7 Novenber 2006 1 INK JET RECORDI NG HEAD AND MANUFACTURI NG METHOD THEREFOR
The present invention relates to an ink jet recording head and a nethod for
manufacturing an ink jet recording head. An ink jet type Yc¥wradibeg head is.
known in which piezoelectric transducers are coupled to di aphragns which
form walls of respective ink pressure chanbers, wherein displacenment of
the piezoelectric -transducers varies the volunme of the pressure chanbers to
t hereby eject ink droplets u dﬁkﬂ | ead i s advantageous in that,
since the displ acenent oprgeggﬁgp ragnéﬂg€q?ﬂg)dpﬂ%oelectric transducers

t akes place over a rel atMANUEACEYRENG r METBODt THERERORUr € chanbers, ink
droplets can be fornmed stably. However, the recording head is still

di sadvantageous in that, since ink droplets are jetted in a direction
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62- 11175 I Ch pressure génerating nmenbers inc I'ng draphragmns 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
of the diaphragms by the piezoelectric transducers takes place
'over a relatively large area of the pressure chambers, ink
droplets can be formed stably.

However, the recording head is still disadvantageous in
that, since ink droplets are jetted in a direction
perpendicular to the direction of displacement of the

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

and accordingly the carriage supporting and transporting the
'recording head and its related components are also unavoidably
large in thi; difection. ' ;

In order to overcome the aﬁove~described difficuity, an
ink jet type recording head has been proposéd, for example, in
Japanese Unexaminéd 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 formed in a |ayered construction, and nozzle
openi ngs are provided in-a row extending parallel to the direction of

di spl acenent of the diaphragm thereby to reduce the thakhesse2f 266
recording head. That is, the 7.Novenber 2006 2 recording head has a | ayered
structure. The layered structure is advantageous in that the recording head
can be mniaturized, and it can be man2ifactured wusing a sinple nethod for
joining plate nenbers formed by pressing or etching. In the manufacturing

met hod for-pradugi R@aldhed £6OIH pg-=dead: wanuadhesi ve agent is used for
joining the plate nenbers. However, during manufacture, the adhesive agent

can sonetimesThél oWalyaizeds M driwhese whigh davankakeblaw pat heHat thaydl ate
menbers, thus changing the ink flow resistance thereof, |owering the
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pi ezoel ectric transducers nmust be fixed to the diaphragmw th.an adhesive
agent orudynegt @hi agnple |metnodelfdimgjothéngamiars umemtle dshefoeradding head
requires much time and |abor. In order to elinm nate the above-descri bed
difficulpressiag oFnketjeting.pe recordi ng head has been proposed, for
exanpl e, in Japanese Unexam ned Patent Publication No. Sho. 63-149159,
which is fornk@d Bypel HAMHFRCELF BT cMBraces far @xedmcingi ghesmacordinged as
required to form fl ow path nenbers, ang pi ezoel ectric transducers, one an
anot her 293 s B} REFRFLVRe2gent is used for joining the plate members.

However, during manuﬁacture, ;he adhesive agent can sometimes
flow into small holes which form ink flow paths in the plate'
members, thus changing the ink flow resistance thereof,
lowering the reliability in operation of the recording head.
Furthermocre, 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 laber.

In order to eliminate the above-described difficulties, an
ink jet type recording head has been proposed, for example, in
Japanese Unexamined Patent Publication No. Sho. 63-1491S9,
which is formed by layering ceramic plates in a semi-solid
state, shaped as required to form flow path membérs, and
piezoelectric transducers, one on another and subjecting the
structure .tb firing. That is, the recording head 1is
manufactured without a separate step of mounting the
piezoeleétric transducers. However, the method is still
disadvantageocus 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 nanufactured wthout a
separate step of nounting the piezoelectric transducers. However, the
method is still disadvantageous in that it cannot achi eVeNaVe&RRICELBA 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. 7 Novenber 2006 3 It is
therefore the object of the present invention to provide an ink jet
recordi ng head whi ch avoi ds the above nmentioned drawbacks. This object is
solved by the ink jet recording heag ccording to independent claim]l| and
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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 assenblg 8ﬁcur

