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METHOD OF MANUFACTURI NG THE SAME The

on relates-to an on-demand ink jet—tecordi ng head that forns

—

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 éfoducing

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 vibrating: plate,
precision.working and fabricating technigues ére required'in

the manufacture thereof, which elevates the cost.
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“characters and graphies on a recording mediumwi th dots by expelling ink
droplets thereto in accordance with input information. Mre particularly,
.the invention is- directed to a structure-having el ectrodes and

- piezoelectric vibrating elements formed on a surface of a vibrating plate

as well as to a nethod of manufacturing such structure. The vibrating

pl at e constitutes part of pressure producing chanbers. The el ectrodes and

t he pi ezoel ectric vibrating el ements are formed integrally with the

pressure produci ng chanbers bz baki n Since an ink'jet recording

head has a struct urf® QYERCPREt this iBRORIESp| &t SFEueXpeR |Hpwn 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
5 . prcduéing 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
10 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 vibrating
element 22 is formed on the electrode 93 by baking.
Such an integrally baked ink jet recording head has the
15 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
20 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 haxd to uniformly cost éto the
corrasponding drive electrxode. Particularly, inconsis.tency in

25 the ‘bond 0f each piezoelectric vibrating element 92 with a

1
peripheral edge 95 of the electrode 93 leads to inconsistency
' !
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:Py causing a piezoelectric el'enent to be abutted against a small pressure
produci ng chanber and increasing the pressure of ink"wthin the pressure
produci ng chanber by di-spl acenent of a vibxating plate, precision working
“and fabricating techniques are required in the manufacture thereof, which
el evates the cost. To overcone this problem a structure shown in
Figure 19 has been proposed attaching inportance to the fact that the
pi ezoel ectric vibrating elenent, the vibrating plate constituting the
pressure produci ng chanber, and the pressure produci ng chanber:form ng
menber can bin e effeetina copemamions regignpbbatiagnplthre P3G POl AEETHT

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
L] 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
10 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
15 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
20 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
25 force draws walls 94a, 94b of the pressure producingéchamber

forming membex 9¢ in directions indicated by arrows: Cl, C2
1

e s
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zrolling a green sheet, which is a ceramic.material, to a predeterm ned
t hi ckness and a pressure produci ng chanber form ng nenber 94 having a
pressure produci ng chanmber 91 fornmed in advance by punchi ng or-machini ng
“with a | aser beama green sheet, which is also a ceranmic material, are

pressed and bak&d. Then,

90 and a piezoelectric V|brat|ng element 92 is forned on the electrode

by baki ng.

10

15

20

235

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 91,§causing

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

differences 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 openings by :xjreliably

bonding the piezoelectric vibrating elements to the electrodes

formed on the vibrating plate and thereby making the effective

hd ]
operation regions of the piezoelectric’ vibrating elements

. i
unifoxm. ]
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=2 Such an integrally baked ink.jet recording head has the
advantage of sinple fabrication that involves only the steps of coating
.}and baki ng a paste-Il4i ke piezoelectric —_— :

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

5 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.

10 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

x5 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

20 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

25 electrode on the one pole is smaller than a width W1 of the
i

pressure producing chamber; and a width W3 of the piezoelsctric

i

]

5 i
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> elenment by neans of a printing technique.-Further, since the pressure
produci ng chanber formng nmenber is integrated with the vibrating plate by
.baki ng, defective bonding such as observed in bonds formed by adhesives

“ can be elimnated, which is an advantage in reliably preventing ink
| eakage. However, the piezoelectric vibrating el enent, being such
a small piece, is hard to wuniformy coat to the correspondlng dr|ve
el ectrode. Particularly, inconsistency in the

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

5 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

10 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
15 recording head of the inveniiog; . s
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
20 showing the structure of the pressure produciﬁ§ chambér;
Figure 5 is a diagram showing the stfucture ﬁaving a
dxive electrode and a piezoelectric vibrating élement Lhich is

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

of FPigure 4;
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pond of each piezoelectric vibrating element 92 with a peripheral edge 95
of the electrode 93 |leads to inconsistency in the effective operation
regi on between the- ptezoelectric vibrating—elenments, which in turn causes
inconsistency in the ink expelling characteristic 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 nmade of ceram c, and depositing the

pi ezoel ectric vibrating

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:cture of

5 the surface of the vibrating plate; .

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

' Figure 12 is &a sectional view showing ;another
10 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; .

15 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

20 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 e’ectrode and the

25 plezoelectrlc vibrating element in a conventional pressure

producing unit in which the drive electrode and the
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el ement 92 on the surface of the electrode 93 by baking are taken, the
vibrating plate 90 generally flexes as shown in Figure 20. That is, the
vibrating plate 90 fl'exes toward the pr&ssure produci ng chanber 91 at a
central portion of the pressure producing chanber 91 due to a difference
in the.rate of contraction between the piezoelectric vibrating elenent 92
and the electrode 93 at the tine of baking. -As a result, such a permnent
deformation that a part 92a (the cross-hatched region in Fidure 20) of the
| ower region of the piezoelectric vibrating element 92 projects tgmard t he

pressur e ppﬁaﬁ%?+ﬁfﬁﬁﬁfhﬁéprgi;nq elemant are manufactured intagrally by
 baking. - f'

i
I3

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention will now be described in detail with
5 reference to the embodiments shown in the drawings. 3
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 nﬁmeral 3
. '
denotes a vibrxating vlate made of a material, at léast the
10 surface of which Iis electrically insulating, more preferably,
of ceramic, On the suriace of the vibfating'plate 3 are drive
electrodes 20, which will be described later. Thé drive
electrodes are arranged so as to correspond to a plurélity of
rows of pressure producing chambers 5, 5, 5, ¢« <« étwo (2)
15 rows in this embodiment). ' Reference numeral 1 dé%otes a
piezoelectric vibrating slement that is made of ceramicfand has
a piezoelectric property. The piezoslectric vibrating élements
l flex toward the +vibrating plate 3 through the drive
electxodes 20, 20, 20 «« ++ so that the back surfaces;thereof
20 come in contact with ‘the drive electrodes 20,:20, 20 %- e,
Reference numeral 4 denotes a preésure péoducing
chamber forming member, which is made of a élate thét is so
thick as to form the pressure -prodncing chambers 5, 5, ? te o9,
mbre‘preferably, of a ceramic plate, by boring throu;h holes

b I

25 thexein. Reference numaral 6 denotes a pressurs producing
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“ tends to occur. When the piezoelectric vibrating el enent 92 that
has been defornmed is caused to contract for expelling ink by applying a

~drive signal thereto, ctontracting forces rm-such horizontal directions

“indicated by arrows Al, Al are generated as far as to the part 92a

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 5 are introducing holes éa, 6a, 6a s+ ++ and innxoducihg holes

6b, 6b, 6b <« +.., The introducing holes 6a, 6a, ﬁa ee

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 l3a, 13a, l3a -- ~--§

20 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 membe%s being

15 preferably made of ceramic, and integrated by bakin§ 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

20 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

25 oéenings 13a.
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Q.

- 3 of the |ower region, thereby drawing i the horizontal directions the
vibrating plate 90 that has already been flexed. As a result, a part of
-the contracting force-draws walls 94a, 94b of the pressure producing

" chanber form ng _nenber 94 in directions indicated by arrows CI C2 t hough
the vibrating plate 90. Since the walls 94a, 94b of the

Reference numeral 12 denotes a reservoixr fcrmin;'momber
that forms the common ink chamber 12a. In this embodiﬁent the
common ink chamber 122 is formed by a through goleéthat is
substantially V-shaped, and is connected to the reépeczive

5 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

10 nozzle openings 13a 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 héles 6b,

15 11b, 12b, and also performs the function of sealing the other
sice of the common ink chaﬁbqr 12 of the reservoiféforming
member 12, |

The ink supply section forming member 11 and the nozzle

forming member 13 are formed by press working or etkhing a

20 rustproof steel sheet. These membars may be made of at least
. . !

one material selected from the group consisting of other

metals, cexamics, glass, silicon, and plastics. The me:thod of
- I

- working +the xespective memberxrs includes: press working.
otchigg, electroforming, and laser beam machining. At any
25 rate, & material having a relatively high Young's modulus is
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-'pressure produci ng chamber forning member- 94 are shared in comon with the

adj acent

. pressure producing chanber

pressure produci ng chanbers 91, the contraction of a single

" chanbers 91, causing crosstalk or cancelling out a force Bl that

contributes to the ink expelling operation when adjacent
vibrating el ements 92, 92 are driven sinultaneously, which inpairs ink

expel l'ing efficiency. i

T 10

15

20

25

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 édnesive

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

polyethylene, polypropylene, polyvinyl chloride, and °

polyvinylidene chloride may be used since not so:high a
rigidity 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 ;ransfer
printing. |

The ink supply section forming membsr 11, the ;éservoir
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 method of bonding these members into a flow path unit-
is as follows. If the reservoir forming member 12 itself has
no achesicn, the film-like adhesive or the pasée-like édhesive
is used, and the ink supply section forming.member bl. the
adhesive, the reservoir forming member 12, tﬁe‘adheséve. and
the nozzle forming member 13 arxe laminated one upon an@ther in
this order using a not shown ©positioning jié, and
thermocompressed or compressed. On the other hand,!if ths

pi ezoel ectric

91 is transmtted to other pressure producing

1 S

- 11 -~

{

i

I|
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" That is, the displacenent of the vibratirnig plate 90 in the case where a
single piezoelectric elenent is drivenis different fromthat in the case

-where a plurality of ~adjacent piezoelectTtc vibrating elenents 92 are
driven sinultaneously, the difference being approxinmately twi ce. This
causes differences in the ink droplet expelling speed and the anmount of
i nk expelled, the differences being approximtely 1.5 ties. 5 A
first object off the invention is to provide an ink jet recordlng head

adapt ed t()resarvo;r 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.
5 As a result, & single sheet of flow path un{t.70 as
shown in Figure 2 has a plurality of pressure produci#g units
50, namely, three (3) pressure producing units 50, 56, 50 iﬂ‘
this particular embcdiment, collectively £ixed thereto by the

adhesive, thermodeposition £ilm, or the like to form an ink jet
10 recording head. ?

The thus formsd pressure prcducing chambers S'of,the
ink jet recording head are substantially rectangular,gslender
chambers such as shown in Figure 3. The nozzle opeﬁing 13a
communicates with one end of each pressuxre producing ch;mber 5,

15 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

20 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

25 the introducing through hole 1la. As a result, a stream of ink
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- "be manuf act ur ed by baki ng,
provi di ng consi stent

the ink jet
I nk expelling performance anong the nozzl e openi ngs

recordi ng head being cdpable of

-by reliably bonding the piezoelectric vibrating elenments to the el ectrodes

" forned on the vibrating plate and

regi ons of the piezoelectric vibrating elenments

t her eby nmaking the effectlve operation
uni form A second

object of the invention is to provide an ink jet recording hedd adapt ed

10

15

20

25
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in such a longitudinal direction as indicated by the arrows in
Figure 4 is produced within the pressure producing chamber 5.

Pigure 5 shows in section a structure of the thus

constructed ink jet recording head in the vicinity, of the
i

pressure producing chamber as viewed in a direction orthogonal

i
to the stream of ink within the pressure producing chamber 5,

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 the drive

electrode 20 is slightly smaller than the width Wl of the

pressure producing chamber 5, and the drive electrode 20 is

formed so as to have a length so that one end thereof?reaches
an end portion of the vibrating plate 3 from the.vicinity of
the nozzle opening 13a of the pressure producing chamber 5, and

the othex end thereof serves also as the connecting terminal
.

with an outer electrode.

. i
Reference numeral 1 denotes the piezoelectxic vibrating
element, whose width W3 is larger than the width W2 of the

dxive electrode 20 and smaller than the width w1§ of the
i

pressure producing chamber 5. Having such a length that the

front end thereof on the nozzle 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

piezoelectric vibrating slament 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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" to be manufactured by baking, the ink jet -recordi ng head bei ng capabl e of
preventing crosstalk by controlling generation of divided fortces that flex
t+he walls of a pressure producing chanber—and i nproving i nk expelling

“-efficiency independent of the deformation of the vibrating plate at the

time of .baking.

— .

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 befcovered

5 completely by the piezoelectric vibrating element 1 even Lf the
i
piezoelectric vibrating element 1 is subjected to slight
i ..
displacement or sized incensistently when formed.. This
H

prevents short circuit with a common electrode 80 (Figuie 7) on

the other pole which 4is formed on the surface : oi the

10 piezoelectric vibrating'element 1.
In the case where the piezoelectric vibrating;element

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

15 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.

20 Therefore, not only displacement by flexion hf the

: !
piezoelectric vibrating element 1 can be transmitted to the
i
[ s - l
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

25 and the vibrating plate 3.
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-4 A third object of the invention is to propose a nethod of

manuf acturi ng the above-nentioned ink jet recording heads. In a
.first aspect, thi-s-rnvention provides an +fk jet recording head conpri sing:
“a plurality of chambers for retaining ink, each ‘chanber having a | ength and

.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

5 invention. As a result, a piezoelectric vibrating e&ement 1
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

10 easier to make than the adjustment of the size; of the
piezoelectric vibrating element 1 that is comnaratively thiék.

In addition, to improve displacement effvc1ency of the
vibrating plate 3, i.e., the ratio of the applied electr*c
energy to the ink resmoving volume, it is ideal to adjust the

15 ratio of the width Wl of the pressure proéucing cham#er 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 w1d%h W2 is

20 340 um and whose thickness is S um that is a thickness &o allow
electric conduction to be ensured with respeé& to a breSSure
producing chamber having a width Wl of 420 um., is :Eorined, and

i 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

25 the drive electrode 20. ; -
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“"wi dt h; a vibrating plate disposed on a surface of "the chanbers;
a plurality of electrodes disposed on the.vibrating plate, each el ectrode
.correspondi ng toa respective chanber; — a plurality of piezoelectric
" el enents disposed on the el ectrodes, each piezoelectric el enment
corresponding to a respective el ectrode and chanber

i
A nmethod 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, -
5 the method be}qg‘ggﬁsmbodiment 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
matexrial, i.e., a clay-like sheet, and thea pressure péoducing
0 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

H
these members half-solidified so that these members are

integrated with one another, in Figure 6 Ia).. Then, the thus
15 processed body is baked at temoeratures ranglng from 800 to
1500°C, in Figure 6 (b). - Tbe 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 ni-l:ride!.

20 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

28 or printing an electrically conducting material .toc a region

corresponding to the pressure producing chamber 5 !o0f the

- 16 -
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" a comon el ect rode di sposed on the plurality of piezoelectric elenents and
providing an electric connection with each el ectrode at one end of the

.length of each chanber such that applyinmg—a drive signal across the conmon
el ectrode and a_selected electrode |eads to flexing of the respective

pi ezoel ectric el enent which applies pressure to the respective chamber for
expelling a drop of ink therefrom wherein at | east the vibrating
pl ate and chanbers are formed froma ceram c and bonded together by

baki ng,
g_ 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
s 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

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

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

15 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 width W1-

of the pressure producing chamber 5, in Figure 6 (e). The
piezoelectric material consists essentially of lead zirconate
20 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 Diezoéiectric ﬁaterial
and which has been formed so as to slightly overhang t%e dxive
25 electrode 20, has been half-solidified in this way, tﬁe whole

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

!

i

- 17 - ‘
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“each piezoelectric el enment is disposed to-cover conpletely the width of the
respective el ectrode, and a peripheral edge of each pi-ezoelectric
.vibrating el enment-is formed as an overhang-w th respect to the el ectrode
“and is attached fixed to the vibrating plate via the electrode.

Since the width WB of the piezoelectric vibrating el ement formed on the
V|brat|ng plate is larger than the width of the el ectrode, the
pi ezoel ectric vibrating el enent can be i

piezoelectric material, Figure 6 (£). In this baklng?procass
the central portion la of the piezoelectric vibratingfelement
1 may, in some cases, flex so as to proiect toward the éreasuxe
producing chamber 5 as shown in Figure 5 due to theérate of
5 contraction of the piezoelectric vibrating element 1§at the
time of baking being larger than that of the drive elec%rode 20
and due to contraction of the porxtions of the piezoélectric"
vibrating element 1 overhanging the drive electrode éo being
larger than contraction of the plezoelectric vibratingéelement
20 l on the drive electrode 20. . !
However, this type. of piezoelectric vibratingfelement
1 is advantageous in preventing itself from being pértially
flaked and completely' flaked from the drive electrode 20 since
the piezcelectric vibrating element 1 is bonded to t%e drive
15 electrode 20 with the peripheral portions 1b thereof
overhanging the vibrating §la§e 3 .while extending from the

drive electrode 20.

As all the baking processes have been completed! in this

. . . . |
way, the piezoelectric vibrating elements 1, 1, 1 ?nd the
20 cormmmon electrode 80 arranged over the piezoelectric v:‘gibrating
elements are deposited over an entire region confronting the
i :

pressure producing chambers 5 by forming an elec{:rically
i

: !
conducting film by means of a £ilm forming method such as
]

‘s ; " !,
seloective vapor deposition or sputtering while using an
- |

T 25 eiectri'cally conducting material, e.g., nickel or copper, with
) {
!
a mask as shown in Figure 7. Thae common alsctrode 80 is
U — - 18 -
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<" bonded to the peripheral edges of the electrode reliably. -Further, since
the wwdth WB is

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 fxrom the

nozzle opening Ll3a by flexing the plezoelectric vibratinq

S 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 1b, 1b .0 the

10 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-

mentioned embcdiment. As shown in Figure 8 the pe;ipheral
edges A, R of the piezcelectric vibrating element 1 a;f*:e baked
15 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 1: and the

20 drive electrode 20 well maintained.

As a result, all the pressure producin“g chambeTrs 5 can
be driven under a consistent condition, free from incon';sistency
in the vibrating characteristic caused by inco‘nsistenc;y in the
size of the piezoelectrxic vibrating element 1, the size? thereo:f

- !

25 tending to be inconsistent in the widthwise direction.
) ]
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smaller than the width WL of the pressure. produci ng chanmber, the

pi ezoel ectric vibrating el enent
-contracting regions:
" showi ng an ink j et
Figure 2 is a perspective view outlining the ink jet
I nventi on;

10

20

25

is free frominterference fromthe non
- Figure 1 is—an expl oded perspective view

'
’ ¢
i
!
i

If necessary, an electrically insulating layer 8, which
is thinner than the riezoelectric vibrating elemen? 1, is
formed at & region of <the vibrating plate 3 where no
plezoelectric vibrating element ) is formed as shown 15 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 by making the step between the piezoélectric

vibrating element 1 and the vibrating plate 3 small.

