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relates .in general to a piezoelectric/eléctrostrictive ‘actuat or,

and ~nore particularly to such a piezoelectric/electrostrictive

actuator which has a novel structure that assures inproved and stable
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t he chanber so as to change the volune of the chanmber. Such a

pi ezoel ectric/electrostrictive actuator may be used as an ink punp for a

print head used in an InU’Nbet prlnter for ’
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Field of the Invention

"The present invention relatés in general to a
piezoelectric/ electrostric;ive actuator, = and more
particularly to .'such. a piezoelectfic/electrostrictivel

v actuator which has a novel structure fhat assures improved
and stable operating characteristics, and which can be

produced with significantly improved efficiency.

Discu_ssion of Related Art

. In the recent years, there 'is known an actuator
havingl_ a base membef defining a lp'ressure .c_hambe_r, and a
piezoélectric/eiectrostrictive element dispoéed on a wall of
the pressure chamber, for raising the pressure of a fluid in
the chamber so as td change the volume of the chamber. Such
é. piezoelecfric/electrostridtive actuator may be uséd as an
ink pump for a print head used _in an ink jet printer, for
example. To effect printing by the 'print ‘heé.d, an ink
material is supplied to the pressure chamber to £ill the
same, and the pressure within the chamber is raised_ by
displabemént of the piezoelectric/electrostr-ictive element,
so that ink particles are jetted ﬁhrough a nozzle which

communicates with the pressure chamber.



exanple. To effect printing by the print head, an ink material is supplied
to the pressure chanber to fill the sanme, and the pressure within the
chanber is raised by displacenent of the piezoelectric/electrostrictive
element, so that ink particles are jetted,through a nozzle which

comuni cates with the pressure chanber. .

-2- Ref erring to Figs. 5 and 6, there is illustrated an
exanple of ink jet print head which uses as an ink punp the

above-descri bed pi ezoeReferirthgl eot rragidj 3 i wadadt,uaitere THi $1Muistlr ey
has an ink nozzle nenber 16 which consists of a netallic nozzle plate 4
havi ng a pl @mlexampienofzliggk et spnixbal heedowhfiche ydlest a8 &mving @pump
plurality of orifices 6, and a channel plate 10, which are superposed on
each. ot her theclahdwr-déescrhbedepiptactecoric/phectpoststipbivecactupsor.
plates 4, 8. These plates 4, 8, 10 are bonded together into the ink nozzle
menber 16, Shis RBikr Readph@salan yiRk nPAR1EG FeRdede khatnkrth consdsts

| eading or guiding an_ink material_to the respective nozzles 2, and at

| east one i RE SUPPFFLLRGnAOZ21e Miateafti R§VeRds @R IHTRL ke PhknRaRdeisal

h rifi . A _njezoel ri I rictiv . Or
to the o zee% %etafif%cgéf?icegéfaggt Oﬁgviﬁé aep ﬁégfigy of orifices

6, and a channel plate 10, which are superposéd‘ on each
other such that the channel;plate 10 is interposed between
the plates 4, 8. These plates 4, 8, 10 are bonded together
into the ink nozzle member 16, so as to form a plurélity'of
ink discharge channels 12 for leading or guiding an ink
material-to the respective nozzles 2, and at ieast one ink
supply channel 14 for leading or supplying the ink material
to the orifices 6; A piezoelectric/electrostrictive actuator
25 used as an ink pump for the print head includes a base
member 24 consisting of two plates 18, 20 made of metal or
synthetic resin and formed in lamination on the ink nozzle
member 16. The base member 24 is formed with a plurality of
voids 22 which correspond to the nozzles 2 and orifices 6. a
plurality of ~piezoelec‘cric/electrostrictive elements 28
correspon@ing to the respective voids 22 are secured to an
outer surface of the plate 18 of the base member 24 of the
actuator 25. With this actuétor 25 superposed on and bonded
to the ink nozzle member 16, each of the voids 22 provides
‘an ink chamber 26 in which the pressure of ﬁhe ink is raised
by displacement of the corresponding

piezoelectric/electrostrictive element 28.



25 wsed, as an ink punp for the print head includes a base nenber 24
consisting of two plates 18, 20 nade of nmetal or synthetic resin and
formed in am nation on the ink nozzle nenber 16. The base nmenber 24 is
formed with a plurality of voids 22 which correspond to the nozzles 2 and
orifices 6. A plurality of piezoelectrBctelectrostrictive elenents 28
corresponding to the respective voids 22 are secured to an outer surface
of the plate 18 of the base nenber 24 of the actuator 25. Wth this
actuator 25 superposed on _and honded to the ink ggzzle menber each of
the voids 22 provi destP aRTORRERGhERS 2RGHHARRT h 2Ph 1§D s e et }E)‘F t""r:%"f%k
I's raised | sp] acenment t he carres
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small-sized. Further,  the bonding of the
piezoelectric/electrostrictive elements 28 inevitably pushes
up the cost of manufacture of the print head, and makes it
difficult for the elements 28 to maintain sﬁfficiently high
reliability.

Further, it is extremely difficult to bond the
actuator 25 to the ink hozzle member 16, since the spacing
between the adjacent voids 22, 22 formed in the print head,
that is, the thickness "t" of a partition wall 30 which
separates the adjacent wvoids £from each other, is
considerably small, more precisély, about 1mm or smaller.

More specifically, an adhesive used for bonding

" the ink nozzle member 16 and the actuator 25 is likely to
overflow onto the opposite surfaces of the partition wall
30. Therefore, the ink chambers 26 and/or ink flow_channels
including the ink supply and discharge channels 12, 14 and
orifices 6 may . be deformed, whereby the ink-jetting
characteristics of the print head may deteriorate, resulting
in reduced quality and yield of the products (print heads).

If the amount of the adhesive applied is reduced

to avoid its overflow as described above, it is likely that

the ink nozzle member 16 and actuator 25 are insufficiently



pi ezoel ectric/electrostrictive el enents 28 inevitably pushes up the cost
of manufacture of the print head, and makes it difficult for the el enents
28 to maintain sufficiently high reliability. Further, it is
extrenely difficult to bond the actuator 25 to the ink nozzle nmenber 16,
since the spacing between the adjacent vofds 22, 22 fornmed in the print
head, that is, the thickness "t" of a partition wall 30 which separates

the adjacent voids from each other, considerably snmall, nore
precisely, :Eq? I cakl a g e
used for g’%ox’t" el n &%zg{’geth%ea andert)ie g%{ltéja?%r¥ ?Lg%l %c\é
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ink-jetting characteristics of the print head may deteriorate, resulting
in reduced kel i pyessdrgseldsE otthieheipk odirdmbdys i 186 ,hedds)and consequeldt

t he amount of the adhesive applied is reduced to avoid its overflow as
descri bed abwrosstatlk,s flokketxanmplbe. The paktiadzler nénbuffiéient bonddng
25 are insufficiently
may also leave ‘gaps between the bonding surfaces of the
members 16, 24, resulting in pressure loss upon pressurizing
of the ink chambers 26 due to the air remaining in the gaps.
Consequently, the ink—jetfing characteristics of the print

head may be lowered.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention
to provide a Piezoelectric/electrostrictive actuator which
can be easily bonded to another member (such as an ink
hozzle member of an ink jet print head), to alleviate or
eliminate the above problems due to incomplete bonding or
overflow of an adhesive from bonding surfaces thereof,
thereby assuring excellent operating characteristics with
high sfability. It is also an object of the invention to
provide such a piezoelectric/electrostrictive actuator which

- can be easily produced with improved efficiency, and which

is sufficiently small-sized.

