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INK JET RECORDINGC HEAD
AND

METHOD OF MANUFACTURING THE SAME

The invention relates to an on-demand ink jet recording
head that forms characters and graphics on a recording medium
with dots by expelling ink drorlets thereto in accordance with
input information. More particularly, the invention is
directed to a structure having electrodes and piezoelectric
vibrating elements formed on a surface of a vibrating plate as
well as to a method of manufacturing such structuxe. The
vibrating plate constitutes part of pressure pxoducing
chambers . The electrodas and the piezoelectric vibrating
elements are formed integrélly with the pressure ﬁroducing

chambers by baking.

Since an ink jet recording head has a structure such
that an ink droplet is expelled by causing a piezoelectric
element to be abutted against a small preésure pfoducing
chamber and increasing the pressure of ink within the pressure
producing chamber by displacement of a v'i,brating: plate,
precisf_ion.working and fabricating technigues ére required' in

the manufacture thereof, which elevates the cost.

1 - This Sheet Has Been Replaced

| AR




10

20

25

To overcome this problem, a strxuctura shown in Figure
19 has been proposed attaching importance to the fact that the
piezoelectric wvibrating element, the vibrating plate
constituting the lpresaurs producing chambexr, and the pressure
producing chamber forming member can be made of cezami?c. That
is, a vibrating plate 90 formed by rolling a green sheét, which
is a ceramic material, to & predetermined thicknes.s ahd.e;..
pressure producing chamber forming member 94 having a pressure
producing chamber 91 formed in advance by punching or machlining
with a laser beam a green sheet, which is also a- ceramic
material, are pressed and baked. Then, an electrode 93 is
formed on the vibrating vlate 90 and a piezoelectric vibratin'g
element 22 is formed on the electrode 93 by baking.

Such an integrally baked ink jet recording head has the
advantage of simple fabrication that involvés only the steps of
coating and baking a paste—l'ike_ piezoelectric element by means
of a printing tecanicue. Further, since the pressure producing
chamber forming member is integrated with the vibrating plate.
by baking, defective bonding such as observed in bonds. formed
by adhesives can be eliminated, which is an advantage in
reliably preventing ink leakage. iy

However, the piezoelectric vibratinqh elemenf, being
such a small piece, is hard to unifomiy coat éto the
coxrresponding drive ele;ctrode. Particularly, inconsis'tency in

the bond of each piezoelectric vibrating element 92 with a

i
peripheral edge 95 of the electrode 93 leads to inconsistency
‘ !
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in the effactive operation region betwsan the piazoélectric
vibrating elements, which in turn causes inconsistency in the
ink expelling charascteristic of each nozzle opening.

By the way, if the steps of depositing the electrode 93
on the surface of the vibrating plate 90, which is imade of
ceramic, and depositing the piezoelectric vibrating elément 92
on the surface of the electrode %3 by baking are taken, the-
vibrating plate 90 generally flexes as shown in Figure 20.
That is, the vibrating plate 90 flexes toward the pressure
producing chamber 91 at & central portion of the pressure
producing chambsr 91 due to a difference in the rate of
contraction between the piezoelectric vibrating element 92 and
the electrode 93 at the time.of baking. As a2 result, such a
permanent deformation that a part 922 (the cross-hatched region
in Figure 20) of the lower xregion of -the piezoélectric
vibrating element 92 projeéts_toward the pressure producing
chamber 21 tends to occur.

When the piezoelectric vibrating element 92 that has
been deformed is caused to contract for expelling: ink by
applying a drive signal thereto, contracting forces in such_
horizontal directions indicated by arrows Al, Al are genexated
as far as to the part %2a of.the lower region,-thereby:drawing
in the horizontal directions the vibrating plate 90 ﬁhat has
already been flexed. As a result, a part of the contractir}g
force draws walls 94a, 94b of the pressure producingéchamber

forming membex 9¢ in directions indicated by arrows: Cl, C2
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through the vibrating plate 390. Sincsa the walls 943; 94b of
the pressurs producing chamber forming member 94 are shared in
common with the adjacent pressure producing chamberai.SI, the
contraction of a single pressure producing chamber 91 is
transmitted to other pressure producing chambers Sl,écausing
crosstalk or cancelling out a force Bl that contributes to the

ink expelling operation when adjacent piezoelectric-vibrating

-

elements 22, 97 are driven simultaneously, which impairs ink
expelling efficiency. i

That is, the displacement of the vibrating pléke 80 in
the case where a single piezoelectric element is diiven is
different frxom that in the case where a plurality of adjacent
piezoelectric vibrating elements 92 are driven simultaneously,
the difference being approximately twice, This' causes
diffarences in the ink droplet expelling speed and the amount

of ink expelled, the differences being approximately 1.5 times.

A first object of the invention is to provide an ink

.jet recoxding head adapted to be manufactured by baking, the

ink Jjet recording head being capable of provi'd.tng consistent
ink expelling performance among the nozzle'open.ings by :xf.reliably
bonding the piez2oelectric vibrating slements £o the electrodes
formed on the vibrating plate and thexeby making the e%fective

hd ]
operation regions of the piezoelectric’ vibrating elements

. i
unifoxm. ]
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A second object of the inventien is to provide an ink
jet recording head adapted to be manufactured by baking, the
ink jet recording head teing capable of preventing cros.stalk by
controlling generation of divided forces that flex the walls oI
a opressure producing chamber and improving 4ink e%pelling
efficiency independent of the deformation of the vibrnting
plate at the time of baking.

A third object of the invention is to propose a method
of manufacturing the above-mentioned ink jet recording heads.

An ink jet recording head of the invention inciudes: a
vibrating plate made of ceramic; a pressure producing:chambex
forming ﬁember, made of ceramic, for foxming a plurality of
pressure producing chambers in rows; an electrode on one pole
formed on a suxface of the vibrating plate so as to correspond
to the pressure producing chamber; and a piezoelectric
vibrating element, one end tﬁergof contacting the elec%;ede and
other end theresof contaciing an electrode on other pdle; and
expells an ink droplet from a nozzle opening by flexion of the
piezoelectric vibrating element. In such an ink jet récording
head, at least the vibrating plate and the pressure pfoducing
chambexr forming member are integrally formea by baking the

ceramic; the piezopelectric vibrating element is deposited by

baking on the surface of the electrode on the one pole formed

]
on the suxface of the vibrating plate; a width W2} of the

electrode on the one pole is smaller than a width Wi of the
i

pressure producing chamber; and a width W3 of the piezoelsctric

1
!
i
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vibrating element is larger than the width W2 of the electrode
on the one pole and smaller than the width W1 of the pressure
producing chamber.

Since the width W3 of the piezoelectric vibrating
element formed on the vibrating plate is laréer than the width
of the electrode, the piezoelectric vibrating element can be
bonded %o the peripheral edges of the electrode reliably.
Further, since the width W3 is smaller than the width W1 of the
pressure producing chamber, the piezoelectric vibratingfelement

is free from interference from the noncontracting regions.