Figure 10 shows an embodiment ' in which the insulating

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

single sheet so tha: the insnlating material layer 8 suxrounds
the drive electrode 20 and so that the uppér surfacesgof both

the insulating material layer 8 and the drive electrode 20 are
' i
flush with each other. According to this embodiment,

. l Iy
electrically caused crosstalk can be prevented by electrically
!
insulating the drive electrode 20 reliably, and the common
electrode 80 can be formed more reliably.

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

- 20 -~

This Sheet Has Been Replaced

[T

recordi ng head, which is an enbodi nent of the invention;
recordi ng head of the



6 Figure 3 is an enlarged sectional view show ng the shape of the
upper surface of a pressure producing chanber and the | ongitudi nal section

-thereof in the ink j-et--recording -_—

—

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
5 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
10 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 recording head, which is
15 still another -embodiment of the invention. This‘embodiment is
designed to overcome the secﬁhd_problem, i.e., reducti;h 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 sﬁows the
20 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
25 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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head; Figure 4 is a partially sectional perspective vi.ew show ng

the structure of the pressure producing chanber; Figure 5is a

_~di agram showi ng the structure having a drrve el ectrode and a 'piezoelectric
vibrating elenment, which is the feature of the invention, in section taken
along a.line L-L of Figure 4; Figures 6(a) to (f) are diagrans

showi ng a nethod of manufacturing a pressure ;

chamber 5. The drive electxode 21 is arxcuats in saection 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

5 toward the pressure producing chamber 5 and the top?thereof
that is in contact with a piezoelectric vibrating elemeht 23 is
substantially horizontal, _ |
While the drive electrcde 20 in the above-méntioned

embodiment has the uniform thickress of about 5 um aitaching

10 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 portlons is set

15 to about 5 um so that the electric property-can bé 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 éressure

20 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 viciﬁity of the rear
- !

end of tho pressurs producing chamber 5, the pilezoelectric
i

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

° - ' I3 !
25 regionof the drive electrode 21 corresponding to the pressure

producing chamber 5. The pexipheral edge vortions 2Zaz 23a of

- 22 -
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'producing unit used in the ink jet recording head of the tnvention;

Figure 7 is a perspective view showi ng the structure of the surface of the
_+vibrating plate; = - - Figures 8 to 11 &are sectional views respectively

showi ng ot her enbodi nents of
recordi ng head of the invention;
showi ng anot her enbodi nent of the pressure

j et

j et

Figure 12 is a sectional

recordi ng head of the invention;

10

23

20

235

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. Therefbre, the

upper surface of the cdrive electrode 21 is kept substantially

horizontal after the baking, thereby making the piezoelectric.

vibrating element 23 formed on the drive electrode '21 flat

also. i
As a result, whan the piezoelectric vi bratlng 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. '

- It goes without saying that, by forming the

piezoelectric vibrating element 23 so as to cover the region of

- 23 -
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“ Figure 13 is a diagram showi ng forces generated at the tinme the
pi ezoel ectric vibrating elenent contracts in the pressure producing unit
.show in Figure 12 -- - Figures 14(a) +o(f) are diagrans showi ng a

" nethod of manufacturing the pressure producing unit shown in Figure 12;
Figures .15 to 17 are sectional views respectively show ng other enbodiments
of the pressure producing units used in the ink jet recording head of the

i nventi on;
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 ir.‘.b:'ating element 23 even if slight displacement
5 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, é
10 In the case where the piezoelectric vibratingfelement
22 is formed by coating or bonding a green sheet, which 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
15 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
20 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 lj.ks;I can be

!
prevented owing to the reliabla bondage - between the

25 plezoelectric vibrating element 23 and the vibrating plate 3.
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*“Figures 18(a) to (h) are diagrans showing a nethod of manufacturing the
pressure producing unit shown in Figure 17; and Figures 19 and 20
.are sectional views tespectively show ng rel ati onshi ps between the drive

" electrode and the piezoelectric vibrating el enent in a conventional
pressure producing unit in which the drive electrode and the piezoelectric-
vibrating el enment are nmanufactured integrally by baking.

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:

5 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

10 5 mm thick were compared. The amount of displacemenf of the
rciezoelectric vibrating element toward the pressure ?oducing
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

15 crosstalk of the former is 10% or less, whereas 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,
20 i.e., the ratio of the applied eleétric energy to:the ink
removing volume, it is preferable to adjust fﬁe ratié of the
width W1 of the pressure producing chamber 5 to the wi&th W2 of
_the drive electrode 21, Wé/Wl, which is ideal.ljy' sot tof 0.9, to
a value between 0.8 and 0.9 considering errors and variations
25 in the "manufacturing process. Further, the thickness of the

drive electrode 21 at the central portion is set toc a value 1.2

et Has Been Replaced - 25 -
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7 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS " The invention
wi Il now be described in detail wth reference to the enbodi nents

- . - - ——

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.
5 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 chambergforming

10 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 reéions designed to. serve as the pressure péoducing
chambers 5 by punching; and pressure is aonlled to tﬂe green

15 sheets with these members half-solidified so that thesegmembers
are integrated with one another, Figure 14 (a). _Then,.éhe thus
pxocessed body is baked at <temperatures ranging froﬂ BOO to
1500°C, Figure 1¢ (b). The ceramic material genexally consists
essentially of cne kind or more of compound selected frcm the

20 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, &

25 péttern of the drive electrode 21 having an optimal wiéth with
respect to the correspondiné pressure producing cham!:_;er S is

|

!
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* shown in the draw ngs. ' Figure 1 shows an ink jet recording head,
which is an enbodi nent of the invention, to which the electrode structure
-of the inventionTis applied. In Figure 1~Teference nuneral 3 denotes a
vibrating plate_nade of a material, at |east the surface of which is
electrically insulating, nore preferably, of ceramc. On the surface of the
vibrating plate 3 are drive el ectrodes 20, which will be described | ater.
The drive electrodes are arranged so as to correspond to a plurality of

rows of pressure producing
formed by coating or printing an selaectrically 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
5 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 thé“
group consisting of platinum, valladium, silver-pailadium,
silver-platinum, and platinum-palladium. Since thé drive
10 electrode 21 must be made arcuate in section in this
embodiment, a first layer 21-1 is coated to a predetermined
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
15 is made tc smoothly spread 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;21—2_is
fused with the first layer 2:-1 to be integrated thexewith to
have an arcuate section, in Figure 14 (c). ;
29 As the pattern of the drive electrode 21 has beén half-
solidified on the vibrating plate 3, the whole Eody is 5aked at
a temperature suitable for baking the electriéally conducting

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

Then, tha ‘D.Lazoa'ioctr’c vibrating element 23 is formed
25 on the 'surface of the drive electrode 21 by coating or prlntxng
a green sheet consisting of a piezoelectric materialiso that

i

|

i
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chanbers 5, 5, 5,.. ..(two (2) rows in this enbodinent). Reference nunera
1 denotes a piezoelectric vibrating elenent that is nmade of geram c and
.has a piezoelectric- property. The piezoetectric vibrating elenents 1 flex
toward the vibrating plate 3 through the drive el ectrodes 20, 20, 20 ...
so that .the back surfaces thereof cone in contact with the drive

el ectrodes 20, 20, 20. Ref erence nuneral 4 denotes a pressure

produci ng chanber form ng nenber, ;

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

5 piezoelectric material consists essentially ol lead zirconéte
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 material

10 and which has been formed so as to be slightly projected from
the drive electxode 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). |

In this baking process the central portion; of the

' : !
15 vibrating plate 3 flexes toward the pressure producing;chamber
]

- 1

5 due to the rate of contraction of the piezoelectric vibrating
element 23 at the time of baking being larger than that of the

drive electrode 21 and due %o contraction on the outer:side of

the piezoelectric vibrating element 23 being larger than
20 contraction on the drive electrode 21 side of the piezoélectric
vibrating element 23, However, since the central portion of

the drive electrode 21 which has been formed thkcker ini advance
)

fills the spacs formed by the flexion, the surface of the drive

1
i

electrode 21 can be made horizontal. |
L] ) . l

25 " T When the electrode layer is formed by coating, the

thickness of the  layer usually includas about :(20% of
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““which is nade of a plate that is so thick as to formthe pressure producing
chanbers 5, 5, 5....,.nore preferably, of a ceramc plate, by boring
_.through holes thereimn.- Reference nuneral —6-denotes a pressure producing
" chanber form ng_cover nenber, which serves to seal the other surface of
t he pressure producing chanbers 5 of the pressure producing chanber
form ng nenber 4. At positions corresponding to the vicinity of both ends
of the pressure produci ng chanbers 5 are introducing holes 6a, 6a, 6a.
and introducing holes 6b, 6b, 6b .... The introducing holes 6a, 6a, 6a...

inconsistency. Therefore, it is preferable to maka tha centxal
portion 1.2 times thicker than the peripheral portion: taking
the safety factor into consideration. This technique is quite
helpful in improving yleld. '

5 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

10 shown in Figurs 7. i

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 tﬁe layer

8 becomes as high as the piezoelectric vibrating elemeht 23 as

15 shown in Figure 15, and the common elnctrode 80 is deooalted

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

20 vibrating element 23 can be prevented by making the step

between the oviezoelectric vibrating elemeﬁt 23 ;nd 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

25 s:imilarly made arcuate in section at a region confrom;:ing the

prxessure producing chamber 5. On the other hand, a rei;ion 24a

I e
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and t he

.13a, 13a, 13a ...7. " - The vibrating=—ptate 3 having both the
pi ezoel ectric vibrating elenments 1 and the drive electrodes 20, the

pressure produci ng chanber formng menber 4, and the pressure

" communi cate with a common ink chanber 12a, which will- be described | ater

I ntroduci ng hol es 6b, 6b, 6b.... comunicate with nozzl e openings

pr oduci ng

chanber form ng cover nenber 6 are collected into a small group having two

10

15

20

23

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 elements 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

H

piezoelectric vibrating elements 23, 23’.

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

plate

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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8 (2)

ceram c,

- Ref erence nuneral- 11 denotes an ink supply-section form ng nmenber. The
supply section _form ng nenber 11 incudes: an ink introducing inlet 14 that

supplies ink

10

15

20

25

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, geheration
of crosstalk and ;eduction 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 appliesd: to the

vibrating plate 3, the pressure producing chamber ;forming

member 4, and the pressure producing chamber forming 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.

The third layer 320 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 t}:;e 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

- 31 -
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rows of nozzle openings, all these nenbers being preferably nade of
and I ntegrated by baking into a pressure producing unit 50.
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* into the ink chanmber 12a that is shared in comon while.connected to a fl ow
path froma not shown i nk tank; introducing through holes 1la that

» connect the pressure-produci ng chanbers=5 to the common ink chanber 12a;
and introducing through holes 11b that connect the pressure producing

chanbers 5 to the nozzl e openings 13a. Ref erence nuneral 12 denotes

a reservoir formng nenber that forns the comon ink chanber 12a. In this

enbodi nent the comon ink chanber 12a is forned !

}
{

portions, taking errors in the manufacturing process into

account.

Then, the material of which the electrode 31 is made is
deposited on the surface of the third layer 30 so as to
o i

1
5 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 Figuregle (9),

i

and baked, in Figure 18 (h). !
|

10 Accorxding to this embodiment, freedom in selecting the
material used to compensate for +the deformation éof the
vibrating plate 3 is increased, thereby allowing the vibrating
characteristic of the wvibrating plate 3 to be adjuséed to a

value optimal for ink expelling.

‘This Sheet Has Been Replaced

LTI
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‘“by a through hole that is substantially V-shaped, and is connected to the
respective pressure producing chanbers 5 through the_ introducing through
.hol es 6a of the above-- nentioned pressure producing chanber form ng cover
" menber 6 and the introducing through hoﬂh&SShbéa-laszeehBeplamdsupmy section
form ng menber T1. Introducing through nect t he pressure
prodUC|ng chanbers 5 to the nozzle openlng d at a central
portion of the reservoir form ng nmenber 12. erence nuneral 13
denotes a nozzle form ng nenber. The nozzle form ng

WHAT X6 CLAIMED TGO,

1 1. An ink jet recording head comprising:
2 a vibrating plate made oI cexamic;
3 a2 pressure producing chamber forming member ro£ forming
4 a plurality of pressure producing chambers in rews, the
5 pressure producing chamber forming member made of cer%mic;
6 : an electrode on one pole formed on a surface of the
7 vibrating plate so as to correspond to the pressure p%oducing
8 chambex; and é
9 a piezoelectric wvibrating element, one endéthexeof
10 " contacting the electrode and other end thereof contaeting an
11 electrode on other pole, the ink jet recording head e%pelling
12 an ink droplet from ‘a nozzle opening by flexiong of the
i
13 piezoelectyxic vibrating element; ;
- '
34 wherein at least the vibrating plate and the ?reSSure
15 procducing chamber forming member are integrally férmed by
16 baking the ceramic, the piezoelectric vibrating element is
17 deposited by baking on the serface of the electrode o% the one
18 ‘pole.formed on the surface of the vibrating plate, a @idth W2
19 of the electrode on the one pole is smaller than a width Wl of
20 the pressure producing chamber, and a width WBE of the
21 piezoelectxic vibrating sloment is larger than the wic{th W2 of
. 22 the electrode on the one pols and smallgr than .the w.Lciith Wl of
23 the pressuxe producing chamber. ;
- ;
;
- 33 -
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nmenber

I nt roduci ng

-sealing the other~si-de of the comon ink-cthanber 12 of H%esgeSﬁﬁv é&q eol
form ng nenber 12. The ink supply section formng ﬁiﬁﬁ g
nozzl e f.orm ng nmenber 13 are formed by press working or etc “ “i
steel sheet. These nenbers may be nmade of at | east one mat Il

13 is connected to the pressure produci ng chanbers 5 through the

through hol es 6b, 11b. 12b, "and al so perforns-t-he-function of —

fromthe group consisting of other netals, ceramcs, glass, silicon,
plastics. The method of working the respective nmenbers -

1

2

3

2~

gt

t o d

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
|

and

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

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. X
) 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: ;
. ) :

a vibrating plate made of ceramic; a pressure pfoducing

chamber forming member, made of ceramic, " fox fo;ming a

plurolity of pressure producing chambers in r;ws; 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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-“includes: press working, etching, electroforning;- and.|aser bean1nachiningf
At any rate, a material having a fgkahdelyghi dh Young's nodulus is
.selected for the-+nk supply section etfads cad and the nozzle

" form ng nenber 13. On the ot hi m&ymu servoir form ng nmenber
12 may be made of not only the abové! als, ceramcs, glass,
and silicon, but also a plastic - or filmlike :

7 e plezoelectric vibrating element, one end thersof
8 contacting the electrode and other end thereof contacting an
9 electrodé on other pole, the ink jet recording head expelling
10 an ink droplet from a nozzle ovening by flexion of the
11 piezoelectric vibrating element; and i
12 a member through which the piezoelectric vibrating-
13 element is fixed to the vibrating plate, the member shaped in
14 arcuate in section, a central portion of the membér which
15 confronts the pressure producing chamber of the vibrati:'qg plate
16 being largex in thickness than a peripheral edge of the?member,
17 the member projected toward a prassure producing-chamber side,
18 wherein at least the vibrating plate and the iaressure
19 producing chamber forming member are integrally fo;:cmed by
20 paking the ceramic, the piezoelectric vibrating ele::ment is
21 deposited by baking on the surface of the electrode on: the one
22 pole formed on the suxface of the vibrating plate. |
1 7. An ink jet recording head according to claim 6,:wherein
2 the member is made of .a material having an adhesive foj*:ce with
3 respect to both the piezoelectriec vibrating element iand the
4 vibrating plate without a piezoelectric proper"ty.
1 8. 2n ink jet recording head accordi;'lg to -claim 6,, wharein
2 the member is the electxode on the one pole.

A
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" 9 adhesive or paste-1like adhesive such a polyi m de, polyam de, polyester,

pol yet hyl ene, polypr.opylene, . yVLnyI chl oride, and pol yvi nylidene
_. chloride nmay be wsed since not SO gh arigidity is required for the
reservoir fornin gf@'ﬁﬁﬁ ﬁ E‘P?é‘ plastic - or
i
1 9. An ink jet reccrding head according to claim 6, wherein
2 a ratio in thickness of the central portion of the member to
3 ' the peripheral edge portion thereof is 1.2 or more.
!
|
1 10, An ink jet recording head according to claim 6, ;wherein
i
2 a width W2 of the slectrode on the one pole is smaller than a
3 width W1 of the pressure producing chamber, and a width W3 of
t
i i
4 the piezoelectric vibrating element is larger than the width W2
5 of the.electrode on the one pole and is smaller than the width
6 Wl of the pressure producing chamber. g
i
1 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

&)

3 width Wl of the pressure producing chambexr, W2/Wl, is set to a

& valua between 0.8 and 0.9.