According to the principle of the
present invention, there is provided a
pPiezoelectric/electrostrictive actuator comprising: a

ceramic base member in which at least one pressure chamber



i-4-, or poorly bonded together at some portions of the interface of the
menbers 16, 24. This may result in inconplete sealing between the adjacent
i nk chanbers 26, 26, causing | eakage of the pressures of the ink chanbers
26, 26 and consequent crosstalk, for exanple. The partial or insufficient
bonding may al so | eave gaps between thé éoﬁding surfaces of the nenbers
16, 24, resulting in pressure | oss upon pressurizing of the ink chanbers
26 due to the air renmaining in the gaps. Consequently, the ink-jetting

~character|st|c of .t pr| be Iomer %EQMQARY OF THE
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bonded to ot her such as an in nozz nber of an ink jet print

head), to akhgMbake &F cﬁ'a&n!ﬂib'i!%te ahe1akeve gpp@i@malcgﬁastéa | BRONBhEL o f
bonding or overflow of an adhesi ve from bon ng surfaces thereof, thereby

assuring exggpbgiteopaialr Bargéaeeacber thki §paveirhplateh Sbﬁbdllds)ind ton&
al so an object of the invention to provide such a

pi ezoel ect ropénlingt bdstedat i window pasnd ahiconnecarinke Ehstd ydpspdsedd omt h
I mproved efficiency, and which
the other major surface of the spacer plate, for closing the
other opening of each window, the connecting plate having at
least one hole fermed in alignment with the window(s), the
spacer plate, the closure plate and the connecting plate
being formed fron respective ceramic green sheets which are
laminated on each other and fired into an integrallceramic
structure as the ceramic base member; and at least one
piezoelectric/electrostrictive element each disposed on a
wall partially defining the corresponding pressure chamber,
for deforming the wall so as to change a pressure of the
eorresponding pressure chamber, each piezoelectric/
electrostrictive element comprising a piezoelectric/
electrostrictive unit consisting of a pair of electrodes and
a piezoelectric/electrostrictive layer, which are formed by
a film-forming method on an outer surface of the closure
pPlate of the ceramic base member, such that the
pPiezoelectric/electrostrictive layer is interposed between
the pair of electrodes.

The above piezoelectric/electrostrictive actuator
constructed according to the present invention can be

Produced with significantly improved efficiency, assuring

improved product quality, since two or more piezoelectric/



is, sufficiently small-sized. According to t he principle of

t he present invention, t here Is provided a
_piezoelectrlc/electrostrictive act uat or conpri si ng; a ceramc base
“menber in which at | east one pressure chanber

-5- . Is formed, the ceram c base nenberéconprising at | east a spacer

pl ate having at | east one wi ndow which provides the pressure chanber or

chanbers, a closure plate disposed on one of opposite major surfaces of

t he spacer plate, for closing one openlng of each w ndo and a connecti ng
e
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defining tRe CORLesAYUII PIESSU eneNd ler plate and the connectlng
plate, the present actuator exhibits a sufficiently high
degree of rigidity even before firing, i,e, even when it is
a laminar structure of green sheets for these plates,
thereby assuring improved handling ease of the laminar
structure and enhanced production efficiency of the
actuator.

Further, the piezoelectric/electrostrictive
actuator as described above may be suitably used as an ink
pump for an ink jet print head, for example. In this case,
the actuator having the above three-layer structure of the
ceramic base member can be bonded to a member, such as an
ink nozzle member of the print head, assuring a remarkably
improved seal at bonding surfaces of the actuator and ink
nozzle member so as to establish fluid-tightness of an ink
flow éhannel through which the ink flows through the print
head. The thus obtained ink jet print head has an improved

and- stable product quality.

BRIEF DESCRIPTIOﬁ OF THE DRAWINGS
The above and optional objects, features and
advantages of the present invention will ©be Dbetter

understood by reading the following detailed description of



for. deformng the wall so as to change a pressure of the correspondi ng
pressure chanber, each pi ezoel ectric/ electrostrictive elenent
conpri si ng a piezoelectric/ electrostrictive unit consisting of a pair
of electrodes and a piezoelectric/electrostrictive layer, which are forned
by a filmformng method on an outer surface of the closure plate of

the ceramc base nenber, such- that the
pi ezoel ectric/electrostrictive layer is interposed between the pair of
el ectrodes. The above piezoelectric/electrostrictive actuator

const r uct egraetciyng f&f@ﬁ;eaesemboammgwdson ofn tie RAreddadny t Rvhen
significantly inproved efficiency, assuring inproved product quality,

since two @ommidensdziael eshheetion with the accompanying drawings,- Gn
el ectrostrictive elenents can be easily forned at a tinme by a filmformng
met hod wi t whiigdtx ef ficiency. This al so makes the resultant actuator
sufficiently small-sized. Since the ceranic base nenber has a three-|ayer
structure consi sting Figf. theisl eswartgicak croesspgactioprat ¥igwd shewing -
connecting plate, the present actuator_ exhibits a sufficiently high
an ink jet print head which includes one embodiment of a
piezoelectric/electrostrictive actuator of the present
invention;
Fig. 2 is a cross sectional view taken along line
2-2 of Fig. 1;
Fig. 3 is an exploded perspective view explaining
the construction of the ink jet print head of Fig. 1;
Fig. 4 1is a wvertical cross sectional view
‘corresponding to that of Fig. 1, showing an ink jet print
head which includes another embodiment of a piezoelectric/
electroétrictive actuator of the present invention;
Fig. 5 is a vertical cross sectional view showing
one ex;mple of a conventional ink jet print head;
Fig. 6 is a cross sectional view taken along line
6-6 of Fig. 5; and
Fig. 7 is a cross sectional view corresponding to

that of Fig. 2, showing a modification of first and second

communication holes of the ink jet print head of Fig. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to Figs. 1 and 2 schematically showing
an ink jet print head 40, and to Fig. 3 which is an exploded

Perspective view of the print head 40, an ink nozzle member



degree of rigidity even before firing, i,e, even when it is a |lamnar
structure of -green sheets for these plates, thereby assuring inproved
handl i ng ease of the lamnar structure and enhanced production
.efficiency of the actuator. Furt her, t he

pi ezoel ectric/electrostrictive actuator @as-described above may be suitably
used as an ink punp for an ink jet print head, for exanple. In this case,

t he actuator having the above three-layer structure of the ceram c base
menber can be bonded to a menber, such as an _ink nozzle menber_ of the
print headi2asdd i agpieeerdeicidlir/elantrnastsiative BohdRYGTIs AT a@8s ai¥e t he
actuator and ink nozzle nenber so as to establish fluid-tightness of an
ink flow ERBRAGMEnt AfghthRi PReSEBY Nl YeRLACRNASEgPANEESr FATetReRd toThe
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of plurality of pressure chambers 46 formed in the actuator 45,
and is jetted or discharged from a plurality of nozzles 54
formed through the ink nozzle member 42. |

More spec;fically,- the ink nozzle member 42
consists of a nozzle plate 48 and an orifice plate 50 having
a relatively small thickness, and a channel plate 52
interposed between these plates 48, 50. The nozzle plate 48
and the orifice plate 50 are integrally bonded to the
channel plate 52 by means of an adhesive.

The nozzle plate 48 has a plurality of nozzles 54'
(three in this embodiment) formed therethrough, for
permitting jets of fine ink particles, while the orifice
plate 50 and the channel plate 52 have respective
through-holes 56, 57 formed through the thicknesses thereof.
These through—holes 56, 57 are aligned with the respective
nozzles 54 as viewed in the direction of the thickness of
the plates 48, 50, 52, and have a diameter which is larger
by a given value than that of the nozzles 54.

The orifice plate 50 further has a plurality of
orifices 58 (three in this embodiment) formed therethrough,
for permitting flow of the ink into to the respective
Pressure chambers 46. The channel plate 52 is formed with a

Window 60 which is closed at its opposite openings by the



-7; .presently preferred enbodi nents of the invention, when considered

I n connection with the acconpanying drawi ngs, in which: Fig. 1
is a vertical cross sectional view showing an ink jet print head which

i ncl udes one enbodi ment of a piezoelectréclelectrostrictive actuator of
the present invention; Fig.”2”is a cross sectional view taken
along line 2-2 of Fig. 1; Fig. 3 is an expl oded perspective view
expl aining the construction of the ink jet print head of Fig. 1;

Fig. 4is guend %ﬁ:oatfé Of& ﬁﬁgt ;k,\aﬁlﬂg%ci\éin?‘lﬁla&%orﬂdis%’%’ﬁ%&&i@ei??t whlered 1.

showing an 1nk jet print hea udes ano odi nent of a

pi ez0el ect rgrf/i niel SEdS PPt EhGhh¥E 881 dRhlunQlcaltihgPreSE it hdVepiEQBes 58
Fig. 5is a vertical cross sectional view showing one exanple of a

conventi ongls iqe€iid 6y "thée@Hannel plate 52 thd nee£I@ssls€6t 48nandi ew
taken along line 6-6 of Fig. 5; and Fig. 7 is a cross sectiona
Vi ew correydindorfi®e phateof5¢i gThe, oriofdldg plame fSTafuethelr fhast aand
second conmmunication holes of the ink jet print head of Fig. 1
supply port 64 through which - the ink is fed from an ink
reservoir into the ink supply channel 62.

