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TLTLE OF THE | NVENTI ON | NK JET PRI NT HEAD BACKGROUND OF
*HE | NVENTI ON Field of the Invention The
present invention relates in general tq an ink jet print head, and
nore particularly to such an ink jet print head which has a novel
structure that assures inproved. and stable ink-jetting characteri stlcs
or capability, and which is available at a reduced cost.
Di scussi on of qirhe.EPORO A INVENTION In the recent narket of printers
used as an out put device of a conputer or others, there is a
rapi dly IWK OB PRIGENWEALf or an ink jet printer which operates
~quietly-at arelatively Iow cost. The ink jet printer I ncl udes an ink
jet print head which is generally adapted to rai se the pressure in an
i nk chanber filled with a nmass of ink, to thereby jet or discharge

fine ink part BACEZSROUDM OF THEANVENTIOMSs to effect printing.
There is known one_type of the ink jet print head which has a

pi ezoel ectri c/ el ecEdgdS jof | dinsgnftion sposed on a wall of the ink
chanber, as neans 1&% raisi nq: t.he
. e present invention relates in general to an ink

jet print head, ar_xd more particularly to such an ink jet
print head which has a novel structure thet assures improved
and stable ink-jetting characteristics or capability, and '.
which is available at a reduced cost.

Discussion of the Prior Art

In the recent market of prJ.nters used as an output
device of a  computer or others, there is a rapidly
increasing demahd for an ink jet printer which . operates
quietly at a relatively: low cost. The ink jet p_rinter
includes an ink ‘jet print head which is generally adapted to
raise the pressure in an .ink chamber filled with a mass of
ink, to thereby jet or discharge fine ink particles from
nozzles so as to effect printing.

. There ie known. one type of the ink jet print head
' which has a piezoe1ectric/e1ectrostrictive element di‘sposec_i
on a wall of the ink chamb'er, as means for raising the
pressure in the ink chamber as described above. In this type

of print head a volume of the ink chamber is changed upon
energization and displacement of the ' piezoelectric/
elect'rostrictive element. The ink jet print head of this

type is advantageous in reduced consumption of electric



_

préssure in the- ink chanber as descrlbed above. In this type of print

head, a volune of the ink chanmber is changed upon energi zation and

di s_pl acenent of the piezoelectric/ el ectrostrictive elenment. The
ink jet print head of this type’i £ advant ageous in reduced consunption
of electric - 2- power, as conpared with

anot her type of ink jet print head which is adapt ed to heat t he |nk by a

heater dispased in i Ik GhBTORE,he-IRAELALE: M k! FepuRBLE for
PRY qibaned yiE fefiBRiBE i

Jettlngtp Fi i€ N errlngt

show ng a h e 1.5?6 &y yetallic
nozzl e %at%é Z‘Ehadgktetd %I ur%\éﬁ:t ;tx%f J'(r?tlf(])(z es EJa rretHaslri%c orqulce pl at e

8 having 1?akpbﬁféﬁtbbﬁry Qfo %@nfér%ec% Ghi nRitd Q)Lﬁﬁﬁwhséd Hx YL 1ali%p WRE posed

on each other such that the channel plate 10 is i nterposéd between the

plates 4fige anit pPaetaclplsates 4, 8, 10 are bonded together into.an ink
nozzle nenber 16. In this ink'nozzle, menber 16, there are forned a

plurality of ink dRefeardagchanreigs125f and eadshewing gti dxagpie iokK
material to the respective nozzles 2, and at |east one ink supply channel
14 for | &he¢i apoyve yme wihgthdeink nfxetmpm.nal headt,he methldds GozZRike i nk

] et pr| nt head
plate 4 having a plurallty of nozzles 2, a metallic orifice
plate 8 having a plurality of orifices 6, and a channel
plate 10 are superposed on each other such that the channel
rlate 10 is 1nterposed between the plates 4, 8, and these
 plates 4, 8, 10 are bonded together into an. ink nozzle
tnember 16. In this ink nozzle member 16, there are -formed a
plurality of ink discharge channels 12 for.: leading or
guiding an ink material to the respective nozzles 2, and at
least one ink supply channel 14 for leading or supplying the
ink material to the orifices 6. The ink jet print head
_furthe_r includes an ink pump member 24 which consists of two
plates 18, 20 made of inetal or synthetic resin and formed in
lamination on the ink _nozzle member 16. The ink pump member
24 has a plurality of voids 22 which correspond. to the
nozzles 2 and orifices 6. With this ink pump member 24
superposed on and bonded to the ink nozzle member 16, each
of the voids 22 provides an ink chamber 26 formed behind the
cor‘res_ponding_ nozzie and orifice 2, 6. The ink jet print
head also includes a plurality of plezoelectrlc/
electrostrlctlve elements 28 each of wh:Lch is secured to a

wall of the corresponding ink chamber 26 remote from the ink
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further includes an ink punp nenber 24 which consists of two plates 18, 20
Rede of nmetal or synthetic resin and formed in |amination on the ink
nozzl e nenber 16. The ink punp nenber 24 has a plurality of voids 22 which
correspond. to the nozzles 2 and orifigfq_G..VVth this ink punp nenber 24
super posed on and bonded to the ink nozzl e nenber 16, each of the voids 22
provi des an ink chanber 26 fornmed behind the corresponding nozzle and
orifice Boz@leThembak a6t print head also i ncl udes a plurality of
pi ezoel ectric/ electrostrictive el enments 28 each of which is secured to a
wal | of the correspangicoducikgclthebaboe tompet ©ff daok tiled ipidint head,

-3- nozzle nenber 16. ] I n producing the above type of ink jet
print hehoveveowessellsmildces cefstbe piezsedestirda/glediraatdative i ve

el enents 28 nust be bonded to the walls of the _respective ink chanbers 26,
whi ch naR&smEptsx 28 faist dbef kanded otor ERgeWalds r@Eukbend §imsativsad
sufficient smal | -sized, Fuyrther, the bonding of the .« pps

pi ezoel edPK cFRABREFR 148 ot Ml 38 iﬂgﬂ'ﬂﬂﬁ&y gHshRACUE ¢ (R cost

of manufacture of. the pcint head, an es Lb.difficult_ far the elenents
28 to nAeRESE, %f?@ﬁg‘aﬁlyghi%hﬁgl S’fﬁi?‘;’ﬁmlenﬁ%} ﬁ’??cit]hés‘;fre ction
of the abayendescrifPdhbfiih§! 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 sufficiently high reliability.

In the production of the above-described ink jet
print head, another' problem arises when the ink nozzle
member 16 and the ink pump member 24 are bonded together.
Namely, 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 voids from each other,
is considerably small, more precisely, about lmm or smaller.

Such a small spacihg between the voids 22 makes it extremely
difficult. to bond the ink nozzle member 16 and the ink pump
‘member 24 to each other. |

‘More specifically, an adhesive used for bonding
the _ink' nozzle member 16 .and the ink pump member 24 is
likely to overflow onto the' opposite surfaces of the
partition wall 30. Therefore, the ink chambers 26 and/or ink -
flow channels ihcluding the ink supply and discharge

channels 12, 14 and orifices 6 may be deformed, whereby the



'pfih{ head, another' problem arises when the ink nozzle nenber 16 and the

# nk punp nmenber 24 are bonded together. - Nanely, the spacing between the
adj acent voids 22, 22 formed in the print head, that is, the thickness

"t" :

of a partition wall 30 which separates the adjacent voids fromeach other,
. is considerably small, nore precisely, about 1mmor smaller. Such a snmall
spaci ng between the voids 22 nakes it extrenely difficult to bond the ink

nozzl e menhgrjb&+ang t hehhpkcpepPstiesberof4. ttheeaclprimiter . head
specifically, an adhesive used for bonding the ink nozzle nenber 16 and

may NMore

the i nk pdsrerdoratel4 vesulltike yin oredecéd ogushibyt BadoHicdid €S uth@ces of

the partition wall 30: Therefore, the ink chanbers 26 and/or ink flow

channel s ipmdduditsy (prdntnbesadisil-y and di scharge channels 12, 14 and.
orifices 6 may be deforned, whereb
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punp  nenpber 2 are
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I'nk
insufficiently or poorly bonded together at some portions of

the interface of the members 16, 24. This may result in
incomplete seaiing between the adjacent ink chambers 26, 26,

causing leakage of the preésures of the ink chambers 26, 26

and consequent crosstalk, for example. The partial -or

insufficient bonding may also leave gaps between the boﬁding
surfaces of the members 16, ?4, resulting in pressure loss
upon pressurizing of the ink chambers 26 due to the air
remaininé_ in the gaps. Consequently, the ink-jetting

characteristics of the print head may be lowered.