1 12, An ink jet recoxding head according to claim 6, wherein

2 the electrode on the one pele is a drive electrodefand the

3 electrode on the other pole is a commen electrode. ;

1 13, An ink jet xecording head according to claim 6, wherein

i

2 the peripheral adge of tho piszoelectric vibrating element is
_ 3 formed to an overhang with respect to the electrxode on! the one

4 pole and is substantielly fixed to the vibrating plate,through
T s the electrode on the one pole. '

- 36 -
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" fil-mtike-adhesi-ve .i.s used, the reservoir_form ng nenber 12 is forned by
iq%g% ign_noul ding or press working. Wen the paste-like adhesive is used,

-t he ree CR€ - menber 12 is formet—by screen printing or transfer
prizf ,l The ink supply section form ng nmenber 11, the reservoir
form and the nozzle formng nenber 13 are formed into a flow
path unit 70 that has the function of fixing a plurality of pgressure
produci ng units 50. i

1 14, An ink jet recording head according to claim G,jwherein
2 an electrically insulating layer is £formed betwéen the
3 electrodes on the one pole. ;
1 1S, A method of manufacturing an ink jet recordfng head
2 comprising the sfeps of: ;
3 forming a vibrating plate, a pressure producingéchambeé"
4 forming member, and a pressure producing chamber formi#g cover
5 member. of green sheets, respectively, the pressure péoducing
6 chamber forming member having windows formed at ?regions
7 designed to serve as pressure producing chambers by p@nching,
8 each green sheet being a cexamic marerial including alﬁmina or
9 zirconia; g
I
10 baking the vibrating plate, the pressure pioducing
11 chamber forming member, and the'pressure.producingichamber
12 forming cover member integral;y'by applying pressuré?thereto
13 with the vibrating plate, the pressure producing : chamber
14 foxming member, and the pressure produding chamber%fcrming'
15 cover member being half-solidified: - .
16 forming a pattexn of an electrode on one polie of an
17 electrically conducting materieal at a region éorrespoéding to
is a pressure producing chamber of the Vibrating-plate sc?: that a
. 19 ratio of a width W2 of the electrode on thea om-a,pola tog a width
: i
20 Wl of the pressure producing chamber, W2/Wl, ies seot to%a value
T2 between 0.8 and 0.9; ' f
|
| | |
e - R S
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A met hod of bonding these nenbers into a flow path unit IS as--follows. |1
the reservoir formng nenber 12 itself has no adhesion, e flln}llke
.~adhesive or the paste- |ike adhesive is used, and the i Remﬂmd
form ng nenber 11, the adhesive, the reservoir formng ne
adhesive, and the nozzle form ng nenber 13 are |am nated er
in this order using a not shown positioning jig, and thernnconpresse
conpressed. On the other hand, if the reservoir formng menber |tself

has adheS|on the ink supply section form ng nenber 11, the reserv0|r
fornm g beking ¢the thus resultaed whole at a temparxature

i

23 suitable for baking the electrically conducting material when
i

24 the pattern of the electrode cn the one pole of the vibrating

|
25 plate has been half-solidified; and ;

26 forming a layer of a piezoelectric material so'as to be
27 wider than the width W2 of the electrode on the one nole and
28 narrower than the width Wl of the pressure producing chamber,”
29 and baking the layer. !
%
1 16. A method of manufacturing an ink jet rxecording head
2 according to claim 15, wherein the ceramic is one kindg or more
3 of compound selected from the group conmsisting of aluminum
4 oxide, zirconium oxide, magnesium oxide, aluminum nitrfide, and
S gilicon nitride, and the piezoelectric material fccnsists
6 essentially of lead zirconate titanate, lead magnesium—ﬁiobate,
7 lead nickel-niobate, lead manganese-niobéte, lead éﬁtimony-
8 stannate, and lead titanate, and the electrically cohducting
9 matexial consists essentially of one Xkind or more of alléy
10 selected from the group consisting .of platinum, paflladium,
11 silver-palladium, silver-platinum, and platinum—pallaﬁium.
. ;
|
1 17, A method of manufacturxing an ink je£ recording head
:
- 2 comprising the steps of: ) ;
s _ foxming a vibrating plate, a pressure prxoducing chamber
b fbrming member, and a pressure producing chamber formﬂng.cover
5 membex of green sheets, xesspectively, tho pressure producing
- 38 -
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“menber 12, and the nozzle formng nenber 13 are | am nat.ed-one- upon anot her

inthis order and sinmlarly thernoconpressed or conpressed. As a
.result, a single-sheet- of flow path unit *phashencanBean =D 8¢ 2 has a
plurality of pressure producing units 50, na “H pressure
producing units 50, 50, 50 in this particul col l ectively
fixed thereto by the adhesive, thernodepositi I'Tm or the like to form
an ink jet recordi ng head. :
7 chamber forming member having windows formed at ;ragions
8 designed tc serve as pressure precducing chambers by phnching,
9 each green sheet being a ceramic material including alﬁmina or
10 zirconia; g .
11 baking the vibrating vplate, the pressure pioducing
12 chamber £forming member, and the pressure producing?chamber
13 forming cover member integrally by applying pressure}thereto'
14 with the wvibrating plate, the pressure producing? chamber
15 forming member, and the pressure producing chamber?forming
16  cover member being half-solidified; 5
17? forming a pattexrn of an electrode on one poie of an
18 electrically conducting material at a region correspohding to
19 a pressure producing chamber of the vibrating plate sb that a
20 ratio of a2 width W2 of the electrode on ﬁhe one pole té a width
21 Wl of the pressure producing chamber, WZ/Wf, is set to a value
22 between 0.8 and 0.9 and so that a central portio;f of the
23 electrode on the one pole is arcuate in section with a @ressure
24 roducing chamber side thereof being prejected; é
25 baking the thus resulted whole at a teﬁperature
26 suitable for baking the electrically conducting materﬁal when
27 the.pattern of the electrxode on the one pole Sf the v?brating
28  plate has been half-solidified; and ) l
- 29 forming a layer of a piezoelectric mat;arial so%as to be
20 wider. _then the width W2 of the electrods on the one 'pola and
T om nérrowér than the widtﬁ Wl of the pressure producing khamber,
32 and baking the layer.
~ 39 -
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““The thus forned pressure producing chanbers. 5 of the_jnk j-et recording head
are substantially rectangular, slender chanmbers such as shown in Figure 3.
.The nozzle openifg-13a communi cat®is ﬁ@eeﬁdMaﬁdeach pressure-

" produci ng chanber 5, and the connnn 2a comuni cates with the
other end thereof. As shown in Flgur plezoelectrlc vi brating

el ement 1 vibrating by flexion, the V|brat|ng p ate 3 is defarned so that
the vibrating plate 3 projects toward the pressure producing Ghanber 5

b 18. A method of manufa.c{:uring an ink iet reccrding hesad
2 according to claim 17, wherein the electrode on the oné pole is
3 formed in a plurality of times so that the central?portion
4 therecf becomes projected. j
|
i
1 19. A method of manufacturing an ink jet recording head
2 compxrising the steps of: §
3 . forming a vibrating plazte, z pressure producingfchamber
4 forming member, and a pressure producing chamber formiﬁq cover
S member of green sheets, respectively, the pressuxre péoducing
6 chamber forming member having windows formed at sregions
7 designed to serve as pressure producing chambers by pﬁnching,
8 each green sheet being a ceramic material including al?mina or
] zirconia; g
10 baking the wvibrating plate, the bressure p;oducing
21 chamber Formvna member, and the pressure producinééchamber
12 forming cover member integrally by applying pressureéthereto
13 with the wvibrating plate, the pressure producing ichamber
14 farming membex, and the pressure producing chamber;forming
15 covaxr membar being half-solidified; ‘
16 forming & third layer of a material haéing an ;dhesive
17 force with respect to the vibrating plate and an elcac:i::codo on
L~ X3 one pvle at a region corresponding to the pr;assure piroducing
19 cthamber o©of the wvibrating plate so that a central | portion
20 thereof becomes arcuaté in section with a pressure producing
21 chamber side thereof being projected;
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"10 increases to jet an ink droplet "d" fromthe nozzle opening 13a and
thereby forma dot on a recording sheet” tbﬁh return of the piezoelectric
_«vibrating element-1to theTblﬁ pat blks Been R '

- T

22 forming a pattern of the olectrode on the one:pole of
23 an electrically conducting material on a surface of the thizd
24 layex sO that a ratlio of a width W2 of the electrode on. the one
25 pole to a width Wl of the pressure oroducing chamber, W_Z/Wl., is
26 set to a value between (0.8 and 0.9; l
27 bakirng the thus resulted whole at a temperature
28 suitable foxr baking the electrically conducting mater;i.al when
29 the pattern of the elactrode on the one pole of the v;'.brating
30 plate has been half-solidified; and
31 forming a layer of a piezoelectric material so ;;as to be
3z wider than the width W2 of the electrodé on the one 1'>ole and
33 narrower than the width W1 of the opressure producing chamber,
34  and baking the layer. . , .
1 20. A method of manufacturing an ink 'jet recording head
2 according to claim 17, wherein the ceramic is one kinéi oY mozre
3 cf compound selected from the grouw consisting of alum:.num
4 oxide, zirconium oxide, magnesium oxide, aluminum nltri:.de, and
5 silicon nitride; the piezoelectric material consists
6 essentially of lead zirconate titanate, lead 'magnesium-—z;qiobate,
7 lead nickel-niobate, lead manganese-—niobate," lead aﬁtimony-
8 stannate, or lead titanate; and ths electric.ally co.'nducting
- 9 material consists essentially of at least one kind o.-v:'l mora of
ip alloy.. selected - from the group consisting of platinum,
11 péalladium, silver—pallé.dium, sil-ver—platinum, and pflatinum-
22 palladium, '_ L

o



conditions, the ink flows fromthe comon ink chanber 12a via the

I ntroducing through hole 1la. As a result, a streamof ink in such a

. longitudinal direction as indicated by the arrows in Figure 4 is produced

within the pressure producing chanber 5. Figure 5 shows in section
a structure of the thus constructed ink jet recording head in the vicinity
of the pressure producing chanber as viewed in a direction orthogonal to

al'ong a1 Fhe LATgfofo5 daatzchiriae engul i i B8 SERLSHORURK 15 STt oo t he
drive 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.

s Sheet Has Been Replaced
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el ectrode fornmed on the surface of the vibrating plate 3. "The width W2 of
the drive electrode 20 is slightly smaller than the width WL .of the :
- pressure producing chanber 5, and the dr?ve el ectrode 20 is fornmed so as

to have a |l ength so that one end ttgg < eaches an end portion of the
vi brating plate 3 fromthe VICInIt g%ernozzle opening 13a of the

pressure prggic JII:'I% W Aﬁ% %ﬁ&g_{o,}er&. tﬁq{tﬁ‘ﬂcﬁﬁiﬁ@é al so as the

connect i ng term

-

i

An ink jet recording head including: a vibratiﬁg plate

made of ceramic; a pressure preducing chamber forming:mcmber;

made of céxamic, for forming a plurality of pressure péoducing

5 chambers in rows; and drive electrodes formed on a suérace ot

the vibrating plate so as to confront the pressure péoducing
chambers. A width of the drive electrode is smalle£ than a '

width of the pressure producing chamber. A width of a

piezoelectric vibrating element is larger than the wid;h W2 of

10 -the drive electrede and smaller than the width of the éressure

producing chamber, so that the operation region gof the

piezoelectric vibrating element is regulated by the %idth of

the drive electrode and the peripheral portions jof the

. 3 s . - i ]
piezoelectric vibrating element are bonded to the peripheral

-
]

15 poxtions of the drive electrode reliably. i

[Figure 5] - !
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Ref erence nuneral 1 dqﬁgtes t he piezoelectric vibrating:el ement, whose
width 'WB is larger than the width W2 of the drive el &etrode 20 and smal | er
-than the width WL of the pressure produci ng chanber 5. Having such a
|l ength that the front end thereof on the nozzle opening side covers the
drive electrode 20 and the rear end tfgngof reaches the vicinity of the
rear end of the pressure producing chanber 5, the piezoelectric vibrating
elenent 1 is also forned so as to co onplLetely the region of the drive
el ectrode 20 confronting the press?&%{ odu;ing chanber 5.

]

> 50

> 70
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" By form ng the picezoel&gtric V|brat|ng element 1 so as™to cover_the region
of the " drive el ectrodé 20 confronting the pressure producing chanber 5
.the region of the drive electrode 20 confronting the pTlisSbeetH
chanber 5 can be covered conpletely by the plezoelectrlc
1 even if the piezoelectric V|brat|ngmﬁbﬁpent lis subje
di spl acenent or sized inconsistentl en formed. This prevents
circuit with a common el ectrode 80 (Flgure 7) on the other pol e mhlch S
f or med

FIG. 2
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11
-formed by coating or
materi al ,

to the drive electrode 20 and

3/12

“on the surface of the piezoel ecric vibrating el ement 1:> 7
In the case where the piezoelectric vibratinyThed sxgapki,

T

bondi ng the green sheet,

\
7
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baki ng the green sheet together with the vibrating plate 3 and the drive

el ectrode 20, the
‘el ect rode 20 conpletely and has the

process. Therefore,

not only displacenent by flexion of

pi ezoel ectric vibrating el ement 1 covers-the-drive. .
peripheral edgeq
the drive electrode 20 reliably against contraction

vibrating element 1 and flexion of thé&Ajzrating plate

il

vibrating elenment i can be transmtted to the vibrating plate 3 reliably,

but al so fatal
owi ng to the reliable bondage

FIG. 6(3)
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bet ween .t he pi ezoel ect ¥ vibrating el ement 1 and the xrbrating plate 3.
The area of the drive electrode 20 itself is used as the effective ™ 7
-operation region of the piezoelectric vibrating el enent ThisShe&eiasBeen Replaced
pi ezoel ectric vibrating elenent 1 is deposited so as to co '
electrode 20 in this invention. As a 5418t, a piezoel ectrnmmym%ﬂluyw
elenment 1 that has an optinmal effective operation region wt

t he pressure produci ng chanber 5 can be forned with ease by adjusting the

FIG. 7
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‘size of the drive el ectFdde 20 that is thin and can beforned highly
accurately with ease. Such adjustnent is easier-to-make than the ..

-adj ustment of the size of the piezoelectric vibr-t_.ih enent 1 that is
conparatively thick. In addition, to inproVv S laced
efficiency of the vibrating plate 3, igg12 the rat i ed

electric energy to the ink renoving volune, it is i t he
ratio of the width WL of the pressure producing chanber 5 to the width W
of the drive electrode 20, W/ W, to 0.9. However, such ratio may be set
to a value between 0.8

FIG. 9
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and 0.9 considering eréﬁ}s and variations in the manufaciuring process.
Specifically, a drive electrode 20, whose width W2 is 340 [err] m and whose
“thickness is 5 [err]mthat is a thickness to allow electric conduction to
be- ensured with respect to a pressure produci ng chanber having a width W
of 420 [err]m is forned, and then a pngoelectric vibrating elenment 1,
whose width WB is 380 [err]mand whose thrckness is 30 [err]m is forned
on the surface of the drive el ectrode 20.
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“12 A net hod of_’?jranuf acturing the thus construcmed I nk jet
recordl ng head will be ™

8712
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“descri bed next. FBigures 6(a) to (f) are diagraps, showi ng a net hod
of manufacturing the abéVe- nmentioned pressure _producitifg unit 50, the
.met hod bei ng an enbodi nent of the invention. The V|brat|ng plate 3, the

pressure produci ng chanber form ng nmenber 4, H $Bemﬂemlqne®dum ng
chanber form ng cover nenber 6 are forg;e of gre h green
e pressure

sheet being a ceramc material, i.e. ay ik
produci ng chamber form ng menber 4 haV| ng wi ndows forne at regl ons
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serve as the pressure gfyducing chambers 5 by punching;-~.and pressure is
‘applied’to the green sheéets with these nenbers hal f-s6fidified so that
~these nenbers are integrated with one another, in Figure 6(a). Then, the
t hus processed body 1s baked at tenperatures ranging from800 to
1500[err]C#mggh&§g The cera Hzterial general ly consists
essentlally b feft e of co d selected fromthe group

consi sting of zi rconi um oxi de, magnesi um oxi de, al um num
nitride, and
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iV%en t he V|br
_ and’ t hé&h
~|ntegrated

W th respect pondi ng pressure

ng cover nE&rber 6 have been

e@ﬁa@b%rﬁ@laceme pressure produci ng chamser formi ng nmenber
I ng chanber form
ﬁ he drive el ectrode 20 having an optimal w dth
S

produci ng chanber 5 is fornmed

by coating or prlntlng an el ectrlcallyvz??ductlng material to a region
corresponding to the pressure produci hg "chanber 5 of the vibrating plate 3
so that the ratio of the width W2 of the drive electrode 20 to the width

WL of the pressure pr07E723?

chanber 5 W2/WL, is set to a val ue

FIG. 18(b)
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~ between 0.8 and 0.9, ifi)Figure 6(c). The electrically, gonducting material

- consi st's
7 consisting of platinum
pl ati num pal | adi um

essentially of one kind or nore of alloy sel*ec¢ted fromthe group
pal | adi um silver-palladium silver-platinum and
After the pattern of the drive electrode 20 has

been hal-f-sol.idifi-ed.on the vibrati ngizlpizate 3, the whol e body is baked at
a tenperature suitablé for. baking the™¢lectrically
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INK JET RECORDING HEAD

S (A LU

AND

METHOD OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

Field of the invention

The inventiqn relates to an on-demand ink jet recording
head that forms characters and graphics on.a recording medium
with dots by expelling ink droplets 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 structure. The
vibrating plate constitutes part of pressure producing
chambers. The electrodes and the piezoelectric vibrating
elements are formed integrally with the pressure producing
chambers by baking.
Related art

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 pressure producing
chamber and increasing the pressure of ink within the pressure
producing chamber by displacement of a vibgating plate,
precision working and fébrgéating:ﬁecﬁdiqﬁeSJafé required in
the manufacture thereof, which elevates the cost.

To overcome this problem, a structure shown in Figure

19 has been proposed attachlng 1mportance to the fact that the
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wi dth WL of the pressure producing chanber 5, in Figure 6(e). The

pi ezoelectric material consists essentially of lead zirconate titanate,

| ead magnesi um ni obate, |ead nickel-niobate, |ead zinc-niobate, |ead
manganese- ni obate, | ead antinony-stanpate, or |lead titanate. When
the green sheet, which is a piezoelectric material and whi ch has been
formed so as to slightly overhang the drive el ectrode 20, has been

hal f-solidified in this way, the whole body is baked at a tenperature

sui tabl e gpszdskédgride prgnaaliae ri @lement, the vibrating plate
constituting the pressure producing chamber, and the pressure
producing chamber forming member can be made of ceramic. That
is, a vibrating plate 90 formed by rolling a green sheet, which
is a ceramic material, to a predetermined thickness and a
pressure producing chamber forming member 94 having a pressure
producing chamber 91 formed in advance by punching or machining
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 plate 90 and a piezoelectric vibrating
element 92 is formed on the electrode 93 by baking.

Such an integrally baked ink jet recording head has the
advantage of simple fabrication that involves only the steps of
coating and baking a paste-like piezoelectric element by means
of a printing technique. 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.

However, the piezoelectric wvibrating element, being
such a small piece, is hard to uniformly coat to the
corresponding drive electrode. Particularly, inconsisteﬁcy in
the bond of each plezoelectrlc v1brat1ng element 92 with a
peripheral edge 95 of the elect:,rc’;de‘ 93 leads to inconsistency
in the effective operation region between the piezoelectric
vibrating elements, which in turn causes inconsistency in the

ink expelling characteristic of each nozzle opening.
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material, Figure 6(f). In this baking process the central portion la of the
pi ezoel ectric vibrating elenent 1 may, in sone cases, flex so as to
project toward the pressure producing chanmber 5 as shown in Figure 5 due.
to the rate of contraction of the pigzoelectric 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 piezoelectric vibrating elenent 1

over hanging the drive el ectrode 20 being larger than contraction of the

pi ezoel ectric By the way, if the steps of depositing the electrode 93
on the surface of the vibrating plate 90, which is made of
ceramic, and depositing the piezoelectric vibrating element 92
on the surface of the electrode 93 by baking are taken, the
vibrating plate 90 generally flexes as shown in Figure 20.
That is, the vibrating plate 90 flexes toward the préssure
producing chamber 91 at a central portion of the pressure
producing chamber 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 a result, such a
permanent deformation that a part 92a (the cross-hatched region
in Figure 20) of the lower region of the piezoelectric
vibrating élement 92 projects toward the pressure producing
chamber 91 tends to occur.

