18 April 2006 1 |INK JET RECORDI NG HEAD AND MANUFACTURI NG METHOD THEREFOR
The present invention relates to an ink jet recordi ng head ah8 Apil&dsod f or
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 volune of the pressure chanbers to

thereby eject ink droplets. pyghygr ng@@nﬁiﬁg BReag kﬁDadvantageous in that,

since the displacenent of the dia hrgggs t he piezoel ectric transducers
takes place over a relati W¥éyF ﬁﬁ#ﬁ? gﬁﬁé REFOR e chanbers, ink

droplets can be forned stably. However, the recording head is stil
di sadvant ageous in that, S|nce|r$hdroplets are_jetted in a direction

per pendi cGiar PEGSBRE dAVERS I dic Eﬁﬁé%%n%ﬂtlﬁk JRE TEFRFRF-RGmPeATe and
recor di ngahgaghts fioavaadalflay tharige ian tindk jéit extdoytipry prad.cul ar to the

surface of theﬁﬁecqgﬁl |ngqﬁ§3 %gogaggégigg % E@ %arrlage s‘§FQE§|ng and

transporting t recor i'ts conponent's are

unavoi dabgyeébaieetwé his ARG+ On A cndared ¢ O 4k aggfﬁ' ch form

above-destribed difficulty, an 1ink jet type recor |ng “Heen
proposed, f 0F s eXAHY Bye & i 74 AP G50 NP TNSh R e h Rl 8§Eb@@cuﬁxen§h0

62-111758, in which pressure generating nenbers |nclud|ng di aphragns and
i nk 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
cf the diaphragms by the piezoelectric transducers takes place
over a relatively large area of the pressure chambers, ink
droplets can be formed stably.
However, the recording head is still disadvantageous in
that, since ink droplets are Jjetted in a direction

perpendicular to the direction of displacement of the

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

and accordingly the carriage supporting and transporting the
.recordlng head and its relatad components are also unavoidably
large in thi; direction.

In order to overcome the above—described difficuity, an
ink jet type recording head has been proposéd, for example, in
Japanese Unexamined Patent Publication No. Sho. 62-111758, in
which pressure generating members including diaphragms and ink
flow path forming members are formed in a layered construction,
and nozzle cpenings 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 directi-on of

di spl acenent of the di aphragm thereby to reduce the thicknekkApfil A6
recording head. That is, the 18 April 2006 2 recording head has a | ayered
structure The | ayered structure is advantageous in that the recordi ng 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

met hod for _pr ji-ng 4 recor di bhgad..an_.adhgsive agent is used for
j oi ni ng thé'ﬁ%gggqﬁenﬁggé.gggb%egg¥?'aurfngJﬁﬁgﬂfacture, t he adhesi ve agent
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menbers, thus changin e 1 nk fTow resi stancé t her
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pi ezoel ectric transducers mus t'o the diap hésive
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difficulti eses@nng R jStchype. recording head has been proposed, for
exanpl e, in Japanese Unexam ned Patent Publication No. Sho. 63-149159,

whi ch is fornediby JrayesbAgreetapiighhdtesd Ntk Sebasolid chbataccrhaped as

required to formflow path nmenbers, and ‘
head, an achesive agent 1s used for joining the plate members.
However, during manufacture, the adhesive agent can scmetimes
flow into smell holes which form ink flow paths in the plate
members, thus c¢hanging the ink flow resistance thereof,
lowering the reliability in operation of the recording head.

Furthermore, because the piezcelectric transducers must be

fixed to the diaphragm with.an adhesive agent or by etching or
laser welding, the manufacture of the recording head regquires

much time and labor.

In ordex to eliminate the above-described difficulties, an
ink jet type recording head has been proposed, for example, in
Japanese Uﬁexamined Patent Publication No. Sho. 63-1491589,
which is formed by layering ceramic plates in a semi-sclid
state, shaped as required to form flow path members, 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 recocrding head ‘sihce the nozzle openings
extend in a direction perpendicular to the direction of

displacement of the diaphragm, similar to the above-described

recording head.



pi ezoel ectric transducers, one on another and subjecting the structure to
firing. That is. the recording head is manufactured w thoutl@Apejp@08be step
of nounting the piezoelectric transducers. However, the nmethod is stil

di sadvant ageous in that it cannot achieve a reduction in the thickness of
the recording head since the nozzle openings extend in a direction
perpendi cul ar to the direction of dispPacenent of the diaphragm simlar to
t he above-described recording head. 18 April 2006 3 It is therefore the

obj ect of the present invention to provide an ink jet recording head which

avoi ds the above nentione drawbacks. This object is solved by the ink jet
recordinﬁthéadtgﬁbsgPEFn§ S Tetfert | B 779N andn Y9t HeR hid PEPVide

produci ngn dmk nkef etréped thqighbead waictol diR@ itde | fEeperdert seatdded
Furt her $dv nt gous %eatuges asgectgvg d, details gf,the invgntion are
evi dent FTOHPEHE depthddnbPeraFm® TR eEXrFE?ibﬂ ahdt t RS AF AP RgRe2The
cl ai 5 azectndheg underisidegeéndaenita dliaist hpphdache metefdani fgr t hbeoduwingi on

i n gener .er s, _.Th r t iynventi vides an_i.nk jet_recardinhg, head
i n whi ch%l%)i égl(ﬁ)cel ecti r?c‘:eetor%zliﬁs;ll uc}gera}sd]p?g\glfbgégnfgnetpoar gd%Pe}ﬁfs%géurce ag‘ anbers
comuni cBeether t a2t agepedi rMiER OWRs esRSpdw pr essiur dethadter sft otieor m

i nk droplgien: 206 M PRULLEHLAr |9diP ARnK d&bedadiee T eCaldinag heage whi ch
is forme y_arranging a nozzle plate, pressure éia er fornlng menber s
and a vi%ﬁ%ﬁ¥%€ﬁ¥ﬂ%l@ngnéhéndéﬁUﬂﬁéﬁ; afd'& & B ifs %P fiop be understood

as a first apprcach 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 cne 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 Jjet type recording head in which the
manufacturing assembly accuracy is improved,'the number of
steps regquired 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.