SUMMARY OF THE INVENTION
It is therefore an object of the present invention

to provide én ink jet print head in which an ink nozzle

"member and an ink pump member can be easily bonded to each -

other, to alleviate or eliminate the above‘problems due to
incomplete bonding of the members or overflow of aﬁ-adhesive
from theif bonding surfa¢es, thereby assuring excellent
ink-jetting characteristics with high stability. It is also

an object of the invention to provide such an ink jet print



insufficiently or poorly bonded together at sone portions of the interface
af the nmenbers 16, 24. This may result in inconplete sealing between the
adj acent ink chanbers 26, 26, = causing | eakage of the pressures of the ink
chanbers 26, 26 and consequent_crossgagk_ for exanple. The partial or

i nsufficient bonding may al so | eave gaps between the bonding surfaces of
the nmenbers 16, 24, resulting in pressure |oss upon pressurizing of the

i nk' chanheesl 2hidte dan the easilyepmoducgd wittlte JupsovesbneEfiiebengy,t he
ink-jetting characteristics of the print head may be | owered. _
SUMVARY @mdTMBicivENTIsOfficiently smallssizedefore an object of the

present invention to provide an ink jet print head in which an ink nozzle
menber and an i nk gRRPAAMEr & betheisi IBrbaptkbet o @fich thether, to

al leviate or elimnate the above problens due to _ _inconpl ete bondi ng of

t he menb&EHEHyerMEROBN adHiR ®e 1% roR¥Peidedondhg surfaces,

t hereby as ur.ie}q_.g excei_llent ' efting_char cteriitics

stabilitf‘.r1 tJ Qﬁ%ﬁ)'h%ﬂg(ﬁééﬁgiﬁﬁn?ﬁea?nﬁg t PBR%LS ﬂ?@@%%ghgtgﬁgaﬁ i nk
br oduced PRI S PYFIEF oshpoush vhich filie PEFCLARETLE A EnRS! 1Y

are jetted; an ink pump member disposed on and bonded to the
ink nozzle member, the ink pump membe; having a plurality of
ink chambers formed behind the respecﬁive'nozzles of the'ink
ﬁozzle'membery the ink pump member comﬁrising at least a spacer

'platg having a plurality of windows which provide the .ink
chambers, respectiveiy,-a closure plate disposed on one of
opposite major surfaces of the spacer plate remote from the
ink nozzle member, for closing one of opposite openings of
each of the windows, and a connecting plate disposed on the
other major surface of thé spacer plate, for closing the
other opening of each window, the connecting plate having a
plurality of first communication holes located behind the
respective nozéles of the ink nozzle :‘membe;, for
communicating the ink chambers with the respective nozzles,
the spacer plate, ﬁhe‘closure'plate aﬁd_ﬁhe connecting plate
-being formed from respective cefamic green sheets which are
laminated on each other and fired into an integfal cer;mic
structure as the ink pump member; and a plurality of
piezoelectrié/electrostrictive elements each disposed on a
wall partially definiﬁg'the corresponding one of the ink

chambers, for deforming the wall so as to change a pressure



and which is sufficiently snall-sized. According to the
principle of the .present invention, there S provided an. ink
jet print head conprising: an ink nozzle menber having a plurality of
nozzl es through which fine particles of an ink are jetted; an ink punp
menber di sposed on and bonded to the 4k nozzle nenber, the ink punp
menber having a plurality of ink chanbers forned-behind the respective

nozzles Qs i iddcrdiAld e BN .cidibdink wheelsentios DeWpin sthg adk | east
a spacer .plate having a plurality of wi ndows which provide the ink

chanber s cHaapact ixel yetted! asuraugh atttheli spasespondimg ofoneoppbsi tiee maj or
surfaces of the spacer plate renote fromthe ink nozzle nenber, for

cl osi ng @lauafliopposidfe operdzigs of emuh ofofhe W%dov@leml%@tmméctl ng -
pl ate di sposed on the other major surface of the spacer plate, for ¢l osing
the ot herlegorostyisitisteh wilements: he comprdsingy phat ePh%%‘Pﬁbe‘atrJﬁﬂ:ﬁral ity
of first communication holes |ocated behind the respecti e nozzl es of
the inkelepimastrintine portf!é?n CORFLREERTi R BhPF K RIS t he

respectlve nozzl es, the space | ate, }jhe, closure p nd t he conpecting
pl ate Ny 3 RIRAPLSTHT é) oS Ler LV %¥e§hé§$§°€h?fﬂ g? ed

the Pﬁieﬁzx?& ﬁiﬁﬂa"%gﬁﬁﬁé‘ldﬁ#ﬁa Sl L R TR
cherent s A hETERE" T aplf B RN g Ty Epcesapentyo one
- electrostrictive layer is interposed between the pair of
electrodes. |
. In the ink jet print head constructed according to
the preseht invention, an ink flow channel through which the
ink flows Ehrough the pfint head 1is provided with a.
remarkably improved seal at an interface between the ink
pump member and the ink nozzle member. This leads to an
effectively improved and stable quality of the print heads
prbducéd. .

Further, according to the présent invention, the
piezoelectric/electrostrictive elements can be easily formed
by a film-forming method with considerably high efficiency.
Theteforé, the present print head can be produced with
further improved quality and imprdved ptoduction efficiency,
while permitting rédﬁdtion of the size thereof.

In a preferred form of the present invention, the
ink nozzle member has an'ink supply channel thiough which
the ink is fed to the ink chambers of the-ink pump member,

and a plurality of orifices for guiding the ink from the ink
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-6- of the corresponding i nk chanber, whereby the ink in the ink chanber .
s jetted through the corresponding one of the plurality of nozzl es,
each of t he pi ezoel ectric/ electjostrictive elenents conprising a
pi ezoel ectric/ electrostrictive portion consisting of a pair of electrodes
and a piezoelectric/electrostrictive layer, which are formed by a
filmformng nmethod on an outer surface of the closure plate of the ink
punp menb&upPpivichhannelt ke phezcespectiive iake cthamdterisct iThe |@yifiides

i nt er posed between the pair of electrodes. . I'n the ink jet print
head consfFEcOBERabr@Rn§Uter t(Hrfpcesenf theenknonnoanle nkembew @rannel

t hr ough mh'chhth ink, flows through . the Erint head is provided with
a remar kIBEGR RV e AR HEMRREer A5ceSHRERRBRFCE he FWREDSUND Fherber

tabl o quabPSestBorBTIEE. o che T hinBimeRbes hat®s myIRRINTY B o g
e casi |y Toond BT cien HURAP A GEAELE] BRTREREE o Yfpgtve s con

ef fici encprifibesedr thet DAKPREELNE RENBEL NEAE COOMREN PELOLIES Gl tihy

chambers with the respective orifices.

BRIEF DESCRIPTION OF THE DRAWINGS

'The above and optional objects, features and
advantages of tﬁe present invention will 'be better
undérstqdd by reading the following-detailed.descriptioﬁ of
preéently preférred embodiments 6f the invention, when
considered in connection with the accompanying drawings, in
which: |

Fig. 1 is a vertical cross sectional view showing
one embodiment of an ink Jjet print head 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 headmof Fig. 1;

lFig. 4 is a vertical cross sectional view
corresponding to that of Fig. 1, showinéianother embodiment
of an ink jet print head of the preseht invention;

Fig. 5 is a vertical cross sectional view showing.

one example of conventional ink jet print head;



further inproved quality and inproved production efficiency,

whi | e

permtting reduction of the size thereof. In a preferred form of
the present invention, the ink nozzle_nenber has an ink supply channel
t hrough whi'ch .the i nk is fed-to theTi ik chambers of the ink punp -nmenber,

and a pIuraIity of orifices for guiding the ink fromthe ink

-7- supply channel to the respective I nk chanbers. The orifices are.open.

on an outer surfac gd %hEUrgﬁer é@{@@ﬁ 9nV1&QI?QFEHeFle§

menber s superposS connecting pla

purrp

menber h%asaogl?igllgy 9ha second connunlcatlon hol es | ocat ed adjacent t he

respective orl

es” of the i nk nozzl e nenber, for comunicating the ink

chambers with the FiﬁpeqtE@aé”¢f¢§§5sectlonalBRiEE BoreRIsBoh@iingF tBHE

DRAW NGS

above and optional objects, features and

advant agetmatofof tHigy. 2 £SShdwihdVeanticdifiddtioheof beitet anddevextoredl by
reading the follow ng detailed description of presently preferred
enbodi nemicamunficattiien holest iodn thewtiak Jced:nsmimtedlead cen®g.i dn with the

acconpanyi ng dramnngs in which:

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figs. 1 and 2 schematically showing

an ink-jet print head 40 as one preferred embodiment of the
present invention, and to fig. 3H which is an exploded’
perspective view of the print head 40, an ink nozzle member
42 and an iﬁk pump member 44 are bonded together to form an

integral structure of the ink jet print head 40. In this

-print head 40, an ink material is'supplied to a plurality of

ink-chambers.46 formed in the ink pump member 44, and is
jetted or‘discharged:from a plurality of nozzles 54 formed
through the ink nozzle member 42.