When the piezoelectric vibrating element 92 thét has
been deformed is caused to contract for expelling ink by
épplying a drive signal thereto, contracting forces in such
horizontal directions indicated by arrows Al, Al are generated
as far as to the part 92a of the lower region, thereby drawing

- in the horizontal directions the wvibrating plate 90 that has
already been flexed. As a result, a part of the contracting
force draws walls 94a, 94b of the pressure producing chamber
forming member 94 in directions indicated by arrows.Cl, c2
through the vibrating plate 90. Since the walls 94a, 94b of
the pressure producing chamber forming member 94 are shared in
common with the adjacent pressure producing chambers 91, the

contraction of a single pressure producing chamber 91 is
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vibrating elenment 1 on the drive el ectrode 20. However, this type
of piezoelectric vibrating elenent 1 is advantageous in preventing itself
frombeing partially flaked and conpletely flaked fromthe drive electrode
20 since the piezoelectric vibratingelenment 1 is bonded to the drive

el ectrode 20 with the peripheral portions |b thereof overhanging the
vibrating plate 3 while extending fromthe drive el ectrode 20. As
all the baking processes have been conpleted in this way, the piezoelectric

vi br at : ng relefaritedl tol, othén dpi s epeMpro@heLhd 0O8RafBe ! angedaddng he

Pl =08 ezgg;;talk or cancelling out a force Bl that contributes to the
ink expelling operation when adjacent piezoelectric vibrating
elements 92, 92 a;pfdriven simultaneously, which impairs ink
expelling éfficiency.

That is, the displacement of the vibrating plate 90 in
the case where a single piezoelectric elemént.is driven is
different from that in the case where a plurality of adjacent
piezoelectric vibrating elements 92 are driven simultaneously,
the difference being approximately twice. This causes

differences in the ink droplet expelling speed and the amount

of.ink expelled, the differences being approximately'l.s times.

SUMMARY OF THE INVENTION

A first object of the invention is to provide an ink
jet recording head adapted to be manufactured by baking, the
ink jet recording head being capable of providing consistent
ink expelling'perforﬁance among the nozzle openings by reliably
bonding the piezoelectric vibrating elements to the electrodes
formed on the vibrating plate and thereby making the effective
operation regions of the piezoelectric vibrating elements
uniform.

A second object of the invention is to provide an ink
jet recording head adapted to be manufactured by baking, the
ink jet recording head being capable of preventing crosstalk by
controlling generation of divided forces that flex the walls of

a pressure .producing chamber and improving ink expelling
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vibrating elenents are deposited over an entire region confronting the
chanbers 5 by formng an electrically conducting film
by neans of a filmform ng nethod such as sel ective vapor deposition or
sputtering while using an electricall

pressure produci ng

copper,

This Sheet Has Been Replaced

with a mask as shown in Figure 7. The

efficiency independent of the deformation of the vibrating
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 includes: .a
vibrating plate made of ceramic; a pressure producing chamber
forming member, made of ceramic, for forming a plurality of
pressure producing chambers in rows; an electrode on one pole
formed on a surface of the vibrating plate so as to correspond
to the pressure ?roducing chamber; and a piezoelectric
vibrating element, one end thereof contacting the electrode and
other end thereof contacting an electrode on other pole; and
expells an ink droplet from a nozzle opening by flexion ef the
piezoelectric vibrating element. In such an ink jet recording
head, at least the vibrating plate and the pressure producing
chamber forming member are integrally formed 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; a width W2 of the
electrode on the one pole is smaller than a width Wl of the
pressure producing chamber; and a width W3 of the piezoelectric
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 larger than the width

of the electrode, the piezoelectric vibrating element can be

lllllll

conducting material, eg., nickel
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14 common el ectrode 80 is connected to an external device by a cable 85
together with the drive electrodes 20, 20, 20 .. .. through a | ead

el ectrode 82. As a result, an ink droplet can be expelled fromthe
nozzl e opening 13a by flexing the piezoelectric vibrating element 1 while
applying a drive signal across the cBmon el ectrode 80 and the drive

el ectrode 20 positioned at the pressure producing

bonded to 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 vibrating element

is free from interference from the noncontracting regions.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an exploded perspective view showing an ink
jet recording head, which is an embodiment of the invention;

Figure 2 is a perspective view outlining the ink jet
recording head of the invention;

Figure 3 1is an enlarged sectional view sho&ing the
shape of the upper surface of a pressure producing chamber and
the longitudinal sedtion thereof in the ink jet recording head;

Figure 4 is a partially sectional perspective view
showing the structure of the pressure producing chamber;

Figure 5 is a diagram showing the structure haﬁing a
drive electrode and a piezoelectric vibrating element, which is
the feature of the invention, in section taken along a line L-L
of Figure 4;

Figures 6 (a) to (f) are diagrams showing a method of
manufacturing a pressure producing unit used in the ink jet
recording head of the invention;

Figure 7 is a perspective view showing the structure of
the surface of the vibrating plate;

Figures 8 to 11 are sectional wviews respectively
showing other embodiments of the pressure producing units used
in the ink jet recordlng head of the 1nvent10n,
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chamber 5 fromwhich the ink droplet is to be expell ed. The
peripheral edge portions 1b, 1b of the piezoelectric vibrating elenent 1,
i.e., the portions overhanging fromthe peripheral edge portions of the
drive electrode 20 are bonded to the,vibrating plate 3 in the

above- nenti oned enbodi nent. As shown in Figure 8 the peripheral edges A A
of the piezoelectric vibrating elenent 1 are baked so as to overhang the
drive electrode 20 by, eg., preparing a slightly solider green sheet, so

Figure 12 1is a sectional view showing another
embodiment of the pressure producing unit used in the ink jet
recording head of the invention;

Figure 13 is a diagram showing forces generated at the
time the piezoelectric vibrating element contracts in the
pressure producing unit shown in Figure 12;

Figures 14 (a) to (f) are diagrams showing a method of
manufacturing the pressure producing unit shown in Figure 12;

Figures 15 to 17 are sectional views respecﬁively
showing other embodiments of the pressure producing units used
in the ink jet recording head of the invention;

Figures 18 (a) to (h) are diagrams showing a method of
manufacturing the pressure producing unit shown in Figure 17;
and

Figures 19 and 20 are sectional views respectively
showing relationships between the drive electrode and the
piezoelectric vibrating element in a conventional pressure
producing unit in which the drive electrode and the
piezoelectric vibrating element are manufactured integrally by

baking.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The invention will 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 pf the invention, to which the electrode structure

of the invention is applled In Figure 1 reference numeral 3
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that the effective-operation region of the piezoelectric vibrating el enent

1 can be limted to the width of the drive electrode 20 itself with the
reliabl e bondage between the piezoelectric vibrating elenent 1 and the
drive electrode 20 wel |l nmai ntai ned. As a result, all the pressure
produci ng chanbers 5 can be driven urler a consi st ent condition, free from
I nconsi stency in the vibrating characteristic caused by inconsistency in i
the size of the piezoelectric vibrating elenent 1, the size thereof tending

to be i nGNRIEILNL VAP 1WAt Se HiEECLECY material, at least the
surface of which is electrically insulating, more preferably,
of ceramic. On the surface of the vibrating plate 3 are drive
electrodes 20, which will be described later. The drive
electrodes are arranged so as to correspond to a plurality of
rows of pressure producing chambers 5, 5, 5, *+ -+ (two (2)
rows in this embodiment). Reference numeral 1 denotes a
piezoelect;ic vibrating element that is made of ceramic and has
a piezoelectric property. The piezoelectric vibrating elements
1 flex toward the vibrating plate 3 through the drive
electrodes 20, 20, 20 *- -+ so that the back surfaces thereof
coﬁe in contact with the drive electrodes 20, 20, 20 --
Reference numeral 4 denotes a pressure pro&ucing
chamber forming member, which is made of a plate that is so
thick as to form the pressure producing chambers 5, 5, 5 -+ --,
more preferably, of a ceramic plate, by boring through holes
therein. Reference numeral 6 denotes a pressure producing
chamber forming cover member, which serves to seal the other
surface of the pressure producing chambers 5 of the pressure
producing cﬁamber forming member 4. At positions corresponding
to the vicinity of both ends of the pressure producing chambers
5 are introducing holes 6a, 6a, 6a -+ - and introducing holes
6b, 6b, 6b -+ ~--. The introducing holes 6a, 6a, 6a --
communicate with a common ink chamber 12a, which will be
described later, and the introducing holes 6b, 6b, 6b - --

communicate with nozzle openings 13a, 13a, 13a -+ --.
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| f necessary, an electrically insulating |ayer 8 which is thinner than the
pi ezoel ectric vibrating elenment 1, is fornmed at a region of the vibrating
plate 3 where no piezoelectric vibrating element 1 is formed as shown in
Figure 9, and the conmmon electrode 80 is deposited thereon, so that not
only generation of crosstalk due to sTgnal |eakage can be prevented by
ensuring electric insulation between the adjacent drive el ectrodes 20, but
al so breakage of the conmon el ectrode 80 at the ends of the plezoelectrlc

vibrating el ementryl- calp e reVERLed By KBRKADY bEERSEER REteRRN ectric

vibrating elements 1 and the drive electrodes 20, the pressure
producing chamber fbrming member 4, and the pressure producing
chamber forming cover member 6 are collected into a small 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.

Reference numeral 11 denotes an ink supply section
forming member. The ink supply section forming member 11
includes: an ink introducing inlet 14 that supplies ink into
the ink chamber 12a that is shared in common while connected to
a flow path from a not shown ink tank; introducing through
holes 1lla that connect the pressure producing chambers 5 to the
common ink chamber 12a; and introducing through holes 11b that
connect the pressure producing  chambers 5 to the nozzle
openings 13a.

Reference numeral 12 denotes a reservoir forming member
that forms the common ink chamber 12a. In this embodiment the
common ink chamber 12a is formed by a through hole that is
substantially V-shaped, énd is connected to the respective
pressure producing chambers 5 through the introducing through
holes 6a of the above-mentioned pressure producing chamber
forming cover member 6 and the introducing through holes 1lla of
the ink supﬁly section forming member 11. Introducing through
holes 12b that connect the pressure producing chambers 5 to the
nozzle openings 1l3a are formed at a central portion of the

reservoir forming member 12.
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pi ezoel ectric vibrating elenent 1 and the vibrating plate 3 small.

Figure 10 shows an enbodi ment in which the insulating material layer 8 and
the drive electrode 20 are formed on a single sheet so that the insulating
material |ayer 8 surrounds the driveloel ectrode 20 and so that the upper
surfaces of both the insulating

Reference numeral 13 denotes a nozzle forming member.
The nozzle forming member 13 is connected to the pressure
producing chambers 5 through the introducing through holes 6b,
11b, 12b, and also performs the function of sealing the other
side of t:hé common ink chamber 12 of the reservoir forming
member 12.

The ink supp-ly gsection forming member 11 and the nozzle
forming member 13 are formed by press working or etching a
rustproof steel sheet. These members may be made of at least
one material selected from the group consisting of ‘other
metals, ceramics, glass, silicon, and plastics. The method of
wo.rking the respective members includes: press working,
etching, electroforming, and laser beam machining. At any
rate, a material having a relatively high Young’s modulus is
selected for the ink supply section forming member 11 and the
nozzle forming member 13.

On the other hand, the reservoir forming member 12 may
be made of not only the above-mentioned rnetal's, ceramics,
glass, and silicon, but also a plastic- or film-like adhesive
or paste-like adhesive such as polyimide, polyamide, polyester,
polyethylene, polypropylene, polyvinyl chloride, = and
polyvinylidene chloride may be used since not so high a
rigidity is required for the reservoir forming member 12. When
the plastic- or f£ilm-like adhesive is used, the reservoir
forming member 12 is formed by injection molding or press

working. When the paste-like adhesive is used, the reservoir
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15 materi al

According to this enbodinent, electrically caused crosstal k can be
prevented by electrically insulating the drive electrode 20 reliably,
t he common el ectrode 80 can be forned nore reliably. Figure 11
shows still another enbodi nent of thel¥nvention. A slightly thicker

ceramic material, which will becone the vibrating plate 3, is prepared.
addi tion,

a
forming member 12 is formed by screen printing or transfer

printing.

The ink supply section forming member 11, the resérvoir
forming member 12, and the nozzle 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 method of bonding these members into a f£low path unit
is as follows. If the reservoir forming member 12 itself has
no adhesion, the film-like adhesive or the paste-like adhesive
is used, and the ink supply section forming member 11, the
adhesive, the reservoir forming member 12, the adhesive, and
the nozzle forming member 13 are laminated one upon another in
this order wusing a not shown positioning 3jig, and
thermocompressed or compressed. On the other hand, if the
reservoir 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 compressed.

As a result, a single sheet of flow path unit 70 as
shown in Figure 2 has a plurality of pressure producing units
50, namely, three (3) pressure producing units 50, 50, 50 in
this particular embodiment, collectively fixed thereto by the
adhesive, thermodeposition f£ilm, or the like to form an ink jet
recording head. |

The thus formed pressure producing chambers 5 of the
ink jet recording head are substantially rectangular, slender

chambers such as shown in Flgure 3 The nozzle opening 1l3a
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recessed portion 83 having a step 83a for accommopdating the drive el ectrode
20 and the piezoelectric vibrating elenent 1 is forned at a central
portion of each pressure producing chanber 5, so that the drive el ectrode
20 and the piezoelectric vibrating elenent 1 that is slightly w der than
the drive el ectrode 20 are accommdat’®d on the bottom thereof and on the
top thereof, respectively, with the surface of the piezoelectric vibrating
el enent 1 being as ‘high as other regions of the vibrating plate 3 which

have communicates with one end of each pressure producing chamber 5,
and the common ink chamber 12 communicates with the other end
thereof. As shown in Figure 4, with the piezoelectric
vibrating element 1 vibrating by flexion, the vibrating plate
3 is deformed so that the vibrating plate 3 projects toward the
pressure producing chamber 5 as indicated by a curve 3’. As a
result, the pressure of the pressure producing chamber 5
increases to jet an ink droplet "d" from the nozzle opening 13a
and thereby form a dot on a recording sheet. Upon return of
the piezoelectric vibrating element 1 to the original
conditions, the ink flows from the common ink chamber 12a via
thé introduéing through hole 1la. As a result, a stream of ink
in such a lgngitudinal direction as indicated by the arrows in
Figure 4 is produced within the pressure producing chamber 5.

Figure 5 shows in section a structure of the thus
constructed ink jet recording head in the wvicinity of the
pressure producing chamber as viewed in a direction orthogonal
to the stream of ink within the pressure producing chamber 5,
or as taken along a line L-L of Figure 4. In Figure 5
reference numeral 20 denotes the drive electrode formed on the
surface of the vibrating plate 3. The width W2 of the drive
electrode 20 is slightly smaller than the width W1l of the
pressure producing chamber 5, and the drive electrode 20 is
formed so as to have a length so that one end thereof reaches
an end port'ion of the vibrating plate 3 from the vicinity of

the nozzle opening 13a of the pressure producing chamber 5, and
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nothing to do with displacenent. According to this enbodi ment, not only
both mechanically caused crosstalk and electrically caused crosstal k due
to signal | eakage can be prevented by sufficiently reinforcing the regions
not having to do with the displace t of the pressure produci ng chanber

5, but also reliability can be inproved by form ng the conmon el ectrode 80
so as to be stepless. Figure 12 shows an ink jet recording head,
which is still another enbodi ment of the invention. This enbodi ment is

deSignedtH%‘QeﬂéENEE&rﬁhé¥%5¥"%é¥§%%6%ﬁse'§s the connecting terminal

with an outer electrode.

Reference numeral 1 denotes the piezoelectric vibrating
element, whose width W3 is larger than the width W2 of the
drive electrode 20 and smaller than the width Wl of the
pressure producing chamber 5. Having such a length that the
front end thereof on the nozzle opening side covers the drive
electrode 20 and the rear end thereof reaches the vicinity of
the rear end of the pressure producing chamber 5, the
piezoelectric vibrating element 1 is also formed so as to cover
completely the region of the drive electrode 20 confronting the
pressure producing chamber 5. |

By forming the piezoelectric vibrating element 1.so as
to cover the region of the drive electrode 20 confronting the
.pressure producing chamber 5, the region of the drive electrode
20 confronting the pressure producing chamber 5 can be covered
completely by the piezoelectric vibrating element 1 even if the
piezoelectric vibrating element 1 is subjected to slight
displacement or sized inconsistently when formed. This
prevents short circuit with a common electrode 80.(Figure 7) on
the other pole which is formed on the surface of the
piezoelectric vibrating element 1.

In the case where the piezoelectric vibrating element
1 is formed by coating or bonding the green sheet, which is a
piezoelectric material, to the drive electrode 20 and baking
the green sheet together with the wvibrating plate 3 and the

drive electrode 20 the piezoelectric wvibrating element 1
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reduction in ink expelling efficiency caused by the deformation of the

pi ezoel ectric vibrating elenment and the vibrating plate at the tinme of
baking, as well as crosstalk. Figure 12 shows the enbodinent in terns of
the structure of a section taken in a ,direction orthogonal to the stream
of ink within the pressure producing thanber 5, i.e., along a line L-L of
Fi gure 4. In Figure 12 reference nuneral 21 denotes a drive

el ectrode fornmed on a surface of the vibrating plate 3. This drive

el ectrodecglels {1 TR 1 AR YbIESmbPELEP) MB3 has the peripheral

edge portion 1b bonded to the drive electrode 20 reliably
against contraction of the piezoelectric vibrating element 1
and flexion of the vibrating plate 3 during the baking process.
Therefore, not only displacement by flexion of the
piezoelectric vibrating element 1 can be transmitted to the
vibrating plate 3 reliably, but also fatal damage such as
partial flaking or the like can be prevented owing to the
reliable bondage between the piezoelectric vibrating element 1
and the vib;ating plate 3.

The area of the drive electrode 20 itself is used as
the effective operation region of the piezoelectric vibrating
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 element 1
that has an optimal effective operation region with respect to
the pressure producing chamber 5 can be formed with eaée by
adjusting the size of the drive electrode 20 that is thin and
can be formed highly accurately with ease. Such adjustment is
easier tb make than the adjustment of the size of the
piezoelectric vibrating element 1 that is comparatively thick.

In éddition, to improve displacement efficiency of the
vibrating plate 3, i.e., the ratio of the applied electric
energy to the ink removing volume, it is ideal to adjust the
ratio of the width W1l of the pressure producing chamber 5 to

the width W2 of the drive electrode 20, W2/Wl, to 0.9.
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Is slightly smaller than the width WL of the pressure producing éhanber 5.

The drive electrode 21 is arcuate in section so that the central portion
direction of the pressure produci ng chanber 5,
opening to the common i nk chanber

thereof
. e.

in the | ongitudinal
on a line connecting the nozzle

projected toward the pressure produci g chamber

However, such ratio may be set to a value between 0.8 and 0.9
considering errors and variations in the manufacturing process.