i nproved, the nunber of steps required for joining the T %G

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. 7 Novenber 2006 4 Another aspect of the invention is
provi de a nethod for manufacturing such an ink jet type recording head. |
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plezoelectrlc trans t hereo firs spacer nenber
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pressure chanmbers, and a havi ng through-h t hroug mhrch t he
pressur e;@x%’ﬁ‘&&b& arg i RuERAIURkeat | PAKW jara cy@serddldrdlfy | tdad tigget her
to forma pressure generating unit in such a manner that the first pIate
menber i mapuZecduaid areordiimfenef ihkentibat agpeSElowenber fiandt pbhacki d
menber is sealingly set on the other surface of the spacer nenber. An ink
suppl yi ngemdetres £ neeeant caf oehdhg @ atiso mad nhimembies wiahnpteedellbrawdle a
flow path to an ink tank and has through- hol es through which the pressure
chanber s tarasdorermsi oat ithg &udlf aceo zhlegragdonieangs rand spheeresempeicr mage| n

canm nication with the ]
of ceramics with a plurality of through-holes therein forming

ers i's

pressure chambers, and a lid member having through-holes
through which the pressure chambers are in cammmication with a
reservair are joined together to form a pressure generating
unit in such a manner that the first plate member is placed on
one surface of the first 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 is
connected through a flow path to an ink tank and has through-
holes through which the pressure chambers are comnunicatingwit'h
nozzle openings and the reservoir is in cammmication with the

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



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

whi ch the pressure chanbers are in cainn+;,cation with the _reservoir_ and the
nozzl e openings, and a nozzle plate nember with the noz%IQQWﬁﬁEﬁFnﬁgoqorned
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 nmenber i3 fixedly placed on the other 7
Novenber 2006 5 surface of the second spacer nenber. The outer surface of
the 1lid nmenber in the pressure generating unit is joined to the outer
surface of the ink supplying menber in the flow path unit wth a

macr onol goulrakeaditesinge AQHG Johddie manssur e g@%@}é@%mace%' CORd S
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made of ceramc, t hrough-hol es are forne e spacer ne whi ch

sinplifiegdt herpuwl agt whieNGpdPPu e goharagihhe iy atd ngoi%ab% the
spacer menber and the |lid nenber, and positively preventsS |eakage of 1nk
past theouRiek, shefakiecbthtgb phRssupplyifgenerbed. idhend! syowabdeniiic which
is made of netal, has a relatively large through-hole to formthe reservoir
in the spateansakermedretuler eddiesitveiagaéngh in di nensional accuracy. The
pressure generating unit and the flow path unit are joined together with a
macr onol ecul afnaghespveskuyer gepereRandt heitdi #hibchnte made hef meramxpansi on
between the two units, which are pade of different materials as described

above, c&mabé WHRIPRUNCFRE. 2F9 sETRELt ilonathei SRR RETRSFul (TR iEY er
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
relatively large through-hole to form the reservoir in the
space member, and therefore it is high in dimensiocnal accuracy;
Thé pressur2 generating unit and the flow path unit are joined
together with a macromelecular 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 nent of the invention; Fig. 2 is an expl oded perspectiye view of the
recording head shown in Fig. 1; Fig. 3 is an expl anat ory Nevageam ZHéwi ng
the positional 7 Novenber 2006 6 relationships between pressure chanbers in
the recording head; Fig. 4 is an explanatory di agram showi ng the position
of a piezoelectric transducer in theé&ecording head; Fig. 5is a
perspective view showi ng the positional relationships between piezoelectric
transducers and electrodes in the recording head; Fig. 6 is a sectional
view taken along a line A-Ain Fig. 5 showing the structure of the

pi ezoel eGlgliat IOTBIEIPE G W Gslre O5ure dioisaedn if dHee JRGYM W hgat: Fig.

7 is a perspective viewoutlining the recording head; Fig. 8 1is a
perspective virdw shbvifngah hexpbanasbryctiiagrah shbeihgcehdi pgsheadn R[OS
9(a) and 9(b) are, respectively, a longitudinal sectional view and a
Cross- seat ipdraloeliest t ik ctrahodgecar | ineth8- Becordangi Beala) showi ng the
recording head jetting an ink droplet; Fig. 10(1) - 10(V) are sectional
views for a dédg@. pbiohs of Pemspentifver waruf ashowimg ahail pioslixiemalype
ink jet type recording head according to the invention;, Fig. 11 is an
expl oded reilapitmshd pfe PatwReH PiF2oR IRchFist transducers and electrodes

in the recording head;

Fig. 6 is a sectional view taken along a2 line A-A in Fig.
5 showing the structure of the biezcelectric 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 jef typ?

- recording head according to the invention;

Fig. 11 is an exploded view for a description of a step of
joining plates together to form a flow path unit; and .