More specifically, the ink nozzle member 42

"consists of a nozzle plate 48 and an orifice plate 50 having

a relatively sméll thicknees, 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 nozz;e 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



Fig: 1 is a vertical cross sectional view show ng one enbodi ment of an ink

jfet print head of the present invention; Fig. 2 is a cross
sectional view taken along line 2-2 of Fig. 1; . Fig. 3is an __
expl oded perspective view explaining -tfe-construction of the ink jet print
head of Fig. 1; . Fig. 4 is a vertical cross sectional view

corresponding to that of Fig. 1, showi ng another enbodi nent of an ink jet
print head of the present invention,; : Fig,..5 is a ve&hical Cross
sect i onal tRF @Rt &%) 56ne5%x§m%m%dthE%HGEnFP%ngthﬁReFEFsp freREaa;

- 8- lg. 6 ]Js,a crass ctional .view taken along line..6-6 of
Fig. 5 afkese tﬁ&gughp#g;eg ﬁ%%ﬁ r 085 sBSPBfH Wﬁg§wfkﬁrgS58ﬁ§F%§eto-
that of Fig. showi_ng a. nmodifi.cation of first. a 0 . I gation
ol esof PREETRR PRt A TRk a LT e, Eiredt fon "88 SR I SRTRE B8 OF
THE PREF D I VENT . ringyst. ' A ds :
schemati ca ypg oémpngg'aﬁ’oi'nkszj'etarplfrl?ﬁ%sﬁegd%i%&zfs@e%ﬁew%:?%?e%ge&agﬁggdi ment

of the py a given value than that of the nozzles 54. :

The grifice plate 50 further has a plurality of
orifices 58 (thfee in this embodiment) formed'the;ethrough,
for permitting flow of' the ink into to the respective ink
chambers 46. Thé channel plate 52 is formed with a window 60

) which is closed at its opposite openings by'the nozéle plate
48 and orifice plate 50,-fespective1y, whereby an ink supply
channel 62 communicaﬁing with the orifices 58 is definéd by
the channel plate 52, the nozzle plate 48 and the ofifice
plate 50. The orifice plate 50 further has a supply port 64
through which the ink is fed from an'ipk.resérvoir into the
ink supply channel 62. | _

While the material used for the plates 48, 50, 52
of the ink nozzle member 42 is not particularly 1limited,
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 acéuracy. Eéch of the orifices 58 is
desirably formed in tapered shape such that the diameter of
the ofifice 58 is reduced in the direction of flow of the.
ink (i..e_., ~the direction from the ink supply channel 62

toward the ink chambers 46), as shown in_Fig. i by way of



present invention, and to Fig. 3 which is an exploded perspective view
~of the print head 40, an ink nozzle nenber 42 and an ink punp nenber 44
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 ink chanbers 46 fornmed in the ink p@np nenber 44, and is jetted or

di scharged froma plurality of nozzles 54 formed through the ink nozzle

.nenber‘%ﬁﬁmple, so al¥bie maRGifdfablya chlsx iviivd1028F einkeBheingd?
consi sts o

a nozzle plate 48 and an orifice plate 50 having a relatively

smal |t higknees, fo6e 21 6hangeln ptRéerbddersat aipasedohet ween these plates
48, 50. The nozzle plate 48 and the orifice plate 50 are integrally

bonded to the cheEtweinkl pirep SBeinpereddscohsastadhésavelosure plate The
nozzle plate 48 has a plurality of nozzles 54 (three in this :

enbodi me68 ) arfdor aedconnectingomiate 68 hpwingt tangelatsively | saaildk
particles, while the orifice plate 50 _and the channel plate 52 have
respectitickness, and a spacer plate 70 intgrposed,Reifeer| ifesse 57
formed through the thicknesses thereof. These through-holes 56, 57 are

al i gned M-2FEE hECrefioct ThESenPAALRS 586as B entl BT RURETRREFIN O the

thlcknesga8£ other ‘and formed integrally into the ink pump member 44

in a manner as described later.
The conhecting plate 68 has first communication
'holés 72 and second comhunicétion holes 74 formed
thefethrough, which are respectively aligned with Lthe
through-holes 56 and orifices 58 formed in the orifice plate
'_50,.as viewed iﬁ 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 tﬁat of the
through-hdles 56, while the diameter 'of the second
communication holes 74 is larger by a giﬁen value than that
of the orifices 58. |
The spacer plate 70 has a plurality of rectangular
windows _76 formed therethrough. The spacer platé 70 is
superposed on the.cénneCting plate 68 such that each of the
windqws 76 communicates with the corresponding first and
second communication holes 72, 74 formed in the connecting
plate 68.
| On one of the opposite major surfaces of the
spacer plate 70 remote from the connecting plate 68 is

superposed the above-indicated closure plate 66 for closing



the plates 48, 50, 52, and have a diameter which is larger by a given
“val ue than that of the nozzles 54. The orifice plate 50 further
has a plurality of orifices 58 (three in this enbodi nent) forned

t heret hrough, for permtting flow of the ink into to the respective ink
chambers 46. The channel plate 52 is fork®d-with a window 60 which is
closed at its opposite openings by the nozzle plate 48 and orifice .plate
50, resppeninvgd yofwWigiebywindowsk BUpplin tibsinerr&dgementpi adtd ngnki t h t he
orifices 58 is defined by. the channel plate 52, the nozzle plate 48 and
t he orid¢hambersadé &Afe Foemed fwikkhin atbeSAnkupuimy nembexr sdhppl pupbrt 64
through which the ink is fed froman ink reservoir into the ink supply

- channeltlB2t the chambey¥i |46t loommindidatie uwadthf ;ant lexteirioas gpacg0, 52
of the ink nozzle nmenber 42 is not particularly linmited, _these plates 48,
50, 52 Bheowghfihenfirshdendfsecepdseppmugicasinp BP1egcih2as /A ckel or

st ai nl ess st eel ich enables th nozzles 4 a orifices 58 to_be forned
in the respect i veTV@PpI Rk sPURP a%%m%gyas E%’éhlﬁ*fzegﬁégai’i fices

8 b i h h.t ha d f h
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i rect | QPabhOrhsNenk NinpUBRhY ROABRE! 432 ohBUA" dnbles akéecaﬁa@ailéﬁ) as
formed by using a slurry that is prepared from. ceramic
materials, binders, liquid solvents and others, by means of
a generally used device such as a doctor blade device or a
reverse roll coatef. Then, the green sheets are subjected to
suitable processing such as cutting, machining or punching,
as needed, so as to form the wihdows 76 and fhe first and

. second communication holes 72, 74. Thus, the_re are formed
precursors for the plates 66, 68, 70. These precursors. are
then laminated on each other and fired into an integral
ceramic body as the ink pump member 44. |
While the ceramic material used for forming the
ink pump member 44 is not particularly limited, . alumina,
" zilrconia or the like may be favorably employed in view of
its fo:mability and otﬁer properties. The closure plate 66
preferably has a thickness of 50um or smaller, more
preferably, within a range of about 3 to 12ym. 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 5S0um or l;rger, more

preferably, -100um or larger;



- 10 - exanple., so as to function as a check val ve for inhibiting"the

“ink fromflowing in the reverse direction. , The i nk punp nenber 44
consists of a cl.osure plate 66 and & gonnecting plate 68 having a
relatively small thickness, and a spacer plate 70 interposed between these

‘pl ates 66, 68. These plates 66, 68, 70 are superposed-on each other and
formed integrally into the ink punp menber 44 in a manner as described

later. Thige CAPOOELABScPLBEE BBXNasurip MAémis@TYN, cahiieh iwles 72
and second communication holes 74 formed therethrough, which are

respecti feryedl iagnednwi irdtddmal t fimedh-det@asisd6 snohcdnirfe ,cedoé8 frmtred in
the orifice plate 50, as viewed in the direction of thickness of the

pl ates B8gubbe T dparicular adbesivet tumatmentatfon Bepding? the
substantlally equal to or slightly larger than that of the ¢throu h holes

56, whi PéateRebbdi Bhet 4P togethak. AcCORALNeLYmFPRRIEERH 3R 3o
Spacer '%SF%QI‘?éeE‘é%’?“*ﬁthaqﬁ o A %ﬁgﬁ{% S hABBNS %t%maf-he
et i BB LR T A Tk TGRS ornable S0GERLL ol ot € OF
and SeC%ﬁn@EEﬂHQ' p8hta@NeBOLRE £Bacds {:Qéﬂ@d?bn the ConneCt' ng
In addition, the ink pump member 44 can be
produced with improveﬁ_efficiency, due to the presence of
the connectiné plate 68. Namely, it is generally difficult
to handle a laminar structure consiéting of,fhin, flexible
greeli sheets,' and fracture of the laminar structure and
abnormal deformation of a resultant fired Sody tend to occur
due to st;ains induced in the laminar structure when it is
inadvertently ;upported'upon its setting on a furnace. In
the instant embodimént,. ﬁowever, the iaminar structure
”including the connecting plate 68 exhibits an fenhanced
rigidity due to6 the presence of the plate 68, assuring
. improved handling ease' 'thereof, while reducing - the
'possibility qf occurrence of defectives due to handliﬁg
failure, as compared with when the structure does not
include the coﬁﬁecting plate 68. Further, it is normally
impossible to'handle'a laminar structure consisting only of
“the closure plate 66 and spacér plate 70 where the ink
chambers 46 are formed with high aensity in the ink pump
member 44; that'is, where the ink'pumﬁ membér.44-includes a

comparatively large number of ink chambers 46. In the



3

pl ate 68. : On one of the opposite major surfaces of the spacer
‘plate 70 renote fromthe connecting plate 68 is. superposed the

above-indi cated closure plate 66 for g%osing openi ngs ‘of the

wi ndows 76. In this arrangenent, the ¥k chanbers 46 are formed within the
I nk punp nenber 44, such that the chanbers 46 communicate with an exterior
space through the first and second conmmuni cati on holes 72, 74.