manuf acturing the ink jet type recording head. In view of the foregoing, an
aspect of the invention is to provide an ink jet type recorid Agrib@adéi n

whi ch the nmanufacturing assenbly accuracy is inproved, the nunber of steps
required for joining the relevant nenbers is mnimzed, and the nozzle
openings are provided in parallel with the direction of displacenent of the
di aphragns to reduce the thickness of the recording head. 18 April 2006 4
Anot her aspect of the invention is provide a nethod for manufacturing such

an ink jet typedaoadi ng heads sl Rrer dok en@ iaghijav e, tdie; &f of eqeRhbaned
aspects of the ‘invention, a nulti-layer ink jet type recording head is

nmanuf act Umecth et 11y t g h nygnt hpnjas tpbbovscofdihgShelhate menber of
ceramic formng a vibrating nmenber with piezoelectric™ transducers on the

surface thereofin actiest wpagenigeabehenBleor@feteiGeEs avpddisa phair ahkty of
t hrough-hol es therein formng pressure chanbers, and a |id nmenber having

t hr ough- hdlnesntilurpugh Waik@h it-navieressnke ¢oanbefse areddrdiGigruhiecdt i 08 W t h
a reservoir are joined together to forma pressure generating unit in such
a manner tmaatu fialve fred ta qucatde e ndher insepkacedaonfobiwwsur fAacé rafc phatéir st
spacer menber, and the |lid nenber is sealingly set on the other surface of
t he spacemem@eyerf Aaraimpk Soppliypgny iEmeyinmdemnbleraviehapipkaeéeandiani ch
is connected through a flow path to an ink tank and has through- holes

t hr ough wWhEER Ve SFre SSurtd cisaffarcse shereeiuni EArFRgSARERT member made

of ceramics with a plurality of through-holes therein forming
pressure chambers, and a lid member having through-holes
through which the pressure chambers are in commmication with a
reservoir are joined together to form a pressure generating
unit in such 2 manner that the first plate member is placed on
one surface of the first spacer member, and the lid member is
sealingly set on the other surface of the spacer member. An
ink supplying member made of a metal plate and which 1is
connected through & flow path to an ink tank and has through-
holes through which the pressuré chambers are communicatingwith
nozzle openings and the reservoir is in commnication with the

pressure chambers, a second spacer member having through-holes
through which the pressure chambers are in cammication with the
reservoir and the nozzle openings, and é 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



nozzl e openings and the reservoir is in communication with the pressure
chanbers, a second spacer nmenber havi ng through-hol es throughAptii 2006he
pressure chanbers are in conmunication with the reservoir and the nozzle
openi ngs, and a nozzle plate nmenber w th 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 nenber, and
the nozzle plate nenber is fixedly placed on the other 18 April 2006 5
surface of the second spacer nmenber. The outer surface of the |lid nenber in
the pressure generating unit is joined to the outer surface of the ink

suppl yi ng oepbeeei Of t ige f L OV PAL BpblBeE mavtdr 2 MRS %9%&&99@% V&ﬁ
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agent. In the pressure generatlng unit, which is nade ceramc

t hrough- hof 8 Aegbker med ixe t Pe=spager aaadzehnwmt Sigp bihes tcfaae the
manuf acturing step of -joining the V|brat|ng menb Bacer nber and

the lid megibesr aunstposidf weley ink @Wﬁl@tl?lh@aiﬁéﬁﬁegf lhnkheaﬁio& f&w'&mé 0
whi ch high pressure is exerted. The flow path unit, which is nade of netal,
has a relaitived ymdargeolacolgh- Bdhestioef aganthe reservoir in the space
menber, and therefore it is high in dinmensional accuracy. The pressure
generating uni tImmhe fprddsowpagenanfitingr gnjioi, nebdichojethede wf lreramic,
macr onol ecul ar_ adhesive |ayer, so that the difference in thernmal expansion
between t Hena o GRFESShAHCLES a2 8BS mE@E™ER diff f BRentS RRRST | BPRDSS , deddidbed

above, can be _ absorbed. ) oL i )
simplifiss 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-hcole to form the reservoir in the
space member, and therefore it is high in dimensional accuracy.
The pressure generating unit and the flow path unit are joined
together with a macromolecular adhesive layer, so that the
difference in thermal expansicn 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



Fig. 1 is a sectional view showng a nmulti-layer type ink jet type
recordi ng head constructed in accordance with a preferred é8buphil20Q6 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 18
April 2006 6 rel ati onships between pressure chanbers in the recordi ng head;
Fig. 4 is an explanatory diagram showi ng the position of a piezoelectric
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 A-Ain
Fig. 5 shoatagirhshdPsuberweesf priss spir€z s8RBSErisC inr ahedueesrdbmgtledad pn a
di aphragmin the recording head, Fig. 7 is a perspective view outlining the
recordi ng head; FiBi-g4 &9 2 guplnacianie diagraheiionitdethegost ticn uoe of
the recording head, Figs. 9(a) and 9(b) are, respectively, a |ongitudinal
sectional 9i BheaRE1ECEFdSS IFEMSIIRAT vife e iEarndsimg shddde B-Bin in Fig.
9(a) showing the recording head jetting an ink droplet; Fig. 10(1) - 10(V)
are sectional viéfs for & déscPEREPBRTLIVE &ifN h&#omWdnImakbie acrasithienel

milti-tayer YR noKibe' ne¥heen’ B0 0610 PE0E AE00IgLRE L0 A 0% JEEd LY
in the recording head;

Fig. 6 is a sectional view taken along a line A-A in Fig.
5 showing the structure of the éiezoelectric 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. S(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 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.