Figs. 12(a) and 12(b) are diagrams showing an adhesive
layer through which the flow path unit is joined to a pressure

generating unit.



joining plates together to forma flow path unit; and Figs. 12(a) and 12(b)
are di agrans show ng an adhesive |ayer through which the flow path unit is
joined to a pressure generating unit. 7 Novenber 2006 'HIE%@PBEFéHWG

enbodi nents of the invention will now be described with reference to the
acconpanying drawings. Figs. 1 and 2 are respectively a cross-sectional view
and an expl oded perspective view showng a preferred enbodi nent of a
multi-laver ink jet recording head constructed in accordance wth the
invention. in these figures, reference nuneral 1 designates a spacer nenber
made of a ceramic plate of zirconia (ZrQ2) or the like having a thickness
of 150 m The spacer nenber 1 has a nunber of elongated holes forned at
predet erni ned ppéceyabs t BREBHAmehkdS bEr NkRe pES@éHE@onCh@T@@rsgowEa§Q of

t he el ongated holes 2 has one end portion |ocated over a reservoir 21 as
shown in dégerBedndithe reffhelencendop@td atddanpdme Ry drf.N9g4l e openi ng
31. A diaphragm4 is fixedly nounted on one surface of the spacer nenber 1.
The di aphragnfigss hasledo? areatespaedtivheth, avwdedséisec-iogetheiewahl t he
spacer menber 1, is.conpatible in characteristics with the latter, and it
has a hi gin edxmlgdedoprt sBectAvehyseweshodingnt , préfediephengoidmestnade of
athin zirconia plate 10 min thickness, simlar to the spacer nmenber. As
shown in 2 AYLt5 1R T henkuieacer et Td e di 2dhrerps Yrueted t B dRGCIrdapce

applying drive signals to, piezoelectric transducers 7_are
PPLY gw{th tgeQanentlgh. %n these f%gures, reference numeral 1

designates a spacer member made of a ceramic plate of zirconia

(Zr0;) 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 of the spacer member 1. The
diaphragm 4 is made of a material which, when fired together
with the spacer member 1, is compatible in characteristics with
the latter, and it has a h;gh elastic modulus. In this
embodiment, the diaphragm 4 is made of a thin zirconia plate 10
um in thickness, similar to the spacer member. As shown in
Fig. 5, on the surface of the diaphragm 4, electrodes 5 for
applying drive signals to piezoelectric transducers 7 are
provided in correspondence to the pressure chambers 2, and

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

are provided.



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

el ectrodes 6 of a common el ectrode (described bel ow) areéprovided. 7
Novermber 2006 8 The piezoel ectric transducers 7 cover th&°dFIRer s1%%a
applying el ectrodes 5. Moire specifically, each of the transducers 7 is nade
of athin plate of piezoelectric vibrating material such as PZT, which is
substantially equal in length to the %ressure chanber 2 but smaller in
width than the latter, as shown in Fig. 4. That is, the transducer 7. is
designed so that it flexes in such a manner as to curve in the direction of
width with the longitudinal direction as an axis. As shown in Figs. 5 and
6, the aforenentioned common electrode 8 is formed on the piezoelectric
transducers 7TBfdPlfzdedRtic EFarsdwdEess6,’ fayveénsthracerive spignati ng
That is, the |ower _surface (on the side of the diaphragm4) of each

pi ezoel eRBP+ELNEr aREBEEEPARSI sSconnekPER tPeREL HEaYdYsi grathappfyi Bye

el ectrode 5, and the upper surface js conpected to the conmmon electrode G
Further FROE? %?eisanz 2t ffat%en® n&nngP-“lop%I%‘é?gn‘afespi%z¢¢be%¥rb‘ér

whi ch, together wth_the_ diaphragm forns the pressure chanbers_ 2, The
lid menbs ’iﬁtf%grr%%%e’éfag ﬁﬁ?’éﬁgsalp%%fg‘ﬁfh\/\héns‘@?Eﬂnﬁbﬁéﬁ-ﬁe?qﬁﬁatlh"?he
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enbodi ment, IS m in zirconra prate ness. elid
menber 10, 8as -t hoQuadh &l e$nlleitdroygh That is, the transducer 7 is

designed so that it flexes in such a manner as to curve in the
direction of width with the longitudinal direction as an axis.
As shown in Figs. 5 and 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 piezocelectric
ﬁransducer 7 1is connected to the drive signal applying
electrode 53, and the upper surface is connected to the common
electrode 8.