While the material used for the plates 48, 50, 52
of the ink nozzle member 42 ié not particularly limited,
these plates 48, 50, 52 are preferably'made of a plastic, or
a metal such as nickel or stainless steel, which enables the
nozzles 54 and orifices 58 to be formed in the respective
plates 48, 50 with high accuracy. Each of the orifices 58 is
desirably formed in tapered shape such that the diameter of
the orifice 58 is reduced in the direction of flow of the
ink (i.e., the direction from the ink supply channel 62
toward the pressure chambers 46), as shown in Fig. 1 by way
of example, so as to function as a check valve for
inhibiting the ink from flowing in the reverse direction.

The‘ piezoelectric/electrostrictive actuator 45

-‘consists of a ceramic base member 44 and a plurality of
Piezoelectric/electrostrictive elements 78 formed integrally
on the base member 44. The ceramic base member 44 consists
of a closure plate 66 and a connecting plate 68 having a
relatively small thickness, and a spacer plate 70 interposed
between these plates 66, 68. These plates 66, 68, 70 are

superposed on each other and formed integrally into the

Ceramic base member 44 in a manner as described later.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS - Referring to
Figs. 1 and 2 schematically showing an ink jet print head 40, and to Fig.
3 which is an expl oded Perspective view of the print- head 40, an ink
nozzl e menber : -8- ° 42 and a

pi ezoel ectric/electrostrictive actuator- 4y as one enbodi nent of the
present i.nvention are bonded together to forman integral structure of the
ink jet print head 40. In this print head 40, an ink material is supplied
‘to a plurality of pressure chanbers 46 fornmed in the actuator 45, and is
jetted or discharged frmm aophscalngy pifatwzfBeshds! ffiastedcommenidatheni nk
nozzl e nenber 42. More specifically, the ink nozzle nmenber 42
consi sts of molewz| 22pl atred 48sendndn orérfmerigatienso hedeshg 74 refexmed| y
smal1 thickness, and a channel plate 52 interposed between these plates
48, 50. The tiezadthysiugle, 48¢highl tare or rESPECHiyEdY50 adignas gt y BBRded
to the channel plate 52 by nmeans of an adhesi ve. . Thf,nozzie

pl ate 48 haghrquah-diakss 6 mnd |anifiices 58 formed in the orifice plate

50, as viewed in the direction of thickness of-the plates
68, 50. The diameter of the first communication holes 72 is
substantially equal to or slightly larger than that of the
through-holes 56, while- the diameter of the second
communication holes 74 is larger by a given value than that
of the orifices 58.

The spacer plate 70 has a plurality of rectangular
windows 76 formed therethrough. The spacer plate 70 is
superposed on the connecting plate 68 such that each of the
windows 76 communicates with the corresponding first and

- second communication holes 72, 74 formed in the connecting

plate 68.

The above~indicated closure plate 66 is superposed
on one of the opposite major surfaces of the spacer plate 70
remote from the connecting plate 68, so as to close openings
of the windows 76. 1In this arrangement, .the pressure
chambers 46 are formed within the. ceramic base member 44,
such that the chambers 46 communicate with an exterior space
through the first and second communication holes 72, 74.

The ceramic base member 44 is formed as an
integrally formed fired ceramic structure. That is, in the
process of producing the base member 44, green sheets are

initially formed by using a slurry that is prepared from



(three -in this enbodinent) fornmed therethrough, for permitting jets
of fine ink particles, while the orifice plate 50 and the channel plate 52
have respective through-holes 56, 57 formed through the thicknesses
thereof. These through-holes 56, 57 arejaligned with the respective
nozzles 54 as viewed in the direction of the thickness of the plates 48,
50, 52, and have a dianeter which is |larger by a given value than that of
t he nozzl es 54. The orifice plate 50 further has a plurality of

orifices 58efliice mardhi gl epbbdnaernt) foiqEldtseIeshtoughd duerdder nbiti ng
flow of the ink into to the respective Pressure chanbers 46. The channel

pl ate 52 | mehosnedf wd hgenewaddyw WEkdhdelviice csockedast at sooppasibrade
openi ngs by the - 9- nozzl e plate 48
and ori fi cdepliaee 030,a resperse vedy]l whaetelry Then,nkheugieerchsiraedis 62re
comuni cating with the orifices 58 is defined by the channel plate 52, the
nozzl e pl aftbjgcird tcheswitabhke processdnaTiFUCH igs UHiNI®e Srghinbeg has

a supply port 64 through which the ink is fed froman ink reservoir into
the ink suBpl PUBFR4RA, @ needed, so as to form the windows 7€ and the

first and second communication holes ‘72, 74. Thus, there are
formed precursors for the plates 66, 68, 70. These
precursors are then laminated«oh each other and fired into
an integral ceramic body as the ceramic base member 44.

While the ceramic materiai used for forming the
ceramic base member 44 is not particularly limited, alumina,
zirconia or the like may be favorably emplqyed in view of
its formability and other properties. The closure plate 66
preferably has a thickness of 50um or smaller, more
‘preferably, within a range of about 3 to 12um. The
connecting plate 68 preferably has a thickness of 10um or
larger, more preferably, 50um or larger. The spacer plate 70
preferably has a thickness of 50um or larger, more
preferably, 100um or larger. |

The above-described ceramic base member 44, which
is formed as an integral fired ceramic structure, does not
require any particular adhesive treatment for bonding the
Plates 66, 68, 70 together. Accordingly, coqplete and secure
sealing can be achieved at the interfaces between the
closure platé 66 and spacer plate 70 and between the

connecting plate 68 and spacer plate 70.



Wil e the material used for the plates 48, 50, 52 of the ink nozzle nenber
42 is not particularly limted, these plates 48, 50, 52 are preferably
made of a plastic, or a nmetal such as nickel or stainless steel, which
enables the nozzles 54 and orifices 58 to be formed in the respective
plates 48, 50 with high accuracy. Each_ofjgthe orifices 58 is desirably
formed in tapered shape such that the dianeter of the orifice 58 is

reduced in the direction of flow of the ink (i.e., the direction fromthe

i nk supply channel 62 toward the pressure chanbers 46), as shown in Fig.

by way

of exanpl e,

ink fromflowng in the reverse direction. The

pi ezoel ect r prbdueedr ositth cimprovedt efifdciessy cofduestte otha gurestncdasé
menber 44 and a plurality of piezoelectric/electrostrictive elenments 78
formed int egh8l Iopnnecting Habaterebder Namelvhe Tler afi gepesalishbdifficult

consi sts

relatively Sfab@nddiecidekamingy stEpgturep casiAing ePfodddn o
pl ates 66, 6
forned inte§

| ater.

of a_closure plate 66 and a connecting plate 68 havin

| at es 68, 70 are_ suyperposed on each other and

abnormal deformation of a resultant fired body tend to occur
due to strains induced inlthe laminar structure when it is
inadvertently supported upon'its setting on a furnace. In
the instant embodiment, however, the laminar strucﬁuré
includiné .the connecting plate 68 exhibits an enhanced
rigidity due to the presence of the plate 68, assuring
improved handling ease thereof, while reducing the
possibility‘ of occﬁrrence of defectives due to handling
failure, as compared with when the structure does not
include the connecting plate 68. Further, - it is normally
impossible to handle a laminar structufe consisting only of
the closure plate 66 and spacer plate 70 where the pressure
chambers 46 are formed with high density in the ceramic base

member 44, that is, where the ceramic base member 44

includes a comparatively large number of pressure chambers

46. In the instant embodiment, however, the connecting plate
68 makes it possible to handle the laminar structure even in
the above-described situation.