Fig. 11 is an exploded view for a description of a step of joining plates
together to forma flow path unit; and Figs.' 12(a) and 12( B Apml 20Q@r ans
showi ng an adhesive |ayer through which the flow path unit is joined to a
pressure generating unit. 18 April 2006 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 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
ceramc plate of zirconia (Zr02) or the |like having a thickness of 150 m
The spacer nenbeeférhbag aenbgbemeatsel ofigated hphesnfosmed,ft1 now be
predeterm ned intervals therein, thus form ng pressure chanbers2.. Each of
t he el ongadesichbbes 2?ihas referendeparct ithe alceeaipedyQvel ddzkesesvoir 21 as
shown in Fig. 3, and the other end portion |ocated over a nozzl e opening
31. A di aphragnfigss 1faxed? yer®urspkoni oaky sairdmacss -afeddie rafiacelewraineer | .
The diaphragm4 is nmade of a material which, when fired together wth the
spacer nmemberexdplededoppasbotrtive chew athewing i x pusifdrradentadiorgntand it
has a high elastic nodulus. In this enbodinent, the diaphragm4 is made of
a thin zi redMEt bt AEeI0ingnieh IPFAIHES Paddiqans wated dpacscomsisse. As

hown in Fig. h rf f th i gphragm 4 | r f
sho Wiék %heoqgvéag}gnécef% %hgsg %Egu%%s,’ré%é¥§négk§ugerg& 1

designates a spacer member made of a ceramic plate of zirconia

(Zx0;) or the like having a thickness of 150 um. The spacer
| member 1 has a number of elcngated 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 cover a nozzle cpening 31. A diaphragm 4 is
fixedly mounted cn cne suriace ci the spacer member 1. The
diaphragm 4 is made cf 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
Hm in thickness, similar to the spacer member. As shown in
. Fig. 5, on the surface of the diaphragm 4, electrodes 5 for
applying drive signals to piezoelectric transducers 7 are
provided in correspondence to the pressure chambers 2, and

lead-cut electrodes 6 of 2 common electrcde (described below)

are provided.



applying drive signals to piezoelectric transducers 7 are provided in
correspondence to the pressure chanbers 2, and |ead-out el é8tApsd&906 of a
comon el ectrode (described below) are provided. 18 April 2006 8 The

pi ezoel ectric transducers 7 cover the drive signal applying el ectrodes 5.
More specifically, each of the transdu%prs 7 is made of a thin plate of

pi ezoelectric vibrating material such as PZT, which is substantially equal
in length to the pressure chanber 2 but snmaller 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 wdth with the

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

af or ement i oned BoAmbhescedecsdéc FianSNIRTE oh theepi eteel @rtvécsignal
transducers 7 and the |ead-out electrodes 6, for instance, by sputtering.
That is, t3IRPIDWEF SiRFRERIE®n fhe siMRESf sesidiimshdagm 4ecdf edchthe

pi ezoelectric transducer 7 is connected to the drive signal applying

el ect r ode 2P §HeS uphert SsufRd€e P cdnrdbied Bld tehe ofonmbazoellé6trége 8.
Further in Figs.. 1l and 2, reference nuneral,K 10 designates alid nenber

whi ch, t od@tifet= Wt Rt Wi bt M4t 2f or s Ehe s 5y igldab &g e 1The

spacer merSER T 1o R BRI [ ORAPact B s cred Ret Aot RESRE FBPP FROChi s

enbodinenﬁﬁgge£§ Q?dgﬂgwfiEgi@iﬁtr%gniaTRE%t%égxkﬂEiQransducer 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 6, the aforementioned common electrode
8 is formed on the piezcelectric 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 1is 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

2 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 tocgether 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 cammumication with the
pressure chambers 2, and through-holes 12 through which the

reservoir 21 is in commmication with the pressure chambers 2.



t hi ckness. The |id nenber 10 has through-holes 11 through which the nozzles
openings 31 are in cainunication with the pressure chanbersigamiicoos

t hrough- hol es 12 t hrough which the reservoir 21 is in canT mcation with
the pressure chanmbers 2. 18 April 2006 9 The above-descri bed nenbers 1, 4
and 10 are fixedly conbined together, thus formng a pressure generating
unit 15. Reference nuneral 20 designates9a spacer nenber formng a flow
path unit 35. The spacer nenber 20 is nade of a corrosion-resistant plate
such as a stain|ess steelcflate'150 pm.in thickness and which is suitable
for formation OfN®nRHAVRrAgFRHReTh@eSPESS hentfer 2268 hh8 mmubstantinl |y
V-shaped through-hole form ng the aforenentioned reservoir 21, and

t hr ough- hAFPITER HyARFNhi cH ¥ el PFrsi@ire RARSHSEs g2nere ting canrnabeat i on
wi th the nozzl e openings 31. The through-hole formng the reservoir 21