Further in Figs. 1 and 2, reference numeral 10 designates
a lid member which, together with the diaphragm 4, forms the
‘pressure chambers 2. The lid member 10 is made of a material
which, when fired together with the spacer member 1, is
compatible in characteristics with the latter. In this
embodiment, it is made of a thin zirconia plate 150 um ;n
thickness. The lid member 10 has through-holes 11 through
which the nozzles openings 31 are in cammumnication with the
pressure chambers 2, and through-holes 12 through which the

reservoir 21 is in camunication with the pressure chambers 2.



whi ch the nozzl es openings 31 are in commmication with the pressure
chanbers 2, and through-holes 12 through which the reservoir 21 is in

cacnm cation with the pressure chanbers 2. 7 Novenber 2006nc%edb&€ 2006
above-descri bed nmenbers 1, 4 and 10 are fixedly conbined together, thus
formng a pressure generating unit 15. Reference nuneral 20 designates a
spacer menber formng a flow path unit 85. The spacer nenber 20 is nade of a
corrosion-resistant plate such as a stainless steel plate 150 min

t hi ckness and which is suitable for formation of ink flow paths. The spacer
menber 20 has Thesubbbeast-dalkley iYeshapenbetbr ough-4ghokgdf of i ng.d h?ixedly

af orenenti oned reservoir 21, and through-holes 22 through which the

pressur e cohaiieds t2gamhern n taisnficezmtingn anpire skheengeakea@rag! Qgs c31s5, The

t hrough-hole formng the reservoir 21 extends radially of an ink supplying
inlet nenber 24faxencleemupmzdl S0 destignageds aobphberprembere fochanigess 2.
nore specifically, in the enbodi nent having the nozzle openings in two

| i nes, tHaowhrpagh- Hotlet f ¥\ ng The $eaeeyoimertern n@0udeés anadeshayfeda
portion extending radially outward of the ink supplying inlet menber 24,
and two EQFEPFéP“‘§8Fﬂﬁﬁi¥§a&¥ﬁﬁﬁrﬁfqncﬁﬁt#mﬁ%%kﬁi%ﬁ%rséﬁeé plathel¥0shaped

portion along the ends of the pressure ch ers 2. Reference nuneral 26
desi gnat &8 éﬁ kS EUppE YR ﬁ% rlsfﬁgéﬁﬁgz?(ﬁ%§fﬁﬂqmiﬁ%Qﬂ=OFhé“k £low
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wi th thetﬂgéabﬁ-hole forming the aforementioned reservoir 21, and
through-holes 22 through which the pressure chambers 2 are
in camunication with the nozzle openings 31. The through-~hole
forming the reservoir 21 extgndé radially of an ink supplying
inlet member 24 and then parallel to the énds oflthe 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 exteﬁding radially
outward of the ink supplying inlet member 24, and two parallel
portions extending from the two outer ends of the V-shaped
portion along the ends of the pressure chambers 2.

Reference numeral 26 designates an ink supplying member

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

supplying member 25 further has the ink supplying inlet member



openi ngs 31, and through-holes 28 through which the reservoir 21 is in
canmani cation with the pressure chanbers 2. The ink supplying nenber 26
further has the ink supplying inlet nember 7 November 2006 Noyembar @#poet s
surface, which is connected to an ink tank (not shown). Reference nuneral
30 designates a nozzle plate fixed to bhe ot her surface of the spacer
menber. 20. The nozzle plate 30 is mad&®of a stainless steel plate 60 min
t hi ckness and which is suitable for formation of nozzle openings 40 min
di aneter. 24 The nozz| eusferiengswBichn ishecomretrepl atre &0 ahg fedAed (nBt
correspondence with the pressure chanbers 2. The nenbers 20, 26 and 30 are
stacked of®e®n)another and fixed together as a unit using an adhesive or by
wel di ng using diffusion between netals, thereby to formthe aforenentioned
f1 ow path uni tR8Eerepacehingmaradlatibries hgnataekidngosiz iche latarbbiseds to
performed under, a high pressure; however, they can be accurately stacked
one on antRPCRET FOIRLE AR rRuSi Uit FPARHF SRR D & t ABeghoeRrdel aigse 30

the mombers T9E dhde R imhens HEHeslA Bl by en HhachressurBSERGFR: | ng
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supplyingp, reer 1 260 Wi dih AN #ANERT Yhe WEILAY £P2L07 bt NG d eFOLHLAY; nead.
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 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 1lid 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 cdnnm cation through the through-holes
12 of the lid nenber 10 and the through-holes 28 of the inkla%$p5¥bgg
menber 26 with the reservoir 21, and they 7 Novenber 2006 %re “Purt her in
comzni cation through the through-holes 11 of the |I|id nmenber 10, the
t hrough- hol es 27 of the ink supplying_ nenber 26 and the through-holes 22 of