Specifically, a drive electrode 20, whose width W2 is
340 pm and whose thickness is 5 um that is a thickness to allow
electric conduction to be ensured with respect to a pressure
producing chamber héving a width W1 of 420 um, is formed, and
then a piezoelectric vibrating element 1, whose width W3 is 380
pm and whose thickness is 30 um, is formed on the surface of
the drive electrode 20.

A method of manufacturing the thus constructed ink jet
recording head will be described next.

Figures 6 (a) to (f) are diagrams showing a method of
manufacturing the above-mentioned pressure producing unit 50,
the method being an embodiment of the invention. The vibrating
plate 3, thé pressure producing chamber forming member 4, and
the pressure producing chamber forming cover member 6 are
formed of green sheets, each green sheet being a ceramic
material, i.e., a clay-like sheet, and the pressure producing
chamber forming member 4 having windows formed at regions
designed to sgerve as the pressure producing chamberslslhw
punching; and pressure is applied to the green sheets with
these members 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
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16 5 and the top thereof that is in contact with a piezoelectric vibrating
el ement 23 is substantially horizontal. Wil e the drive el ectrode
20 in the above-nenti oned enbodi nent has the uniform thickness of abut 5
[err]mattaching inportance only to the electric property, the drive

16

from the group consisting of aluminum oxide, zirconium oxide,
magnesium oxide, aluminum nitride, and silicon nitride.

When the vibrating plate 3, the pressure producing
chamber forming member 4, and the pressure producing chamber
forming cover member 6 have been integrated, a pattern of the
drive electrode 20 having an optimal width with respect to the
correspondipg pressure producing chamber 5 is formed by coating
or printing an electrically conducting material to a region
corresponding to the pressure producing chamber 5 of the
vibrating plate 3 so that the ratio of the width W2 of the
drive electrode 20 to the width Wl of the pressure producing
chémber 5, W2/Wl, is set to a value between 0.8 and 0;9, in
Figure 6 (c¢). The electrically conducting material consists
essentially of one kind or more of alloy selected from the
group consisting of platinum, palladium, silver-palladiuun
silver-platinum, and platinum-palladium.

As the pattern of the drive electrode 20 has been half-
solidified on the vibrating plate 3, the whole body is baked at
a temperatuie suitable for baking the electrically conducting

- material, in Figure 6 (d).

Then, the piezoelectric vibrating element 1 is formed
on the surface of the drive electrode 20 by coating or printing
a green sheet consisting of a piezoelectric material so that
the width W3 of the piezoelectric vibrating element 1 is iarger
than the width W2 of the drive electrode 20 formed on the
surface of the vibrating plate 3 and smaller than the width Wl

of the pressure producing chamber 5, in Figure 6 (e). The’
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el ectrode 21 according to this enbodi nent sets the thickness of the central
portion thereof to values ranging from1l5 to 30 [errmwith flexion at the
time of baking being taken in consideration, although the thickness of the
peripheral edge portions is set to j@bout 5 [err]mso that the electric

property can be naintai ned. Ref erence nuneral 23 denotes the
pi ezoel ectric vibrating elenment. The width WB of this piezoelectric

vibrating elenment 23 is larger than the width W2 of the drive

and S”a'5&%é&@%@éﬁ%ﬁaMﬁ¥€ériafﬂééﬂyis re%%%%%t8%9§¥9 ot91% %ﬁ%ﬁrconate

titanate, lead magnesium-niobate, lead nickel-niocbate, lead
zinc-niobate, lead manganese-niobate, lead antimony-stannate,
or lead titanate.

When the green sheet, which is a piezoelectric material
and which has been formed so as to slightly overhang the drive
electrode 20, has been half-solidified in this way, the whole
body is baked at a temperature suitable for baking the
piezoelectric material, Figure 6 (f). In this baking process
the central portion la of the piezoelectric vibrating element
1 may, in some cases, flex so as to project toward the pressure
producing éhamber 5 as shown in Figure 5 due to the rate of
contraction of the piezoelectric wvibrating eleﬁent 1 at the
time of baking being larger than that of the drivé electrode 20
and due to contraction of the portions of the piezoelectric
vibrating element 1 overhanging the drive electrode 20 being
larger than contraction of the piezoelectric vibrating element
1 on the drive electrode 20.

However, this type of piezoelectric vibrating element
1 is advantageous in preventing itself from being partially
flaked and completely flaked from the drive electrode 20 since
the piezoelectric vibrating element 1 is bonded to the drive
electrode 20 with the peripheral portions 1b thereof
overhanging the vibiating plate 3 while extending from the
drive electrode 20.

As all the baking processes have been completed in_this

way,.the piezoelectric vibrating elements 1, 1, 1 and the
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Havi ng such a length that the front end thereof on the nozzle opening side
covers the drive electrode 21 and the rear end thereof reaches the
vicinity of the rear end of the pressure producing chanber 5, the

pi ezoel ectric vibrating elenent 23 is formed so as to cover conpletely the
region of the drive electrode 21 corr¥&ponding to the pressure producing
chanber 5. The peripheral edge portions 23a, 23a of the piezoelectric
vibrating element 23 are forned so as to overhang the drive electrode 21 in

a MaNNer common electrode 80 arranged over the piezoelectric vibrating

elements are deposited over an entire region confronting the
pressure producing chambers 5 by forming an electrically
conducting film by means of a film forming method such as
gelective vapor deposition or sputtering while using an
electrically conducting material, e.g., nickel or copper, with
a mask as shown in Figure 7. The common electrode 80 is
connected to an external device by a cable 85 together with the
drive electrodes 20, 20, 20 - -+ through a lead electrode 82.

As a result, an ink droplet can be expelled from the
nozzle opening 13a by flexing the piezoelectric wvibrating
element 1 while applying a drive signal across the common
electrode 80 and the drive electrode 20 positioned at the
pressure producing chamber 5 from which the ink droplet is to
be expelled.

The periphéral edge portions 1b, b of the
piezoelectric vibrating element 1, i.e., the portions
overhanging from the peripheral edge portions of the drive
electrode 20 are bonded to the vibrating plate 3 in the above—
mentioned embodiment. As shown in Figure 8 the peripheral
edges A, A of the piezoelectric vibrating element 1 are baked
go as to overhang the drive electrode 20 by, e.g., preparing a
slightly solider green sheet, so that the effective operation
region of the piezoelectric vibrating element 1 can be limited
to the width of the drive electrode 20 itself with the reliable
bondage between the piezoelectric vibrating element 1 and the

drive electrode 20 well maintained.
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simlar to those in_the above-nenti oned enmbodi nent. According to
this enbodi nent, the sectional structure of the drive electrode 21 is
selected so as to fill the space forned by the above-nentioned fl exion of
the vibrating plate 3, the flexion being caused by the difference in the
rate of contraction between the pieZfelectric vibrating element. 23 and the
drive electrode 21 at the tinme of baking. Therefore, the upper surface of
the drive electrode 21 is kept substantially horizontal after the baking,

thereby making the i e2egheStLls VL SHLOGuFL PEMuSthd FHEDSE ' an

be driven under a consistent condition, free from inconsistency
in the vibrating characteristic caused by inconsistency in the
size of the piezoelectric vibrating element 1, the size thereof
tending to be inconsistent in the widthwise direction.

If necessary, an electrically insulating layer 8, which
is thinner than the piezoelectric vibrating element 1, is
formed at a region of the wvibrating plate 3 where no
piezoelectric vibrating element 1 is formed as shown in Figure
9, and the common electrode 80 is deposited thereon, so that
not only generation of crosstalk due to signal leakage can be
prevented by ensuring electric insulation between the adjacent
drive electrodes 20, but also breakage of the common elegtrode
80 at the ends of the piezoelectric vibrating element 1 can be

e prevented by making the step between the piezoelectric
vibrating element 1 and the vibrating plate 3 small.

Figure 10 shows an embodiment in which the insulating
material layer 8 and the drive electrode 20 are formed on a
single sheet so that the insulating material layer 8 surrounds
the drive electrode 20 and so that the upper surfaces of both
the insulating material layer 8 and the drive electrode 20 are
flush with each éther. According to this embodiment,
electrically caused crosstalk can be prevented by electrically
insulating the drive electrode 20 reliably, and the common
electrode 80 can be formed more reliably. |

Figure 11 shows still another embodiment of the

invention. A slightly thicker ceramic material, which will
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drive electrode 21 flat al so. As a result, when the piezoelectric
vibrating elenment 23 is contracted by applying a drive signal thereto,
horizontally drawi ng forces A2, A2 are generated on the surface higher than
the vibrating plate 3 as shown in Figure 13. Although such forces are
transforned into a force B2 that flexes the vibrating plate 3 toward the
pressure

become the wvibrating plate 3, is prepared. In addition, a
recessed portion 83 having a step 83a for accommodating the
drive electrode 20 and the piezoelectric vibrating element 1 is
formed at a central portion of each pressure producing chamber
5, so that the drive electrode 20 and the piezoelectric
vibrating element 1 that is slightly wider than the .drive
electrode 20 are accommodated on the bottom thereof and on the
top thereof, respectively, with the surface of the
piezoelectric vibrating element 1 being as high as other
regions of the vibrating plate 3 which have nothing to do with
displacement. Accqrding to thig embodiment, not only both
mechanically caused crosstalk and electrically caused crosstalk
due to siénal leakage can be prevented by sufficiently
reinforcing the regions not having to do with the displacement
of the pressure producing chamber 5, but also reliability can
be improved by forming the common electrode 80 so as to be
stepless.
Figure 12 shows an ink jet recording head, which is
still another embodiment of the invention. This embodiment is
.- designed to overcome the second problem, i.e., reduction in ink
expelling wefficiency caused by the deformation of the
piezoelectric vibrating element and the vibrating plate at the
time of baking, as well as crosstalk. Figure 12 shows the
embodiment in terms of the structure of a section taken in a
direction orthogonal to the stream of ink within the pressure

preoducing chamber 5, i.e., along a line L-L of Figure 4.
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17 produci ng chanber 5, these forces do not draw walls 4a, 4b that define
the pressure producing chanber 5 toward the pressure produci ng chanber 5.
Consequently, not only an ink droplet is expelled at a high efficiency,
but al so generation of crosstalk is controlled to an extrenely snal

degr ee. It goes without sayimgilthat, by form ng the piezoel ectric
vi brating el enrent 23 so

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 thereof W2 is
slightly smaller than the width W1l of the pressure producing
chamber 5. The drive electrode 21 is arcuate in section so
that the ceﬁtral 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 chamber 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 electrode 20 in the above-mentioned
embodiment has the uniform thickness of about 5 um attaching
importance only to the electric property, the drive electrode

- 21 according to this embodiment sets the thickness of the
central portion thereof to values ranging from 15 to 30 um with
flexion at the time of baking being taken in consideration,
although the thickness of the peripheral edge portions is set
to about 5 um so thét the electric property can be maintained.

Reference numeral 23 denotes the piezoelectric
vibrating element. The width W3 of this piezoelectric
vibrating element 23 is larger than the width W2 of the drive
electrode 21 and smaller than the width W1l of the pressure
producing chamber 5. Having such a length that the front end
thereof on the nozzle opening side covers the drive electrode
21 and the rear end thereof reaches the vicinity of the rear

end of the pressure producing chamber 5, the piezoelectric
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as to cover the region of the drive electrode 21 confronting the pressure
produci ng chanber 5, the region of the drive electrode 20 confronting the
pressure produci ng chanber 5 can be covered conpletely by the

pi ezoel ectric vibrating element 23 even if slight displacement or

I nconsi stency in size are present wtlz22the drive el ectrode 21 and the

pi ezoel ectric vibrating elenment 23. This prevents short-circuiting with a
common el ectrode 80 on the other pole which is fornmed on the surface of

the piezq&i&%ﬁgiﬁg ¥ig&gﬁkn936&gn%BEm%§'so as to cover completely the

region of the drive electrode 21 corresponding to the pressure
producing chamber 5. The peripheral edge portions 23a, 23a of
the piezoelectric vibrating element 23 are formed so as to

- overhang the drive electrode 21 in a manner similar to those in
the above-mentioned embodiment.

According to this embodiment, the sectional structure
of the drive electrode 21 is selected so as to fill 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 element 23 and
the drive electrode 21 at the time of baking. Therefore, the
upper surface of the drive electrode 21 is kept substantially
horizontal after the baking, thereby making the piezoelgctric

i vibrating element 23 formed on the drive.electrode 21 flat
also.

As a result, when the piezoelectric vibrating element
23 1is contracted -by applying a drive signal thereto,
horizontally drawing forces A2, A2 are generated on the surface
higher than the vibrating plaﬁe 3 as shown 1in Figure 13.
Although such forces are transformed into a force B2  that
flexes the wvibrating plate 3 toward the pressure producing
chamber 5, these fofces do not draw walls'4a, 4b that define
the pressure producing chamber 5 toward the pressure producing
chamber 5. Consequently, not only an ink droplet is expelled
at a high efficiency, but also generation of crosstaik is

controlled to an extremely small degree.
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In the case where the piezoelectric vibrating elenent 23 is formed by
coating or bonding a green sheet, which is a piezoelectric material, to
the drive electrode 21 and baking the green sheet together with the
vibrating plate 3 and the drive el ec £ode 21, the piezoelectric vibrating
el ement 23 covers the drive electrod®& 21 conpletely and has peripheral
edge portions 23a, 23a bonded to the drive electrode 21 reliably against
the above-nentioned flexion of the vibrating plate 3 caused by the

difference in thquatgogg without saying that, by forming the

piezoelectric vibrating element 23 so as to cover the region of
the drive .electrode 21 confronting the pressure producing
chamber 5, the region of the drive electrode 20 confronting the
pressure producing chamber 5 can be covered completely by the
piezoelectric vibrating element 23 even if slight displacement
or inconsistency in size are present with the drive electrode
21 and the piezoelectric vibrating element 23. This prevents
short-circuiting with a common electrode 80 on the other pole
which is formed on the surface of the piezoelectric vibrating
element 23.
In the case where the piezoelectric vibrating element
23 is formed by coating or bonding a green sheet, which'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 element 23
covers the drive electrode 21 completely and has peripheral
edge portions 23a, 23a bonded to the drive electrode 21
reliably against the above-mentioned flexion of the vibfating
z plate 3 caused by the difference in the rate of contraction
between the piezoelectric vibrating element 23 and the drive
electrodes 21 at the time of baking. Therefore, not only
displacement by flexion of the piezoelectric vibrating element
23 can be transmitted to the vibrating plate 3 reliably, but
also fatal damage such as partial flaking or the like can be
prevented owing to the reliable bondage between  the

piezoelectric vibrating element 23 and the vibrating plate 3.
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contraction between the piezoelectric vibrating elenment 23 and the drive

el ectrodes 21 at the tine of baking. Therefore, not only displacenent by
fl exion of the piezoelectric vibrating elenent 23 can be transnmitted to
the vibrating plate 3 reliably, but g%so fatal damage such as partia
flaking or the |ike can be prevented®“Oowing to the reliable bondage between
the piezoelectric vibrating el ement 23 and the vibrating plate 3.
Specifically, a drive electrode 21, whose width W2 is 340 [err]m and whose

thi _Ckness s 15.[ srv\nr?tlfilaéai[ éffe EIHI[J_Q}e R tét%d%”%é [\nﬁ{ogemvﬁ[dttl'p%vz is

peri pheral portio
340 pm and whose thickness is 15 pum at the central portion and

5 um at the peripheral portions with respect to a pressure
producing chamber having a width W1l of 420 um, is formed, and
then a piezoelectric vibrating element 23, whose width W3 is
380 um and whose thickness is 30 pm, is formed on the surface
of the drive electrode 21.

The thus constructed ink jet recording head and an ink
jet recording head in which the drive electrodes are uniformly
5 pm thick were compared. The amount of displacement of the
piezoelectric vibrating element toward the pressure producing
chamber is 0.2 um in the former, whereas such amount is 0.1 pm
in the latter. Therefore, an improvement that doﬁbles the
conventional amount of displacement was verified. The
crosstalk of the former is 10% or less, whereas that of the
latter from 30 to 60%. Therefore, a reduction of 1/3 of less
in crosstalk was achieved.

In a manner similar to the above-mentioned embodiment,
to improve displacement efficiency of the wvibrating plate 3,
i.e., the ratio of the applied electric energy to the ink
removing volume, it is preferable to adjust the ratio of the
width W1l of the pressure producing chamber 5 to the width W2 of
the drive electrode 21, W2/W1l, which is ideally set 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 to a value 1.2

times the thlckness thereof at the peripheral portions. It has
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to a pressure produci ng chanber having a wwdth WL of 420 [err]m is formned,
and then a piezoelectric vibrating el enent 23, whose wdth WB is 380
[err]m and whose thickness is 30 [err]mis forned on the surface of the
drive el ectrode 21.

25

been verified that such setting contributes to preventing the
reduction in yield due to errors and the like in the
manufacturing process with certainty.

A method of manufacturing the thus constructed ink 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 chambe: fdrming
cover member 6 are formed of green sheets, each green sheet
being a ceramic material, i.e., a clay-like sheet and the
pressure producing chamber forming member 4 having windows
formed at regions designed to serve as the pressure producing
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
processed body is baked at temperatures ranging from éoo to
1500°C, Figure 14 (b). The ceramic material generally consists
essentially of one kind or more of compound selected from the
group consisting of aluminum oxide, zirconium oxide, magnesium
oxide, aluminum nitride, and silicon nitride.

When the wvibrating plate 3, the pressure producing
chamber forming member 4, and the pressure producing chamber
forming cover member 6 have been integrated in this way, a
pattern of the drive electrode 21 having an optimal width with
regpect to the corresponding pressure producing chamber 5 is
formed by .coating or printing an electrically conducting

material to a region corresponding to the pressure producing
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18 The thus constructed ink jet recording head and an ink-jet
recording head in which the drive electrodes are uniformy 5 [err]mthick
wer e conpared. The amount of displacenent of the piezoelectric vibrating
el enent -toward the pressure producing chanber is 0.2 [err]min the former,
whereas such anount is 0.1 [err]min €ke latter. Therefore, an inprovenent
that doubl es the conventional anount of displacenent was

chamber 5 of the wvibrating plate 3 so that the ratio of the
width W2 of the drive electrode 21 to the width Wl of the
pressure producing chamber 5, W2/Wl, is set to a value between
0.8 and 0.9. The electrically conducting material consists
esgentially of one kind or more of alloy selected from the
group consisting of platinum, palladium, silver-palladium,
silver-platinum, and platinum-palladium. Since the drive
electrode 21 must be made arcuate in section in. this
embodiment, a first layer 21-1 is coated to a predetermined
thickness and a second layer 21-2 is thereafter coated only in
the vicinity of the center. This coating technique allows the
electrically conducting material of which the second layer 21-2
is made to smoothly spread with the central portion thereof as
the apex while promoted by the fluidity of the material of
which the_eiectrode is made, so that the second layer 21-2 is
fused with the first layer 21-1 to be integrated therewith to
have an arcuate secﬁion, in Figure 14 (c).