While the configuration of the ceramic base member
44 wvaries depending upon various factors relating to
production of this member 44,' it is desirable that the

surface of the ceramic base member 44 which is to be bonded
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-10- The connecting plate 68 has first communication holes 72
and second conmmunication holes 74 forned therethrough, which are
respectively aligned with the through-holes 56 and orifices 58 forned in
the orifice plate 50, as viewed in the direction of thickness of the
plates 68, 50. The dianeter of the fi¥si3cenmunication holes 72 is
substantially equal to or slightly larger than that of the through-holes
56, while the dianeter of the second conmmunication holes 74 is

| arger by a given value than that of the orifices .58. __¢The spacer
plate 70 h&e &hsl uink i ngzaler membeguldd W‘ﬁ&oféJG”?%r%EIthér‘EtﬁFSugfﬁé
The spacer plate 70 is_ superposed on the conngctin | ate 68 suych that
each of thé&heyi G@BRECEENGonRiALEat 68 wi &1F t MEYr rRSbnd g ‘ﬁ‘"?crog:t“'an €

second comuni cation holes 72, 74 formed in th nnectin |_ate

The above- ENEPR&SSEd Of| ﬁlﬁ'er%%%‘f%n%ﬁ*ﬂggéﬁﬁer%%sgﬁe %‘ﬁr%’ﬁgco{% at% tﬁe m%g“;?oesrlte
maj or surfaces, of the cer_plat 0. renot o] e SoPp [ I 68,
so as to cf sel%pe?lli”nﬁégf%f c$ﬂ€r§#%<aov\go 7§r.1££| rrzhtl%lhi S a%?%ngéknsgn?%ﬁet he

pressure cRATHR® 10.0e ] Sl enididel Nench 305 U AR Mongeh

_ comTuni cate W n exterior space through the Tirst
and second .ceguuni-eaty Q40! 8% %fm,’4by means of "roughness measuring

system". Desirably, the maximum waviness of the relevant
surface is not larger than 25um, more desirably, not larger
than 1O0um. As 'a means for achieving the above degree of
surface evenness, the fired ceramic body. which gives the .
base member 44 may be subjected to machining such as lapping
or surface grinding.

On the ceramic base member 44, more precisely, on
the outer surface of the closure plate 66, there are formed
piezoelectric/electrostrictive elements 78 which correspond
to the respective pressure chambers 46 formed in the member
44. Each of the piezoelectric/electrostrictive elements 78
has a piezoelectric/electroétrictive unit consisting of a
lower electrode 77, a piezoelectric/electrostrictive layer
79, and an upper electrode 75, which are formed in
lamination on the closure plate 66, by a suitable
film-forming method. As the piezoelectric/electrostrictive
element 78 of the instant embodiment, it is particularly
preferable to .employ a piezoelectric/electrostrictive

element as proposed in EP-A-0 526 048 Al.



The ceram c base nenber 44 is fornmed as an ‘integrally fornmed fired ceramc
structure. That is, in the process of producing the base nenber 44, green
sheets are initially forned by using a slurry that is prepared from
ceramic materials, binders, liquid solvents and others, by neans of a
general |y used device such as a doctor- hlede device or a reverse roll
coater. Then, the green sheets are subjected to suitable processing such
as cutting, machining or punching, as needed, so as to formthe wi ndows 76
and the first and second comruni cation holes 72, 74. Thus, there are,
formed precursors forMaife spgcdficellys, #he TrbasUrdr R12%8r sblr e YWihkah

| am nat ed on each other and fired into an intefral ceram c body as the
coram ¢ bad€T@RES A Substrate foryfhe RIRZGEIEFFELREEOPLAT ARTA Fbive

[T g (e el SRRSE TEHPELL 2 Lot B4 LAY ! LUbLEal Yo,

200 ot BRORe! HaEREls ShORY” aBbR! e ierRESr LY Paspd "HbYRY &1

12[err]m -Ic-g.l?rstal phase that is partially or fully stabilized by a
suitable compound or compounds. The term “"partially or fully
stabilized zirconia" used herein should be interpreted to
mean zirconia whose crystal phase is partially or fully
stabilized, so that the cﬁstal phase partially undergoes or
does not undergo phase transformations, respectively, upon
application of heat, stress or the like thereto.

The above-indicated compound or compounds for
stabilizing the zirconi'a ~is selected from the group
consisting of: yttrium oxide; cerium oxide; magnesium oxide;
and calcium oxide. The zirconia . is partially or fully
stabilized as desired, by addition of at least one of these
compounds, that is, a selected one of the above-indicated
oxides or a .selected combination of two or moi‘e_ of these
oxides. It is desirable to stabilize the zirconia by adding
2 to 7 mole % of yttrium oxide, or 6 to 15 mole % of cerium
oxide, or 5 to 12 mole % of magnesium oxide or calcium
oxide. It is particularly recommended to use yttrium oxide
in an amount of 2 to 7 mole %, more preferably, 2 to 4 mole
%, SO0 as to partially stabilize the =zirconia. With the

addition of the yttrium oxide in the above range, the

PRCIN



connecting plate 68 preferably has a thickness of 10[err]mor |arger, nore
preferably, 50[err]mor larger. The spacer plate 70 preferably has a
thickness of 50[err]m or larger, nore preferably, 100[err]m or

| ar ger . The above-descri bed ceram c base nmenber 44, which is
formed as an integral fired ceramc strutiure, does not require any
particul ar adhesive treatnent for bonding the plates 66, 68, 70 together.
Accordi ngly, conplete and secure sealing can be achieved at the interfaces
bet ween the. cl osure gl ate 66 .and spacer gllat eh70 an .bq_} ween the, .
connect i ngZpFSPRIF8 BAY sHalsiMALE eCFystal phase which "1s partially

- 12 - Lo n addition the ceramc_base 44 c e -

pr oduced V\fFﬁbllr}ﬁ‘rzoe\#e(fsefaf i it ?n%[]ep%faos h%Pp’?e%%ﬁlggS%?loPhé?cgnﬁélcl?tlf:ng
pl ate 68. Ly, ~hk | e Lffi t a & | agh.nar I ure
consi st ngygggteyhi £ril%lzif I g??b[%é@%%%%ﬁéishggtgs%e 'an&(?r%?toﬁrlgeof gt“%e %trrna%\ﬁgtrc

Son o Sis P Ty PN obey AREHLA rkengdoho il g gt
supported HEERhkkS Sehbi NGvePagel WPAESEal | yrain size of the ceramic
substrate 1is preferably controlled to within a range of
0.05um - 2um, more preferably, to lum or smaller, so as to
ensure the presencle 'of the tetragonal phase and assure a
sufficiently 1large mechanical strength of ' the ceramic
substrate.
. On the outer surface of the closure plate 66 are
formed suitable films of the upper ‘and lower electrodes 75,
77 and the piezoelectric/eléctrostrictive layers 79, by any
lone of various known methods which include thick-film
forming process such as screen printing, spraying, dipping
and coating, and thin-film forming process such as ion-beam
method, sputtering, vacuum vapor deposition, ion plating,
" CVD and plating. These layers 75, 77, 79 may be formed
either before or after firing of the closure plate 66 (the
ceramic base member 44). Then, the electrode films 75, 77
and piezoelectric/electrostrictﬁive layer 79 thus formed on
the closure plate 66 may be heat-treated as needed, either
in different steps following formation of the respective
~layers 75, 77, 79, or in one step following formation of all

of the layer 75, 77, 79. To assure improved reliability of

insulation between the electrode films 75, 77, there may be



t he. i nstant enbodi ment, however, the |lam nar structure including the
connecting plate 68 exhibits an enhanced rigidity due to the presence
of the plate 68, assuring inproved handling ease thereof, while
reducing the ~possibility of occurrence of defectives due to handling
failure, as conpared with when the stigcture does. not include the
connecting plate 68. Further, it is normatPy” inpossible to handle a

| am nar structure consisting only of - the closure plate 66 and spacer plate
70 where the pressure chanbers 46 are forned with high density in the

ceram c basg, fiEgbel 441ec—%cf@c§ I h %esr%ewfn ergggfnb%és@nggétwfe%r% hehe

I ncl udes a conparatively large nunber preSsure cha

i nstant enbgdi gBBAt ?9&@&@&ectthrqc?@lwliwtpkéwve%ageﬁs_7i9t, pessible to
handl e the | am nar structure even in the above-described situation.