t he spacer nmenber 20 with the nozzle}lopenings 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 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, andarafusthey7 inreompumidatiéeh f or thagiah nghel ebpughl-hailgaalid tof t fice

pi ezoel ectric transducers 7. Wen a drive signal is applied to any one of
the pieZoed aember titansdec ghgorgh-he lass gdceifveher imkdeeppl¥ing mémierd in
the direction of wwdth with the longitudinal direction as an axis, thus

def or ni ng?& RNdi Bpar shrPrRIhoReles Bcg%@%r%%%uséa@ﬁamsmbag 2fowri i Ehe. 9.
As a result, the volunme of the corresponding pressure chanmber 2 is

decr eased©Zzigatoraningesdbre is applied to the ink in-the pressure

chanber. Hence,, the jnk in_th ressurg chanmber 2 is forced to nove through
the corr espon((aﬁ*r‘ﬁbs 1 hf o29H- ﬁoISZ‘OEI)'letg\‘e t%éox?‘i" PehBEF EFTUCHYTET QigHEl e 27
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20 in thd How - g
invention. In the front structure, the nozzle openings are
arranged in two lines at predetermined intervals. In the rear
structure, the pressure generating unit 45 is fixedly secured
to the flow path unit 35, and cables 37 are provided for
applying electrical signals to the piezoelectric transducers 7.
When a drive signal is applied to any one of the
piezoelectric transducers 7, the respective transducér 7 1is
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. 8. As a result, the
volume of the corresponding pressure chamber 2 is decreased;
that is, pressure 1is 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 7 Novenber 2006 12 to the nozzle openings 31 angvebbpeshdy the
t hrough-holes 11, 27 and 22, which are forned in the Iid nmenber 10, the ink
suppl yi ng nenber 26 and the spacer nenber 20, respectively. The

t hrough-hol es 11, 27 and 22 are reducetin dianeter in the stated order,

whi ch substantially prevents air fromentering into the pressure chanber
through tbetheknbkebhepapkniegen Jdhemet Hefimedsbys the tRecuk-holele 1092zl e
I's destroyed and drawn toward the pressure chanber. The ink in the pressure
chanber 27napndf | 23 t Whdwdh are chroegh-iwl sbeliahdmé@fbest @ 0,hethe edakvoi r
21; however, since the through-hole 28 is small “in. dianeter, this flow of
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affect the jetting of _the_ink droplet. Wien the application of the drive
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restored to_i ited state, the volunme of the pressure chanber 2 is
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the and drawn toward the pressure chamber. The ink in the pressure
chamber 2 may flow through the through-holes 12 and 28 into the
reservoir 21; 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 towards 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. 7 Novenber
2006 13 The flow path unit 35 is connected to the pressuf®vegbasra®ieg unit
15 through a thick |ayer of macronol ecul ar adhesive about 30 min

t hi ckness. Therefore, even if, when the anbient tenperature changes, the
two units 35 and 15 are wurged to shif¥3 rel ative to each other because of a
difference in thermal expansion, the shift is absorbed by the | ayer of

macr onol ecul ar, adhesive, sq that. the.nozzle plate i revented from being
bent; that i sj,bhiglheﬁejrséfaf'{/erpaoq"L rré%rlct):rm dcufar cgpd’ﬁ’eeé:it\?éf gPev%kh?s RFRSI¥T Frat i on

of print i ual j.ty. tgyﬂ§ 0 acturin he: above-descrij bed
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by 113005 0eRabBLE N P i %"#S%%ﬁ%ssehboﬁﬁ%%?s’?s't AR e gpenambers

zirconi arhaVhigiane! Rkmpeded SN ANEY, OBl %ﬁigge§§ ﬁ%ﬁeﬁéigﬁgsed

for formation of a first sheet 40. A press is used to formthrough-holes 41

in the grngeadsheethaktt Pelpesivie @as cher @thlRe PEeSIWL FAhESreredése 0O be
formed. Simlarly as in the case of the first sheet, a second sheet 42 is