ext ends radi al RROFTERCE MRETTHHE v¥ hGleTHIRAt §% fhsP2ZLTamembiean fpamahtet t o

t he ends %f t he prqgsure c?gnbe&g 2. More specifically, in the enbodi ment
havi ng t he 1 ¥oz PBR&opBRLfgs 7 h t wo S n&B2°ERe R4RRRFh-2AFol &£Sf Jrafsg Ofhea
reservoir 21 includes a. V-shap ortion extendin adi al | out war d t he
i nk suppl Yidt§ G e enbers gpgg%getaﬁcga?al?eftag%{?anEté?}eﬁ s fg&n1the

tho outer gnds ohithSeYsshanedpant Lons g ong Le L8l ddie J¥ eapuEe

?w
chanbers f eréence nuneral esi gnates an 1nk “suppl ying e I xed

to one surfage of the abguesdeseddhed spacels e 2Qqr sENE J M- SHRPLYI NG

menber 26 "has through-holes 27 through which
through-hole forming the aforementioned reservoir 21, and
through-holes 22 through which the pressure chambers 2 are
in commanication 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. Mqre specifically, in the embodiment having the
nozzle openings in two lines, the through-hocle forming the
reserveir 21 includes a V-shaped portion extending radially
outwaxrd 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 camumication with the nozzle
openings 31, and through-holes 28 through which the reservoir

21 is in commnication with the pressure chambers 2. The ink

supplying member 25 further has the ink supplying inlet member



the pressure chanbers 2 are in canmnicaticn with the nozzle openings 31,
and through-holes 28 through which the reservoir 21 is in CegrAgHICRIdEN
with the pressure chanbers 2. The ink supplying nmenber 25 further has the

i nk supplying inlet menber 18 April 2006 10 24 on its surface, which is
connected to an ink tank (not shown). gleofoerence nunmeral 30 designates a
nozzle plate fixed to the other surfac f the spacer nenber 20. The nozzle
plate 30 is nmade of a stainless steel plate 60 min thickness and which is
sui tabl e fdrs fonnetdsonsot£aczz| esmpeni hys cé@nmciteddi edrekar .inkTheafPzzhex
openings 31 in the nozzle plate 30 are fornmed in correspondence with the
pressure chdwbark. 2. The nenbers 20, 26 and 30 are stacked one on anot her
and fixed together as a unit using an adhesive or by wel di ng using

di f fusi on betwediefimnence nhwecby 86 eshonas e & enentlongtaté| ovwpat bounit
35. In this operation, the stacking of the nenbers is perfornmed under a

hi gh pressie iRy sur fiard cfatheperacedr BeBP§rsidcktheomezam capdehier 30

wi t hout intrusion or . deformation although the |arge through-hole for

form ng thds FPeser ¢di # 212i81lREEhFReRA PRaTSt &R KM Heat Al knies smenterbiahe
made of netal, as (giscri beg above. Th% Er essure generating unit 15 and the
flow path i £udfabiee £ogi ARTMRHIORgRL t FRFF L8 PRE IS higt & T A8ediaRaReFy,
the cont acélslsurfaces of the li(rj! menber. 10 and_the ink suopplg/i ng menber 26,
with an adfés V¥PZ34er 8B EBIForh tife TRRoPQFAGE 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
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 camumication through the-
through~holes 12 of the lid member 10 and the through-holes 28

°f the ink supplying member 26 with the reservoir 21, and they



head. Thus, the pressure chanbers 2 are in cannmm cation through the

t hrough-hol es 12 of the lid nenber 10 and the through-hol es1@8&pridf200be i nk
suppl ying nenber 26 with the reservoir 21, and they 18 April 2006 11 are
further in carcranication through the through-holes 11 of the |id nmenber
10, the through-holes 27 of the ink sugg]ying menber 26 and the

t hrough- hol es 22 of the spacer nenber with the nozzle openings 31.
Figs.' 7 and 8 show the front and rear structures of the nmulti-layer ink
jet type recording head according to the invention. In the front structure,
the nozzl e openings are arranged in two |ines at predeterm ned intervals.
In the rear _structure, the pressure generating unit -15 is fixedly secured
to the 8% PHHER MY camunicri-ioabl estgzzoa% pPBvitdaPugdr-hedgs Vilngpf the
electrical ;signals to the piezoelectric transducers 7. Wen a drive signa

i s appliedlif BEPPBRel Bf the tloreughetkees 2 odnsdecéns Fupphpingsypaerére
transducer 7 is _ flexed in the direction of wwdth with the | ongitudi nal

direction 88 aRdathe thrrndethrlehg??nef dFABhERgRRF Membeds 20 el gy d®ir e

chanber as shogn in Fig. 9. As a result, the volume of the correspondi ng
pressure ch8fBeP 9PPBiREEr ddsed; that is, pressure is applied to the ink in