Wi l e the configurati9he0b]bbe reRicatiClRasesTEMbElof 4da¥hAl bae zdrnerdiric /
upon various factors relating to production of this nmenber 44, it is

desirabl e tdbécthestBictdoce oinibe mey abe bbsemednief 4sywhiededtsicalhy
Ponded conductive material which caé igthstand a high-temperature
oxidizing atmosphere generated upon the heat-treatment or
firing as described above. For instance, the electrode films
75, 77 may be formed of a sihgle‘metal, an alloy of metals,
a mixture of a metal or al;oy and an electrically insulating
ceramic or glass, or an electrically conductive ceramic.
Preferably, the electrode material has as a major component
a noble metal having a high melting point, such as platinum,
palladium or rhodium, or an alloy such as silver-palladium
élloy, silver-platinum alloy or platinum-palladium alloy.
The piezoelectric/electrostrictive 1layer 79 of
each piezoelectric/electrostrictive unit may be formed of
any piezoelectric or electrostrictive material which
produces a relatively large amount of strain .or displacement
due to the converse or reverse piezoelectric effect or the
electrostrictive effect. The piezoeleétric/electrostrictive
material may be either a crystalline material or ‘an
amorphous material, and may be a semi~conductor material or
a dielectric or ferroelectric ceramic material. Further, the
piezoelectric/electrostrictive material may either require a
treatment for initial polarization or poling, or may not

require such a polarization treatment.



to the ink nozzle nmenber 42, that is, the outer surface of the connecting
plate 68, is nade even or snooth. The evenness of the relevant surface of
the cerami c base nenber 44 is suitably controlled so that the surface has
the maxi mum wavi ness of not |arger than,50[err]mas neasured along a
reference Il ength of 8nm by means of "rodghness neasuring systeni.
Desirably, the nmaxi mum wavi ness of the relevant surface is not |arger than
25[err]m nore desirably, not larger than 10pm As a neans for achieving

the above degree of gH&T 0fe RYLTURSSic IdBebtiBdtegERIVE DRYeMiiadh Qk¥Es
the base nenber 44 may be subjected to machi ning such as | apping or

surface grifsh nghe piezoeled¥ridielRitrbstbaseiveneiydd, 790r profeeabely,
on the outer surface of the closure plate 66, there are forned

pi ezoel ect recrted red rast i majue edmpenést’/iend circonatsponidtahatehéPzT),
respective pressure chanbers 46 forned in the nenber 44. Each of the

pi ezoel ect riesd| magnestinmct hvebatend MY )78 lessd anickel niobate (PNN),

pi ezoel ectric/electrostrictive unit consisting of a |ower electrode 77, a
pi ezoel ect rkedd| Bangasesectniedaty.erlead, anﬁllaﬁnlipﬁé'-ra@%"ef@r od@aﬁ5 zihEch:
are formed in_lamnation on the <closure plate % sui tabl e
filmform MPIRAOA. ASathe BHeamRtRct iy el et rB‘éi‘FPé'lei ve h@lr@ﬁént 78hef

the instant enbodj nent, it articularly preferaple to_ enploy a
b1 62001 cot MIGHARIAT TR e1eSEORILIRHVES pr RARRERT P AR 04athe

above-indicated major component may further contain as an
additive an oxide or otﬁer'compound of lanthanum, barium,
niobium, zinc, cerium, cadnium, chromium, cobalt, strontium,
antimony, iron, yttrium, tantalum, tungsten, nickel, and/or
manganese, so as to provide a material containing PLZT, for
example. | |

The piezoelectric/electrostrictive unit consisting
of the electrode films 75, 77 and the piezoelectric/
electrostrictive layér 79 generally has a thickness of not
larger than 100um. The thickness of each of the electrode

~ films 75, 77 is generally 20um or smaller, preferably Sum or
smaller. To assure a relatively large amount of displacement
by application of a relatively low voltage, the thickness of
the piezoelectric/electrostrictive layer 79 is preferably
50um or smaller, more preferably, within a range of 3um to
40um.

Since the substrate of the piezoelectric/
electrostrictive element 78 is constituted by the closure
plate 66 formed of a material having partially stabilized
zirconia as a major component, the element 78 exhibits

sufficiently high degrees of mechanical strength and



- 14 - . More specifically, the closure plate 66, which serves
as a substrate for the piezoelectric/electrostrictive elenents 78, is
suitably forned by a ceranmic substrate made of a material whose nmmjor
conponent is zirconia having-a crystal ﬁ%a§e that is partially or fully
stabilized by a suitable conmpound or compounds. The term"partially or
fully stabilized zirconia" used herein should be interpreted to nean
zirconi a whose crystal phase is partially or fully stabilized, so that the

crystal phasfudiidd@l byeHNAHARRS HHe HP8EeNW6 URHEr GO PEBSLively small
transformations, respectively, upon application of heat, stress or the

| i ke theretithickness. At Tbikeabane- kfflegatie apoupdrmed cpipedededtrfic/
stabilizing the zirconia is selected from the group consisting of:
yttrium oxidectomstumokive; ehemersi It @drmdeprouindecal crebhavivddy Therge
zirconia is partially or fully stabilized as desired, by addition of at
| east one @mauidseof c dspladementtatby saprldcladdtaad oheaofrehatively low
above-indicated oxides_or a selected conbination of two or nore of these
oxi des. |t OPSI@dsinbVeltagerabvithe & haediatebve by byl agtg ngpagnitude of

force or electric potential generated, and has an improved
operating response.

In addition, the filﬁ-forming method used for
forming the electrode films 75, 77 and the piezoelectric/
electrostrictive layer 79 permits a relatively large number
of the piezoelectric/electrostrictive elements 78 to be
formed on the closure plate 66 of the ceramic base member
44. That is, in the film-forming process as described above,
the elements 78 can be concurrently and easily formed with a
minute spacing left between the adjacent ones, without using
an ad?esive or the 1like. Accordingly, a plurality of
piezoelectric/electrostrictive elements 78 can be easily
formed on appropriation portions of the ceramic base mémber
44 which correspond to the respective pressure chambers 46
formed therein.

.After firing the ceramic base member 44 formed
integrally with the piezoelectric/electrostrictive elements
78, the thus obtained piezoelectric/electrostrictive
actuator 45 is superposed on the .above-described ink nozzle
member 42, and these actuator and nozzle member 45, 42 are
bonded together by a suitable adhesive, such as epoxy resin,

into an integral structure of the ink jet print head 40, as



2to 7 nole %of yttriumoxide, or 6 to 15 nole % of cerium oxide, or 5to
12 nol e % of magnesi um oxide or calcium oxide. It is particularly
reconmended to use yttriumoxide in an amount of 2 to 7 nole % nore
preferably, 2 to 4 nole % so as to partially stabilize the zirconia.

Wth the addition of the yttrium oxide in the above range, the

- 15 - zirconia has a primary. crystal 1p"na"se which is partially
stabilized as a tetragonal phase or a conbination of a cubic phase and the
tetragonal phase, to provide the ceramc substrate (closure plate 66)

havi ng excel | ent operties. ur, yiath v alyn gray d of.
t he ceramg(l}:w%glubis)}%rggg'i ?'pré ertztg‘b%;/ %:%%t S’(ﬁt[aegli-fqg&wﬁ{%ﬁ z‘imr'anglégo?n%?

0. 05[ err] Mya +AE8EN] MniBH & Pr eE&T BREYughC & LhR uppT9 | Bansd) 82t G s
ensure the presence of the tetragonal phase and assure a sufficiently

| arge mechanpgali et tRNGNe Qrd Hou kel ARambe £8Pl allfrough the resPedditve
outer surface of the closure plate 66 are forned suitable filnms of the

upper and beWEhcelseGEr,o0deR s passaddthhsughe 2! etirdudeHasie9sbli,ctsve
| ayers 79, by any
and jetted outwards from the nozzles 54, based on the
operation of the piezoelectric/electrostrictive elements 78
of the actuator 45.