machi nedi gnthbemplesxpatmtorn S, thé hehugh- el eI ¥4 theouakashieh the
reservoir 21 is in ccnmmcation with the nozzle openings 31 are forned in a
green shaetowndletutani athasing asbhtbanesse suviabd e fare finy atdvsm odd
from being bent; that is, the layer of macromolecular adhesive
prevents the formation of prints low in quality.
A method for manufacturing the above-described recording
head now will be described with reference to Fig. 10.
A ceramic material having a thickness suitéble for
formation of the pressure chambers 2 by firing is prepared. 1In
the present embodiment, 2 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 1is,
through-holes 43 and 44 through which the reservoir 21 is
in canmmmication with the nozzle openings 31 are formed in a green
sheat oﬁ 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 7 Novenber
2006 14 of a green sheet of zirconia having a thickness’s¥eYeie £8p6
formati on of the diaphragm 4. The three sheets 40, 42 and 45 are joined to
one another under uniformpressure, 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, while the assenbly is pressurized to the
extent tdfitat jeeansaMaat isf priveontd heeimgeadithgclidess $esthblet fersheets
are transforned into ceramc plates, the interfaces of which are conbined

t oget herfdwymdtidmgeo £ Thhe diaphiragm dr.e flversthoed sleaetnt €Q) ad 2uand. 48s
descri bed above, the through-holes 41 formng the pressure chanbers are
forned iare hgofhedt wheened@namher t Hndagh-yrul faxrmi lpaeesexerermmstd Shehl in
w dth. Hence, when the three sheets are tenporarily bonded together, the
second atwied hi it Shde dingh$ 8P ( e Fhr@enshieetsi 4 OnediZerngnd St Ace

di aphragm respecttvely) are not deforned, and the pressure is suitably
concent reRRRPEAT} He ??\‘P‘Bﬁﬁh“-:‘Pi%‘FE’éeﬁl'?n%?%’ﬁl‘%%H-ﬁ-Eh?@s t Bhenase8mBiHi ng of
t he secon nd third sheets 42 nd_45 mﬁtg the first sheet 40 by firing.
Thus, t I VOIRHE BRESBEcH Srioitlf o BranBEPIssiTBe el SRNReRAN oY, THE
first, Siergsogladnc.aéa'dlt0r6|0r°e,Sk@ﬁzt.fed'%hed'zagggmﬂ%yt hfé 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, éhe through-holes 41 forming the
éressure chambers are formed in the first sheet 40. The

through-holes 41 are extremely small in width. Hence, when the
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three sheets are temporarily bonded together, the se
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 reduired.

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 di aphragm 52,

respectively. In this state, electrically conductive paste Iﬂyer e
formed on the surface of the 7 Novenber 2006 15 diaphngﬁ? 5%'?H§g

positions of the pressure chanbers 53 and of the common el ectrode | ead-out
termnals by a thick film printing method. Relatively thick |ayers of

pi ezoel ectric materials of a clay-lik% consistency are formed with a mask
by printing so as to provide through-holes in corréspondence to the

pr essur e icphrzgms $3. avhenet hesihioksl afecbeharesbace cHambdrisd Sharmkt ent
that they are suitable for firing the transducer-formng materials, the
whol e asdenthy romneat cellactradeedg@datante teamimakbsf by fd rthickhefilm.

pi ezoel ectric transducers and the electrodes, for instance, in a range of
from 10@edntdngl 2nechodhus, Redativeddel €t ek c layvarsduetr piszomledtorimed for
the respective pressure chanbers 53 (see Fig. 10 (I1)). Thereafter, a |ayer
of el ecMAt@FLAL Sc &fd 15 IAY et R 19an T S tenFheF o iarmiesk Widiheh Masethbde

| ead- out term nals and the i ezpel ctriéhfr sducers 54 by-a thin film
f or m ng BRTO% (% 28558 SRATEA i SISO Merisin | ReZPaBeafEngandiaat | ng

a1t houglF s AIRTTES CRATRedm, Tim | (HErEpHier CHerBer A TE= P! B4Rihber
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respect iryQ nRuedRIf8 Afthd Nh&KOLSSES, the whole assembly is heated at

a temperature suitable for firing the piezoelectric transducers

and the electrodes, for instance, in a rahge 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 methed such
as a sputtering method. Thus, the pressure generating unit is
formed, which appears as if it were m;de 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 f or med by form ng through-holes 61
and 62, which correspond to the through-holes 27 and the flow path
regul ating holes 28, in the netal plate on 7 Novenber 20p618pLhespsess.