The i nk 5P%%%oc?iﬁn%rﬁ%f OLBRdvas arl:ﬂéﬂ't@&‘ix?éé'&’i%éeolﬁggqg iggednped £ C

structure process Of producing t punp nenber 44,

green sheet §0358pi8i Wl hundh@r "egle DY atSinaG asekubtirbhadvds Rhepgied from
ceramic materials, binders, liquid solvents and others, by neans of a

gener al | gboiaesd@ el it Ui ist orloct or bl ade device or a Trteverse roll
coater. Then, the green sheets are subjected to- suitable processing such

as cutting,- machi Wmhidlerthyminednfitgurasioned€d theo iak tpmnfm muenler-Wédows 76
and the first and second comrunication holes 72, 74. Thus, there are
formed Ewes deperdding hpgn atasi@ss H8;tg0s Tébaeipg etareveductien t hen
| am nat ed_on each other and fired into an integral ceram c body as the ink
punp rmer@fertliys member 44, it is desirable that the surface of the
ink pump.member 44 which is to be bonded -to the ink nozzle
member. 42, that is, the outer surface of the 'conne_cting
plate 68, is made even or smooth. The evehneés of the
relevant sgrfape of the ink pump member 44 is suitably
1controlled-so that . the surface has the maximum waviness of
not larger than Sbum as measured along a reference length of
8mm, by means of a- roughness measuring system. Desirably,
the maximum waviness of -the :elévant.Surface is not larger
than 25um, more desirably, not larger than 10um. As a means
for achieving the above degree of surface evenness, the
fired ceramic body which gives the ink pﬁmp member 44 may be
subjected to machining sﬁch as lappihg or surface grinding.

On the ink pump'member 44, more precisely, on the
ouﬁer surface of the closure plate 66, there are formed
piezbelectric/electrostrictive.elements 78 which correspond
to the respective ink chambers 46 formed iﬁ the member 44.

Each of the piezoelectric/electrostrictive elements 78 has a
pPiezoelectric/electrostrictive unit c_onsis"cing of a lower

electrode 77, a piezoelectric/electrostrictive layer 79, and

an upper electrode 75, which are formed in lamination on the



&

VWhile the ceramic material used for formng the ink punp nmenber 44 is not
particularly limted, alumna, zirconia or the |ike may be favorably .
enployed in view of its formability and other properties. The cl osure
plate 66 preferably has a thicknessiaf -50[ err]mor smaller, nore
preferably, within a range of about 3 to 12[err]m The conneCti ng plate 68
preferably has a thickness of 10[err]mor larger, nore preferably,
S50[err]mor larger. The spacer plate 70 preferably has a thickness of
50[ er r] mlosure| Rigse, 66norky revttable, L1dnrEprmingr meihger. As the

- 12 - The above-described i nk punp mgnb r 44, which is forned
as an |m1@&P§I19FFFéG/@éP%r@S§trrJ&FtW‘-’e 31&B’§§tno? r‘éﬁuﬂﬂé arﬁpi}%ﬁr{t'r cul ar
adhesi ve at ment for bgndi n es 66, 68, .70 t.0

Accor di F@S%?% 1pGRbi et &F anc}sse iYg BREhsFaRAG e\}é mzf]f?é" fterfaces

bet ween _t.h at nd cer 70 d he .

connect Fix %&egf%%%&%é e&g‘- t%: c eR ﬁ‘téﬁt QP bé%%?fl%é\ Jtl}'ue ink
punp ?‘r B ake produced Wi t h i rrproved ef ficiency, due to the
presence o t he connectl ng plate 68. Nanely, it is generally difficult to

handl e a I ani nar MoreCt HpBcEeRehI N9 Qlfxe ttf!ldbt.(fé'e@ll&'& 66, which
serves as a substrate for the piezoe1ectric/e1éctrostric£ive
elements 78, is suitably formed by a ceramic substrate made:
of a materlal whose major component is zirconia hav:.ng a
_crystal phase that is partially or f£fully stabilized by a
suitable compound or compounds. The term “partially or fully
stabilizi_ad zirconia" used herein should be .interpr-eted to
mean 2zirconia whose crystal phase ‘is partially or fully
stabilized, so that the crystal phase partially undergoes-or
does not undergo _phase "transformati'ons, ‘respectively, upon
application of heat, stress or the like thereto. '
The above-indicated compound or - compounds for
stabilizing: the zirconia is selected from the group
consisting of: yttrium oxide; cei:iuin oxide; magnesium oxide;
and calcium oxide. The zi-rconio. is. partially or fully
stabilized as desired,_ by aiddition 'o_f at least one of these
compounds, that is, a selected one of the above-indicated
oxides or a selected combination of two or more ‘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
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green sheets, and fracture of the |am nar structure and abnor nmal
‘deformation of a resultant fired body tend to occur due to strains induced
in the laminar structure when it is inadvertently supported upon its
setting on a furnace. In the instantl5enbodi nent,. however, the |amnar
structure including the connecting plate 68 exhlblts an enhanced rigidity
due to the presence of the plate 68, assuring inproved handling ease

t hereof, whil redu0|n% t he ossibility of occurrence of defectives

due to hatiisy TFarfuPaLts  RPSATIENIRA theUSer SEEEANNGGRE dtot
| ude t 68. t r_al o S to
Lgﬁdreea ?§n$§2$%g§¢€2?€ §8n isP#nggLP?E%fF&F%% gﬁlgﬁrﬁ a?éj%gihnd
| @t t 4 ty.in
the i nk pahp e Ei“?%ﬁfﬁ%?ll?" "hepi1fRe™ thd Oiabotli) “ﬁ%@?nﬁﬁ*@dei .

iorrpar ati 48aytighodmumpar ottkikmChered s A6. dhe tBBove range, the

j . istant enbodi nent, however, the connecting plate 68 na es it
possi bl e hrbenila e hialse harpmiazraqt r ua:lyultalevmias@ Wi chab o e -phasaird 1iad

si tuation. Wil e the configuration of the ink punp nenber 44

vari es deptadihizedons variotsagenibrehase aox ng ¢compinaiuien ovf a cubic
rhase and the tetragonal phase, to provide the ceramic
substrate (closure plate 66) having'eXCellent'propertieé.
Further, the average crystal grain size of the .ceramic
substrate"is preferably controlled to within a range of
0.05pm - 2um, ﬁore preferébly, to.lum or smaller, so as to
ensure the presence of the tetragonal phase and assure a
sufficiently _1arge mechanicai 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 piezoelecﬁric/electrostricti&e layers 79, by any
one of various known  methods which include thick-film
forming processl such as screen printing, spraying, dipping
and coating,‘and thin-film'forming process ‘such as ion-beam
method,'sputtering, vacuum vapor depositibn, ion plating,
CVD and plating. These layers 75, 77, 79 may be formed
either before or after firing of the closure plate 66 (the
ink pump member 44). Then, the electrode films 75,'77 and
piezoelectric/electrostrictive layer 79 thus formed on the
closure blate 66 may be heat-treated as needed, either in

different steps following formation of the respéctive layers



of this nenber 44, it is desirable that the surface of the ink punp nenber .
‘44 which is to be bonded to the ink nozzle nenber 42, that is, the outer -
surface of the connecting plate 68, is nade even or snooth. The evenness
of the relevant surface of the ink- pugmp nenber 44 is suitably controlled
so that the surface has the maxi mum wavi ness of not larger than 50[err]m
as neasured along a reference length of 8mm by neans of a- roughness
measuri ng system Desirably, the maxi mum wavi ness of the rel evant, surface
i s not |a?Ber77t Hed, 28% ein [one nstrep decltewiyg fromitiarerof fdd o8 ébel m  As
a means for achieving the_above. degree of surface evenness, .the fired
ceram c bdayehni th- gi %és t 8- nfopumSSHERberimproyed peeldghiddtyy ©f
machi ni ng, such as- | i ng or surface gri.ndi_ng. the in unp
Torber 44i0RB1BELPR PEEFSer GHAENE L SGHEaRehALREe Tr e ERBSE BaY| S 65,

t here are_forned Il ezoel ectric/electrostrictive e ts. 7. | C

corr espongog?%st H"'esor 2‘5 ?& vl nkr.l%‘%iﬁgleﬁgg 15 %.l%'r rré‘%glglg ?ﬂ%&r%gr#)é&hf4.

Bach of !0g;RLEROCHECLELELELLELFOPLELESLYLI SLEPEN Sydfl 7S, o

pi ezoel ectric/electrostrictive unit consisting of a lower " electrode 77, a
pi ezoel ectric/ el ectyRet 616&t¥8dé&a¥eImé9775aNG7 HFE Wl ﬁ@fdél@iﬁ:ﬁﬁ/ whi ch

are formed.in |am nation on the '

- electrostrictive unit may be formed of any electrically
conductive material which can withétand a high-témperature
oxidizing atmosphere genefated upon the heat-treat:nent. or
firing as descfibéd above. For ‘instance, the electrode films
75, 77 may be formed of a single metal, an alloy of- metais,
a mixture of a metal 61: alloy and an eleétrj.ca.lly insulating
ceramic ‘'or glass, or an electrically conductive ceramic. .
Pi:e'ferably} the electrode material has as a inaj or compone.nt
a noble metal having. a high méit-ing point, such as platinum,
pa‘.lladium or rhodium, or -an alloy such as silver-palladium
alloy, silver-platinum_ alloy or platinum-palladium alloy.

