now wi |l be
describegga%fﬁggg eﬁ%ﬁ%% ?8 Bﬁb. %g. % %@ﬁg%(}?¥ﬁﬁr9&§ﬁﬁﬁﬁ?ﬂf e?%r%ﬁness
sui tabl e f.ar I,QN e; pr anb 2 firing is.pr ed. In
t he pres%%?égﬁ%gdgggaﬁ é?t%lnlﬁlgﬁgeggeggfcogﬁgrﬁ§§¥ﬁg 8¢ 3ﬁf$2§£3£

ConSiSteEﬁ¥1aﬂB@Eh¥1€%ﬁxOf%%hf%“%ﬁé?éfsysgqefg&of Loetior %ﬂazagigf sheet

40. A press is used rm t hrough- es In"the greén sheet at the

posi ti 0n§r§/ear ol BRIBRESBURR (CRAMREIS . Afed S he JU B 4 %i@f%éﬂc@s in

the case of the first sheet, a second sheet 42 is nmachined on the press.
That is, int RheuglihdesarfSiangd 44et Bha¥gh M L5 dH8ed €561 ekl 12L,diS of N

comuni cation with the nozzle openings 31 are forned in"a green” sheet of

zi r coni ambayonglactheekadhssduvit, abbechar tpemdiHle Oflate is prevented
from being bent; that is, the layer of macromolecular adhesive
prevents the formation of prints low in guality.

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 thréugh-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 is

in commmication 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



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 made 14 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
uni form pressure, and then dried. In this drying step, the three sheets 40,
42 and 45 are tenporarily bonded togéﬁher and sem -solidified. The assenbly
of these sheets is fired at. a predeterm ned tenperature, for instance
1000C, while the assenbly is pressurized to the extent that the assenbly is

prevent ege f 5 ogrbendishGeAm £ z{LfSGhia hBeinheqt &ﬂrﬁﬁg@séﬁgggglgnte;

ceramc plates, the interfaces of which aré conbi ned toget y firing.

That is,foideyid eof OEABAdiiRbAragm [l.egrme Whdee Ahdloss T4 Heds abana, s5he
t hrough-holes 41 formng the pressure chanbers are fornmed 1n the first

sheet 4Grdhgoihbaough- Bakeartkse exteeneini o | praswidbh. diencenenhen
the three sheets are tenporarily bonded together, the second and third

sheets 4% ipadl. 45 n witiich derimg edd d thenhareandhklee s diggphnagad 45 are
respectively) are not deforned, and the pressure is suitably concentrated
at the ttenpapehiol gsbdhidedhtchetibentandusemi+ool hedi £oaddi ni Dige odssémbigcond
and third sheets 42 and 45 with the first sheet 40 by firing. Thus, the
vol une off whede preestpe ichdiirad cath depsedessrminedr 4¢mpEraYirst  £8Bcond

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, 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



fired function as a spacer nenber 50, a lid nmenber 51 and a diaphragm 52,
respectively. In this state, electrically conductive paste |ayers are
formed on the surface of the 15 diaphragm 52 at the positions of the
pressure chanbers 53 and of the common el ectrode | ead-out termnals by a
thick film printing nethod. Relatively thick |ayers of piezoelectric
materials of a clay-like consistency &e forned with a mask by printing so
as to provide through-holes in correspondence to the pressure chanbers 53.

when t het fdprdadnay®2 SabavRebpes i tdbned off0 thiae pRels@iire! Rafaniidds & Spitabl e
for firing the transducer-formng materials, the whole assenbly is heated

at a tenpetla¢ uceomdrt abl ectendei rligagi{det ptemexh.eﬁr by t4d aRpdekersilmnd the
el ectrodes, for instance, in a range of from 1000C to 1200C. Thus, the

pi ezoel gatimitd g amedhoer.s SRedreifvelyedeiick tlageraspeft ipde Aveismiteic
chanbers 53 (see Fig. 10 (11)). Thereafter, a layer of electrically

conduct imasepdtadis @£ i3 caynetkewons istentyare| fotweatiord gad: mask esyri nal s
and the piezoelectric transducers 54 by a thin filmform ng nmethod such as
a sput t @GN ik HRl. 2Fh e, RIRY ideesshFelgemiekes nnuaprrespondems®e twhi ch

appears as if it were nade of a |ngl onent = although it includes the
di aphragj'-rlhe PP SPUERT %@&r%na the W r}q’H%ﬂbé’F‘lcbn & Bt heavRaREean i nk