As Ehe pattern of the drive electrode 21 has been half-
solidified on the vibraﬁing plate 3, the whole body is baked at
a temperatufe suitable for baking the electriéally condﬁcting
material, in Figure 14 (d).

Then, the piezoelectric vibrating element 23 is formed
on the surface of the drive electrode 21 by coating or printing
a green sheet consisting of a piezoelectric material so that
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
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verified. The crosstalk of the former is 10% or |ess, whereas that of the
latter from30 to 60% Therefore, a reduction of 1/3 or less in crosstalk
was achi eved. : In a manner simlar to the above-nentioned
enbodi ment, to inprove displacenment oefficiency of the vibrating plate 3,
l.e., the ratio of the applied electric energy to the ink renoving vol une,
it is preferable to adjust the ratio of the wdth WL of the pressure
producing chanber 5 to the width W2 of the drive el ectrode 21, W/ W,
whi ch i s préeshine seirdduding tohambeal us,betineeFiguieand40. Jegansi daheng
srrers agiezoelectric material consists essentially of lead zirconate
titanate, lead magnesium-niobate, 1lead nickel—niobate; lead
zinc-niobate, lead manganese-niobate, lead antimony-stannate,
or lead titanate.

When the green sheet, which is a piezoelectric material
and which has been formed so as to be slightly projected from
the drive electrode 21, has been halffsolidified in this way,
the whole body is baked at a temperature suitable for baking
the piezoeléctric méterial, in Figure 14 (f).

In this baking process the central portion of the
vibrating plate 3 flexes toward the pressure producing chamber
5 due to the rate of contraction of the piezoelectric vibfating
element 23 at the time of baking being larger than that of the

- drive electrode 21 and due to contraction on the outer side of
the piezoelectric vibrating element 23 being larger than
contraction on the dri&e electrode 21 side of the piezoelectric
vibrating element 23. However, since the central portion of
the drive electrode 21 which has been formed thicker in advance
fills the space formed by the flexion, the surface of the drive
electrode 21 can be made horizontal.

When the electrode layer is formed by coating, the
thickness of the layer wusually includes about 20% of
inconsistency. Therefore, it is preferable to make the central
portion 1.2 times thicker than the peripheral portion, taking

the safety factor into consideration. This technique is'quite

helpful in improving yield.
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variations in the manufacturing process. Further, the thickness of the
drive electrode 21 at the central portion is set to a value 1.2 or nore
times the thickness thereof at the peripheral portions. It has been
verified that such setting contributes to preventing the reduction in
yield due to errors and the like in #28 nanufacturing process with

certainty. A net hod of manufacturing the thus constructed ink jet
recording head will be described next vvith reference to Figures 14(a) to
(1), The YLORAL B9 ot e B atg:BrERIHEC RERLHE! BAxSRATBE LALLM N9

menber 4, and
has been completed in this way, the common electrode 80 is

formed by depositing an electrically conducting material, e.g.,
copper or nickel, using a mask having a window covering the
surfaces of all the piezoelectric vibrating elements 23, as
shown in Figure 7.

If necessary, a thin electrically insulating layer 8 is
used to £fill regions of the wvibrating plate 3 where no
piezoelectric vibrating element 23 is formed so that the layer
8 becomes as high as the piezoelectric vibrating element 23 as
shown in Figure 15, and the common electrode 80 is deposited
thereon, so-that not only generation of crosstalk due to signal
leakage can be prevented by securing electric insulation
between the adjacenﬁ drive electrodes 21, but also breakage of
the common electrode 80 at the ends of the piezoelectric
vibrating element 23 can be prevented by making the step
between the piezoelectric wvibrating element 23 and_ the
vibrating plate 3 small.

Figure 16 shows another embodiment. An electrode 24
formed so as to confront the pressure producing chamber 5 is
similarly made arcuate in section at a region confronting the
pressure producing chamber 5. On the other hand, a region 24a
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 adjacent
pressure producing chamber 5. That is, the electrodes that

serve to select the plezoelectrlc vibrating elements 23 for
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t he pressure produci ng chanber form ng cover nenber 6 are forned of green
sheets, each green sheet being a ceramc material, i.e., a clay-like sheet
and the pressure producing chanmber form ng nenber 4 having w ndews forned
at regions designed to serve as the essure produci ng chanmbers 5 by
punchi ng; and pressure is applied to the green sheets with these nenbers
hal f-solidified so that these nenbers are integrated with one anot her,
Figure 14(a). Then, the thus processed body is baked at tenperatures

rangi ng fqom889 1A BR0[ghevé - mEhgibged 4ehbodihenesr &l dBEQT iad the
general ly consists
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’.

While the surface of the drive electrode is made flat
by filling the receés formed by the flexion of the vibrating
plate 3 with the electrically conducting material, a similar
effect can be obtained by using other materials.

Figure 17 shows still another embodiment of the
invention A third layer 30 is formed and a drive electrode 31
is.formed thereon. The third layer 30 is made of a material
which is other than the piezoelectric material and which has
strong adhesion with respect to both the vibrating plate 3 and
the electrode. The third layer 30 is formed so as to be
arcuate in section so that the central portion of the vibrating
plate 3 confronting the pressure producing chambers is thick
with a smoothly thiﬁning slope toward the peripherallportions.
The drive electrode 31 corrects the flexion of the wvibrating
plate 3, and similarly has a narrower width than the pressure
producing chamber and a uniform thickness. |

Also in this embodiment, the piezoelectric wvibrating
element 32 is formed so as to be substantially horizontal at a
level highexr than the vibrating plate 3. Therefore, generation
of crosstalk and reduction in ink expelling efficiency can be

prevented.
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essentially of one kind or nore of conpound selected fromthe group
consi sting of alum.num oxi de, zirconium oxide, magnesi um oxi de, al um num
nitride, and silicon 19

30

Figures 18 (a) to (h) show a method of manufacturing
the above-mentioned recording head, the wmethod beiﬁg an
embodiment of the invention. Pressure is applied t'o the
vibrating plate 3, the pressure producing chamber forming
member 4, and the pressure producing chamber forming cover
member 6, which are in the form of green sheets, and integrally
baked at temperatures ranging from 800 to 1500°C, in Figure 18
(a) and (b). The pressure producing chamber forming member 4
has portions designed to serve as the pressure producing
chambers 5 formed by punching. Each green sheet is a ceramic
such as alumina or zirconia.

| The third layer 30 that is thicker at the central
portion than the peripheral portion is formed at a region
corresponding to the pressure producing chamber 5 by pririting,
in Figure 18 (c¢) and baked, in Figure 18 (d). The third layer
30 is made of a material which is other than the piezoelectric
material and which has adhesion with respect to both the
vibrating plate 3 and the electrode 31, e.g., ceramic or metal.

In these processes, it is similarly preferably to form
the central portion 1.2 times thicker than the peripheral
portions, taking errors in the manufacturing process into
account.

Then, the material of which the electrode 31 is made is
deposited on the surface of the third layer 30 so as to
confront the pressure producing chamber 5 by printing, in

Figure 14 (e), and baked, in Figure 18 (f).
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When the vibrating plate 3, the pressure produci ng chanber form ng nmenber
4, and the pressure producing chanber form ng cover nenber 6 have been
integrated in this way, a pattern of the drive electrode 21 having an
optimal width with respect to the cqrresponding pressure produci ng chanber
Sis fornmed by coating or printing an™ electrically conducting material to
a region corresponding to the pressure producing chanber 5 of the
vibrating plate 3 so that the ratio of the width W2 of the drive el ectrode

As the final process, the piezoelectric vibrating
element 32 is similarly formed by printing, in Figure 18 (g),
and baked, in Figure 18 (h).

According to this embodiment, freedom in selecting the
material used to compensate for the deformation of the
vibrating plate 3 is increased, thereby allowing the vibrating
characteristic of the vibrating plate 3 to be adjusted' to a

value optimal for ink expelling.
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21 to the width WL of the pressure produci ng chanber 5, W2/W,

is set to a

val ue between 0.8 and 0.9. The el ectrically conducting nateri-al--eonsi sts

essentially of one kind or nore of alloy selectgge 0 o
consi sting of platinum palladium si I2ver- pal | a Fﬁée?%é e %?‘i”ﬁum and
pl ati num pal | adium Since the drive A%ectrode 21 guuiﬂ lﬁg rcuate in

section in this enbodinent, a first layer 21-1 is

predet erm ned thickness and a second | ayer 21-2 is thereafter coated only

in the ViBATR| Ig CDAIMEAD T8mter. This coating technique allows the

electrically conducting material of

1. An ink jet recording head comprising:

a vibrating plate made of ceramic;

a pressure producing chamber forming member for forming
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 producing
chamber; and

a piezoelectric vibrating element, one end thereof
contacting the electrode and other end thereof contacting an
electrode on other pole, the ink jet recording head expelling
an ink droplet from a nozzle opening by £flexion of the
piezoelectric vibrating element;

wherein at least the vibrating plate and the pressure
producing chamber forming member are integrally formed 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, a width W2
of the electrode on the one pole is smaller than a width W1l of
the pressure producing chamber, and a width W3 of the
piezoelectric 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.

2. An ink jet recording head according to claim 1, wherein

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

s he Tebisoastiei shest

LT



portion thereof as the apex whi | e pronot ed §h|g dslBeGMRypladediThe mat eri al

of which the electrode is nade, so that the 2 is fused
with the first layer 21-1 to be integrated th an arcuate
section, in Figure 14 (c). Afd%®r the p e drive el ectrode

21 has been half-solidified on the vibrating plate 3, the whol e body is
baked at a tenperature suitable for baking the electrically

width W1 of the pressure producing chamber, W2/W1l, is set to a

value between 0.8 and 0.9.

3. An ink jet recording head according to claim 1, wherein
the electrode on the one pole is a drive electrode and the

electrode on the other pole is a common electrode.

4. An ink jet recording head according to claim 1, wherein
a peripheral edge of the piezoelectric vibrating element is
formed as an overhang with respect to the electrode on tﬁe one
pole and is substantially fixed to the vibrating plate through

the electrode on the one pole.

5. An ink jet recording head according to claim 1, wherein
an electrically insulating layer is formed between the

electrodes on the one pole.

6. An ink jet recording head comprising:

a vibrating plate made of ceramic; a pressure producing
chamber forming member, made of ceramic, for forming a
plurality of pressure producing chambers in rows; a n
electrode en one pole formed oﬁ a surface of the vibrating
plate so as to correspond to the pressure producing chamber;

a piezoelectric vibrating element, one end thereof
contacting the electrode and other end thereof contacting an

electrode on other pole, the ink jet recording head expelling
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conducting material, in Figure 14(d). Then, the_piezoelectric
vibrating element 23 is forned on the surface of the drive electrode 21 by
coating or printing a green sheet consisti t Hasfieen BeplecadTi ¢ material so
that the width of the piezoel ectric vibrati H Ll i s larger than the
width of the drive electrode 21 formed on the vibrating

plate 3 and snaller than the wdth of the pressure produci ng chanber 5, in
Figure 14(e). The piezoelectric material consists essentially of |ead

zircopat e Jy t aRRt qrbgads MBGRGR| WM ALREEE o &Rhd Bl Flexion of the

piezoelectric vibrating element; and

a member through which the piezoelectric wvibrating
element is fixed to the vibrating plate, the member shaped in
arcuate in section, a central portion of the member which
confronts the pressure producing chamber of the vibrating plate
being larger in thickness than a peripheral edge of the member,
the member proj ected toward a pressure producing chamber side,

wherein at least the vibrating plate and the pressure
producing chamber forming member are integrally formed by
baking the ceramic, the piezoelectric vibrating element is
déposited 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
respect to both the piezoelectric vibrating element and the

vibrating plate without a piezoelectric property.

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

the member is the electrode on the one pole.

9. An ink jet recording head according to claim 6, wherein
a ratio in thickness of the central portion of the member to

the peripheral edge portion therecf is 1.2 or more.

. W e
R T
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ni obat e,

or

| ead

| ead zi nc-hiobate, |ead nanganese-niobate, |ead antinony-stannate,

his Sheet Has Been 20

t he green sheﬂ",m"m ,i’ ﬁ ezoel ectric material and which has been

10. An ink jet recording head according to claim 6, wherein
a width W2 of the electrode on the ocne pole is smaller than a
width W1 of the pressure producing chamber, and a width W3 of
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.

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

12. An ink jet recording head according to claim 6, wherein
the electrode on the one pole is a drive electrode and the

electrode on the other pole is a common electrode.

13. An ink jet recording head according to claim 6, wherein
the peripheral edge of the piezoelectric vibrating element is
formed to an overhang with respect to the electrode on the one
pole and is substantially fixed to the vibrating plate through

the electrode on the one pole.

14. An ink jet recording head according to claim 6, wherein
an electrically insulating 1layer is formed between the

electrodes on the one pole.
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T i hs (A0S nf-"t#ﬂ'“ sheel

R '



formed so as to be slightly projected fromthe drive el ect+ede-21,. has_been
hal f-solidified in this way, the whole body is baked 3, tenperature
sui tabl e for baking the pi ezoel ectric material, in Fi glfr = Been ReplacedT
In this baking process the central portion of the vibratif I es

toward the pressure producing chanm®& 5 due to the rate n of
t he piezoelectric vibrating el emrent 23 at the tinme of baking being I'arger
than that of the drive electrode 21 and due to contraction on the outer

side of Hﬂﬁ piez%g@%%ﬂé& gfbﬁghh@gcﬁhgqﬁaté§3fﬁﬂr§b{a5g85rding head
comprising the steps of:
forming a vibrating plate, a pressure producing chamber
forming meﬁber, and a pressure producing chamber forming cover
member of green sheets, respectively, the pressure producing
chamber forming member having windows formed at regions
designed to serve as pressure producing chambers by punching,
each green sheet being a ceramic material including alumina or
Zirconia; |
. baking the vibrating plate, the pressure producing
chamber forming member, and the pressure producing chamber
forming cover member integrally by applying pressure thereto
with the vibrating plate, the pressure producing chamber
forming member, and the pressure producing chamber forming
cover member being half-solidified;
forming a pattern of an electrode on one pole of an
electrically conducting material at a region corresponding to
a pressure producing chamber of the vibrating plate so that a
ratio of a width W2 of the electrode on the one pole to a width
W1l of the pressure producing chamber, W2/Wl, is set to a value
between 0.8 and 0.9;
baking the thus resulted whole at a temperature
suitable fo? baking the electrically conducting material when
the pattern of the electrode on the one pole of the vibrating
plate has been half-solidified; and
forming a layer of a piezoelectric material so as to be

wider than the width W2 of the electrode on the one pole and
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than contraction on the drive el ectrode 21 side of the piezoelectric

vibrating el enent 23. However, since theSbeﬂWbaBe eMmmdbf the driv

el ectrode 21 which has been forned thick fills the space
formed by the flexion, the surface o§7the e 21 can be nmde
hori zont al . Vhen the el ectrode | ayer orne by coating, the

t hi ckness of the |ayer usually I ncl udes about 20@6of I nconsi st ency.

Therefore, it is preferable to nmake the central _
narrower than the width W1 of the pressure producing chamber,

and baking the layer.

1le6. 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 consisting of aluminum
oxide, zirconium oxide, magnesium oxide, aluminum nitride, and
silicon nitride, and the piezoelectric material consists
essentially of lead zirconate titanate, leadlnagnesium—niébate,
lead nickel-niobate, lead manganese-niobate, lead antimony-
stannate, and lead titanate, and the electrically conducting
maferial consists essentially of one kind or more of "alloy
selected from the group consisting of platinum, palladium,

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

17. A method of manufacturing an ink jet recording head
comprising the steps of:

forming a vibrating plate, a pressure producing chamber
forming member, and a pressure producing chamber forming cover
member of green sheets,.respectively, the pressure producing
chamber forming member having windows formed at regions
designed to serve as pressure producing chambers by punching,
each green sheet being a ceramic material including alumina or
zixrconia;

baking the vibrating plate, the pressure producing
chamber forming member, and the pressure producing chamber

forming cover member integrally by applying pressure thereto

This is the replacement sheet
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portion 1.2 or nDre tlnes thlcker than the peripheral portion, taking the
sﬂetyfador ﬁ

‘Eqdffn This technique is quite hel pful in
i mproving yield, he piezoel ectric vibrating el ement baking
this 3gay, the common el ectrode 80 is forned

process has bee
by depositing an electrlcally conducti ng material, e.g., copper or
ni ckel, using a mask having a wi ndow covering the surfaces of all the
pi ezoel ectric vibrating el enents 23, as shown in Figure 7. | f
necessar with t the elébratiagl yplatss atthey pagesudéd iprodecing faHdmbieagi ons
of the wvibrating plate 3 where no piezoelectric vibrating elenent 23 is
formed sdarming heehbgey and the pressure producing chamber forming
cover member being half-solidified;
forming a pattern of an electrode on one pole of an
electrically conducting material at a region corresponding to
a pressure producing chamber of the vibrating plate so that a
ratio of a width W2 of the electrode on the one pole to a width
Wl of the pressure producing chamber, W2/Wl, 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
producing chamber side thereof being projected;
baking the thus resulted whole at a temperature
suitable for baking the electrically conducting material when
the pattern of the electrode on the one pole of the vibrating
plate has been half-solidified; and
forming a layer of a piezoelectric material so as to be
wider than the width W2 of the electrode on the one pole and

narrower than the width W1l of the pressure producing chamber,

and baking the layer.

18. A method of manufacturing an ink jet 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

thereof becomes projected.