Tigure 1 is an exploded perspective view showing an ink
jet recording head, which is an embodiment of the invention;
Figure 2 is & perspective viaw outlining the. ink jet
recording head of the inveniiog; . H
Figure 3 is an enlarged sectional view sthing the
shape of the upper surface of a pressure producing chamber and
the longitudinal section thereof in the ink jet recordi;g head;
Figure 4 is a partially sectional perspective view
showing the structure of the pressure produciﬁ§ chambér;
Figure 5 is a diagram showing the stfucture ﬁaving a

]
. [} . » 3 ' g S
drive slectrode and a piczoolestric vibrating element, which is

the feature of the invention, in section taken along a E;ne L-L

of FPigure 4;
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Figures 6 (a) to (£) are diagrams showing a méthod of
manufacturing a pressure producing unit used in the ink jet
recoxding head of the invention;

Figure 7 is a perspective view showing the stru;::ture of
the surface of the vibrating plate; .

Figures 8 to 11 are sectional views respéctively
showing other embodiments of the pressure producing units usea
in the ink jet recording head of the invention;

' Figure 12 is &a sectional view showing ;another
embodiment of the pressure producing unit used in the:ink jet
recording head of the inventicn;

Figure 13 is a diagram showing forces generated at the
time the piezcelectric vibrating element contracts: in the
pressures producing unit shown in Figure 12; .

Figures 14 (a) to (F) are -diagrams showing a method of
manufacturing the pressure pro@ucing unit shown in Figure 12;

Figures 15 to 17 are secticnal views respectively
showing other embodiments of the pressure producing units used
in the ink jet recording head of the.invention; j

Figures 18 (2) to (h) are diagrams showing a méthod of
manufacturing the pressure prcducing unit shown in Figure 17;

and
Figures 19 and 20 are sectional v:.ews respecta.vely
show1nq relat*onsh;ps between the drive electrode and the

plezoelectrzc vibrating element in a conventional pressure

producing unit in which the drive electrode and the

|
_ 7. |
i
|
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_ baking.
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piezoelectric vibrating element arxe manufactured integrally by

i
I3

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The invention wil) now be described in detail with

reference to the embodiments shown in the drawings.

Figure 1 shows an ink jet recording head, which is an’
embodiment of the invention, to which the electrode s@:ructure
of the invention is applied. 1In Figure 1 reference m;m\eral 3
denotes a vibrxating vlate made of a material, at léast the
surface of which Iis electrically insulating, more preferably,
of ceramic, On the suriace of the vibr.ating' plate 3 are drive
electrodes 20, which will be described later. The drive

electrodes are arxanged so as to corresoond to a plurality of

rows of pressure producing chambers 5, 5, 5, ¢« <« (two (2)
rows in this embodx_ment). Reference numeral 1 denotes a

piezoelectric vibrating slement that is made of ceramicf and has

a piezoelectric property. The piezoslectric vibrating elements
1 flex toward the vibrating plate 3 through the drive

electxodes 20, 20, 20 «« ++ so that the back surfaceszthereof

come in contact with ‘the drive electrodes 20, 20, 20 e,

. I
Reference numeral 4 denotes a pressure producing

chamber forming member, which is made of a plate that is so
1]

!
thick as to form the pressure pradncing chambers §, 5, 5 ¢+ e,

- |
more’ preferably, of a cerxamic plate, by boring thxrough holes
i
thexein. Reference numaral 6 denotes a pressurs producing
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chambexr foxrming cover member, which sexvaes to seal tha othor
surface of the pressure producing chambérs 5 of the pressure

producing chamber forming member 4. At positions corre?ponding
to the vicinity of both ends of the pressure producing éhambers
5 are introducing holes éa, 6a, 6a s+ ++ and innxoducihg holes
b, 6b, 6b «¢ +., The introducing holes 6a, 6a, ﬁa LR
communicate with a common ink chamber 12a, which iwill be
describec later, and the intrcducing holes 6b, 6b, Eb e e
communicate with nozzle openings 13a, 13a, l3a -- ~--§
The vibrating plate 3 having both the piezoelectxic
vibrating elements 1 and the drive electrodes 20, the bressure
producing chamber foxrming member 4, and the pressure producing
chamber forming cover member 6 are collected into a smail group
having two (2) rows of nozzle openings, all these members being
preferably made of ceramic, and integrated by baking into a
pressure producing unit 50. . H
Reference numeral 11 denotes an ink supply  section
forming membex, The ink supply section forming mémber 11
includes: an ink introducing inlet 14 that supplies ink into
the ink chamber 12a that is shaxed in common while conn%cted to
a flow path from a not shown ink tank; intfbducingfthrough
holes 1la that connect the pressure producing éhambers ? to the
common ink chamber 12z; and introducing throuéh holes ilb that

connect the pressure producing chambers 5 to thel nozzle

openings l1l3a.

-9 -
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Reference numeral 12 denotes a reservoir fcrminé'momber
that forms the common ink chamber 12a. In this embodiment the

common ink chamber 122 is formed by a through goleéthat is
substantially V-shaped, and is connected to the reépeczive
pressure producing chambers 5 through the introducing! tnrough
holes 6a of the above-mentioned pressure produc;ng;chamber
forming cover member 6 and the introducing through holeg lla of
the ink supply section forming member 11, Introducinggthrough
holes 125 that connect the pressure producing chambers 5 to the
nozzle openings 1l3a are formed at a central portion:of the
reservolir forming member 12.

Reference numeral 13 denotes a nozzle forming .menbex.
The nozzle fcfming membef 13 is connected to the éressure
producing chambers 5 through the introducing through holes 6b,
11b, 12b, and also performs the function of sealing tﬁe other
sice of the common ink chaﬁbqr 12 of the reservoiféforming
member 12, |
| The ink supply section forming member 11 and thé nozzle
forming member 13 are formed by press working or etkhing a
rustproof steel sheet. These membars may be made of ét least
one maferial selected from the group consfgting o% othex
metals, ceramies, glass, silicon, and plasticsh. The meflthod of

- |
working +the xespective memberxrs includes: press working.

etching, electroforming, and laser beam machining. At any

rate, & material having a relatively high Young's modulus is

This Sheet Has Been Replace
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selected for the ink supply section forming member ll.and the

nozzle forming member 13. ;

On the other hand, the reservoir forming member 12 may
be made of not only the above-mentioned metals, céramics,
glass, anc silicon, but also a plastic- or film-like e;.dnesive

or paste-like achesive such as polyimide, polyamide, polyester,

polyethylene, polypropylene, polyvinyl chloride, and °

polyvinylidene chloride may be used since not so:high a
ra.gwditv is reguired.for the reservoir forming member 12. When
the plastic- or film-like adhesive is used, the reservoir
forming member 12 is formed by injection meolding ox press
working. When the paste-like adhesive is used, the resexrvoix
forming member 12 is formed .by screen printing or fransfer
printing. :

The ink supply section forming membsr 11, the Jgéservoir
formning -member 12, and the nézz_le forming member 13 are formed
into a flow path unit 70 that has the function of fixing a

plurality of pressure producing units 50.