SUPPLY! I TOEL €0, ScLERRLYlia: [SLING AETber 0 o2l n ozl Hlate
thICkneisansducer 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 termiﬁals 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 flow path
regulating holes 28, in the nmetal plate on 16 the press. The reservoir
form ng nenber 66 is formed by cutting through-holes 64 and 65, which
correspond to the reservoir 21 and the through-holes 22, in the netal plate
on the press. The nozzle plate nenber 189 is also forned by forning

t hr ough- 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 hrough- helees pZ@sand a PHy ongBerielie 7Hoimihdseidmeebesyeary t Bg AEALESs 60
and 66, while a bonding film 76 having through-holes 72 and a through-hol e

73 is i nsertioyy behweagtfteo hesrberds 86dangs 69 whith htsreaspesl Ot tHe
shoul d be noted that the through-holes 70, 71, 72 and 73 are forned in the
bondi ng fodsesvREi mndl 78ndn téuec Itherqugmdrotdmt 22 heinr enei fieft@ 1pPlawensowf t he
films 75 and 76, nanely, the bonding regions thereof, do not cover the

t hr ough- Hdleespgess62, Bhe 6 zahe Gdasle thembenbéds 68, aAGcanfobfed THey
menbers 60, 64 and .69 and the films 75 and 76, which have been stacked in

t he abovdoFENG i F&FauFeroles e &8rer WBILICR beAdcedspader presthee naziler m
the flow path unit. The pressure generating unit and the flow path unit are
j oi ned aSPEAIGER 3 1as ThERE® MERilgPLESEaPD ARcaBFREFve ARyOWBOLH F ¥Dr ned
on the s;rface of one o

suppl yi n lrferﬁ)et?o ,n%y];&gg?ﬂ glr{atsw‘dcgﬂ]tﬁpos&g%n— eéleé h;osgafdacae tﬁrguhg%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
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 £8 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 instance,
the surface of the ink supplying member 60, by coating it with
adhesive or by using a2 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 adhesive |ayer
80 thus formed in such a manner that the 17 through-holes 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 menber to absorb the difference
in thermal - expansi on between the two nenbers. The adhesive [|ayer 80
spreads outward when squeezed between the two units. As shown in Fig. 12,

there ar@npb¥hded 1120i NS, 42 f oppg &asxiaprweﬂ'QRLe%h‘g%ght‘?H@lt%hlge%h%Si ve is

provi ded, thereby to prevent the adhesive Trom spreadin

thr ough- Bakes 1of (#fig. | 1@ (vanber aBL aancede: | nknsURRLY:NE MEMREE 6Q. il the

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

cerani c, folthel bagwedrowgte deles tyath hani gesnd, tREdpERSEREQr Geviekadiiingn
propagati ng between adjacent piezoelectric transducers is greatly

attenuat editt hahichsseevesséal & dwshpieveaemdmsker Ry QMO @hd e fEleatEmates
formng the vibrating portion of the recording head of the invention are
j oi ned asnarnthemmedr atxpansiont betweaene the r tsoomeabeasy. fDhei gdhesiyer .
This feature positively elimnates the difficulty of ink |eaking because of
i nadequatayagh88i spreads vsiwant when t $gueezed dragwaendtbe the umidist.i on,
the base of the pressure generating unit and the ceramcs formng the

vi br at i ofSg8Rerat itRg Fdit e FI9%ER 3% tRFPeidedreegions 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
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 describéed above, the multi-layer ink jet type recording 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, the first spacéﬁ3nenber of ceramcs wth the

t hrough-holes form ng the pressure chanbers, and the |id nmenber having the
t hrough- hol es through which the pressure chanbers are in ccnuu ication with
the reservoir, which nenbers are joined in such a manner that the first

pl at e neederofstheaged it e SiipaLee®f dhepkikslyreS er, .and the
lid menber is sealingly set on the other suFface SF Eﬁ%ﬁéﬁggér ﬁgxqgr. The