The piezoelectric/electrostrictive layer 79 of
each piezoeléctr'ic/electrostrictive unit may be formed of
any piezoelectric or electr'ostr‘ic';ive material which
produces a' relatively large amount of strain or diéplaéement
due to the converse or feverse.piezoelectric effect or the
electrostrictive eff'ect. ‘The piezbelectric/eleétrostrictive
material‘.may be either a crystalline material or an
amorphous material, and may be a éetﬁi_—c‘mnductor material or
a giielectric or ferroelectric céramic material. Further, the

piézoelectric/elec_trostrictive material may either require a



cloéure pl ate 66, by a suitable filmform ng nmethod. As the

.piezoelectric/electrostrictive element 78 of the instant enbodiment, it

particularly preferable to enploy a piezoelectric/electrostrictive

el enent

specifically, the closure plate 66, which serves as a substrate for the

as proposed in EP-A-0 5287048 Al . : Mor e

pi ezoel ectric/electrostrictive . elements 78, is suitably formed by a

i bstr at of .a.material_wh ' oo -
Coram o subsiiave mde "of o au sl baee L cormRgenLc e e
i tabl d t v i all full {abilized
suitan € 6a OgﬁéfgkﬁFgggﬁﬁgggzalﬁ%n %&@htﬁéﬁﬁ&a y or fully stabilize

to mean zirconia whose crysta

zirconi a"

e Interprete

phase is partially @hof Upl¥z08188tLi&pd1e80rbBatithever Wdtdripilasased

partially

undergoes or does not undergo’ phase transformations,

respecti vetdy +RONpiakBkileatioa/efiebeabstaitesiveorldyer | 74e priefecrably

-The above-i ndi cat ed conpound or conpounds for

sel ected feonrdires @ macjans ickinipunentt head izimantate tdd@naheoPge) .

- magnesi um oxi de; and cal ci um oxide. The zirconia is par;iall% raﬁﬂlly
stabi | i zedlead dmegnesiumy nichateon (BMNIr |kead MHEKSL (RicRat o(r)h?

that is, a selected one of the above-ipdicated oxides qr a select
conbi nat i okedd MABIBREEBr iGPAYeasleRf| FBEITORY, f%&ﬁﬂ ei??ig zg%ﬁ i ze

ds,

st

: ; . 0 . . 5
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of cerium

piezoelectric/electrostrictive material having the above
major component may further contain as an additive an oxide
or other compound .of lanthanum, barium, niobium, zinc,

cerium, cadnium, chromium, cobalt, strontium, antimony,

.iron, yttrium, tantalum, tungsten, nickel, and/or manganese,

.80 as to provide a material containing PLZT, foruexamplg.

The piezoelectric/elect:ostrictive unit éonsisting
of the electrode films 75, 77 and ' the piezoelectric/
electrostrictive layer 79 generally has a thickness of not
larger than 100um. The thickness of each of the electrode
films 75, 77 is generally 26um or smailer, preferably Sum or
smaller. To assure a relatively large a.mouﬁt of displacement
by apblicaﬁion of a xelativgly low voltage, the thickness of
the piezoelecﬁric/electrostrictive layer'79 is preferably
50um or smaller, more preferably, within a range of 3um to
40um. |

Sinpé the substrate of the piezoelectric/
electrostrictive element 78 is constituted by the closure

plate 66 formed of a material having partially stabilized

S

stabilizing the zirconia is
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oxide, or 5 to 12 nmole % of magnesi um oxi'de or cal cium

- 15 - oxide. It is particularly recomended to use yttriumoxide 1in an
anount of 2 to 7 nole % nore preferably, 2 to 4 nole 9% so as to

. partially stabilize the zirconia. Wth8the addition of the yttrium oxide
in the above range; the zirconia has a primary crystal phase 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 -
pl ate 663i¥raniy &scel emaipropeempenent Furkhifer elgmendyed8gee¥hiBLEF grain
size of the ceramc substrate is preferably controlled to within a_range

of 0.057ekkigdently,  pighnpdegieasr aBfy, MeghandCalm FLESRItRr 288 as to

crou e pSudhesence,oh WLl Bhenal o Rdoso e ity GhaBY L
suniace gl ook ocBa ket e IS ou! balhe! LLUBGBlcUE P anc
oY o0, Efceho¥eEl UV iR o i chpihics, Uapieluley targyrs
thin-fil ghbQafl B RIQGESTiG: 2By %‘ﬂﬁ?&ﬂtion of a relatively low
' operating voltage, with a relatively large magnitude of
force or electric potential generated, and has an improved
operating response. |
| In addition, the film-forming method used for
forming the elec.;trode films 75, _'77' and the'ﬁiezoeleétfic/
electrostrictive layer 79 permits._ a relatively. large number
- of the piezoelectric/electrostrictive elements 78 to be -
. formgd on the closuré plate 66 of the ink pump member 44.
That is, in the film-forming process as desc:i:ibed. above, the
elements 78 can be concurrently and easily formed with a
minute spacing .left between the adjacent ones,. without us'i.ng
an adhesive or the like. Accordingly, a plu:_:ality of
'piezo'e_lectric]electrostrictive elements. 78 can be easily
| formed 6ri appiopriation portions of the ink pump member 44 |
'which correspond to the respective inkr chambers 46 formed
- therein. _ | |
. After firing the above-described ink pump member
44 on which the piezoelectric/eiectrbstrictive elements 78
are integrally formed, the ink pump member 44 is superposéd |
on the above-described ink nozzle member 42, and these

members 42, 44 are bonded together by a suitable adhesive,



.

met hod, sputtering, vacuum vapor deposition, ion plating, CVD and plating.
“These layers 75, 77, 79 may be forned either before or after firing of the
closure plate 66 (the ink punp nenber 44). Then, the electrode filns 75,
77 and piezoelectric/electrostrictive_|lqyer 79 thus formed on the closure
pl ate 66 may be heat-treated as needed, either in different steps
follow ng formati on of the respective |ayers :

- 16 - int®,an7int@gr&l s8rastuseepfl ahleoviinky fetr erimn wéadl 40pf ashe

| ayer 75, 77, 79. To assure inproved reliability of insulation between the
el ect r odghdwi mbn 7Big77 1.t lar eclmmythes formed daik riefeprimt headl 40ing
resin |ayer between the adjacent piezoelectric/electrostrictive |ayers
79, 79. the ink matmial e¢hicheisi lad ¥hroughotheadRkpsuppdrechanael
electrostrictive unit _may be forpmed of any electrically: conductive
nateriaIGahl%hs%ﬁml#ﬁ@hE?ahEealﬁkgﬁhF@PﬁEFaﬁﬁr&hrBQHHi¥pﬁgr§FPﬁ§5H§Fé
generated upon the heat-treatnent. or.  firing as, described, aboye. Ear
instance?r%gbc%*e%§roaﬁdfHﬁn?asﬁﬁd'quﬂﬁg e %rﬁ%ﬁoﬁghgﬁg}ﬁﬁlégﬁeégl, an

Y o Aernd B! L el pB g S A e
Preferably, L Dgo&! 8¢t ¢34 IR Ald Al A St PO r FOPPPOC i ements 78
formed integrally on the ink pump member 44. |

Thé adhesive used for bonding the ink pump member
44 and ink nozzle member 42 may be selected from various
known adhesives containing any one of vinyl, acryl,
polyaﬁide, phenbl, résorciﬁol,' urea, melamine, polyester,
epoxy; furan,'polyurethané, silicone, rubber, polyimide and
polyolefin, provided the selected adhesive is resistant to
the ink material. _

It is desirable in terms of production efficiency
that the adhesive is in the form of a highly viscous paste
which can be applied by coating using a dispenser, or by
.screen-printing, or is in the form of a sheet which permits
punching thereof. It is more desirable to use a hot-melt
type adhesive which requires a relatively short Heating
time, or an adhesive which is- curable at room temperature.
The adhesive in the form of a highly viscous'paste may be
obtained by mixing an adhesive materiél with a filler so as
to increase the viscosity of fhe resulting adhesive.