A nmethod of bonding these members into a flow path unit-

is as follows. If the reservoir forming member 12 itself has
no acdhesicn, the film-like adhesive or the paste-like adhesive
is used, and the ink supply section forming.member i11, the

adhesive, the reservoir forming member 12, the adhesive, and
1
the nozzle forming member 13 axe laminated one upon another in

this order wusing a not shown positioning Jjig, and

thermocompressed or compressed. On the other hand,; 1f£ the
. i

b e

- 11 -~
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resaxrvoir forming member 12 itself has adhesion, the ink supply
section forming member 11, the reservoir forming member 12, and
the nozzle forming member 13 are laminated one upon another in
this order and similarly thermocompressed or compresséd.

As a result, & single sheet of flow path unft 70 as
shown in Figure 2 has a plurality of pressure produc;ng unxts
50, namalv, three (3) pressure producing units 50, 50, 50 in
this particular embcdiment, collectively £ixed thereto by the
adhesive, thermodeposition film, or the like to form angink jet

recording head. _ {

The thus formsd pressure prcducing chambers S'of,the
ink jet recording head are substantially rectangular,éslender
chambers such as shown in Figure 3. The nozzle opeﬁing 13a
communicates with one end of each pressuxre producing ch;mber 5,
and the common ink chamber 12 communicates "with the o%her end
thereof, As shown in Fiéuge 4, with the piezéélectric
vibrating element 1 vibrating by flexion, the vibratiég plate
3 is deformed so that the vibrating plate 3 projects to;ard the
pressure producing chamber 5 as indicated by a curve 3?. As a
result, the pressure cf <he pressdre producing chgmber S
increases to jet an ink droplet “d” from the nozzle opeﬁing 13a
and thereby form a dot on a recoxding sheet.' Upon réturn of
the .pieznelectric vibrating element 1 +to. the ériginal

conditions, the ink flows from the common ink chamberil2la via

the introducing through hole 1la. As a result, a stream of ink

- 12 -
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in such a longitudinal direction as indicated by the a%rouu in
Figuxe 4 is produced within the pressure producing chgmber 5.
Pigure 5 shows in section a structure of fhe thus
constructed ink jet recording head in the vicinitﬁ of the
pressure producing chamber as viewed in a direction or?nogonal
to the stream of ink within the pressure producing ch;mber S,
or as taken along a line L-L of Figure 4. In ﬁigure 5‘
reference numeral 20 denotes the drive electrode formed on the
surface of the vibrating plate 3. The width W2 of t@e drive
electrode 20 is slightly smaller than the width WQ of the
pressure producing chamber 5, and the drive electro&e 20 is
formed so as to have a length so that one end thereoféreaches
an end portion of the vibrating plate 3 from the. v;cxnlty of
the nozzle opening 13a of the pressure producing chamber 5, and
the othex end thereof serves also as the connecting ;erminal

|
H

with an outer electrode.

Reference numeral 1 denotes the piezoelectxic v.fv‘.brating
element, whose width W3 is larger than the width Wé of the
drive electrode 20 and smaller than the width w1§ of the
pressure producing chamber 5. Having such a length %hat the
front end thereof on the nozile opening side Covers the drive
electrode 20 and the’ rear end thereof reaches the vicinity of
the xear ond of the pressure producing .chamber .5, the
piezoalecﬁric vibrating @lament 1 is also formed so as to cover

cbmp.‘letely the region of the drive electrode 20 confronting'the

pxessure producing chambexr 5.

- 13 -
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By forming the pilezoelectric vibrating element: 1 so as
[
to cover the region of the drive electrode 20 confronting the

pressure producing chambexr 5, the region 9f the drive electrods

t

20 confronting the pressure producing chamber 5 can be' covered

completely by the piezoelectric vibrating element 1 eveh i1t the
piezoelectric vibrating element 1 is subjected to? slight
displacement or sized incensistently when formed.: This'-
prevents short circuit with a common electrode 80 (Figu&e 7) on
the other pole which is formed on the surface ,oi the
piezoelectric vibrating'element 1. ;

In the case where the piezoelectric vibratingielement
1 is formed by coating or bohding the green sheet, which is a
piezoelectric material, to the drive electrode 20 ané baking
the green sheet together with the vibrating plate 3§and the
drive electrode 20, the piezoelectric vibrating el%ment 1
covers the drive electrode Zd completely and has the pééipheral
edge portion 1lb bonded to the drive electrode 20 %eliably
against contraction of ﬁhe piezoelectric vibrating eiement 1

1
and flexicn of the vibrating plate 3 during the baking process.

Therefore, not only displacement by flexion hf the

: !
piezoelectric vibrating element 1 can be trahsmitteq to the

. |
vibrating plate 3 reliably, but also fatal damage !such as

partial £laking or the like can be prevented owing] to the

reliable bondagae hetween the piazoslectric vibrating elament 1

and the vibrating plate 3.
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.The area of the drive electrode 20 itself is used as
the effective operation region of the piezoelectric vﬁbrating
element 1 since the piezoelectric vibrating element 1 iS
deposited so as to cover the drive electrode 20 ‘in this
invention. As a result, a piezoelectric vibrating e&ement 1l
that has an optimal effective operation region with raspect to
the pressure producing chamber 5 can be formed with ease by
adjusting tﬁe size of the drive electrode 20 that is ﬁhin and
can be formed highly accurately with ease. Such adjuskment is
easier to make than the adjustment of the size; of the
piezoelectric vibrating element 1 that is comparatively thiék.

In addition, to improve displacement efficienéy of the
vibrating plate 3, i.e., the ratio of the applied électxié
energy to the ink resmoving volume, it is ideal to adﬁust the
ratio of the width Wl of the pressure proéucing chamﬁer 5 to
the width W2 of the drive electrode 20, W2/Wl, to 0.9.
However, such ratio may be set to a va’ue between 0. 8 and 0.9
considering errors and-var;at;ons in the manufacturing process.

Specifically, a drive electrode 20, whose w1th W2 is
340 um and whose thickness is S um that is a thickness &o allow
electric conduction to be ensured with respeé& to a ?reSSure
producing chamber having a width Wl of 420 um., is :Eorined, and
then a piezoslectxic vibzating slemant L, whns::_ width W:3 is.380
um and whosa thicl.:noss is 30 um, is formed on tha sui:rfaca of
the drive electrode 20. ; -

Sheet Has Been Replaced
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A method of manufacturing the thus constructed ink Jet

recording head will be described next.
rigures 6 (a) to (f) are diagrams showing a metnod ol
manufacturing the above-mentioned pressure producing unit 50,

the method b.e_._iz:gg anggmbodiment of the invention. The vibrating

plate 3, the pressure procducing chamber forming member 4, and

the pressure preoducing chamber Zforming cover member 6 are

formed of green sheets, each g¢reen sheet being a ;ceramic
i

matexrial, i.e., a clay-like sheet, and thea pressure py;oducing
chamber forming member 4 having windows formed at Eregions
designed to serve as the pressure producing chambers 5 by
punching; and pressure is applied to the green sheets with
these membef's half-solidified so that these members are

integrated with one another, in Figure 6 {(a). . Then, the thus

processed body is baked at temperatures ranging from 800 to

1500°C, in Figure 6 ({b). - The ceramic material generally

consists essentially of one kind or more of compound selected
from the group consisting of aluminum oxide; zirconiuz{l oxide,
magnesium oxide, aluminum nitride, and silicon nitride.