(he Pressure chagher sHence.s el MlneLhec Phessue sharber 2 e doraed to
throth'hO%Sl@Z-?éy&Pe iﬁ% %ﬂﬂ?'%&%@ Wnggfdggg head accérding 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 eapplied to any one of the
piezoelectric transducers 7, the respective transducer 7 is
flexed in the direction of width with the icngitudinal
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 piessure
chamber. Hence, the ink in the pressure chamber 2 is forced to
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 the 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



and the through-hole 22 of the spacer nmenber 20 in the flow path unit 35
into the nozzle opening 31, fromwhich it is jetted in the ﬁ@nhbﬁﬁgéﬁbi nk
droplet. The ink flow paths extending fromthe pressure chanbers 2 18 Apri
2006 12 to the nozzle openings 31 are defined by the through-holes 11, 27
and 22, which are forned in the lid nenhf the ink supplying nenber 26
and the spacer nember 20, respectively. he through hol es 11, 27 and 22 are
reduced in dianmeter in the stated order, which substantially prevents air
from entefinghenngzzie opesdnds cHariser dteﬁmeglhbwhehenkhfboghpachesewm
when the neniscus of the ink in the nozzle is destroyed and drawn toward
the pressurd Gifbér, ‘H‘Tbl‘?}hkai‘-'ﬁ theemece sk h ecHdtﬁJeme!Bbﬁaylﬂllowhqtrmlgh

t he through-holes 12 an 29 [ t%ﬁﬁ? reservoir 21; however, since the

t hr ough- holS¥ PR3 Y1 S % fiff g rhe { APECT ofieAbeiTni2 O | FesRRCHIERIYY

reduce the regsure; t adversely affect the jetting of
the ink drSBE fHan - %ﬁg éﬁVcdﬂlGﬁaoﬁgthﬁedFF93C§Pgh8IQ%émgﬁéﬁeh@eﬂ“ﬁ
t hat 7 is restored to its_ unexcited

i | sduc
statelsthe VSFSEECEFFZOG C%ééﬁ?é %E ﬂg LY| BTeVRptSased 0% HA™ negat i ve
of ook a5 BPESFORG bt °he%*8£ne€§‘?%§‘éﬁgh? Afbef  shERlchetia drt ZFhrgh -t he
through- haleg %%e%nthé JiLsLle o eeaur ¢n Ehattb%eZ PR PRI YE T EFSUT €

in the pressure chanber acts on the nozz e open
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; however, since the through-hole 28 is small in
diemeter, 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 sc 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

ressure in the pressure chamber 2 acts on the nozzle copening
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.



31; however, the neniscus in the nozzle openings prevents the ink from
returni ng towards the pressure chanbers. Therefore, the neges A¥gl poessure
is effective in sucking the ink fromthe reservoir 21. 18 April 2006 13 The
flow 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 %%anges, the two units 35 and 15 are
urged to shift relative to each other because of a difference in thermnal

expansi on, theT%Qif LS absg b%ﬂmP ége | ayer of qgironnlecular adhesi ve,
so that the nozzle %Ilgf’e Pg {5 ed” fromBEHF Beht =< habei sPrehevFayer

reven

of et OMBLEGUERL AGel e, Preyells Lge Soutel | oheol v s Lo i, prel v

A et hod or “manuf &ct urTng "t'he ve- descri
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suitable f ~formation e pressure chambers repafed. In

the pr eseQ%eemqie%nEtaenggéfg{hjﬁé Afafied) T ERD! 2.834LNG 2 4Gl Ay 114G ze

consi stency, nanely, een sheet use ormati o 1 rst sheet

40. A pfe%\%ﬁba weednti¢ «f aranddiniighs Rl gs Ahed 16 U %Pﬁﬁ%ﬁeﬂé@ _

positions ere the pressure chambers 2 are to be forned. y as in
the case of th@-dalStexsieelond $860RM FRe6ls 4 dSrv@ehbpedn@n the Press.

That is, through-holes 43 and 44 through which the reservoir 217is in

conmuni cahkeRombllecthe Meatlee iaRgNis8gshat ane AOEHEE plade Of €6frevented
from being bent; that is, the layer of macromclecular adhesive
prevents the formation of prints low in gquality.

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

A ceramic material having a thickness suitable for
formation of the pressure chambers 2 by firing is prepared. 1In
the present embodiment, a thin plate of zirconia having a clay-
like consistency, namely, "a green sheet” is used for formation
of a first sheet 40. A press is used to form thrbugh-holes 4]
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 2 thickness suitable for formaéion of
the 1lid member 10.

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

third sheet 45 is placed on the first sheet 40, which is made



sheet of zirconia having a thickness suitable for formation of the lid
menber 10. The first sheet 40 is set on the second sheet 42,1sAadria20bbi rd
sheet 45 is placed on the first sheet 40, which is nade 18 April 2006 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 together and sem -solidified. The assenbly
of these sheets is fired at a predeterm ned tenperature, for instance

1000C, whidfe & hremseshbyti sfpreseohizedavirnida exd@meddatul bepassesbly is
prevented frombending. As a result, the sheets are transforned into

ceram c plfatrest itne of nires fdashdgmid ch Pte €orde nedeéoget ber abyahir 88g.
That is, they are forned into an integral unit. As described above, the

t hr ough- helkres #dided ntpg drie z2poessnr enclanben S5ferr peeeedrien tdred f theh
sheet 40. The through-holes 41 are extrenely small in w dth. Hence, when
the thredrskedst sIarehienpoyangl gtépndste tystdierhedtd® 49ecdrzdzadd 45t bred
sheets 42 and 45 (which formthe |lid nmenber and the di aphragm

r espect i vekeppozesidot boeidadnedgesnert radpeenduselidifsedt abTheconsenbint ed
at the through-holes 41, which contributes to the conmbining of the second
and t hi r do§hééesesZheqiss 455 wftRethatf Ar Sredrtarmig sy 5empeRatIHes, L0he

vol une of . each pres cha r can be set as required.
instancg 15865E, while éhe assemﬂiy' ? pressurized to the

extent that ihe 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 tocgether, 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