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

nmet al

plate on the press. The nozzl elgl ate nmenber 69 is al so fornmed by

form ng t hrough-holes 68, which correspond to the nozzle openings 31,
the metal plate on the press. As shown in Fig. 11, a bonding film 75 having

t hr ough-did epré@sand aHdr pughyvBoke FdrmhSnd NERkLRG b@éiwﬁ%“ %gﬁ?%”}g}g?hg?e

and 66, while a bonding film 76 havi ng t hrough-hol es

2 and 0

in
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shoul d be noted that the through-holes 70, 71, 72 and 73

forne
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filmse 75 and 76, nanely, the bonding regions thereof, do not "cover the

t hr ough-thed epréds .62, Thé, ©3zzhadpddtefl mémbernigar si 02166 apdrR8d THe
nmenbers 60, 64 and 69 and the filns 75 and 76, which have been stacked in
t he aboermdexkr thewugimtalesir é8,hewirdichy bondespandertor estsair evdze Yfeor m

the flow path unit.

The pressure generating unit and the flow path unit

-are
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on the surface of  one

f
suppl yi g~ NI l&Bat|n&%ﬂlﬁﬁtQPrough-hoies 70 and a through-

hole 71 is inserted between the members 60 and 66, while a
bonding film 76 having through-holes 72 and a through-hole 73
is inserted between the members 66 and 69. In this connection,
it should be noted that the through-holes 70, 71, 72 and 73 are
formed in the bonding films 75 and 76 in such a manner that the
remaining portions of the films 75 and 76, namely, the bonding
regions thereof, do not cover the through-holes 61, 62, 64, 65
and 88 of the members 60, 66 and 63. The members 60, 64 and 69
and the filﬁs 75 and 76, which have been stacked in the above-
described manner, are thermally bonded under pressure to form
the flow path unit. | ]

The pressure génerating unit and the flow path unit -are
joined as follows: As shown in Fig. 12(a), an adhesive layer
80 is formed on the surface of one of the units, for ipstance,
the surface of the ink suppljing 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

thgsunits, for instance the surface of the ink



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 7 Novenber 20067 Y9V¥H=Gugh®fol es
56 and 57 are coaxial with the through-holes 62 and 61 (Fig. 10(V)). As a
result, an adhesive layer 81 is for bet ween. the flow path unit and the
pressure generating unit, which serves as a cushion nenber to absorb the
difference in thermal- expansion between the two nenbers. The adhesive

| ayer 80 spreads outward when squeezed between the two units. As shown in
Fig. 12, thirerghahe Lerso\d&dexhd efjT onse 82oaxbabdwibr thlr eHahubal-6% 1ezerse no
adhesive is provided, thereby to prevent the adhesive fromspreading into
the throagH- Bdl e6Fbf -t B (M)d - meABer Sdesinkk t hani akihesipeyi gyeenBér i80. I n
the recording head of the invention, the pressure generating unit is nmade
of ceranf@rm@hi PRtH2SMa ShaneflarerR3 £y uRhBnandt the pndssherefiener@dtingt i on
propagati ng bet ween adjacent piezoelectric transducers is greatly

att enuat BREEr hERLCsSCEVESsREl & TSR JMIRRET MR @lsonly she Hé ffeamdnes

form ng ,th% Vi _br tiqg gortion of the rqﬁgrding head of the inventigon are
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Thi s feaiurg pggigiggl&gﬂgu'ﬁggéﬁ%tge sdiffic%lt tof I nk Ie%kin hecause of
i nadequat8¥88hési 3R SFuTt It re,_lm Tt hEIPRTET i?% ﬂ%ﬁa_ﬁpet &9 i‘on
the Dbasgs0bnblif PROFIW.C GENaNALING 1! S Pt Lde, SEIALCRS" QLELRG H°
vi bration generating unit are tired at tenperaiures
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. Furthermecre, the elements forming
the vibrating portion of the recording head of the invention
are joined as an integral unit without the intrusion of any
foreign member. This feature positively eliminates the
difficulty of ink leaking because of inadequate adhesion.

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

As described above, the multi-layer ink jet typé recording



suitabl e therefor. Thus, .the operation of the recording head is high in
reliability. As described above, the multi-layer ink jet type recording 7
Novenber 2006 18 head of the invention conprises a pré%s%ﬁ%?ﬂf?ﬁe?g??ng uni t
and a flow path . unit. The pressure generating unit includes the first plate
menber of ceramics formng the vibrating menber wth the piezoelectric
transducers on the surface thereof, tite first spacer nenber of ceramcs
with the through-holes formng the pressure chanbers, and the |id nenber
havi ng the t hrough- hol es through which the pressure chanbers are in
cain.i+ication with the reservoir, which nenbers are joined in such a