Upon bonding of the “éctuator 45 and the ink nozzle
member 42 as described above, the pressure chambers '46
formed in the actuator 45 are suitably held in communication
with the nozzies 54 and the ink -supply channel 62 formed in
the ink nozzle member 42, with the first and - second
communication holes 72, 74 being in communication with the
through-holes 56 and orifices 58 formed through the orifice
plate S0 of the ink noizle member 42, respectively.

To achieve sufficient fluid-tightness of the ink
flow channel through which the ink flows in the print head
40, the seal between the bonding surfaces of the actuator 45
and the ink nozzle member 42 needs to. be well established
only at around the first and. seéond communication holes 72,
74. This leads to a significantly reduced area of bonded
portions whicl} must provide a complete seal, permitting the
ink flow channel to easily and surely assure excellent
fluid-tightness. Since the present ~ink jet print head 40
does not suffer from overflow of the adhesive into the
pressure chambers 46, and otherwise possible gaps formed

between the bonding surfaces of the actuator 45 and ink



one.of various known nethods which include thick-film form ng process such
as screen printing, spraying, dipping and coating, and thin-filmform ng
process such as ion-beam nethod, sputtering, vacuum vapor deposition, ion
plating, CVD and plating. These layers 75, 77, 79 may be formed either
before or after firing of the closure plLabg 66 (the ceram c base nenber
44). Then, the electrode films 75, 77 and piezoelectric/electrostrictive

| ayer 79 thus formed on the closure plate 66 nay be heat-treated as
needed, either in different steps followng formation of the respective

| ayers 75, TibzzZl9% memberode stpe f prinvi heafdor 4Gt exinibitsl sigofl fiilkantayer
75, 77, 79. To assure inproved reliability of insulation between the

el ectrode filmpropsed 7Anktierbingycharacteristics with high stability. -
16 - fornmed as needed an insulating_resin |ayer between the adjacent

pi ezoel ectric/ el ectroskiti &hilfe Paytiguker mmbodiment, thehdigmetebse of
films 75, 77_of each piezoelectric/ electrostrictive unit nay be fornmed of

any el ectri &80 \F1TghdeRei SRRt SAMYRICHELAR ROLRSt dfa o 4 "are set to

i gh-tenper gulea1Pd,d &h09 ShIPoRARHS S &Y SPorhd NS08l Lr eaLIRL, o
46 (the width dimension of the window 76 formed in the
spacer plate 70). Therefore, the adjacent-ones of the first
communication holes 72 and tﬁoée of the second communication
holes 74 are spaced apart from each other by a sufficiently
large distance (indicated by "L" in Fig. 2).

The above arrangement assures a sufficiently large
area of bonding between the actuator 45 and the ink nozzle
member 42, at around the respective first and second
communication holes 72, 74. Accordingly, a further improved
seal can be obtained at the bonding surfaces even if the
actuator 45 and the ink: nozzle member 42 are made of
different kinds of materials.

Depending upon the kind of the adhesive used or
the method of application of the‘ adhesive, there is a
possibility that the adhesive overflows into the first and
second communication holes 72, 74 fo thereby c;ose the
openings of these holes 72, 74. In this case, it is
desirable that the diameter of the first and second
communication holes 72, 74 be set to be substantially equal
to the width dimension of the corresponding pressure chamber
46, so as to avoid the closure of the openings of the holes

72, 74. It is also desirable to form one or both of the



firing as described above. For instance, the electrode films 75, 77 may be
formed of a single netal, an alloy of netals, a mxture of ‘a netal or
alloy and an electrically insulating ceramc or glass, or an electrically
conductive ceramc. Preferably, the electrode nmaterial has as a major
conponent a noble netal having a high reltli ng point, such as platinum

pal | adi um or rhodium or an alloy such as silver-palladium all oy,
silver-platinumalloy or platinun}palladiun1alloy The

pi ezoel ectric/el ectrostrictive |layer 79 of each

pi ezoel ectr |fc’/"e$*éc‘?’F%§E<P‘F%@¢ v@orﬂ'ﬁﬁl{‘lﬁﬁ§16§ PGS B 1markrarieoncFhepei as
or electrostrictive pate roduces a relatively large amunt

of strain. orSREYEHI LR ikt du‘ért% i%@t& n?ePPE ‘or reverse piezoelectric

effect or the electr trlc Hye effect..The ezo %Frbc/electrostr|c££v
mat eri al nay be eit cP§st SFFERY H§P$F|§P° YancOuRat phd

mteri al, s 6 tﬁg CHRAMC AL FRLELT Ur Ane o BRIk elbes 42
erroelectrlc an1c mater a

pi ezoel ec”'a%f' EhL T ARl df’e45‘moeﬁ”éi1e”9ifn1$' 2%@ Pﬂ‘x"%r?xe% tygaEenipd or

initial polarlzatlon or poling, or may not uire suc arlzatlon

treatment. jnstant embodiment, with those of Ythe ink nozzle member 16
and the actuator 25 of the conventional ink jet print head
as shown in Figs. S and 6 ‘that the print head 40 of the
instant embddiment can achieve a significantly improved seal
at the bonding surfaces of the members 42, 45, as compared
with the conventional counterpart of Figs. 5 and 6.

While the present invention has been described in
its presently preferred embodiment with a certain degree of
particularity, it is to be understood that the invention is
not limited to the details of the illustrated embodiment,
but may be otherwise embodied.

For example, the piezoelectric/electrostrictive
actuator constructed according to the present invention may
be used as an ink pump for ink jet print heads having
various other structures, and may also' be wused for
microphones, piezoelectric loudspeakers, sensors, vibrators
Oor resonators, filters.and other components or devices.

The construction of the present piezoelectric/
electrostrictive element is by no means limited to that of
the illustrated embodiment. While the ink supply channel 62
through which the ink is fed into the pressure chambers 46

is formed within the ink hozzle member 42 in the illustrated



The. pi ezoel ectric/el ectrostrictive material used for the
pi ezoel ectric/electrostrictive |layer 79 preferably contains as a mgjor

conponent |ead zirconate titanate (PZT), |ead nagnesi um ni obate (PW),

| ead nickel niobate (PNN), |ead nanganese ni obate, ‘| ead antinony stannate,
| ead zinc niobate, lead titanate, or a mxture thereof. The

pi ezoel ectric/electrostrictive mat eri al havi ng the above-indicated

maj or conponent may further contain as &2 -additive an oxi de or other
conpound of |anthanum barium niobium zinc, cerium cadnium chrom um
cobalt, strontium antinony, iron, yttrium tantalum tungsten, nickel,
and/ or nmanganese, so as to provide a material containing PLZT, for
exanpl e. embodimentpe thee AR (¢harpett fesmMaxt PeefoRMEd: HHE T nfheof
the el ectrode filns F7_75, 77§lnd the piezoelectric/ electrostrictive |ayer
79 gener al B§EHAECE ARicBFeDIM nft F19r gér Rhar2Y0Bf e FPPMP e 1M ERASSS
of each offthe el egt.rode__filns 75,. 77 _is \gen rally 20[e€ri£]mhg>r .shal ggr
pref erabl yE5FRFFr mGte  SAWE| FUSFS LK sBPe BOTRI &t VELY - | af gSREOVOIIR  GPe
di spl acenept y |5l i,on | at L vel:\y | |.t ag i e of
t he piezoe ‘ef:'??i ce?{%ggé&%%tr?g i@géﬁa?/‘%eéy?é‘&es?%pl)ir%&eé bF;/:rhgg:[ugrArj]&ﬁf]o?’%

smel ler, Mppe.pishet #h! Yoo hddidhAdfNea dfertS! 1B t as 40ber FAM 1itate

understanding of the embodiment of Fig. 4.