The first, second and third sheets 40, 42 and 45 thus fired function as a
spacer nmenber 50, a lid nenber 51 and a diaphragm 52, respd&tApml 3006 n this
state, electrically conductive paste |ayers are forned on the surface of
the 18 April 2006 15 diaphragm52 at the positions of the pressure chanbers
53 and of the common el ectrode Iead-og% termnals by a thick film

printing nmethod. Relatively thick |ayef§s of piezoelectric materials of a
clay-like consistency are formed with a nmask by printing so as to provide

t hr ough- h@k2BhF Ag80 Fre fFortden @S sid 1 altfe $f vurkrsmnterch&toerhehd témd t hi ck
| ayers have been dried to the extent that they are suitable for firing the
transducefPff @ nePHRER! iediestnofe® whod @~ 8sSefBEPing lsednedaatthixk efibbm at ur e
suitable for firing the piezoelectric_ transducers and the el ectrodes, for

i nst ance, PFANBLREndre 0104 r omROVBE ¥RLY 1306€k Trarers hefpinieroeleetric
transducers 54 are f%rned for_ .the resgective gressure chanbers 53 (see Fig.
10 (11)).MFheFeatfePl & FAJ¥rlokecfFRREFFEENFY eBRIIRTNCR Whthra a02$% bY or ned

over the commpn el ectrode | ead-ou tgﬁnina S the piezoelectric

(r ansdUcch STBALBS 55t 1A 17 | 71 TOFH nE REFRDNEAER. 1as R-SSRREATHS hethod.
S of " BE SRS SRS AR | 08 TR AN, SPRSRCE, BBl Ao
e o B8, o e LS oty U, 08l A, O
transducer-forming materials, the whole assembly is heated at
a temperature suitable for firing the piezoelectric transducers
and the electrodes, for instance, in a rangé cf 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 foxmed 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



using netal plates having respective predeterm ned thicknesses. That is,
the i nk supplying nmenber 60 is fornmed by formng through-hoigshﬁﬁz@@@ 62
whi ch correspond to the through-holes 27 and the flow path regul ati ng hol es
28, in the nmetal plate on 18 April 2006 16 the press. The reservoir form ng
menber 66 is formed by cutting through-holes 64 and 65, which correspond to
the reservoir 21 and the through-holes ¥2, in the metal plate on the
press. The nozzle plate nmenber 69 is also forned by form ng through-hol es
68, which correspond to the nozzle openings 31, in the netal plate on the
press. As shewpzdesdti g. THd, resendiing foimin§ heribey t Bpougdh- kelReq7Gpnd a
through- hole 71 is inserted between the nenbers 60 and 66, while a bonding
film76 hagingibbr ougiebohescY@santh aandr obigh- hdlieely3 coirgelsperid edo betmgeen
the menbers 66 and 69. In this connection, it should be noted that the

t hr ough- hotese70pi712172rand k8 ehecudlormelies n22 heihontiengefaling ek eanth 76
in such a manner that the remaining portions of the filnms 75 and 76,

nanel y, thehéomdiass . r editonsnohkedeofplate noembeveréd hést wlaughfbohed Gy 62,
64, 65 and 68 of the nenbers 60, 66 and 69. The nenbers 60, 64 and 69 and
the films §ermhug 76thankigh-havesbedh stddidd rarrhepabdvetodeshe i ned zienner
are thermally bonded under pressure to form the flow path unit. The
pressure gePRRPERFRHQ Lini i1 AP HREF ) RA ST RPURPE BFESSj 0i hedshewt oinl G- As

shown in Fjg. 12(a),,.an esive layer 80 is forned on_the surface of one
of the uni%g' ?o&o%ﬁéPﬁh ng 7§3ha ing through-holes 70 and a through-

hole 71 is inserted between the members 60 and 66, while a
bonding film 76 having through-holes 72 and a through-hole 73
is inserted between the members 66 and 69. In this connection,
it should be noted that the through-~holes 70, 71, 72 and 73 are
formed in the bonding films 75 and 76 in such a2 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

nd 58 ¢f the members 60, 66 and 69. The members 60, 64 and 69

m

and the films 75 and 76, which have been stacked in the above-
described manner, are thermally bonded under pressure to form
the flow path unit. | ]

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 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



the surface of the ink supplying nenber 60, by coating it with adhesive or

by using a thermal welding film(see Fig. 10(1V)), and the ﬁig Hpg@gé 51 of
the pressure generating unit is placed on the adhesive |ayer Bt Aus f or med
in such a manner that the 18 April 2006 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&7flow path unit and the pressure
generating unit, which serves as a cushion nmenber to absorb the difference
in thermal - expansi on between the two nmenbers. The adhesive [|ayer 80

spreads o g%wgﬁ ueez bat : i.ts. sho in,Fig...12,

tﬁere areuipl\rogc\s/i e ‘?%%go%g gg%?’@‘ﬁﬁﬁ tﬁg%x;l\g?o%ﬁ%h&hfﬁ\%\m%@oalcﬁ%sq%e IS
rovi ded, r re t he hesi om.spreadi ng_in e s

Fhr ough- ho%’gf g?yt(tﬁggﬁi dlv@i‘féh%ér ﬁgaﬁdktgﬁ‘éifhk“z‘ﬁpap‘ia"y‘?srfg’?re;r%%%pesg.l M t he
recordi ng fivate @ ndhfebAVEAR @owt AR GR3Y Ena0ehes gge@%u%i tg\;.-:g. ARde Of

ceram c, which has a |lower density” than netal, an erefore rati orn

propagat i neniref wasith adAseNta Piezehesh hémbé ANSHULEd S Stk%%ﬁtflf)érence
attenuated; that 1is, crosstalk is prevented. Furthernore, the elenents

form ng tihe vhérmsinexpemndidh Obethéer cenedichg heatd&fs ! herhaveriieyivear e

joined as an integral unit without the intrusion of any foreign nenber.