19. A method of manufacturing an ink jet recording head

comprising the steps of:

T |
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81 becones as h| a t he piezoelectric vibrating elenent 23 as shown in
Fi gur @s Be n el ectrode 80 is deposited thereon, so that not
only g osstal k due to signal |eakage can be prevented by
securi ul ati on betwee §he adj acent drive el ectrodes 21, but
al so breakage of the common el ectrode 80 at the ends of the plezoelectrlc

vi brating el enent 23 can be prevented by naking the step between the
pi ezoel ectric vibrating el enent 23 and the vibrating plate 3 snall

forming a vibrating plate, a pressure producing chamber

forming member, and a pressure producing chamber forming cover
member of green sheets, respectively, the pressure producing
chamber férming member having windows formed at regions
designed to serve as pressure producing chambers by punching,
each green sheet being a ceramic material including alumina or
zirconia;

baking the vibrating 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 pressuré producing chamber
forming wember, and the pressure producing chamber forming
cover member being half-solidified;

forming a third layer of a material having an adhesive
force with respect to the vibrating plate and an electrode on
one pole at a regiop corresponding to the pressure producing
chamber of the vibrating plate so that a central portion
thereof becomes arcuate in section with a pressure producing
chamber side thereof being projected;

forming a pattern of the electrode on the one pole of
an electrically conducting material on a surface of the third
layer so ﬁhat a ratio of a width W2 of the electrode on the one
pole to a width W1 of the pressure producing chamber, W2/W1, is
set to a value between 0.8 and 0.9;

baking the thus resulted whole at a temperature

suitable for baking the electrically conducting material when

IEER YRR DR This is the replacement shaet
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21 Figure 16 shows another enbodi nent. An el ectrode 24 formed so as

to confront the pressure producing chamber 5 is sinil &sShe Beeo Raplecdd!T
section at a region confronting the pressure producing he
ot her hand, a region 24a that exteads uniformy at such S to

ensure electric conduction is fornmed at other

the pattern of the electrode on the one pole of the vibrating
plate has been half-solidified; and

forming a layer of a piezoelectric material so as to be
wider than the width W2 of the electrode on the one pole and
narrower than the width W1 of the pressure producing chamber,

and baking the layer.

20. A method of manufacturing an ink jet recording head
éccording to claim.l7, wherein the ceramic is one kind or more
of compound selected from the group consisting of aluminum
oxide, zirconium oxide, magnesium oxide, aluminum nitride, and
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 selécted from the group consisting of platinum,
palladium, silver-palladium, silver-platinum, and platinum-

palladium.

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 aluﬁinum
oxide, zirconium oxide, magnesium oxide, aluminum nitride, and
silicon nitride; the piezoelectric material consists
‘ esgentially of lead zirconate titanate, lead magnesium-niobate,

lead nickel-niobate, lead manganese-niobate, lead antimony-
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regions. This region 24a is connected to an el ectrode 24' fornmed on an

adj acent pressure - produci ng chanber 5. That is, the el ectrodes that serve
to select the piezoelectric vibrating elenments 23 for driving in the
above- nenti oned enbodi nents are use s the common el ectrodes, and drive
el ectrodes 83, 83" that are electrically independent of the piezoelectric
vibrating elements 23, 23' are formed on the surfaces of the respective

pi ezoel ectric vibrating el enents 23, 23'.

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.
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While the surface of the drive electrode is made flat by filling the recess
formed by the flexion of the vibrating plate 3 with the electrically
conducting material, a simlar effect.can be obtained by using other

mat eri al s. Figure 17 shows st)'l | anot her enbodi ment of the
invention. Athird layer 30 is forned and a drive electrode 31 is forned

thereon. The third | ayer 3(}&@ J‘ﬁdﬁﬁoﬁ)ﬂ(@ o which is other than the

pi ezoel ectric material and i ch "has ong adhesion wth respect to both

the vibrating plate 3 gaghsfeos! Rainbpmerudbeet himdshmger 30 is formed

ABSTRACT QOF THE DISCLOSURE

An §nk jet recording head including: a vibrating plate
made of cerémic; a pressure producing chamber forming member,
made of ceramic, for forming a plurality of pressure producing
chambers in rows; and drive electrodes formed on a surface of
the vibrating plate so as to confront the pressure producing
chambers. A width of the drive electrode is smaller than a
width of the pressure producing chamber. A width of a
piezoelectric vibrating element is larger than the width W2 of
the drive electrode and smaller than the ﬁidth of the pressure
producing chamber, sgo that the operation region of the
piezoelectric vibrating element is regulated by the width of
the drive electrode and the peripheral portions of the
piezoelectric vibrating element are bonded to the peripheral

portions of the drive electrode reliably.

FIG 6A - 6F
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So as to be arcuate in section so that the central portion of the vibrating
plate 3 confronting the pressure producing chanbers is thick with a
smoothly thinning slope toward the peripheral porti erShedttasdBeety BeplacedT

el ectrode 31 corrects the flexion of the vibrating pl i larly
has a narrower width than the pressure producing cha rm
ctric vibrating

t hi ckness. Also in this enbodi'nent, the piezoe
elenent 32 is formed so as to be substantially horizontal at a |evel higher
than the vibrating plate 3. Theref OF/G 7

> 50

>0

J
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- generation of crosstalk and reduction in ink expelling efficiency can be
prevent ed. Figures 18(a) to (h) show a nethod of manufacturing the
above-nentioned recordi ng head, the nmethod being an enbodi ment of the

i nvention. Pressure is applied to the vibrating plate 3, the pressure
produci ng chanber form ng nmenber 4, and the pressure produci ng chanber
formng cover nenber 6, which are il the form of green
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22 sheets, and integrally baked at tenperatures ranging from800 to
1500[err]C, in Figure 18 (a) and (b). The pressure produci ng chanber

form ng nenber 4 has portions designed to serve as the pressure producing
chanbers 5 forned by punching. Each green sheet is a ceram c such as

al um na or zirconia. The third layer 30 that is thicker at the
central portion than the peripheral portion

FIG. 4
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Is formed at a region corresponding to the pressure produci ng chanber 5 by
printing, in Figure 18(c) and baked, in Figure 18(d).--The.third |ayer 30
is made of a material which is other than the plezoelectrlc material and

whi ch has adhesion with respect to both the vi bratf mﬂnmwmeT
el ectrode 31, e.g., ceramc or netal In the t S
simlarly preferable to formthe ceﬁ%ral portion 1.2 t han
t he peripheral portions, taking errors in the manufacturing process into

FIG. 6.a FIG. 6b
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account . Then, the material of which the electrode 31 is made is
deposited on the surface of the third layer 30 so as to confront the
pressure produci ng chanber 5 by printing, in Figure ™I4(e);, and baked, in

Figure 18(f). As the final process, the piez@glspebiHs gég}ph@é,g&m

element 32 is simlarly forned by rinting, in Figure ked, in
Fi gure 18(h). According to this enmbodi ment, freH " m’ ni ng the
material used to

FIG. 7
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conpensate for the deformation of the vibrating plate 3 is increased,
thereby allowing the vibrating characteristic of the vibrating plate 3 to
be adjusted to a value optimal for ink expelling.
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"23 CLAI MS: 1. An ink jet

recordi ng head conpri si ng: a plurality of chambers for retaining
i nk, each chanber having a length and w dth; a vibrating plate
di sposed on a surface of the chanbers; a plurality of electrodes

di sposed on the vibrating plate, eac? electrode correspondlng to a
respective chanber;
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a plurality of piezoelectric elenents disposed on the el ectrodes, each
pi ezoel ectric elenent corresponding to a respectivVeé electrode and chanber

a comon el ectrode di sposed on the plurality ofh,@ﬁég%sqggeﬁm ,g L&yent s and
provi ding an el ectric connection with each elect my‘ of the

| engt h of each chanber such that apglying a dri s the common
el ectrode and a selected electrode Yeads to fle pective

pi ezoel ectric el ement which applies pressure to the respectlve chanber for
expelling a drop of ink therefrom

FIG. 12
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wherein at |least the vibrating plate and chanhers. _are-forned froma ceramc
and ponded toget her by baking, each piezoelectric el ement is

di sposed to cover conpletely the w dt h of thduis BeeeReblecﬂdﬂ'ode
is fornmed as

and a peripheral edge of each piezoelectric VI
an overhang with respect to the elgftrode and the vi brating

plate via the el ectrode.

FIG. 14 a FIG. 14 b

3 ‘PRESSING

/ﬁ BAKING ) T4k

A\\\\\\\\\ BENN\g

Wonany

ForessinG
FIG. 14 ¢ FIG. T4 d
21-2
3 2151 'LPRINTING 5 21
[ \\n’(’;”\(’7€(—7\ e > fanwmy \\\& AL Ry
. Z 7N -

T aOaa

FIG. T4 e FIG. 14 f

lPRlNTlNG 23

=y

2
52 f
SR
S S NINTNES
.y T T VWL TR T T T e A T T Y - . ““%’({W{l{"““‘
L—T l ﬂ BAKING ? 4
— 6
NN ?\ \\\\\\
{
5

This is the replacement sheet

<y oy g
Date: S




2. An ink jet recording head as clainmed in claim]l,
electrode is smaller than a width WL of the respective chanbef

of each

.ln which a width W

and ‘a wdth WB of the respective piezoel ectric vibrbisSheteabeRBiHR iir r ger

than the width W2 of the electrode and smaller than t
chanber.
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.24 3. An ink jet recording head according to ctai-m-t-of--2,-wherei.n a
ratio.of the width W2 of the electrode to the w d%l@%et%astahe chanber,

Ve/W, is set to a value between o.‘I E‘:/.and 0. 9. ”m,”’ml”m,’ !iiacedT
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4 An ink jet recording head according to claiml1, -wherein an

- electtically insulatiing layer is forned between the el ectrodes. S. An
ink. jet recording head conpri si ng: a vi bra;, épl ate made of .
ceramc; a pressure producing chanber formng ne ijRepwcamc for
formng a plurality of pressure produm chanbers }i Iectrode
on one pole fornmed on a surface of the brating pl ‘
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*correspo d 'tD’*t he"pressure produm ng chanber; ' rarpi-eze-el-eetric..

- vi bratt ng - ef! engnt; ~one ‘end" thereof contacting the/el ect rode and"‘-ot her end

t hér.eof-"eoht actirAg ect‘rode on other pole, thg ink i et” record’l ng head.?:‘-..
expe(l Lingzan i mke d?‘b'gt ‘erafriom-a nozzl e openi ng by fl exion of: the® : 2.
pi ezoekectri c: vicbtati-ng reellement; and 1 er t hrough Whifehs the
pi ezoel ectrig _{I:._'_"bf ating.ele rating plate,=.the.; -
menber-shaped in arcuare” m%l’ E%IS@FQ%WW of the menber

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 droplets
thereto in accordance with input information. More particularly, the invention is
directed t a structure having electrodes and piezoelectric vibrating elements formed on 2
surface of a vibrating plate as well as to a method of manufacturing such structure. The
vibrating plate constitutes part of pressure producing chambers. The electrodes and the
piezoelectric vibrating elements are formed integrally with the pressure producing
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 2 small pressure producing
 chamber and increasing the pressure of ink within the pressure producing chamber by
** displacement of a vibrating plate, precision working and fabricating techniques are
required in the manufacture thereof, which elevatas the cost.

To overcome this problem, a structure shown in Figure 19 has been proposed

' antaching importance to the fact that the piezoelectric vibrating element, the vibrating
plate constituting the pressure producing chamber, and the pressure producing chamber
forming member can be made of ceramic. That is, a vibrating plate 90.formed by
rolling a green shest, which is a ceramic material, to 2 predetermined thickness and a
pressure producing chamber forming member 94 having a pressure producing chamber
91 formed in advance by punching or machining with a laser beam a green sheet, which
is also a ceramic material, are pressed and baked. Then, an electrode 93 is formedon™
the vibrating plate 90 and a piezoelectric vibrating eiement 92 is formed on the electrode

93 by baking. This is the replacement sheet
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whi ch confronts the pressure produci ng chanber of the vibrating plate being
| arger in thickness than a peripheral edge of the nenber, the nenber
projected toward a pressure produci ng chanber side, wherei n at

| east the vibrating plate and the pressure produci ng chanber form ng

menber are integrally fornmed by bakigg the ceramic, the piezoelectric
vibrating elenment is deposited by baking on the surface of the el ectrode
on the one pole forned on the surface of the vibrating plate.

Such an integrally baked ink jet recording head has the advantage of simple
fabrication that involves only the steps of coating and baking a paste-like piezoelectric
element by means of a printin_g technique. 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.

However, the piezoelectric vibrating element, being such a small piece, is hard to
uniformly coat to the corresponding drive electrode. Particularly, inconsistency in the
bond of each piezoelectric vibrating element 92 with a peripheral edge 95 of the
electrode 93 leads to inconsistency in the effective operation region between the
piezoelectric vibrating elements, which in turn causes inconsistency in the ink expelling

characteristic 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 made of ceramic, and depositing the piezoelectric vibrating
element 52 on the surface of the electrode 93 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 a central portion of the pressure producing chamber 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 a result, such a permanent deformation
that a part 92a (the cross-hatched region in Figure 20) of the lower region of the
piezoelectric vibrating element 92 projects toward the pressure producing chamber 91

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 A1, Al are generated as far as to the part 92a
This is the raplacemernt sheet
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3
of the lower region, thereby drawing in the horizontal directions the vibrating plate 90

that has already been flexed. As a result, a part of the contracting force draws walls
94a, 94b of the pressure producing chamber forming member 94 in directions indicated
by arrows C1, C2 though the vibrating plate 90. Since the walls 94a, 94b of the
pressure producing chamber forming member 94 are shared in common with the adjacent
pressure producing chambers 91, the contraction of a single pressure producing chamber
91 is transmitted to other pressure producing chambers 91, causing crosstalk or
cancelling out 2 force Bl that contributes to the ink expelling operatiop when adjacent
piezoelectric vibrating elements 92, 92 are driven simultaneously, which impairs ink

expelling efficiency.

That is, the displacement of the vibrating plate 90 in the case where a single
piezoelectric element is driven is different from that in the case where a plurality of
adjacent piezoelectric vibrating elements 92 are driven simultaneously, the difference
being approximately twice. This causes differences in the ink droplet expelling speed

and the amount of ink expelled, the differences being approximétely 1.5 times.

A first object of the invention is to provide an ink jet recording head adapted to
be manufactured by baking, the ink jet recording head being capable of providing
consistent ink expelling performance among the nozzle openings by reliably bonding the
piezoelectric vibrating elements to the electrodes formed on the vibrating plate and
thereby making the effective operation regiox_ms of the piezoelectric vibrating elements

uniform.

A second object of the invention is to provide an ink jet recording head adapted
to be manufactured by baking, the ink jet recording head being capable of preventing
crosstalk by controlling generation of divided forces that flex the walls of a pressure
producing chamber and improving ink expelling efficiency independent of the

deformation of the vibrating plate at the time of baking. This is the replacement sheet
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25 6. An ink jet recording head according to claimb5, wherein the nenber
Is made of a material having an adhesive force with respect to both the

pi ezoel ectric vibrating elenent and the vibrating plate without a

pi ezoel ectric property. 7. An ink jet recording head according to
claim5, wherein the nenber is the (il ectrode on the one pole.

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

In a first aspect, this invention provides an ink jet recording head comprising:

a plurality of chambers for retaining ink, each chamber having a length and
width;

a vibrating plate disposed on a surface of the chambers;

a plurality of electrodes disposed on the vibrating plate, each electrode
corresponding to a respective chamber; ‘

a plurality of piezoelectric elements disposed on the electrodes, each piezoelectric
element corresponding to a respective electrode and chamber

a common electrode disposed on the plurality of piezoelectric elements and
providing an electric connection with each electrode at one end of the length of each
chamber such that applying a drive Signal across the common electrode and a selected
electrode leads to flexing of the respective piezoelectric element which applies pressure
to the respective chamber for expelling a drop of ink therefrom;

wherein at least the vibrating plate and chambers are formed from a ceramic and
bonded together by baking,

' each piezoelectric element is disposed to cover completely the width of the

respective electrode,

and a peripheral edge of each piezoelectric vibrating element is formed as an
overhang with respect to the electrode and is attached fixed to the vibrating plate via the
electrode.

Since the width W3 of the piezoelectric vibrating element formed on the vibrating
plate is larger than the width of the electrode, the piezoelectric vibrating element can be
bonded to the peripheral edges of the electrode reliably. Further, since the width-W3 is

This is the replacemert sheet
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8. An ink jet recording head according to claim5, wherein a ratio in

t hi ckness of the central portion of the nenber to the peripheral edge
portion thereof is 1.2 or nore. 9. An ink jet recording head according
to claim5, wherein a wwdth W2 of the electrode on the one pole is smaller
than a wdth WL of the pressure producing chanber, and a width WB of the
pi ezoel ectric vibrating element is larger than the width W2 of the

el ectrode the one pole and is smaller than the width WL of the pressure

pr oduci ng

smaller than i
| the width W1 of the pressure producing chamber, the Piezoelectric vibrating
clement is free from interference from the non contracting regions

Fi . .
1gure 1 is an exploded Perspective view showing an ink jet recording head
which is an embodiment of the invention; |

Fi . . . .
| 1gure 2 is a perspective view outlining the ink jet recording head of the
invention;
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chanber . 10. An ink jet recording head according to claimb5, wherein a
ratio of the width W2 of the el ectrode on the one pole to the wdth WL of
t he pressure produci ng chanbers, W/W, is set to a value between 0.8 and
0. 9. 11. An ink jet recording head according to claim5, wherein the

el ectrode on the one pole is a drive electrode and the el ectrode on the
other pole is a common el ectrode. 6

Figure 3 is an enlarged sectional view showing the shape of the upper surface of a
pressure producing chamber and the longitudinal section thereof in the ink jet recording
head;

Figure 4 is a partially sectional perspective view showing the structure of the
pressure producing chamber;

Figure 5 is a diagram showing the structure having a drive electrode and a
piezoelectric vibrating element, which is the feature of the invention, in section taken
along a line L-L of Figure 4;

Figures 6(a) to (f) are diagrams showing a method of manufacturing a pressure
producing unit used in the ink jet recording head of the invention;

Figure 7 is a perspective view showing the structure of the surface of the
vibrating plate;

Figures 8 to 11 are sectional views respectively showing other embodiments of
the pressure producing units used in the ink jei 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 invention;

Figure 13 is a diagram showing forces generated at the time the piezoelectric
vibrating element contracts in the pressure producing unit show in Figure 12;

Figures 14(2) to (f) are diagrams showing a method of manufacturing the pressure
producing unit shown in Figure 12;

Figures 15 to 17 are sectional views respectively showing other embodiments of
the pressure producing units used in the ink jet fecording head of the invention;

Figures 18(a) to (h) are diagrams showing a method of manufacturing the
pressure producing unit shown in Figure 17; and

Figures 19 and 20 are sectional views respectively showing relationships between
the drive electrode and the piezoelectric vibrating element in a conventional pressure
producing unit in which the drive electrode and the piezoelectric vibrating element are

manufactured integrally by baking. This is the replacement sheet
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12. An ink jet recording head according to claimb5, wherein the peripheral
edge of the piezoelectric vibrating elenent is fornmed to an overhang with
respect to the electrode on the one pole and is substantially fixed to the
vibrating plate through the electrode on the one pole.