fl ow paimdunat filnok yskesh tivei ¢ | nkeissipdes g aTeydiir e, Q{P& 3@%1'1;% te
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which is connected through the flow path to the ink ta as the

t hr oughele| fis stthipdagie weinter be peeamice EHARDRGStRE 671 Hra CALR Hlinisdd On Wi th
t he nozzl e openings and the reservoir is in caamnication wth the pressure

chanberwi th Hihes gierbshacer i centmrsdhaveny dMechesarvide akbAdie, the

t hr ough- hol es through which the pressure chanbers are in camnndcaticn with
t he nozZAdmst Giradaryerdrir thle grvemnticc Pplwittdr rmiveb enh ruivigh tHel a0 Z-renioEeni ngs,

t hese nmenbers being joined together in_such a manner that the ink supplying
member $Re AZRSIPTH OMARAFFacenef thRelidc@raber 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 £low path to the ink tank and which has the
through-holes through which the pressure chambers are in
cammumication with the nozzle openings and the reservoir is in
cammnication  with the pressure chambers, the second spacer
member having the reservoir and the through-holes through which
the pressure chambers are in cammmication with the nozzle
openings, and the nozzle plate member with the nozzle openings,
these members being joined together in such 2 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 is, the pressure



spacer menber, and the nozzle plate nenber is fixedly placed on the other
surface. The outer surface of the |id nenber is joined to the outer surface
of the ink supplying nenber with a nacronol ecul ar adhesive agent. That is,
the pressure 19 generating unit for producing pressure to jet ink droplets
is formed by firing the nenbers nmade of ceramc. Therefore, the pressure
generating unit is advantageous in that9it has a very good liquid

ti ghtness, and the signal applying electrodes can be installed directly
thereon. On the other hand, the flow path unit having a relatively.large
recess t : I r&/0Lr.J d.thus_is .hi in .

rigidi ty.ae%l%ligg%gi%t iuéln,st?t%gfc ﬁ%‘g%grg? géé%?%%%ng$agﬁgglﬂki flrgﬁgettﬁe Het al
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differ engeesaukaeggabr%&argslma s ReValHte} b uy ‘?.‘f?r{thea% iRS nan d @S Welpy the
ink jet type recording head of the invention can be made relatively Snal

in thickeedsliguddi tciighthigds j nanel tledidigyal 20p¥hat nhSetbakFedeiss canl. An
ink jet recording head, conprising: a spacer nmenber, formed with a plurality
of presshee inlsaalidrest adingedlyi thareonst dimetheowtharditegid Agtheprfdowded on

the spacer nenber so as to seal the pressure chanbers; and
path unit having a relatively large recess to form the

reservoir is made of metal, and thus is high in rigidity. In
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.



a plurality of piezoelectric vibrators, arrayed on the diaphragmin the
first direction while being associated with the pressure chanbers, wherein:
both ends in the first direction of each of the piezoelectric vibrators
situate inner than both ends in the first direction of each of the pressure
chanmbers; and both ends in a second direction, which is perpendicular to the
first direction, of each of the piezmelectric vibrators situate outer than

bot h ends, i n.: ond direction of each of the pressure chanbers. 2. The
act uat or W%qtmtg%msegﬁgf orth in claiml, wherein the spacer nenber is a

ceram c spacer nmenber. 3. The actuator unit as set forth in claim1l, wherein
t he di aptragm Anditkjebescosdinghead; agmeesiagi c plate. 4. The actuator unit as
set forth in claim1, wherein a dinension in the first direction of each of
the pressure caspieersmpRbendprred withra plumliteatpressune chambers@orayedi r ect i on
of each of the pressure chanbers,

in a first direction;

a diaphragm, provided on the spacer member so as to seal the pressure
chambers; and

a plurality of piezoelectric vibrators, arrayed on the diaphragm in the first
direction while being associated with the pressure chambers, wherein:

both ends in the first direction of each of the piezoelectric vibrators
situate inner than both ends in the first direction of each of the pressure
chambers; and

both ends in a second direction, which is perpendicular to the first
direction, of each of the piezoelectric vibrators situate outer than both ends in the

second direction of @ach of the pressure chambers.

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 claim 1, wherein a dimension in the first
direction of each of the pressure chambers is smaller than a dimension in the

second direction of each of the pressure chambers,