This feat reyqnsiaisetyacsi ohnabed whends&heeublybetwerk lterkithe hedasse of

i nadequat e adhesion. Furthernore, in the recording head of the invention,

t he base dfs tdteovpr eissUF g geh@r athergeuare pndvidedceegions 8@ mimegnd 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. Furthermcore, 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



the vibration generating unit are fired at tenperatures suitable therefor.
Thus, the operation of the recording head is high in reliatg Apty 2006

descri bed above, the nulti-layer ink jet type recording 18 April 2006 18
head of the invention conprises a pressure generating unit and a flow path
unit. The pressure generating unit includes the first plate nmenber of
ceramcs formng the vibrating nenber 1fith the pi ezoel ectric transducers on
the surface thereof, the first spacer nenber of ceramics with the

t hrough-hol es form ng the pressure chanbers, and the |id nmenber having the
t hrough- hol es through which the pressure chanbers are in comunication with

the resemeid oMt TRIRALS A &dnidiedd N asuch &, ppppe eégﬁéﬁﬂége“%%észhe

pl ate nmenber is placed on one surface of the first space

lid menbemnd s sSedllicngls 3etufit  henet Beksssvel 8e8egh +h spacer er. The
flom1pathrhnit includgf thg' I nk supp?yiﬁa nengeﬁeggééggfuglﬁef%$Fg$% e

whi ch i s crenaeebedplbieoahnkicot| s tookiind Hnd 30K 20duhi g bas the

t hr ough- hol es t hrough which the pressure chanbers are in ation with
the nozzhe tepeniengs care e F 05 AIA@Isd uce ris o&C tRel BE%BEQ“E%{%QO% hecpgessure
the

chanbers, the second spacer nenber having the reservoir an

t hrough- ifdlres sproeghmetibelr diheepzadssr eichagher Shab8qhDh6COAMBHEA G CN

with the nozzle openings, and the nozzle plate nenber with the nozzle

openi ngs thet pass seharaifzeng, | idethe dgist eember shichimg mahaethtdragh+ he
holes through which the pressure chambers are in camumication 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 a2 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
communication with the nozzletopenings and the reservoir is in
cammunication with the pressure chambers, the second spacer
member having the reservoir and the through-holes through which
the pressure chambers are in cammmnication 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 1is, 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 gym@@@googhe
outer surface of the Iid nenber is joined to the outer surface of the ink
suppl ying nenber with a nacronol ecul ar adhesive agent. That is, the
pressure 18 April 2006 19 generating unit for producing pressure to jet ink
droplets is forned by firing the menbet?® nade of ceramic. 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
thereon. QerdiawWiherahapdsothgrbbowingabheydhte Nayi etal;,ﬁl ﬁ&bﬁ%éés' akge

recess toformthe reservoir Is nade of nmetal, and thus iIs

rigidity. floimearidiy i OIrih§etRer aBhbeps eﬁsuéeogee&éﬂeg U@hgﬁé%rkhe tRet al
flow path unit are joined together with a macronol ecul ar esi ve agent

rel ativel ri@sghmen Rirfstieify. virbnces dbnditipeds e MNiikS ndue at Qelhe
difference in thermal expansion is positively prevented. As a result, the

ink jet typed ddepdidigeidieadest,t aedi nhentignataappyingeclekarbdekycanal |
in thickness, and it is highin r reliability. 18 April 2006 20 CLAI M5 A
| ayer - bui lble iinksj&llegpedirecolyi Mpdrmeat conPni shagothkr aprdssthe flow
generating unit (15) conprising: (1) a first plate nenber (4) formng a
vi br at i ngpeshbernigyvi hgving 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.



pi ezoel ectric transducers (7) on a surface thereof, (2) a first spacer
menber (1) having formed therein a plurality of through- hol&#&pfid2eDhg
pressure chanbers (2), and (3) a lid nmenber (10) having through-holes (11)
formed therein through which said pressure chanbers (2) are in

communi cation with a reservoir (21), id first plate nmenber, said first
spacer nenber (1) and said |lid nenber 10) being integrally connected to
one another in such a manner that said first plate nenber is placed on one
surface of said first spacer nmenber (1) and said lid nenber (10) is

seal i ngl yC8atM8n the ot her surface of said space nenber (1); B. a flow path
“unit (35) conprising: (1) an ink supplying nenber (26) nade of a netal

pl ate, said ink supplying nenber (26) being connected through a flow path
to an ink tank, and said ink supplying menber (26) having through-hol es