Since the substrate of t he pi ezoel ectric/ electrostrictive el enent
78 is constituted by the closure plate 66 formed of a material having
partially stabilized zirconia as a major conponent, the el enent .78
exhibits sufficiently high degrees of nechanical strength and

- 18 -  toughness even though the plaTe?#6 has a relatively small

t hi ckness. At the sane tinme, the thus fornmed piezoelectric/

el ectrostrictive element 78 can provide a relatively large anount of

di spl acenent by '§ation of arelatively ow operating voltage, with a
relatively large nagnitude of force or electric potential generated, and
has an i nproved operating response. In addition, the

filmform ng nmethod used for formng the electrode films 75, 77 and the

pi ezoel ectric/ electrostrjctivg |ayer 7% pegltlscarhel/atieveinsd e awgber
of the piezoelectric/electrostrictive elenents 78 to be formed on the

closure pl aledd IS GRimg &8 base wmemnber. (44) Ghatwhbdchi Attt Neast one
filmform ng process as descri bed above, the elenents 78 can be

concur r ent Ipremsiireasi ¢hahbered (Wsh ds m formesiaci angd| efatt beleest t hene
adj acent ones, w thout using
plezoelectrlc/electrostrlctlve element (78) each disposed on
a wall partially defining the corresponding one of said at
least one pressure chamber, fer.deforming said wall so as to
change a pressure of the corresponding pressure chamber,
characterized in that: |

said base member is an integral ceramic body
consisting_of a spacer plate (70) having at least one window
(76) which provides said at least one pressure chamber,
respectively, a- closure plate (66) disposed on one " of
opposite major surfaces of said spacer plate, for closing
one of opposite openings of each of said at least one
window, and a connecting plate (68) disposed on the other
major surface of said spacer piate, for closing the other
opening of said each window, said connecting plate having at
least one h_ole'('72, 74) formed in alignment with said at
least one window, respectively, said spacer plate, said
closure plate and said connecting plate being formed from
respective ceramic green sheets which are laminated on each
rother and fired into said.integral ceramic body of the base

member; and that -
each of said at least one piezoelectric/

electrostrictive element comprises a piezoelectric/

Hllllll mm IIIM ﬂlll H llll



an adhesive or the like. Accordingly, a plurality of

pi ezoel ectric/electrostrictive elenents 78 can be easily forned on
appropriation portions of the ceram c base nenber 44 which correspond to
the respective pressure chanbers 46 forned therein. _ After firing
the ceram c base nenber 44 formed integrally with the

pi ezoel ectric/electrostrictive elenents 78, the t hus obt ai ned

pi ezoel ectric/electrostrictive actuator 45 is superposed on the

above: descri pedel i 008 Ge EIDET Apesand dhess gt yaler apd Jpgsdsodenber

45, 42 are together by a sui esive, as epoxy resin

into an integsal Aiy UGhHr & Ohihibic il Mldtt ARG AL RS 1 79
- 19 - shown in)Lig. 1. I%lthis I nk je{Qirint head 46} theayﬁﬁ %at%fial

which is | eghiéRoughe t Hebrimdd SUppl ¥ chamnekofhing mERAbBEEdoAO dRE RIESSUr e

chanbers 46 through the respective orifices 58, and is passed through the

t hrough- hol $srbéceSéf 8aMd] ellbstreuplates off maildhoasw #entbedrd, fwsedivdtt he
operation of the piezoelectric/electrostrictive elenments 78
said piezoelectric/electrostrictive layer is interposed

. between said pair of electrodes.

2. A ~ piezoelectric/electrostrictive
actuator according to claim 1, wherein said base member is

formed of alumina or zirconia.

3. A piezoelectric/electrostrictive
actuator according to claim 1 or 2, wherein said closure

plate has a thickness of not larger thén 50um.

4. A piezoelectric/electrostrictive
actuator according to any one of claims 1-3, wherein said

_connecting plate has a thickness of not smaller than 10um.

5. A piezoelectric/electrostrictive
actuator according to any one of claims 1-4, wherein said

spacer plate has a thickness of not smaller than 50um.

6. A piezoelectric/electrostrictive
actuator according to any one of claims 1-5, wherein said
closure plate is formed of a ceramic material containing

partially or fully stabilized zirconia as a major component.
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of the actuator 45. Upon bondi ng of the actuator 45 and the ink
nozzl e" nenber 42 as described above, the pressure chanbers 46 fornmed in
the actuator 45 are suitably held in conmunication wth the nozzles 54 and
the ink supply channel 62 formed in -the ink nozzle nenber 42, wth
the first and second conmmunication hpggg 72, 74 being in comrunication
with the through-holes 56 and orifices formed through the orifice

pl ate 50 of the ink nozzle nenber 42, respectively. To achi eve
sufficient fluid-tightness of the ink flow channel through which the ink

flows in the print head 4G, theyseal betwseazbbeebontltigleutirases ok ikie
actuator 45 and the ink nozzle nenber 42 needs to be well established

only at arowrtdusherf actioraithe aoond Lomminiwlaéreinhshtd ¢é2ramié. males iladads
to a significantly reduced area of bonded portions which nust provide a
conpl ete sealf, peadd ttdlmpure phatél ononhaims tas easi|yajod sgpeppnassure
excellent fluid-tightness. Since the present ink jet print head 40 does
not suffer Pesmietdnf séabdflitzed adiresinia irvingea Pr¥staterbhagb&hsatads

and ot herwi se possi bl e gaps formed between the bonding surfaces of the
act uat or 45Pah8ipAly stabilized by addition of yttrium oxide.

8. A . pilezoelectric/electrostrictive
actuator according to any one of claims 1-7, wherein said
closure plate has an average crystal grain size within a

range of 0.0Sum - 2um.

9. A " piezoelectric/electrostrictive
actuator according to any one of claims 1-8, wherein said
piezoelectric/ electrostrictive unit has a thickness of not

larger than 100um.

10. A ‘piezoelectric/electrostrictive
actuator according to any one of claims 1-9, wherein each of
said pair of electrodes has a thickness of not larger than

20pum.

11. A : piezoelectric/electrostrictive
actuator according to any one of claims 1-10, wherein said
- piezoelectric/electrostrictive layer has a thickness of not

larger than 50um.

A g



- 20 - nozzl e menber 42, the print head 40 exhibits significantly

i nproved ink-jetting characteristics with high stability. I n
this particular enbodinment, the dianmeters of the first and second

conmmuni cation holes 72, 74 are set to bg_snaller than the w dth di nension
of the pressure chanber 46 (the width d fensi on of the window 76 formed in
the spacer plate 70). Therefore, the adjacent ones of the first

conmmruni cation holes 72 and those of the second communication holes 74 are
spaced apart from each othes. byaa sufficigpebyelbatss fedlettaadingeated
by "L" in Fig. 2). The above arrangenent assures a sufficiently
| arge ar eacaf:aberdiargdeimRentd hhycdnat of 43 adnds t hell nkwhezkl 6 s nggbar
42, at around the respective first and second comunication holes 72, 74.
Accor di ngl ¢s aan uritnker pumpr owf£d ansedhkcajebe mhitreti nbe agt, t hadbowmhion is
surfaces even if the actuator 45 and the ink nozzle nenber 42 are made
of differ énPekprgsdonrangt ikdrgled to an inkepenziagmepdert Het Ki mef othéehe
adhesi ve used or the nethod_of  application_of the adhesive, there is
a possi bi Fpky JekaPHiRt Jdaeed; vEaddedfifovROEALS MRBLE hawheg s&crASt
communi cation holeg 72, 74 to thereby close the _openings of these hol es
72, 74. |n°Pfi §°6§§@, G34) sthﬁﬁgghaﬁi;écphé?alf%’ecﬁ moferlf 2RE fig%tednd

second . . . . .
saié at least one hole (72) of said connecting plate of said
base member being in held in communication with said at

least one nozzle of said ink nozzle member, respectively.
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communi cation holes 72, 74 be set to be substantially equal to the width

di mensi on of the correspondi ng pressure chanber 46, so as to avoid the
Lso desirable to form