When the wvibrating plate 3, the pressure p:.;;oducing
chamber forming member 4, and the pressure pr:oducing ?chamber
forming cover member 6 have been integrated, a pattarri of the

)
drive electrode 20 having an optimal width wit-h raspoci: to the
corresponding pressuxe producing chamber 5 is formed by!coating
or prirnting an electrically conducting material -to a region

corresponding to the pressure producing chamber 5 !o0f the

|

- 16 -
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vibrating plate 3 so that the ratio of the width W2 of the

drive electrode 20 to the width Wl of the pressure producing

chamber 5, W2/Wl, is set to a value between 0.8 andiO.S, in
Figure 6 (c). The electrically conducting material consists
essentially of one kind or more of alloy selected from the
group consisting of platinum, palla&ium, silver—pailadium,

silver-platinum, and platinum-palladium, . B

As the pattern of the drive electrode 20 has been half-

solidified on the vibrating plate 3, the whole body is baked at

a temperature suitable for baking the electrically coéducting
material, in Figure 6 (d). ' g

Then, ths piezoelectric vibrating element 1 ié formed
on the surface of the drive electrode 20 by coating or printing
a green .sheet consisting of a piezoelectric materialéso that
the width W3 of -the piezoelectric vibrating element 1 ié larger
than the width W2 of the driye electxode 20 formeagon the
surface of the vibrating plate 3 and smaller than the &idth W1-

of the pressurxe producing chamber 5, in Figure 6 (e). The
piezoelectric material consists essentially of lead zirconate
titanate, lead magnesium-niobate, lead nickel—niobat%, lead
zinc-niocbate, lead manganese-niobate, lead an{imony-s%annate,
oxr lead titanate. ) !

When thoe green sheet, which is a piezoe‘lectric r;\ater.i.al
and which has been formed so as to slightly overhang t%e dxive
electrode 20, has been half-solidified in this way, tﬁe whole

C
body 4is baked at a <temperature suitabla £for baking the

- 17 -
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piezoelectric material, Figure 6 (£). 1In this baking!process

]
the central portion la of the piezoelectric vibrating element
i

1 may, in some cases, flex so as to proiect toward the pressure

producing chamber 5 as shown in Figure S due to the ;rate of
contraction of the piezoelectric vibrating element 1§at the

time of baking being larger than that of the drive electrode 20
and due to contraction of the portions of the piezoélectric"
vibrating element 1 overhangirg the drive electrode 20 being

larger than contraction of the piezoelectric v;brat;ng relement

l on the drive electrode 20. . 1

However, this type. of piezoelectric vibratingfelement

1 is advantageous in preventing itself from being pértially

flaked and completely'flaked from the drive electrods ?O since
i

the piezcelectric vibrating element 1 is bonded to the drive
]

electrode 20 with the peripheral portions 1b :thereof
overhanging the vibrating plate 3 .while extending from the

drive electrode 20.

As all the baking processes have been completediin this
way, the piezoelectric vibrating elements 1, 1, 1 %nd the
cormmmon electrode 80 arranged over the piezoelectric v:éb-rati.ng
elements are deposited over an entire region‘bonfron%ing the
pressure producing chambers 5 by forming an elect;;rically
conducting film by means of a £ilm forming- m'ethod ;'such as
selective vapor deposition or sputtering while u?sing an
eiectri'c:ally conducting meterial, e.g., nickel ox copprer, with

!
a mask as shown in Figurs 7. Thae common alsctrode 80 is

S — o im -
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connected to an external device by a cable 85 together iw.i.th the
drive electredass 20, 20, 290 «+ «« through a lead elect;ode 82.
As a result, an ink dropiet can be expelled from the
nozzle opening Ll3a by flexing the plezoelectric vibratinq
element 1 while applying a drive signal acress thé common
electrode 80 and the drive electrocde 20 positioned at the
pressure producing chamber 5 from which the ink droplét is to

be 2xpelled.

I

The peripheral edge portions 1lb, b .0 the

piezoelectric vibrating element 1, 4i.e., the portions

overhanging from the peripheral edge portions of the drive

-

electrode 20 are bonded to the vibrating plate 3 in the above-

s

mentioned embcdiment. As shown in Figure 8 the pefipheral

edges A, A of the piezcelectric vibrating element 1 a;f*:e baked

so as to overhang the drive electrode 20 by, e.g.; pre;_:»aring a

slightly solider green sheef, so that the effective éi:veration

region of the piezoelectric vibrating element 1 can be% limited
) i

to the width of the drive electrode 20 itself with the reliable

bondage between the piezoelectric vihrating element li and the

drive electrode 20 well maintained. i

As a result, all the pressure nroduc;ng chambers 5 can
be driven under a consistent condition, free from J.nconsn.stency
in the vibrating characteristic caused by inco‘nsistenc;y in the
size of the piezoelectrxic vibrating element 1, the size? thereo:f

ténding to be inconsistent in the widthwise dirsction.
) ]
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:

If necessary, an slectrically insulating layer 8, which

is thinner than the viezoelectric vibrating element 1, is

formed at & region of <the vibrating plate 3 where no

plezoelectric vibrating element ) is formed as shown 1ﬁ Pilgure
9, and the common electrode 80 is deposited thereon,gso that
not. only generation of crosstalkx due to signal leakagé can be

) .
prevented by ensuxing electric insulation between the édjacent‘
drive electrodes 20, but also breakage of the common electrode
80 at the ends of the piszoelectric vibrating element ? can be

prevented b makin the step between the iezoelectric
o Y g I P

vibrating element 1 and the vibrating plate 3 small.

Figure 10 shows an embodiment ' in which the insulating

i
matexial layer 8 and the drive electrode 20 are formed on a
!

single sheet so that the insulating material layer 8 sﬁrxounds
the drive electrode 20 and so that the uppér surfacesgof both
the insulating material layef g and the drive electroa; 20 are
flush with each other. According to this embédiment,

i
electrically caused crosstalk can be prevented by electrically

!
insulating the drive electrode 20 reliably, and the common
electrxode 80 can be formed more reliably. ' ;

I

Figure 11 shows still another embodiment ,of the

invention. A slightly thicker ceramic matefial, which will
become the wvibrating plare 3, is prepared. .Jn addgtion, a
recessed portion 83 having a step 83a for accommodating the
drive electrode 20 and the plezoelectric vibrating eleﬁent 1lis

. L
formed at a central portion of sach pressure producing! chambex

- 30 -
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S, so that the driva olectroda 20 and the piszoelectric
vibrating element 1 that is slightly wider than the drive
electrode 20 are accommodated on the bottom thexeof and on the
top 'thereof, respectively, with the =surface of <the
plezoelectric vibrating element 1 being as high és other
regions of the vibrating plate 3 which have nothing to?do with
displacement. Accorxding to this embodiment, not only both
mechanically caused crosstalk and electrically caused crosstalk
due to signal leakage can be prevented by sufficiently
reinforcing the regions not having to do with the dispiacement
of the pressure producing chamber 5, but also reliability can
be improved by Zforming the common electrode B0 so Ss to be
stepless.