(27,28) forned therei h mhlch ressur.e chanbers (2) are in
communi cat i oh- Wi rrl’h]a?ﬁﬁ E”gb’g}ﬁyﬁ@é“? %ﬁ?g CeRPHSPRservoir (21) is in

comuni cati on W tah i (2) a second spacer nenber
(20) having sai d%r eief%g?éﬁ?’%ﬁ"f‘ﬁé%ﬁﬂﬁﬁ Cg”‘ﬁ.%glﬁ& es (22) through which said

pressure chanbers (@) a:i'net]ﬂatem:emhtru(ﬂ)cfa’ammglawbﬁdmnganilalhﬂnohwiﬁg openi ngs (31),
and (3) a nozzle plate, merﬁber, 3%@ havi sai d. no z| e. openi ngs. (31) forned
therein, -18 April 2008'%29<§ edng g “%‘;ﬁf)dlgpf‘ﬁgmﬁ@% r¢9%6) , said spacer menber
(20) and said nozzdﬁamlﬁtﬁa@ﬂ%{beﬁé%ﬂa\h}ﬁg @&nie@tﬂfég&ﬁ%|p}(11999%?%9&ht0 one

anot her in
holes forming pressure chambers (2), and

(3) alid member (10) having tlu'oug,h-ho]es (11) formed therein through
which said pressure chambers (2) are in communication with a
reservoir (21),

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

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

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

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

member (1);

B. aflow path unit (35) comprising:
(1) an ink supplying member (26) made of 2 metal plate, said ink
supplying mermber (26) being cormected through a flow path to an ink
) tank, and said ink supplying member (26) having through-holes
(27,28) formed therein through which said pressure chambers (2) are in
communication with nozzle openings (31) and said reservoir (21) is in
comumunication with said pressure chambers (2), '

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

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

therem,



such a manner that said ink supplying nenber (26) is placed on one surface
of said second spacer nenber (20) and said nozzle plate nertideApi32006 s
fixedly placed on the other surface of said second spacer nenber (20); and
C. an adhesive agent integrally joining an outer surface of said |id.nenber
(10) to the outer surface of said ink supplying nmenber (26), wherein: as aid
joining surfaces the area of said flowxpath unit (35) is larger thaw the
area of said pressure generating unit (15). 2. Anmulti-layer ink jet type
recordi ng head conprising: a pressure generating unit conprising a plurality
of pressure chanbers and actuator neans for increasing pressure in the
pressure chanbers; a flow path unit conprising: a nozzle plate nenber having
nozzl e openings for megqtaeagipiingmenbls ©4pphiispgenerhher (30)ehd sdidi nk is
supplied froman ink supply” inlet nmenber to ich the ink supplying nenmber
is directly connect edpzzltpiaienkemberdpf)/bding wtegratiyisennestedtodinegnperndi r ect i on

perpendi cular to the ink supplying, nenber, .the ink Pl yi ng _nmenber havi ng
‘first through hol es SY&#HBagsahats#Hd i '%UP@H“WP@HQT’@&%F@!%‘G?@“(9H%mbers are
communi cated with the nozzl e eni . . g ing a

reservoir and secondS}“ﬁ?cc?uogﬁa’ﬁ%Fceoéjdgﬁ?cc%%qlbﬁggﬁ%ﬁ?ﬁﬂﬁgcﬁ%&chanbers are

comuni cated -wi th t Re,nezzie iopedngRced WBE @ihBr §ultfact @5 e48 Gedonti S

comuni cated with the pressure chanbers; wherein the pressure chanbers are
comuni cated with theparsrmiembep@A);mgd via the first through holes in the
i nk supplying menber and through the second through holes in the spacer
menber; 18 April 2006 22

C. an adhesive agent integrally joining an outer surface of said lid member
(10) to the outer surface of seid ink supplying member (26), wherein:
at.said,joining surfacesythe-area-of said-flow:path-unit (35)-is larger than

the area.o7.5a1d pressure: generating unit (15).

2. A multi-Jayer ik jet type recording head comprising:
a pressure generating unit comyprising a plurality of pressure chambers and
actuator means for increasing pressure in the pressure chambers;

a2 flow path unit comprising:

a nozzle plate member having nozzle openings formed therein;

an ink supplying member to which ik is supplied from an ink supply
in]ét member to which the ink supplying member js directly coimecied, the ink
supply inlet member extending in a direction perpendicular to the ink
Supp]ying member, the ink supplying member having first through holes
formed therein through which the pressure chambers are communicated with
the nozzle openings; and |

a spacer member having a reservoir and second through holes through
which the pressure chambers are communicated with the nozzle openings,
wherein the reservoir is communicated with the pressure chambers; wherein
the pressure chambers are communicated with the nozzle openings via the first
through holes in the ink éupp]ying member and through the second tln‘bugh

holes in the spacer member;



t he WC suppl yi ng nenber, the spacer nenber and the nozzle plate nenber
being integrally connected to one another in such a manner 1&hAprit B806i nk
supplying nenber is fixedly placed on one surface of the spacer nenber and
the nozzle plate nenber is fixedly place on the other surface of the spacer
menber. a thermally fusible filmhaving a specific prefornmed shape, for
integrally joining an outer surface of 4yhe pressure generating unit to an
outer surface of said ink supplying néiber. 3, The recording head as set
forth in claim2, wherein the thermally fusible film has through holes
~arranged in positions to be superposed on the first through holes so as to
have a di aneter | ar gére inkhamppiyieg diearet,ahe sfacdrimeerflier spd thknouagle phad es,

respectively. .. -
P y member being integrally connected 1o one another in such a manner that the

ink sﬁpplying member is fixedly placed on one surface of the spacer member

and the nozzle plate member is fixedly place on the other surface of the spacer

member.

a thermally fusible film having a specific preformed shape, for
integrally joining an outer surface of the pressure generating unit to an outer

surface of said ink supplying member.

3. The 1"ec01;di11g head as set forth in clain1 2, wherein the thermally fusible filin
has through holes arranged in positions to be superposed on the first through holes so

as 1o have a diameter larger than the diameter of the first through holes, respectively.