manner Héwt of hehéi Lakvepltilon Medmerisss placegrensqre rf .Qf first
spacer nenber, and the |id nenber is sealinng set on%%ﬁgagﬁﬁgg R@ﬁf%ace of
the spawet nenifdaw HeeH |wovitpat ITheniptressainedefedda t ifK SHAPHAGdETber
made of a nmetal plate which is connected through the Tlow path to the ink
t ank armhentfiiets thpd attiee memivequ gli- betasicsr Denghi ndpi e tiey #H ©SRY MR nipeaTber s
are in conmmunication with the nozzle openings and the reservoir is in
cacmi niwiil &heniptile adwl g esbartraiaduress arhehee cuxdt apaatie rdsmb@hehavi ng
the reservoir and the through-holes through which the pressure chanbers are
i n caarfliTeR iSERCGAR MR H & |58 FEfi T d4d thatd e & nowghl-hqllest orprilngr Wi t h
t he nozzl e openi ngs, ., these menbers beLng %oined t oget her -in such a manner
that tHe®e | %ﬁﬁﬁ%)ﬁ Terdtd practidofienhersharang she Ko x

spacer \membety a0dnt NR:1RZehe PLal S PEMME S, 11 xedly placed a0, wien
the reservoir, which members are joined in such a2 manner that
the first plate member is placed on one surface éf the first
spacer member, and the lid member is sealingly set on the other
surface of the spacer member. The flow path unit includes the
ink supplying member made of a metal plate which is connected
through the flow path to the ink tank and which has the
through-holes through which the pressure chambers are in
commmication  with the nozzle openings and the reservoir is in
communication with the pressure chambers, the second spacer
mémber having the reservoir and the through-holes through which
the pressure chambers are in camunication with the nozzle
openings, and the nozzle plate member with the nozzle openings;
these members being joined together in such a2 manner that the
ink supplying member is placed on one surface of.the second
spacer member, and the nozzle plate member is fixedly placed oﬂ
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



t he other surface. The outer surface of the lid nmenber is joined to the
outer surface of the ink supplying nenber wwth a macronol ecul ar adhesi ve
agent. That is, the. pressure 7 Novenber 2006 19 gener at’i HgVePRer R29P6
produci ng pressure to jet ink droplets is fornmed by firing the nmenbers nade
of ceram c. Therefore, the pressure generating unit is advantageous in that
it has a very good liquid tightness, d the signal applying el ectrodes can
be installed directly thereon. On the other hand, the flow path, unit
having a relatively large recess to formthe reservoir is nmade of netal

and thusgeselraghnign unigi didy.producaiing tpoassthe ter §atc ipkeasdpd edenarat i ng
unit and the netal flow path unit are joined together with a macronol ecul ar
adhesi vefageed byl 4tiniglg themembetrastadetgf ¢enemicbenthegefofret,hed@ units
due to the difference in thermal expansion is positively prevented. As a
resul t, PResBRKe] geneypdingaindithds ReyRrs2qeeas rrerthiaon icamase anesy
relatively small in thickness, and it is high in reliability. 7 Novenber
2006 2099Rgt Liquddaitiehsness, 3Gf i e | 2tIREt RBPAYLNEa8leE5APERS FEN a

spacer MEber b AL aafl weal iy of prespire dhartiers ortared 4 -

the presggéﬁl &Qfgbeﬁgéigad 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 maéromolecular
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
ﬁead 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 piezoelé%@FW@ Phral%h s
situated i nner than both ends in the f%@st direction of each of the pressure
chanmbers; and both ends in a second diféction, which is perpendicular to the
first direction, of each of the piezoelectric vibrators situated outer than
bot h ends irlég}scéﬁ%%q__direction of each of the pressure chanbers. 2. The
ink jet rec8¥ I'ng head a@s set forth in claim1, wherein the spacer nenber

IS a ceram ¢ spacer. [ The .jnkiet recording head as set forth in
claim1l, anlr'ei ngﬁ{g%?g%mdﬁ hel hg{)rﬂégsgﬁgd vibrating ceramc plate. 4. The

Cnk i et di . o . . . : th
First direoti on o Eagnriteh oMl wld il br SHIBUE rdbeRRIER 1 T (TS,
in the Sec?ﬁgﬁ@tﬁﬁg&iioﬂ,n of each of the pressure chanbers.

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
situated 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 situated outer than both ends in the

second direction of each of the pressure chambers.

2. The ink jet recording head as set forth in claim 1, wherein the spacer

member is a ceramic spacer member.

3. The ink jet recording head as set forth in claim 1, wherein the diaphragm

includes a vibrating ceramic plate.

4. The ink jet recording head 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.