Figure 12 shows an ink jet recoxrding head, which is
still another-embodiment of the invention. .This‘embodiment is
designed to overcome the secﬁhd_problem, i.e., reductiﬁh in ink
expelling efficiency caused by the deformation ;of the
piezoelactric vibrating element and the vib;ating platé at the
time of baking, as well as crcsstalk: Figure 12 shows the
embodiment in terms of the structure of a section taken in a
diréction'orthogonal to the stream of ink witﬁin the ﬁressure
producing chamber 5, i.e., along a line L-L o% FPiguxe 4.

In Figure 12 reference numeral 21 -denotes ,;a drive
electrode formed on a surface of the vibrating plate 3 This
drive electrode 21 is formed so that the width the?eéf W2 is
slightly smaller than the width W1l of the pressure producing

- 21 -
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chamber 5. The drive electxode 21 is axcuats in saction so
that the central portion thereof in the longitudinal direction
of the pressure producing chamber 5, i.e., on a line connecting
the nozzle opening to the common ink chamkber is projected

toward the pressure producing chamber 5 and the top?thereof

that is in contact with a piezoelectric vibrating element 23 is

substantially horizontal, _

While the drive electrcde 20 in the above-méntioned
embodiment has the uniform thickress of about 5 um aitaching
importance only to the electric property, the drive eiectrode
21 according to this embodiment sets the thickness: of the
central portion therecf to valuves ranging from 15 to 30§um with
flexion at the time of baking being taken in con51deratlon,
although the thickness of the peripheral edge portions is set
to about 5 um so that the electric property-can be maiﬁtained.

Reference numeral 23 denotes the piezéélectric
vibrating element. The width W3 of this piezoelectric
vibréting element 23 is larger than the width W2 of tée drive
electrode 21 and smaller than the width W1 of the ﬁressure
producing chambexr 5. Having such a length that the front end
therszof on the nozzle opening side covers the ‘drive e}ectrode

21 and the rear end thereof reaches the viciﬁiﬁy of the rear

end of the pressure producing chamber S5, the piezoélectric
i

vibrating element 23 is formed so as to cover completely the
]
H

regionof the drive electrode 21 corresponding to the pressure

producing chamber 5. The pexipheral edge portions 23a, 23a of

- 22 -
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the piezoelectxic vibrating element 23 are formed so &as to
overhang the cdrive electrode 21 in & manner similar to those in
the above-menticned embcdiment.

According te this embodiment, the sectional structure
of the dxive electrode 21 is selecied so as to £1ll the space
formed by the above-mentioned flexion of the vibrating plate 3,
the flexion being caused by the difference in the rate of
contraction between the piezoelectric vibrating elemen% 23 and
the drive electrxode 21 at the time of baking. Therefére, the
upper surface of the drive electrode 21 is kept substéntially

horizontal after the baking, thereby making the piezoelectric.

vibrating element 23 formed on the drive electrode '21 flat

also. :
As a result, whan the piezoelectric vibrating; element
23 is contracted by applying a drive signal thereto,
horizontally drawing forces A2, A2 are gensrated on thé;surface
higher than the wvibrating plate 3 as shown in Figure 13.
Although such forces are transformed into a forcegBZ that
flexes the vibrating plate 3 toward the pressure_péoducing
chamber 5, these forces do not draw walls 4a, ¢b that define
the pressure producing chamber 5 toward the préSSure p}oducing
chamber 5. Conssquently, not only an ink droﬁlet is ;xpelled

¥
at a high efficiency, but also generation of crosstalk is

controlled to an extremely esmall degres. '
H

- It goes without saying that, by forming the

piezoelectric vibrating element 23 so as to cover the region of

- 23 -
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the drive electrode 21 confronting the gpressure producing
chamber 5, the region of the drive electrods 20 confrénting the
pressure producing chamber 5 can bes covered completely by the
plezoelectric fibrating element 23 even if slight displacement
ox inconéistency in size are present with the drive eiectrode
21 and the piezoelectric vibrating element 23. This érevents
short-circuiting Wlth a common electrode 80 on the othez pole

which is formed on the surface of the piezoelectric v;bratlng

element 23. i

Irn the case where the piezoelectric v1brat1ng'element
22 is formed by coating or bonding a green sheet, whlch is a
pieZoelectric material, to the drive electrode 21 and baking
the green sheet together with the vibrating plate 3§and the
drive electrode 21, the piezoelectric vibrating glément 23
covers the drive electrode 21 completely ‘and has pe%ipheral
edge portions 23a, 23a bonded to the drive elecikode 21
reliably against the above-mentioned flexion of the vxbratlng
plate 3 caused by the difference in the rate of contraction
between the piezoelectric vibrating element 23 and tﬁe drive
electrodes 21 at the time of baking. Therefore, ﬁot only
displacement by flexion of the piezoelectric vibrating?element
23 can be transmitted to the vibrating plate 3 reliaﬁly, but
also fatza)l damage such as partial flaking or‘the liké can be

!
prevented owing to the reliabla bondage - between the

plezoelectric vibrating element 23 and the vibrating plate 3.
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T




10

15

20

25

" '

Specifically, a drive electrode 21, whose w;dfh W2 is
340 um and whose thickness is 15 um at the central portion and
S um at the peripheral vortions with respect to a pressure
producing chamber having a width W1 of 420 um, is forﬁed, and:
then a piezoelectric vibrating element 23, whose width W3 is
380 pm and whose thickness is 30 pm, is formed on the;surface
0f the drive electrode 21, . ‘

The thus constructed ink jet recording head ané an ink
jet recording head in which the drive electrodes are uﬁiiormly
5 mm thick were compared. The amount of displacemenf of the
piezoelectric vibrating element toward the pressure p?oducinq
chamber is 0.2 um in the former, whereas such amount i% 0.1 um
in the latter., Therefore, an improvement that doubles the
conventional amount of displacement was verified% The
crosstalk of the former is 10% or less, Qhereas thaﬁ of the

-

latter from 30 to 60%. Therefore, a reduction of 1/5§or less
in crosstalk was achieved. :

In a manner similar to the above~mentioned embédiment,
to improve displacement efficiency of the vibrating élate 3,
i.e., the ratio of the applied eleétric energy to:the ink

removing volume, it is preferable to adjust the ratio of the

width W1l of t¢he pressure Droduc;ng chamber 5 to the w;dth W2 of

_the drive electrode 21, W2/Wl, which is adeally cot to 0.9, to

a value between 0.8 and 0.9 considering errors and variations

in the manufacturing process. Further, the thickness of the

drive electrode 21 at the central portion is set toc a value 1.2
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times the thickness thereof at the peripheral portione. It has
been verified that such setting contributes to preventing the
reducstion in yleld cdue toc errors and the like ‘in the

manufacturing process with certainty.