cl osure of the openings of the holes 72, 74. It is
one or both of the ' kT, Hd
. . : TH
second comuni cation holes 72 in teardrop shape as sho@%iﬁEi;HA é¥tNa
el liptic shape. It will be easily underst Lpg.-the
and the

shapes of the bonding surfaces of the ink nozzle nmenber 42
pri nt head 40 of the instant enbodi nent, with

actuator 45 of the ink jet

t hose of the ink no /EREGTROS TORhEAYENGEN! | ona

ink jet print head A .Mgs_&&mﬁﬂﬁﬁaﬂ&u&l%mead 40 of the
mm%mmma.amﬂesmmﬂm ELEMENTAE) at the

i nstant enbodi ment éaFae
bondi ng surfaces of the menbers 42, 45, as co ared with the conventional
he present invention has

counterpart of Figs. 5 and 6.
been described in its presently preferred enbodinent wwth a certain degree

of particularity, it is to be understood that the invention is not

limted to the plelid el ridfe] ddtPELRE £ $PROUM M bor including a base

member (44) having'a pressure chamber or chambers (46), and

a Piezoelectric/electrostrictive element or elements (78) is
disclosed. The base member includes a spacer plate (70)
having at least one window (76) which provides the pressure
chamber(s), and which is closed by a closure plate (66) and
a connecting plate (68) disposed on the opposite surches of
.the Spacer plate. These spacer plate, closure plate and
connecting plate are formed from respective ceramic green
sheets which are laminated on each other and fired into an
integral ceramic structure as the base member. Each
Piezoelectric/electrostrictive element is disposed on a wall
partially defining the corresponding pressure chamber, for
deforming the wall SO as ‘to change a pressure of the
Ccorresponding chamber. The element has a piezoelectric/
electrostrictive unit consisting of a pair of electrodes
(75, 77) and a Piezoelectric/ electrostrictive layer (79),
which are formed by a film-forming method on an oufer i

surface of the closure plate of the base member.

This Sheet Has Been Rerlaced
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but may be ot herw se enbodi ed. For exanple, the

pi ezoel ectric/electrostrictive actuator constructed according to the
present invention nay be used as an ink punp for ink jet print heads
having various other structures, and may al so be used for m crophones,

pi ezoel ectric | oudspeakers, sensors, vibrators or resonators, filters and
ot her conponents or devi ces. The construction of the present

pi ezoel ectric/ electrostrictive elenent'1s by no neans limted to that of
the illustrated enbodinent. While the ink supply channel 62 through which
the ink is fed into the pressure chanbers 46 is fornmed within the ink
nozzl e nmenber 42 in the illustrated ' - 22
- enbodi nent, the supply channel 62 may be forned within the actuator
45, as shown in Fig. 4 by way of exanple. In this figure, the sane
numeral s as usédlin Fig. 1 showing the first odi ment are used for

I denti fyi ng strud\grally or functionally corjggBOQQSng el enments, so as to

facilitate wunders andinﬂ30f75he enboqbnent of; Fi%¥/4.
: |

t X ¢ | Y = ~ n I

e ————

A7 2 A A A 7366
— D - //
76 /2 56 /72 46 g . :-gg 44
\ ] ’ i
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- 23 -, CLAI VEB: 1. - A

pi ezoel ectric/electrostrictive actuator including a base nenber. (44) in
which at | east one pressure chanber (46) is formed, and at |east
one piezoelectric/electrostrictive elenment (78) each di sposed on a wall
partially defining the corresponding one.of said at |east one pressure
chanber, for deformng said wall so as tz/s change a pressure of the
correspondi ng pressure chanber, characterized in that: sai d base
menber is an integral ceram c body consisting of a spacer plate (70)
having at | east one wi ndow (76) which provides said at |east one pressure
chanber, respectively, a closure plate (66) disposed on one of
opposite maj or surfaces of said spacer plate, for closing one of opposite
openi ngs of each of said at |east one w ndow, and a connecting plate (68)
di sposed on the other nmajor surface of sahﬂ%spacer pl ate, for closing the
ot her opening of said each wi ndow, said cof¥ecting plate having at

78 é

L4

42¢ 52
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| east one hole (72, 74) formed in alignnment with said at |east one
wi ndow,” respectively, said spacer plate, said closure plate and said
connecting plate being formed from respective ceram c green sheets which
are | am nated on each other and fired into said integral ceram c body of

t he base nenber; and that each . of said at | east one
pi ezoel ectric/ electrostrictive elenmenty;gconprises a pi ezoel ectric/
- 24 - el ectrostrictive unit conS|st|ng/of a pair of electrodes (75,

77) and a piezoelectric/electrostrictive layer (79), which are forned by a
filmformng nmethod on an outer surface of said closure plate of said base
menber, such that said piezoelectric/electrostrictive layer is interposed
bet ween said pair of el ectrodes. 2. A

pi ezoel ectric/electrostrictive actuator according to claim1l1, wherein said
base menber is formed of alumna or zirconia.

89\ 78 45
79 75 77 |/
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3. . A pi ezoel ectric/electrostrictive actuator according to claiml
or 2, wherein said closure plate has a thickness of not |arger than

50[err]m 4. A - piezoelectric/electrostrictive
actuator according to any one of clainms 1-3, wherein said connecting plate
has a thickness of not smaller than 10[err]m 5. A

pi ezoel ectric/electrostrictive actuator 4ggcording to any one of claims
1-4, wherein said spacer plate has a thickness of not smaller than
50[err]m 6. A pi ezoel ectric/electrostrictive
actuator according to any one of clainms 1-5, wherein said closure plate is
formed of a ceramc material containing partially or fully stabilized
zirconia as a nmjor component. - 25 -
7. A pi ezoel ectric/electrostrictive actuator according to claim
6, wherein said ceramc nmateria
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of said closure plate contains as a 'major conponent partially
stabil'ized zirconia having a crystal phase that is partially stabilized by
addi tion of yttrium oxide. 8. A

pi ezoel ectric/electrostrictive actuator according to any one of clains
1-7, wherein said closure plate has an average crystal grain size within a
range of 0.05[err]m- 2[err]m 575 9. A :

pi ezoel ectric/electrostrictive actuator ‘according to any one of clains
1-8, wherein said piezoelectric/ electrostrictive unit has a thickness of
not larger than 100[err]m 10. A

pi ezoel ectric/electrostrictive actuator according to any one of clains
1-9, wherein each of said pair of electrodes has a thickness of not |arger
than 20[err]m 11. A

pi ezoel ectric/electrostrictive actuator according to any one of clains
1-10, wherein said piezoelectric/electrostrictive |ayer has a thickness of
not larger than 50[err]m
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- 26 -, 12. A pi ezoel ectric/electrostrictive
actgator according to any one of clains 1-11, which is used as an ink punp
of an ink jet prlnt head, and which is superposed on and bonded to an ink
nozzl e menber *(42) of the ink jet print ag said i nk nozzl e nmenber
havi ng at | east one nozzle (54) througﬁ2 i ch particles of ink are jetted,
said at | east one hole (72) of said connecting plate of said base nenber
being in held |nPEEZDEDECHRIOmEmEChRSSTHIGTIVEeasTUBmeRnHlYIHGOINSEGEALnk
nozzl e nenber, respectively.

- CERAMIC BASE MEMBER AND .FILM-TYPE

PIEZOELECTRIC/ELECTROSTRICTIVE ELEMENT(S)
5 ' ABSTRACT

A piezoelectric/electrostrictive actuator
including a base member (44) having a pressure chamber
or chambers (46), and a piezoelectric/electrostrictive

10 element (78) is disclosed. The base member includes a
spacer plate (70) having a window (76) which provides
the pressﬁre chamber(s), and is closed by a closure
plate'(66) and a connecting plate (68) on opposite
surfaces of the spacer plate. These platés are formed

15 from laminated ceramic green sheets fired into an
integral deramic structure. Each
piezoelectric/electrostrictive element is on a wall
‘partially defining the corresponding pressure chambef,
for deforming the wall so as to change the pressure of

20 the chamber. The element has a
piezoelectric/electrostrictive unit consisting_of a
pair of électrodes (75,77) and a
piezpelectric/electrostrictive layer (79), formed on
the closufe plate 6f the base member. .
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