. Iﬁ view of the durability with respect to an

agqueous ink material, it is particularly preferable to use
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a noble netal having a high nelting point, such as platinum palladiumor
s hodi um or an alloy such as silver-palladium alloy, silver-platinum alloy
or platinum palladium all oy. The piezoelectric/electrostrictive
| ayer 79 of each piezoelectric/eleEt?Bsfrictive_unit may be forned of any
pi ezoel ectric or electrostrictive material which produces a relatively
| arge amount of strain or displacenent due to the converse or reverse

pi ezoel eg rié;c%%gelc '; e?o:&qeadﬁggcrirg%gft}% : gni%]};iecbog'{%—ft[cz%]nta-ri}?ed &dg]els.ive

pi ezbel ectri ostrirctrve er a cry me

mat of [ al wAl RN cAHOLRNONSpTRER! | BY: SUKbIRLp ey SE T -d‘zon%g@eoer-lmqr hal o

a dielectric or ferroelectric ceranmic material. Furfher,t

pi ezoel epbtimbBt e®lypRStdditds e TBbAERANINEY IINSTef BEUbEC phlyester,
- 17 - treatment for initial polarization or poling, or may not Trequire

such a pwhichzperaftsr pahshilhg thereof. Ithespiagzeripedisiblkehectappirictive
material used for the piezoelectric/electrostrictive |ayer 79 preferably
cont ai nsvasiausnpdhesivpsnead impdilcatedoabbwet itandilEféPER), poreddns
magnesi um ni obate (PWN), |ead nickel niobate (PNN), |ead nanganese

ni obat e, ofetheabondibng sunfinges, ofe&liezink pump member 44 and/or the

ink nozzle member 42.

Upon bonding of the ink pump member 44 and ink
nozzle member 42 as described above, the ink chambers 46
formed in the ink pump member 44 are -suitably héld in
communication with the nozzles 54 and the ink supply channel .
62 formed in the ink nozzle member 42, with the first ;nd

~ second .communica.tion 'holes 72, 74 being in communicétion
with the through-holes 56 and orifices 58 formed through the
 orifice plate 50 of the ink nozzle 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 surfaées of the'ink pump
member 44 and the ink hozzle member 42 needs to be well
established - only at around the first and second
communication holes 72, 74. This leads to a significantiy
geduced area of Dbonded pottions which must provide .a
complete seal, permitting the ink flow channel to easily and
surely assure excellent fluid-tightness.

In this particular embodiment, the diameters of
the first and second éommunication holes 72, 74 are Seﬁ'to

be smaller than the width dimension of the iﬁk chamber 46



niobate, lead titanate, or a mxture thereof. The
:.pi ezoel ectric/electrostrictive material having the above major conponent
may further contain as an additive an oxide or other conpound of :
'l 'ant hanum  barium niobium zinc,  cerium cadnium chrom um cobalt,
strontium antinony, iron, yttriunl_tsytglunl tungsten, nickel, and/or
manganese, - so as to provide a materi af~contai ning PLZT, for exanple.
‘The "pi ezoel ectric/electrostrictive unit consisting of the electrode
films 75, 77 and the piezoelectric/ electrostrictive |ayer 79

general ly (Rag aufdfehcmms@‘om%f 413 965 nbBan 760 Yosidelimin hened h$ﬁ§3§é®5 of

each of the electrode ftilns 75, 77 is generally 20[err]m.or s | er

pref erabl ypiofter r 7oQr Therkkere, TotAssua@jaceakat beky bfr gehanofiisof

di spl acenent by application of a relatively | ow voltage, the thickness of
t he pi ezodcamtunichtlient hedesi IR wadl ahese78fi thpr skeontll gomb@hicationr
smal l er, nore preferably, within a range of 3[err]mto 40[err]m

Si nce thé1016§ut7§t raqee Spagied apart pixometach rether by eat sufficientdy
element 78 is constituted by the closure _plate 66 formed of a materi al

having parkd<8q Jistapae Jdgdicated by "L" in Fig. 2). - 18 -
zirconia as a majm;l,h gPonent t he | enent 78 _exhi.hi.t s
T ove arrangement assures a sufficiently large

area of bonding between the ink pump member 44 and the ink
nozzle member 42, at around the respective first and second
communication holes 72, 74.:Accordingly} a further impréved
seal can be obtained at the bonding surféges.of the members
42, 44 even if ‘these members 42, 44 are made of different
kinds of matérials.- | . |

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 apd
second communication holes 72, 74 to thereby close 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 ink chamber 46,
so as to avoidlthe closure of the openinés of the holes 72,
74. It is also desirable to form one or both of the first
and second communication holes 72 in teardrop shape as shown
in'Fig. 7, or eiliptic shape.

It will be easily understood by comparing the
shapes of the bonding surfaceé of the ink nozzle membexr 42

and the ink pump member 44 of the ink jet print head 40 of



sdfficiently hi gh degrees of nechanical strength and toughness even
t hough the plate 66 has a relatively small thickness. At the sane tine,
.the thus forned piezoelectric/ electrostrictive elenent 78 can provide a
relatively large anount of displacenent by application of a relatively |ow
operating voltage, wth a relatively |arge magni-tude of force or electric
potential generated, and has an iino%%d‘ operating response. I n
addition, the filmformng nethod used for formng the electrode filns
75, 77 and the piezoelectric/ electrostrictive layer 79 permts a

relati vely, )RLESADUBRREA;RENENCRLEZ RRLEE! IO Al Hioml,ement o

to b or ire € cl osufe plat t he 1 nk punp renber 4 That.

is, in theg thmdér@ rm,pg ?ﬁﬁﬁeﬁ%n&%rd_%crépeéhébe)éﬁyehﬁﬁonﬁieﬁ'ktSje7@ can be

concurrently and easi ornmed with a mnute spacing left between the

adj acent ppRas, hehBhayt shewAdinaFrig@dhes wndre tmd it pAcians digd@ Y40 a
plurality of piezoelectric/electrostrictive elenments 78 can be easily
fornmed oofapphepr iastantpoembodimentt heannkaphipveendersidgnifivaitly
correspond to the respective ink chanbers 46 formed therein. =

After fidmpgoved sbaleatietbei bending punfasesbef the memberni het4,

pi ezoel ectric/electrostrictive elenents 78 are integrally forned, the ink
punp nenidér cempared,jeithsthe GPRYRNERAAL JBERTPERET hkaFoSRrYtnelber 42

and thes%igs. 5 and 6. _ '

Accordingly, the ink jet print head 40 can easily
and stably assure sufficient sealiné or fluid-tightness of
the ink flow channel through which the ink flows, without
suffering from the oyerflow of the adhesive into the ink
chambers 46, and otherwise possible gaps formed between the
bbnding surfaces. Thus, the ink jet print head 40 exhibits
significantly improved ink-jetting characteristics.

In producing the ink jet oprint head 40 as
described aboﬁe, a suitable film-forming method is employved
to form the piezoelectric/electrostrictive glements 78 each
of which is adapted to deform a porti‘on 'of the cloéure
member 66 which defines the corresponding ink chambér 46 to
thereby change the internal pressure of the ink chamber 46.
Therefore; the piezoeléctric/electrostrictive elements 78
can be easily formed on the pértions of the closure member
66 which correspond. to the respective‘ink chambers 46,_with
high pfoduciion efficiency, assuring excellent ink-jetting
characteristics of the prin£ head with high stability.

| While the present invention has been described in

its presently preferred embodiment with a certain degree of



menbers 42, 44 are bonded toget her. by a suitable adhesive,

+19- . into an integral structure of the ink jet print head 40, as shown
in Fig. 1. In the thus formed ink jet print head 40, the ink materi al
which is led through the ink supply channel 62 is supplied to the ink
chanbers 46 through the respective orifjces 58, and is passed through the
t hrough-hol es 56, 57 and jetted outwards fromthe nozzles 54, based.on the
operation of the piezoelectric/electrostrictive elenents 78 forned
integrally on the ink punp nenber 44. ' . The .adhesi ve used for

bondi ng t hgatekcwrdmPi tieThe i 44t8nHel DkdeegzbeamKaer thé Tayeheisnl eet ed
fromvarious known adhesives containing any one of vinyl, acryl, :

pol yam de, npbed@hiteasaccitipd , deradlsneifinthe, ipougesteed embodymehtran,
pol yur et hane, silicone, rubber, polyimde and polyolefin, provided the
sel ect ed abhbshay s odseéxswibse empbodiedink material . It is

desirable in ternms of production efficiency that the_ adhesive-is in the

formof a highly visttbe pee elnlhhFURPLEN! nagdl ed thyorght Whdchsithg a
L openser 8k 0¥ <34 F50: PERS LA RSt "ub s £l ATl
nozzle member 42 in the illustrated embodiment, the ink
supply channel 62 may be formedhwithin the ink pump member
44, as shown ianig. 4 by way éf example. In this figure,
the same numerals as uéed in’ Fig. 1 'sﬁowing the first
embodiment are used for identifying strﬁcturally' or
functionally corresponding elements, so .as to facilitate
understanding of.the embodiment of Fig. 4.
The structure and material of the. ink nozzle
'ﬁember 42 are by -no means limited to those of the
illustrated embodiment. For instaﬁce, it is possible to form
the whole or a part of the ink nozzle member 42. as an
integral body,-by injeétion-molding using a synthetic resin
material or the like, or any'ofher molding technique.
Further, the pdsition and number of the nozzles_54
and orificés 58 formed in the ink nozzle member 42, and the
position and numbér-of the ink chambers 46 formed in the ink
pump member 44 are never limited to those of the illustrated
émbodiment, but may be suitably selected. |
Moreover, ;he principle of the present invention
is applicable to ink jet print heads of on-demand type or
continuous ﬁgt type, and to.these types of ink jet print

heads having various structures.