A method of manufacturing the thus constructedgink jet
recording head will be described next with reference to.Figures
14 (a) to (£f). :

The vibrating plate 3, the pressure producing:chamber

forming member 4,_and the pressure producing chamberéforming
cover member 5 are formed of gresen sheets, each greén sheet
being a ceramic material, i.e., a clay-like sheet %nd the
pressure producing chamber Zforming member 4 havingéwindows

formed at regiocns designed to. serve as the pressure pioducing

chambers 5 by punching; and pressure is applied to the green

sheets with these members half-solidified so that these members

are integrated with one another, Figure 14 (a). _Then, the thus

-

pxocessed body is baked at <temperatures ranging from B00 to

1500°C, Figure 1¢ (b). The ceramic material genexally consists

essentially of cne kind or more of compound selected frcm the
group consisting of aluminum oxide, zirconium oxide, mégnesium
oxide, aluminum nitride, and silicon nitride.

When the vibrating plate 3, the préssure p:;:oducing
chambher forming member 4, and the pressure p;:oducing';chamber
forming cover member 6 have been iﬁtegrated in ‘thisfl way, &
péttern of the drive electrode 21 having an optimal wigth with
respect to the correspondiné pressure producing cham!:_;er S is

|

H
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formed by coating or printing an' slactrically conducting
material to a region corresponding to the pressure producing
chamber 5 of the vibrating plate 2 so that the ratic of the
width W2 .cf tha drive electrode 2! to the width WLEof the
pressure producing chamber 5, W2/Wl, is set to a valuegbetween
0.8 and 0.2. The electrically conducting material éonsists

essentially of one kind or more of alloy selected from thelf
group consisting of platinum, valladium, silver-pailadium,
silver-platinum, and platinum-palladium. Since thé drive
electrode 21 must be macde arcuate in section in this
embodiment, a first layer 21-1 is coated to a predetexrmined
thickness and a second layer 21-2 is thexeafter coated;only in
tﬁe vicinity of the center. This coating technique aliows the
electrically conducting material of which the second la&er 21-2

is made tc smoothly spxread with the central portion thereof as
|

the apex while promoted by the fluidity of the maﬁérial of
which the electrode is made,.so that the second layer%?l—Z_is
fused with the first layer 2:-1 to be integrated thexewith to
have an arcuate section, in Figure 14 (c). ;

As the pattern of the drive electrode 21 has beén half-

solidified on the vibrating plate 3, the whole body is oaked at

-

a temperature suitable for baking the electrically conducting

material, in F*gu*e 1d (d). :
I

Then, tha ‘D.Lazoa'ioctr’c vibrating element 23 is formed

on the 'surface of the drive electrode 21 by coating or prlntxng
a green sheet consisting of a piezoelectric materialiso that
i
I
i

- 27 -
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the width of the piezoelectric vibrating element 23 is larger
than the width of the drive electrode 21 formed on the;surface
of the vibrating plate 3 and smaller than the width of the
pressure producing chamber S, in Figure 14 (e)} The
piezoelectric material consists essentially of lead zirconate
titanate, lead magnesium-niobate, lead.nickel-niobafe, lead

ziné-niobate, lead manganese-niobate, lead antimony-séannate, :

or lead titanate. : |

When the green sheet, which is a piezoelectric Eaterial
and which has been formed so as to be slightly projected from
the drive electrode 21, has been half-solidified in thxs way,
the whole body is baked at a temperature suitable fo; baking
the piezoelsctric material, in Figure 14 (f). :

i

In this baking process the central portions of the
vibrating plate 3 flexes toward the pressure producxng,chamber
5 due to the rate of contraction of the piezoelectric v;nratlng
element 23 at the time of baking being larger than tha; of the
drive electrode 21 and due “o contraction on the butergside of
the piezoelectric vibrating element 23 being larg;r than
contraction on the drive electrode 21 side of the piezoélectric
vibrating element 23, However, since the ceﬁ%ral poétion of
the drive electrode 21 which has been formed thicker inéadvance
fills the spacs formed bv the flexion, the surface of the drzave
electrode 21 can be made horizontal.

“ When the electrode layer is formed by coating, the

thickness of the  layer usually includas about :(20% of
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inconsistency. Therefore, it is preferable to maka tha centxal
i
portion 1.2 times thicker than the peripheral portion, taking
the safety factor into consideration. This technique is quite
helpful in improving yleld. '

As the piezoelectric vibrating element baking: process
has been completed in this way, the common electrode 80 is
formed by depositing an electrically conducting material, e.qg.,
copper ox nickel, using a mask having a window coveiing the
surfaces of all the piezoelectric vibrating elementé 23, as
shown in Figurs 7. ‘

If necessary, & thin electrically insulating layer B is
used to £ill regions of the vibrating plate 3 where no
piezoelectric vibrating element 23 is formed so that t}:m layer

8 becomes as high as the piezoelectric vibrating element 23 as

shown in Figure 15, and the common electrode 80 is deooaited

thereon, so that not only generation of crosstalk due to signal

leakage can bhe prevented by securing electric insulation
between the adjacent drive electrodes 21, but also breakage of
the common -elactrode 80 at the ends of the piezoélectric
vibrating element 23 can be prevented by making fhe step
between the oviezoelectric vibrating elemer‘{t 23 z;md the
vibrating plate 3 small. |

Figuxe 16 shows another embodiment. -An @lectrode 24
formed so0 as to coniront the pressure producing chaml:jmr S is

similarly made arcuate in section at a region confronting the

pxessuxe producing chamber 5. On the other hand, a region 24a

- 29 -
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that extends uniformly at ‘such a thickness as to; ensure
electric conduction is formed at other regions. This region
24a is connected to an electrode 24‘ formed on an édjacent
pressure producing chamber 5. That is,.the electrodes that
serve to select thz piezoelectric vibrating elementé 23 for

driving in the above-mentioned embodiments are use@ as the

common electrodes, and drive electrodes 83, 83’ that are -
!

electrically independent of the piezoelectric vibrating

elements 23, 23’ are formed on the surfaces of the respective
piezoelectric vibrating elements 23, 23’. ‘

H

While the surface of the drive electrode is made flazt

1
with the electrically conducting material, aisimilar

effect can be obtained by using other materials. i

by filling the rscess formed by the flexion of the vibrating
3

Figure 17 shows still another embodiment tof the
invention A third layer 30 is formed and a drive electrode 31
is formed thereon. The third layer 30 is made of a baterial

which is other than the piezoelectric materxial and which has

strong adhesion with respect to both the vibrating pla%e 3 and
. !

the electrode. The third layer 20 is formed so as to be

arcuate in section so that the central portion of the vibrating

plate.3 confronting the prassure vroducing chambers is thﬁck
with a smoothly thinning slope toward the periéheral p;rtimns.
The drive electrode 31 corrects the flexion of the v?brating
piaté 3, and similarly has a narrower width than the Eressure

procducing chamber and a uniform thickness, l

- 30 -
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Also in this embecdiment, the piezoelec:ric vibrating
element 32 is formed so as to be substantially horizontal at a
level higher than the vibrating plate 3. Therefore, generation

of crosstalk and reduction in ink expelling efficiency can be

prevented.
Figures 18 {a) to (h) show a method of manufécturing.
the above-menticned recording head, the method being an -
enbodiment of the invention. Pressure is applied; to the
vibrating plate 3, the pressure procducing chamber Eforming
member 4, and the pressure producing chamber formiﬁg cover
member 6, which are in the form of green sheets, and infegrally
baked at temperatures ranging from 800 to 1500°C, in F;gure 18
(&) and (b). The pressure producing chamber forming ﬁember 4
has portions designed to serve as the pressure p;oducing
chambers 5 formed by punching. Zach greenisheet is a,ceramic
such as alumina or zirconia. p
The third layer 30 that is thicker at the:central
portion than the peripheral portion {s formed at é region
corresponding to the pressure producing chamber 5 by pfinting,
in Figuxe 18 (c) and baked, in Figure 18 (d). The thi_rd layer
30 is made of a material which is other than tﬁe piezoelectric
matexial and which has adhasion with raspe.&t to Soth the
vibreting plate 3 and the slectrode 31, a.g., c;e;amic o:r metal.
- In these processes, it is eimilaxly praferably; to form

the central portion 1.2 times thicker than the peripheral

i This Sheet Has Been Replacec
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portions, taking errors in the manufacturing process into

account.

Then, the mater.‘.al. of which the electrode 31 is made is

deposited on the surface of the third layer 30 so as to

-
1

confront the pressure producing chambexr S5 by printing, in
!

Figure 14 (e), and baked, in Figure 18 (f).
As the £final process, the piezoelectric vibrating'
element 32 is similaxly formed by printing, in Figureéle (9),

and baked, in Figure 18 (h).

Accoxding to this embodiment, freedom in selecting the
material used to compensate for +the deformation féc:f the
vibrating plate 3 is increased, thereby allowing the v.;.brating
characteristic of the wvibrating plate 3 to be adjust‘ed to a

i
i
i
H

value optimal for ink expelling.
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2 An ink jet recording head comprising:

a vibrating plate made of cexamic;
a2 pressure producing chamber forming member for forming

t
a plurality of pressure producing chambers in rows, the
pressure producing chamber forming member made of ceramic;

|

an electrode on one pole formed on a surface of the
vibrating plate so as to correspond to the pressure pﬁoducing
i
chambex; and ;
:

a piezoelectric vibrating element, one end: thereof

-

contacting the electrode and other end thereof contacting an

1
electrode on other pole, the ink jet recording head expelling

an ink droplet from ‘a nozzle opening by flexion; of the
i

piezoelectyxic vibrating element; i
'
wherein at least the vibrating plate and the ?reSSure
procducing chamber forming member are integrally férmed by
baking the ceramic, the piezoelectric vibrating elément is

: i
deposited by baking on the surface of the electrode on the one

‘pole formed on the surface of the vibrating plate, a width W2

of the electrode on the one pole is smaller than a width Wl of

the pressure bproducing chamber, and a width W3 ' of the

piezoelectxic vibrating sloment is larger than the width W2 of

the electrode on the one pole and smaller than the width Wl of
. - i .

the pressuxe producing chamber.
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2, An ink jet recording head according to claim 1,iwherein

a ratio of the width W2 of the electrode on the one pole to the

width W1 of the pressure producing chamber, W2/Wl, is set to a

value between 0.8 and 0.9. !

|
i
|

3. An ink jet recording head according to claim 1,|{wherein

]
the electrode on the one pole is a drive electrode iand the

electrode on the other pole is a common electrode.

H
]
!
|
!
i

4. An ink jet recording head according to claim l,fwherein

a peripheral edgs of the piezoelectric vibrating element is’

1
formed as an overhang with respect tc the electrode on: the one

pole and is substantially fixed to the vibrating plateithrough

the electrode on the one pole. f
) i

4
t

3. An ink jet recording head according to claim 1,.wheresin
an electricall insulating layer is formed between the

electrodes on the one pole,

6. An ink jet recording head comprising: ;
: i

a vibrating plate made of ceramic; a pressure producing
chamber forming member, made of caramic, for £forming a
plurolity of presasure producing chambers in rows) i a n

electrode on one pole formed on a surface of the vibxating
t

. i
plate so as to correspond to the pressure producing chamber;
i

- 34 - .
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e piezoelectric vibrating element, one end thersof
contacting the electrode and other end thereof contacting an
electrodé on other pole, the ink jet recording head expelling
an ink droplet from a nozzle ovening by flexion of the
viezoelectric vibrating element; and i

a member through which the piezoelectric vibrating-
element is fixed to the vibrating plate, the member shaped in
arcuate in section, a central portion of the membér which
confronts the pressure producing chamber of the vibrati:'qg plate
being larger‘in thickness than a peripheral edge of the?member,
the member projected toward a pressure producing- .chamber side,

wherein at least the vibrating plate and the press'ure

producing chamber forming member are integrally fo::cmed by

baking the ceramic, the piezoelectric vibrating element is

deposited by baking on the surface of the electrode on: the one

pole formed on the surface of the vibrating plate.

7. An ink jet recording head according to claim 6,:wherein

the member is made of a material having an adhesive force with

1

respect to both the piezoelectric vibrating element 'and the
!

vibrating plate without a piezoelectric property.

-

8. An ink jet recording head accerding to claim 6, whersin

the member is the electxode on the one pole.

A
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9. An ink jet reccrding head according to claim 6,§wherein

a ratio in thickness of the central portion of the member to

the peripheral edge portion thereof is 1.2 or more. :
§
|
10, An ink jet recording head according to claim 6, ;wherein

1
a width W2 of the slectrode on the one pole is smaller than a
width W1 of the pressure producing chamber, and a width W3 of
t

: 3 . ‘ |
the piezoelectric vibrating element is larger than the width W2
of the.electrode on the one pole and is smaller than the width
Wl of the pressure producing chamber. ' g

i
11, An ink jet reccrding head according to claim 6, wherein

a ratio of the width W2 of the electrode on the cne pole to the
width W1 of the pressure producing chamber, W2/Wl, is éet to a
valua between 0.8 and 0.9. '

12, An ink jet recoxding head according to claim 6,!wherein
the electrode on the one pole is a drive electrodefand the

electrode on the other pole is a commen electrode. ;

13, An ink jet xecording head according to claim 6, wherein

i
i

the peripheral adge of tho piszoelectric vibrating element is

. }
formed to an overhang with respect to the electxode on: the one

pole end is substantielly fixed to the vibrating platse;through

the electrode on the one pole,

) A
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14, An ink jet recording head according to claim 6, wherein
an electrically insulating layer is formed between the

electrodes on the one pole.