type adhesive which requires a relatively.short heating tinme, or an
adhesive which is curable at roomtenperature. The adhesive in the form of
a highly viscous ﬁaSIe may be—obt ai ned by m xi ng an adhesive naterial with

afiller so as - viscosity of thé resulting adhesive. _
u mmnl,rwnnmésmc_tzio._an . aqueous ink material, it is

In view of the
particul arly pre?er%bﬂe o dse* : - 20 - an
el asti c epoxy adhesive or silicone-contained adhesive which can be applied
by screen-printing, or sheet-like, hot-nmelt type adhesive containing
“polyolefin or payest.er, which permts punching thereof. It is also
possible to apply various adhesives as indicated above to different
portions of the bonding surfaces of the ink punp nenber 44 and/or -‘the ink
nozzl e nmenber 42. -Upon bonding of the ink punp nmenber 44 and ink
nozzl e menber 42 as descii.bed amouimk et printhhehadr dnédudfiagredni inkhe i nk
punp nmenber 44 are suitably held in conmmunication with the nozzles 54 and
the ink sUpiA3techBgRber 604Rdr neavingt he ipkurmzittye méhboczi2esw (A4dhe

first and A .second ¢Q nication holes 72, 74 being_in communication wth
the t hr ougH ¥R “%‘Gm%m(f’&q RaFdddes shetnk merghethed: Rt ipk pUEPe 50

of the im?né?ﬁ}e&] e(4'1?nb<f{s1§102Se<{ e?BS{%&h‘éSLXé) on Ia'nd bonded to the ink
nozzle member, said ink pump member having a plurality of
ink chambers (46) formed behind the respective nozzles.of
said ink nozile member; and a plurality'of jﬁezoelectrid/
electrostrictive elemenﬁé (78) each .dispdsed on a wall .
partially defining the COrfesponding one of said ink
¢hambers, for deforming said wall so as to change a pressure
of the corresponding ink chamber, whereby the ink in
" the ink chamber is jetted tﬁrough the corresponding one of
said plurality of nozzles, chafac;erized ih that: | |
said ink pump member consists of a spacér plate
(70) having a plurality of windows (76) which provide said
ink' chambers, respectively, a closure plate (66) disposed on
one.of opposite major surfaces of said spacer plate remote
from said ink-nozzle member, for closing one of opposite
openings-of each of said windows, and a connecting plate
(68) disposed on the other major surface of said spacer
plate, for closing the othgr opening of said each window,
said connecting plate having a plurality of first
communication holes (72) 1located behind the respective
nozzles of _said ink nozzle member, “for communicating ‘said

ink chambers with the nozzles, said spacer plate, said



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—ink—puap—nenher 44 and the ihk nozzle nenber 42 needs to

be well est abI ar ound the first and second-
conmmuni cati on umn "l imm,,lim I eads 55) a significantly reduced area of
bonded portions *whiccht nust apr& lete seal, permtting the ink

fl ow channel *to easily and surel y assure excel | ent fluid-tightness.
“In this particular enbodi ment, the dianeters of the first and second

communi catdiezutel gslate dddasaisetcomnedeisgapletet heinghe arimid fromnsi on
of the ink chanber 4.6 - 21 - (the

wi dt h di meresiperctifvet lcenamidowreen sheed si,n whiiehs péi@eﬂ-amapétéd ?0) each
Therefore, the adjacent ones of the first comunication holes 72 and
those of tdthefecul Eorefinibse b imbiessais %ﬁmc%ar%%e 13%nFaath
other by a sufficiently large distance (indicated by "L" in Fig. 2).

The above ¥ muﬂé’% Frafficiently large area of bonding between

the ink punp menmber eAéAéhand éPe | gléu.d piezoelectric/electrostrictive

elements comprises a piezoele_ctr:i_.c/electrostrictive .unit
consisting of a pair of electrodes (75, 77) and a
piezoelectric/eleatrostrictive layer, which are formed by a
film-forming method on an outer surface of said closure
plate of said ink pump member, such that said pi_ezoelectric/
electrostrictive layer is interposed between said pair of

'electrodes.

2. An ink Jjet: print head as defined in
claim 1, wherein said ink nozzle member has an 'ink supply
channel (62) through which the ink is fed to said ink.
chambers of said ink pump member, and a plurality of
orifices. (58) for quiding thé ink from said ink supp;Ly'
channel to fhe respective ink chambers, said orifices being
open on an outer surface of the ink nozzle -membér on which
the ink pump member is superposed, said connecting plate of
the ink pump -memb'er having a . plurality of second
communication holes (74) located adjacent the respective
orifices of the iiik nozzie member, said second communication

holes communicating the ink chamber_s with the respective

orifices.



noz}Ie menber 42, at around the respective first and second conmunication

holes- 72,

74. Accordingly, a further inproved seal can be obtained at

t he

bondi ng surfaces—ef—theTEnbers 42, 44 even if these nenbers 42, 44 are

made of different ﬂ m‘“mumrf |l s. . Dependi ng upon the kind
of t-he ‘adhesive u%“ |“ | of 2e6appl i cation of the adhesive,

a possibilicty*-t hht the adhesive overflows into the first and
second conmuni cation holes 72, 74 to thereby close the openings of

there is

hol es 72,

74. In'this case, it 1is desirable that the dianeter

the first and second 3cormdni cink odeffol xing, lreade aserdediped in
substantial ly equal to the width dinmension of the corres Onm'ﬁ%ﬁiﬁ?
chanber 461ai8o Z2as et cSakk ELBSHr 806f SGROTH AT SRR 72,

74. 1t is_also desirable tqQ fqQormone or_ both. of the fjrnst.. and.secon
comuni catiay§ I?oldgsam?felrn ¥ rbH §ﬂ§é)t1ae55 COABWR - "T:‘rﬁitﬁ FARPRSHON 9% ot ¢

shape.

t he bondi ng U

ce

44 of the ink jet print head 40 of

4. An ink jet print head as defined in
élaim'z or 3, wherein said ink nozzle member consists of a
nozzle plate (48) having said p%urality of nozzles, a
channel plate (52) having a window (60) formed therethrough,
and an orifice platé (50) having said plurality of.orifices,
said window of said channel plate being closed  by said
nozzle plate and said orificé.ﬁlate so as to form said ink

supply channel within said ink nozzle member.

5. An ink jet print ‘head as defined in
claim 4, wherein said orifice plate further has ‘a supply

port (64) through which the ink is supplied to said ink

supply channel.

t hese
of .

Lt W, easi Ly understood by conparing the shapes of
SR PFasa do%hkhggfﬁégkgizle menber 42 and the ink punp nenber

22

6. An ink jét. print head as defined in |

claim 4 or 5, wherein said orifice plate has a plurality of

. first - through-holes (56) communicating with said first

communication holes of said connecting plate, respectively,
and said channel plate has a plurality of second
through~-holes (57) communicating with said nozzles of said

nozzle plate, respectively, said first thrdugh-holes being

" held in gommuniéation with said second through-holes, said



the instant enbodinént[ with those of the ink nozzle nmenber 16 and the ink
punp nenber 24 of the conventional ink jet print head as shown in Figs. 5

and 6 that the . print—head—40—eof—t-he instant enbodi ment can achi eve a

~significantly i H > bondi ng surfaces of the menbers 42, 44,
as conpar ed wthnﬂ’umﬁ “ﬁm "m'lm Eoyntzgrpart as shown in Figs. 5 and 6.
Accordingly, the ik fFettprdnts head 40 can easily and stably assure

sufficient sealing or fluid-tightness of the ink flow channel through
which the ink flows, without suffering fromthe overflow of the adhesive

into the iRk - ehamnbers 46ommifieabERY SWiERSStiK € Besedived mizman the
bbndi ng surfaces. Thus, the ink jet print head 40 exhibits significantly
i nproved thkeought itlge clfdratt ecomtiuntiscation holes |andr ddeci Ajrshe amk j et
print head 40 as described above, a suitable filmform ng nmethod is

enpl oyed segondr khrhugprbedeksectric/ el ectrostrictive el ements 78 each of
which is adapted to deforma portion of the closure nenber 66 which-
defines the -correspondi ng i nk chanmber 46 to thereby change the internal
pressure of the ink chanher 46. [Therefore, the s L

pi ezoel ectric/el ectrostrifetiv eI’e‘ﬂ%nt@ 7gPTiah headisiasy 16FHRe o he

Port1onS gh 2hliecc! QRUERIETAL ANl CALLERP WL Rl T8I RoRERI VP 1N

. chanbers ., W tH Thigh production et fiClency, assur exce

ink-jetti pQ anehakaghsbhSikCia®helhenkhi Bhabead whih hbghssability.

8. An ink jet print head as defined in any
one of claims 1-7, wherein said ink pump member is formed of

~alumina or zirconia.

9. An ink jet print head as defined in any
one of claims 1-8, wherein said closure plate of said ink

_ pump member has a thickness of not larger than 50um.

" -10. An ink jet print head as defined in any
one of claims 1-9, wherein said connecting plate of said ink

pump member has a thickness o6f not smaller than 10um.