15, A method of manufacturing an ink jet recordfng head

comprising the steps of:

forming a vibrating plate, a pressure producxng.chamber"

forming member, and a pressure producing chamber forming cover

member. of green sheets, respectively, the pressure producing
i
chamber forming member having windows formed at :regions

designed to serve as pressure producing chambers by p@nching,

each greesn sheet being a cexamic matrerial including alumina ox
|
i
baking the vibrating plate, the pressure producing

chamber forming member, and the pressure producing ;chamber

zirconia;

forming cover member integrallv'by applying pressuré?thereto
with the vibrating plate, the pressure producing : chamber
foxming member, and the pressure produding chamber%fcrming'
cover member being half-solidified; -
forming a pattexn of an electrode on one poie of an
electrically conducting materieal at a region éorrespo#ding to
a pressure producing chamber of the Vibrating-plate s; that a
ratio of a width W2 of the electrode on tha on:a,pola tog a width

1
Wl of the pressure producing chamber, W2/Wl, ie sot toia value

AR

bétween .8 and 0.9;
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baking the <thus resultaed whole at a temba:atura
i
suitable for baking the electrically conducting material when

!
the pattern of the electrode cn the one pole of the vibrating
i

plate has been half-solidified; and ;

forming a layer of a piezoelectric material so as to be

w;der than the width W2 of the electrode on the one nole and

narrower than the width Wl of the pressure producing chamber,'

and baking the layer. !

1
!
16. A method of manufacturing an ink jet recording head

according to claim 15, wherein the ceramic is one kind or more

of compound selected from the group conmsisting of aluminum
oxide, zirconium oxide, magnesium oxide, aluminum nitride, and
gilicon nitride, and the piezoelectric material ?cnsists
essentially of lead zirconate titanate, leadfmagnesium—ﬁiobate,
lead nickel-niobate, lead manganese-niobéte, lead éﬁtimony-
stannate, and lead titanate, and the electrically cohducting
matexial consists essentially of one Xkind or more of alléy
selected from the group consisting .of platinum, pailadium,
silver-palladium, silver-platinum, and platinum—pallaﬁium.
- ;
|

17, A method of manufacturing an ink jet recording head
!

comprising the steps of: i
foxming a vibrating plate, a pressure prxoducing chamber

. ) ) |
forming member, and a pressurxe producing chamber forming. cover

membex of green sheets, xesspectively, tho pressure producing
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chamber forming member having windows formed at i regions

]
designed tc serve as pressure preducing chambers by punching,

each green sheet being a ceramic material including alumina or

zirconia; §
baking the vibrating vlate, the pressure p?oducing

chamber forming member, and the pressure producing! chamber
} - .

forming cover member integrally by applying pressure: thereto’

with the vibrating plate, the pressure producing i chamber

forming member, and the pressure producing chamber?forming

cover member being half-solidified;

forming a pattexrn of an electrode on one poie of an
electrically conducting material at a region correspohding to
a pressure producing chamber of the vibrating plate sb that a

|
ratio of a width W2 of the electrode on the one pole to a width

Wl of the pressure producing chamber, WZ/Wf, is set to a value
between 0.8 and 0.9 and so that a central portion of the

electrode on the one pole is arcuate in section with a pressure

baking the thus resulted whole at a temperature

producing chamber side thereof being prcjected;

suitable for baking the electrically conducting material when
the pattern of the electrode on the one pole of the v}brating

plate has besn half-solidifiad; and ) !

forming a layer of a piczoelectric material solas to be
; . :

wider. _then the width W2 of the electrods on the one gola and
]

narrowér than the width Wl of the pressure producing chamber,

and baking the layer.
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18. A method of manufacéuring an ink djet recording head

according to claim 17, wherein the electrode on the one pole is
formed in a plurality of times so that the central | portion

therecf becomes projected.

19. A method of manufacturing an ink jet recording head
i -
comprising the steps of: :

forming a vibrating plate, z pressure producing chamber
forming member, and a pressure producing chamber forming cover
memper of green sheets, respectively, the pressure producing

chamber forming member having windows formed at |regions
1

designed to serve as pressure producing chambers by punching,

each green sheet being a ceramic material including alumina or

zirconia; :
. ' i
baking the wvibrating plate, the pressure producing

chamber forming member, and the pressure producing:chamber

forming cover member integrally by applying pressure; thereto
!

with the wvibrating plate, the pressure producing ichamber
I

farming membex, and the pressure producing chamber:forming

covexr member being half-solidified; !
. . . < i .
forming & third layer of a material having an adhesive
: |
force with respect to the vibrating plate and an electrode on

4
- 1

one pvle at a region corresponding to the pressure producing
cthamber o©of the wvibrating plate so that a central | portion

thereof becomes arcuate in section with a pressure producing

chamber side thereof being projected;
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forming a pattern of the olectrode on the one:pole of

an electrically conducting material on a surface of the thizd
layexr so that a ratlo of a width W2 of the electrode on. the one

pole to a width Wl of the pressure oroducing chamber, W_Z/Wl., is
i

bakirng the thus resulted whole at a temperature

set to a value between 0.8 and 0.9;

suitable foxr baking the electrically conducting material when

the pattern of the elactrode on the one pole of the vibrating

plate has been half-solidified; and
i

forming a layer of a piezoelectric material so-as to be

wider than the width W2 of the electrocde on the one pole and

narrower than the width W1 of the pressure producing chamber,

20. A method of manufacturing an ink 'jet recording head
according to claim 17, wherein the ceramic is one kind oY mozre
cf compound selected from the grouw consisting of alum:.num
oxide, zirconium oxide, magnesium oxide, aluminum nltr_:.de, and
i
silicon nitride; the piezoelectric material consists
essentially of lead zirconate titanate, lead 'magnesium-—z;qiobate,
lead nickel-niobate, lead manganese-—niobate," lead aﬁtimony-
stannate, or lead titanate; and ths electriéally cogducting
material consists essentially of at least one kind oxgmora of
alloy.. selected - from the group consisting of p_|latinum,

palladium, silver-palladium, silver-platinum, and platinum-

palledium, ' -

o



21. A method of manufacturing an ink jet recording head according to claim 19,
wherein the ceramic is one kind or more of compound selected from the group consisting
of aluminium oxide, zirconium oxide, magnesium oxide, aluminium nitride, ahd silicon
" nitride; the piezoelectric material consists essentially of lead zirconate titanate, lead
magnesium-niobate, lead nickel-niobate, lead manganese-niobate, lead antimony-
stannate, or lead titanate; and the electrically conducting material consists essentially of
at least one kind or more of alloy selected from the group consisting of platinum,
palladium, silver-palladium, silver-platinum, and platinum-palladium.

22.  Anink jet recording head comprising a chamber for containing ink, a drive
electrode iocated on a wall of said chamber, and a vibrating element located on said
drive electrode, wherein the width of the vibrating element is greater than the width of
the drive electrode, or the width of the drive electrode or vibrating element is less than
the width of the chamber.

23.  Anink jet recording head substantially as hereinbefore described with reference
to and/or as iliustmted in the accompanying drawings. -

24. A method of manufacturing an ink jet recording head substantially as
hereinbefore described with reference to and/or as illustrated in the accompanying

drawings.
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