11l. An ink jef print head as defined in any
one of claims 1-10, wherein said'spacer plate of said ink

pump member has a thickness of not smaller than 50um.

12. An ink jet print head as defined in any
one of claims 1-11, wherein an outer surface of said

connecting plate to which said ink nozzle member is bonded



~Wile the present invention has been described in its presently preferred
enbodi ment with a certain degree of - 23

- - particularity it is to he understood that the invention is not
.limted to the Iustrated enbodi nent, but nmay be ot herw se
enbodi ed. l " | |“ a k supgBy-.channel 62 through which the ink

C

is fed.into the 4n ers is formed within the ink nozzle menber 42
inthe illustrated enbodlnent the ink supply channel 62 may be forned
within the ink pu menber 44 as sho in Fi may of exanmple. In
this i ghrs the REARMNEN AN aRSS 2 qudh L4npes qEhan THTaas TSRs SEAY o1
enbodlne re f or ti - structurally or functlonally
correspo% % elﬁégﬁégn 1e¢é¥ﬂ] € itate wunderstanding of the

- enbodi nent of Fig. 4. The structure and material of the ink

nozzle menber 42 are by no neans limted to those of the illustrated
enbodi ment. For instancgs. itah Siposséeb! Frs_ﬁtf fedll hie qerahedorind d15f t of
‘the ink nozzle nenber 42 as an i.ntegral body, by injection nolding using a
synt heti oneesfnclatmsr ial4pr whbeeinksaidr capgurehglate disngdraednicfie.

a ceramic material containing partially or fully stabilized

zirconia as a major component.

14. 2an ink jet print head as defined in any

one of claims 1-13, whenein said film-forming method for
. forming said electrodes and | said pPiezoelectric/
electrostrietive layer is selected from the group consistiné
of: screen printing, spraying, dipping, coating, ion~beam
method, sputtering, wvacuum vaper,deposition, ion plating,

CVD and plating.

15. An ink jet print head as defined in

claim 2, wherein said ink supply channel is formed in said

ink pump member.



Further, the position and nunber of the nozzles 54 and orifices 58 forned
in the ink nozzle nenber 42, and the position and nunber of the ink
chanbers 46 formed in the ink punp nenber 44 are never limted to those of
the illustrated enbodinment, but may be suitably sel ect ed.

“Moreover, the principle of the present jgvention is applicable to ink jet
print heads of on-demand type or continuous jet type, and to these types
of ink jet print heads having various structures. - 24 -
CLAI MS: 1. An ink jet print head |nclud|ng an ink
nozzl e nmenber (42) having a pl gn&l UEY PRIN®UZERERD (54) - through which fine
particcles of ink are jetted; an ink punp nenber (44) disposed (superposed)
on and bonded to the ink nozzle nmenber, said ink punp nmenber having a
plurality of ink chanbers (46) fornmed behind the respective nozzles of
sai d i nk nozzle nmenber; and a pl ur aRBSFRSECTpi ezoel ectric/ electrostrictive
elements (78) each disposed on a wall partially defining the
correspondi ng one of said ink

An ink jet print head is disclosed which includes an ink
nozzle member (42) with nozzles (54); an ink pump member
{44) disposed on the ink nozzle member and ”having ink
chambers formed behind the respective nozzles, and
piezoelectric/electrostrictive elements (78) each disposed
on a wall defining the correspondlng ink chamber, for
deforming the wall to change a pressure of the ink chamber,
whereby the ink in the ink chamber is jetted through the
corresponding nozzle. The :Lnk punp member consists of a
spacer plate (70) having windows‘(?é) which are closed by a
closure plate (66) and a éonnecting plate (68) disposed on
.the spacer plate, so as to give the respective ink éhambers.
The connecting plate haé communication holes (72) through
which the ink chambers communicate with the nozzles. The.
spacer plate, closure plate and cqnnecting plate are formed
from respective ceramic green sheets, which are iaminated on
eaqh other.and fired into an integral ceramic structure as
‘the ink pump meﬁber. The piezoelectric/électrostrictive
element includes a pair of electrodes (75, 77) aﬁd a
piezoeiectric/e1e¢trostrictivé layer (7%), which are fofmed
by a film-forming method on an outer surface of the closure

plate.

FIGURE 1



.

chanbers, for deformng said wall so as to change a pressure of the
correspondi ng i nk chanber, whereby the ink in the ink chanber is jetted

t hrough the corresponding one of said plurality of nozzles, characterized
in that: ' said i nk punp nenber consists of a spacer plate (70)
having a plurality of w ndows (76) whi 2 provide said ink chanbers,
respectively, a closure plate (66) dlsg 2ed on one of opposi te maj or
surfaces of said spacer plate renote fromsaid ink nozzle nenber, for

cl osing one of opposite openings of each of said wi ndows, and a connecting
plate (68) disposed on the other major surface of said spacer plate, for
cl osing the other opening of said each window, said connecting plate
having a plurality of first comunication holes (72) |ocated
behind. the rmqspective nozzles of said ink nozzle nenber, for

comuni cat i ng@'&j i nk chanbers with the noZ8 es, said spacer plate, said

- 25- cl osur&\plat e and_sai d conpecting plate being formed from

.respective ceramc gree [ are ly@m nated on each ot her and
fired |nto an |nteg_:::;:::j:::::::::::::;:::ld i nk punp nmenber; and
t hat RedBRostrictive
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consisting of a pair of electrodes (75 77) and "a - :
p|ezoelectrlc/electrostrlctlve | ayer, which are fornmed by a filmformng
met hod on an outer surface of said closure plate of said ink punp
menber, such that said piezoelectric/ el ectrostrictive |layer is
“interposed between said pair of el } odes. 2. An
ink jet print head as defined in claim 1, wherein said ink nozzle nenber
has an ink supply channel (62) through which the ink.is fed to said ink
chanbers of said ink punp nmenber, and a plurality of orifices (58) for
guiding the ink from said ink supply channel to the respective ink
chanbers, said orifices being open on an outer surface of the ink nozzle
menber on which the ink punp nenber is superposed, said connecting plate
of the ink punp nenber having a plurality of second
comruni cation holes (74) |located adjacent_the respective orifices of the
i nk nozzl e nmenber, said second comuni cat{®n holes communi cating the ink
chanbers with the respective78 (ﬂlflces _ 3. An
ink jet print, head as defi ned P ETa 2 ZWp ein said first and second
communi cation holes ha¥8 a dpea mal l er than a width
di mensi on of each of saiy ; Z 4. An ink jet
print head as defined i F2—85 o Aherein said i nk nozzl e nenber
consists of a

42




nozzle plate (48) having said plurality of nozzles, a channel plate (52)
havi ng a window (60) forned therethrough, and an orifice plate (50) having:
said plurality of orifices,  said window of said channel plate being tcl osed
by said nozzle plate and said orifice plate so as to formsaid ink supply
channel within said ink nozzle nmenber 5. An ink jet

print head as defined in claim4, mheréln said orifice plate further has a
supply port (64) through which the ink is supplied to said ink supply
channel . 6. An ink jet print head as defined in -claim4
or 5, wherein said orifice plate has a plurality of first through-holes
(56) conmmunicating with said first comrunication hol es of ‘sai'd connecting
pl ate, respectively, and said channel plate has a plurality of
second "through-holes (57) communicating with said nozzles of said nozzle
pl ate, respectively, said first through-holes being held in communication
with said second through-holes, said \ - 27 -
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ink chanbers communicating with the respective nozzles through the
first conmmuni cation holes and the first and second through-holes.

7. An ink jet print head as defined in claim®6, wherein said first and
second t hrough-hol es have a dianeter which is larger than that of said

nozzl es. 8. An ink jeaégrint head as defined in any one
of clains 1-7, wherein said ink punp ne Is fornmed of alum na or

zirconi a. 9. An ink jet print head as defined in any one
of clainms 1-8, wherein said closure plate of said ink punp nenber has a

t hi ckness of not |arger than 50[err]m 10. An ink jet

print head as defined in any one of clains 1-9, wherein said connecting
pl ate of said ink punp nmenber has a thickness of not.snmaller than
10[err]m 11. An ink jet print head as defined in any one-
of clainms. 1-10, wherein said spacer plate of said ink punp nenber has a
-t hi ckness of not smaller than 50[err]m 12. An ink jet
print head as defined in any one of clai mszel-ll, wherein an outer
surface of said
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.connecting plate to which said ink nozzle nenber is bonded -28
- has the maxi num wavi ness of .not | arger than 50[err] mas neasured al ong
a reference length of 8mm . 13. An ink jet print head as
defined in any one of clainms 1-14, wherein said closure plate is fornmed of
a ceramic material containing partially5?5 fully stabilized zirconia as a
maj or conponent. _ 14. An"ink jet print head as defined in-
any one of clains 1-13, wherein said filmformng nethod for formng

sai d el ectrodes and sai d pi ezoel ectric/ electrostrictive layer is.
selected fromthe - .group consisting -of: screen printing, spraying, dipping,
coating, ion-beam nethod, sputtering, vacuum vapor, deposition, ion
plating, CVD and pl ati-ng. 15. An ink jet print head as
defined in claim2, wherein said ink supply channel is forned in said ink
punp nenber. ' : :
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