7
I RIPTION OF THE PR R MBODIMENT.

The invention will 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 structure of the invention is applied. In Figure 1
reference numeral 3 denotes a vibrating plate made of a material, at least the surface of
which is electrically insulating, more preferably, of ceramic. On the surface of the
vibrating plate 3 are drive electrodes 20, which will be described later. The drive
electrodes are arranged so as to correspond to a plurality of rows of pressure producing
chambers 5, 5, 5, .. .. (two (2) rows in this embodiment). Reference numeral 1 denotes
a piezoelectric vibrating element that is made of ceramic and has a piezoelectric
property. The piezoelectric vibrating elements 1 flex tdward the vibrating plate 3
through the drive electrodes 20, 20, 20-.. .. so that the back surfaces thereof come in
contact with the drive electrodes 20, 20, 20 .. ...

Reference numeral 4 denotes a pressure producing chamber forming member,
which is made of a plate that is so thick as to form the pressure producing chambers 5,
5,5 .. .., more preferably, of a ceramic plate, by boring through holes therein.
Reference numeral 6 denotes a pressure producing chamber forming cover member,
which serves to seal the other surface of the pressure producing chambers 5 of the
pressure producing chamber forming member 4. At positions corresponding to the
vicinity of both ends of the pressure producing chambers 5 are introducing holes 6a, 6a,
6a .. .. and introducing holes 6b, 6b, b .. ... The introducing holes 6a, 6a, 6a .. ..
communicate with a common ink chamber 12a, which will be described later, and the
introducing holes 6b, 6b, 6b .. .. communicate with nozzle openings 13a, 13a, 13a .. ...

The vibrating plate 3 having both the piezoelectric vibrating elements ! and the
drive electrodes 20, the pressure producing chamber forming member 4, and the pressure
producing chamber forming cover member 6 are collected into a small group having two

This is the replacemer sheet
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26 13. An ink jet recording head according to claim5, wherein an
electrically insulating layer is forned between the el ectrodes on the one
pol e. 14. A nmet hod of manufacturing an ink jet recording head
conprising the steps of:

8

(2) rows of nozzle openings, all these members being preferably made of ceramic, and
integrated by baking into a pressure producing unit SO.

Reference numeral 11 denotes an ink supply section forming member. The ink
supply section forming member 11 incudes: an ink introducing inlet 14 that supplies ink
into the ink chamber 12a that is shared in common while connected to a flow path from a
not shown ink tank; introducing through holes 11a that connect the pressure producing
chambers 5 to the common ink chamber 12a; and introducing through holes 11b that
connect the pressure producing chambers 5 to the nozzle openings 13a.

Reference numeral 12 denotes a reservoir forming member that forms the
common ink chamber 12a. In this embodiment the common ink chamber 12a is formed
by a through hole that is substantially V-shaped, and is connected to the respective
pressure producing chambers 5 through the introducing through holes 6a of the above-
mentioned pressure producing chamber forming cover member 6 and the introducing
through holes 11a of the ink supply section forming member 11. Introducing through
holes 12b that connect the pressure producing chambers 5 to the nozzle openings 13a are
formed at a central portion of the reservoir forming member 12.

Reference numeral 13 denotes a nozzle forming member. The nozzle forming
memb;r 13 is connected to the pressure producing chambers 5 through the introducing
through holes 6b, 11b, 12b, and also performs the function of sealing the other side of
the common ink chamber 12 of the reservoir forming member 12.

The ink supply section forming member 11 and the nozzle forming member 13
are formed by press working or etching a rustproof steel sheet. These members may be
made of at least one material selected from the group consisting of other metals,
ceramics, glass, silicon, and plastics. The method of working the respective members
includes: press working, etching, electroforming, and laser beam machining. Atany
rate, a material having a relatively high Young's modulus is selected for the ink supply
section forming member 11 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, ceramics, glass, and silicon, but also a plastic - or film-like
This & the raplacemen shaet
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‘formng a vibrating plate, a pressure produci ng chanber form ng nenber, and
a pressure producing chanber form ng cover nenber of green sheets,
respectively, the pressure producing chanmber form ng nenber havi ng wi ndows
formed at regions designed to serve as pressure produci ng chanbers by
punchi ng, each green sheet being a ceramc material including alum na or
zirconia; appl yi ng pressureQMtr1the vibrating plate to the
pressure produci ng chanber form ng nenber and the pressure producing

chamber { §f8.0%: 54 ik BaERtve e a[R1jimide, polyamide, polyester, polyethylene,

polypropylene, polyvinyl chloride, and polyvinylidene chloride may be used since not so
high 2 rigidity is required for the reservoir forming member 12. When the plastic - or
film-like adhesive is used, the reservoir forming member 12 is formed by injection
moulding or press working. When the paste-like adhesive is used, the reservoir forming
member 12 is formed by screen printing or transfer printing.

The ink supply section forming member li, the reservoir forming member 12,
and the nozzle forming member 13 are formed into a flow path unit 76 that has the
function of fixing a plurality of pressure producing units 50.

A method of bonding these members into a flow path unit is as follows. If the
reservoir forming member 12 itself has no adhesion, the film-like adhesive or the paste-
like adhesive is used, and the ink supply section forming member 11, the adhesive, the
reservoir forming member 12, the adhesive, and the nozzle forming member 13 are
laminated one upon another in this order using a not shown positioning jig, and
thermocompressed or compressed. On the other hand, if the reservoir 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 compressed.

As a result, a single sheet of flow path unit 70 as shown in Figure 2 has a
plurality of pressure producing units 50, namely, three (3) pressure producing units 50,
50, 50 in this particular embodiment, collectively fixed thereto by the adhesive,
thermodeposition film, or the like to form an ink jet recording head.

The thus formed pressure producing chambers 5 of the ink jet recording head are
substantially rectangular, slender chambers such as shown in Figure 3. The nozzle
opening 13a communicates with one end of each pressure prdducing cﬁ;imber 5, and the
common ink chamber 12a communicates with the other end thereof. As shown in Figure
4, with the piezoelectric vibrating element 1 vibrating by flexion, the vibrating plate 3 is

deformed so that the vibrating plate 3 projects toward the pressure producing chamber 5
This is the replacement sheet
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solidified, so as to integrate the nenbers with each other to forma
processed body; baki ng the processed body; formng a
pattern of an el ectrode on one pole of an electrically conducting naterial
on an upper surface of the vibrating plate at a region corresponding to a

pressure
w dth W2

produci ng

produci ng chanber of the vi gbat ing plate so that a ratio of a

of the electrode on the one"pole to a wdth WL of the pressure
chanmber, W2/WL, is

increases to jet an ink droplet "d” from the nozzle opening [3a and thereby form a dot

on a recording sheet. Upon return of the piezoelectric vibrating element ! to the original

conditions, the ink flows from the common ink chamber 12a via the introducing through

hole 1la. Asa result, a stream of ink in such a longitudinal direction as indicated by the

arrows in Figure 4 is produced within the pressure producing chamber 5.

Figure 5 shows in section a structure of the thus constructed ink jet recording
head in the vicinity of the pressure producing chamber as viewed in a direction
orthogonal to the stream of ink within the pressure producing chamber 5, or as taken
along a line L-L of Figure 4. In Figure 5 reference numeral 20 denotes the drive
electrode formed on the surface of the vibrating plate 3. The width W2 of the drive
electrode 20 is slightly smaller than the width W1 of the pressure producing chamber 3,
and the drive electrode 20 is formed so as to have a length so that one end thereof
reaches an end portion of the vibrating plate 3 from the vicinity of the nozzle opening
13a of the preséure producing chamber 5, and the other end thereof serves also as the
connecting terminal with an outer electrode. |

Reference numeral 1 denotes the piezoelectric vibrating element, whose width
W3 is larger than the width W2 of the drive electrode 20 and smaller than the width W1
of the pressure producing chamber 5. Having such a length that the front end thereof on
the nozzle opening side covers the drive electrode 20 and the rear end thereof reaches the
vicinity of the rear end of the pressure producing chamber 5, the piezoelectric vibrating
element 1 is also formed so as to cover completely the region of the drive electrode 20
confronting the pressure producing chamber 5.

By forming the piezoelectric vibrating element 1 so as to cover the region of the
drive electrode 20 confronting the pressure proddcing chamber 5, the region of the drive

electrode 20 confronting the pressure producing chamber § can be covered completely by

" the piezoelectric vibrating element 1 even if the piezoelectric vibrating element 1 is

subjected to slight displacement or sized inconsistently when formed. This prevents

short circuit with a2 common electrode 80 (Figure 7) on the other pole which is formed
This is the raplacement sheet
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set to a value between 0.8 and 0.9; when the pattern of the™

el ectrode on the one pole of the vibrating plate has been half-solidified,
baking the thus resulted whole at a tenperature suitable for baking the

el ectrically conducting material; and formng a | ayer of a

pi ezo-electric material of width WB @n an upper surface of the el ectrode

so as to be W gethelcAsywhére thé plebodlengé viviaidl dememdeisdformebypbeataglor and
narrower than the width WL of the pressure produci ng chanber, and baki ng
t he whol ebonding the green sheet, which is a piezoelectric material, to the drive electrode 20 and
baking the green sheet together with the vibrating plate 3 and the drive electrode 20, the
piezoelectric vibrating element 1 covers the drive electrode 20 completely and has the
peripheral edge portion 1b bonded to the drive electrode 20 reliably against contraction
of the piezoelectric vibrating element 1 and flexion of the vibrating plate 3 during the
baking process. Therefore, not only displacement by flexion of the piezoelectric
vibrating element i can be transmitted to the vibrating plate 3 reliably, but also fatal
damage such as partial flaking or the like can be prevented owing to the reliable bondage
between the piezoelectric vibrating element 1 and the vibrating plate 3.

The area of the drive electrode 20 itself is used as the effective operation region
of the piezoelectric vibrating 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 element 1 that has an optimal effective operation region with
respect to the pressure producing chamber 5 can be formed wittf ease by adjusting the
size of the drive electrode 20 that is thin and can be formed highly accurately with ease.
Such adjustment is easier to make than the adjustment of the size of the piezoelectric
vibrating element 1 that is comparatively thick.

In addition, to improve displacement efficiency of the vibrating plate 3, i.e., the
ratio of the applied electric energy to the ink removing volume, it is ideal to adjust the
ratio of the width W1 of the pressure producing chamber 5 to the width W2 of the drive
electrode 20, W2/W1, to0 0.9. prever, such ratio may be set to a value between 0.8
and 0.9 considering errors and variations in the manufacturing process. '

Specifically, a drive electrode 20, whose width W2 is 340 pum and whose
thickness is 5 um that is a thickness to allow electric conduction to be ensured with
respect to a pressure producing chamber having a width W1 of 420 um, is formed, and
then a piezoelectric vibrating element 1, whose width W3 is 380 um and whose thickness

is 30 um, is formed on the surface of the drive electrode 20.
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A method of manufacturing the thus constructed ink jet recording head will be
described next.

Figures 6(a) to (f) are diagrams showing a method of manufacturing the above-
mentioned pressure producing unit 50, the method being an embodiment of the
invention. The vibrating plate 3, the pressure producing chamber fomﬁng member 4,
and the pressure producing chamber forming cover member 6 are formed of green
sheets, each green sheet being a ceramic material, i.e., a clay-like sheet, and the pressure
producing chamber forming member 4 having windows formed at regions designed to
serve as the pressure producing 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, 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, zirconium oxide, magnesium oxide, aluminum nitride, and silicon
nitride.

When the vibrating plate 3, the pressure producing chamber forming member 4,
and the pressure producing chamber forming cover member 6 have been integrated, a
pattern of the drive electrode 20 having an optimal width with respect to the
corresponding pressure producing chamber 5 is formed by coating or printing an
electrically conducting material to a region corresponding to the pressure producing
chamber 5 of the vibrating plate 3 so that the ratio of the width W2 of the drive electrode
20 to the width W1 of the pressure producing chamber 5, W2/W1, is set to a value
between 0.8 and 0.9, in Figure 6(c). The electrically conducting material consists
essentially of one kind or more of alloy selected from the group consisting of platinum,
palladium, silver-palladium, silver-platinum, and platinum-palladium.

After 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
conducting material, in Figure 6(d). This is the replacement sheet
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"15. A nmet hod of manufacturing an ink jet recording head according to
claim 14, wherein the ceramic material is one kind or nore of conpound
selected fromthe group consisting of alum nium oxide, zirconium oxide,
magnesi um oxi de, alumniumnitride, and silicon nitride, and the
pi ezoelectric material consists esseniially of lead zirconate titanate,
| ead magnesi um ni obate, | ead ni ckel -niobate, | ead manganese-ni obate, | ead
ant i nony- st anThes, thepiezbelectrit ivibrauneeleared: t heforined onithesurface of thecdriveg
mat eri al consi sts
electrode 20 by coating or printing a green sheet consisting of a piezoelectric material so
that the width W3 of the piezoelectric vibrating element 1 is larger than the width W2 of
the drive electrode 20 formed on the surface of the vibrating plate 3 and smaller than the
width W1 of the pressure producing chamber 5, in Figure 6(e). The piezoelectric
material consists essentially of lead zirconate titanate, lead magnesium-niobate, lead
nickel-niobate, lead zinc-niobate, lead manganese-nicbate, lead antimony-stannate, or
lead titanate.

When the green sheet, which is a piezoelectric material and which has been
formed so as to slightly overhang the drive electrode 20, has been half-solidified in this
way, the whole body is baked at a temperé.ture suitable for baking the piezoelectric
material, Figure 6(f). In this baking process the central portion la of the piezoelectric
vibrating element 1 may, in some cases, flex so as to project toward the pressure

‘producing chamber 5 as shown in Figure § due to the rate of contraction of the
piezoelectric vibrating element | at the time of baking being iarger than that of the drive
electrode 20 and due to contraction of the portions of the piezoelectric vibrating element
1 overhanging the drive electrode 20 being larger than contraction of the piezoelectric
vibrating element 1 on the drive electrode 20.

However, this type of piezoelectric vibrating element I is advantageous in
preventing itself from being partially flaked and completely flaked from the drive
electrode 20 since the piezoelectric 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 completed in this way, the piezoelectric
vibrating elements 1, 1, 1 and the common electrode 80 arranged over the piezoelectric
vibrating elements are deposited over an entire region confronting the pressure producing
chambers 5 by forming an electrically conducting film by means of 2 film forming

method such as selective vapor deposition or sputtering while using an electrically

conducting material, eg., nickel or copper, with a mask as shown in Figure 7. The
This is the replacement sheet
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" essentially of one kind or nore of alloy selected fromthe group consisting
of platinum palladium silver-palladium silver-platinum and

pl ati num pal | adi um 16. A nmet hod of manufacturing an ink jet recording
head conprising the steps of: 4form' ng a vibrating plate, a pressure
produci ng chanber form ng nenber, an& a pressure producing chanber form ng

cover nmenber of green sheets, respectively, the pressure producing chanber
f or mi ng evehen eleatvadeBlisredonetddoorandexatmalatgvima by a cable 85 together with the :

drive electrodes 20, 20, 20 .. .. through a lead electrode 82.

As a result, an ink droplet can be expelled from the nozzle opening 13a by
flexing the piezoelectric vibrating element 1 while applying a drive signal across the
common electrade 80 and the drive electrode 20 positioned at the pressure producing
chamber 5 from which the ink droplet is to be expelled.

The peripheral edge portions 1b, lb of the piezoelectric vibrating element 1, i.e.,
the portions averhanging from the peripheral edge portions of the drive electrode 20 are
bonded to the vibrating plate 3 in the above-mentioned embodiment. As shown in
Figure 8 the peripheral edges A, A of the piezoelectric vibrating element 1 are baked so
as to overhang the drive electrode 20 by, eg., preparing a slightly solider green sheet, so
that the effective operation region of the piezoelectric vibrating element 1 can be limited
to the width of the drive electrode 20 itself with the reliable bondage between the
piezoelectric vibrating element 1 and the drive electrode 20 well maintained.

As a result, all the pressure producing chambers 5 can be driven under a
consistent condition, free from inconsistency in the vibrating characteristic caused by
inconsistency in the size of the piezoelectric vibrating element 1, the size thereof tending
to be inconsistent in the widthwise direction.

If necessary, an electrically insulating layer 8, which is thinner than the
piezoelectric vibrating element 1, is formed at a region of the vibrating plate 3 where no
piezoelectric vibrating element | is formed as shown in Figure 9, and the common
electrode 80 is deposited thereon, so that not orily generation of crosstalk due to signal
leakage can be prevented by ensuring electric insulation between the adjacent drive
electrodes 20, but also breakage of the common electrode 80 at the ends of the
piezoelectric vibrating element 1 can be prevented by making the step between
piezoelectric vibrating element 1 and the vibrating plate 3 small.

Figure 10 shows an embodiment in which the insulating material layer § and the
drive electrode 20 are formed on a single sheet so that the insulating material layer 8

surrounds the drive electrode 20 and so that the upper surfaces of both the insulating
This & the replacsment sheel

10 FEB 1998

Dates:



designed to serve as pressure produci ng chanbers by punchi ng, each green
sheet being a ceramc material including alumna or zirconia,;

appl ying pressure with the vibrating plate to the pressure producing
chanber form ng nmenber, and the pressure produci ng chanber form ng cover
menber when half- solidified, so aslgo I ntegrate the nmenbers with each
other to forma processed body baki ng the processed body;

formi ng aneridl dayer @fandnheclited elestroderpoate flush evitf eagh oefeec taccoming/tocizduct i ng

embodiment, electrically caused crosstalk can be prevented by electrically insulating the
drive electrode 20 reliably, and the common electrode 80 can be formed more reliably.

Figure 11 shows still another embodiment of the invention. A slightly thicker
ceramic material, which will become the vibrating plate 3, is prepared. In addition, a
recessed portion 83 having a step 83a for accommodating the drive electrode 20 and the
piezoelectric vibrating element 1 is formed at a central portion of each pressure
producing chamber 5, so that the drive electrode 20 and the piezoelectric vibrating
element 1 that is slightly wider than the drive electrode 20 are accommodated on the
bottom thereof and on the top thereof, respectively, with the surface of the piezoelectric
vibrating element | being as high as other regions of the vibrating plate 3 which have
nothing to do with displacement. According 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
displacement of the pressure producing chamber 5, but also reliability can be improved
by forming the common electrode 80 so as to be stepless.

Figure 12 shows an ink jet recording head, which is still another embodiment of
the invention. This embodiment is designed to overcome the second problem, i.e.
reduction in ink expelling efficiency caused by the deformation of the piezoelectric
vibrating element and the vibrating plate at the time of baking, as well as crosstalk.
Figure 12 shows the embodiment in terms of the structure of a section taken in a
direction orthogonal to the stream of ink within the pressure producing chamber §, i.e.,
along a line L-L of Figure 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 thereof W2
is slightly smaller than the width W1 of the pressure producing chamber 5. The drive
electrode 21 is arcuate in section 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 chamber is projected toward the pressure producing chamber
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mat eri al | on an upper surface of the vibrating plate at a region
corresponding to a pressure produci ng chanber of the vibrating plate so
that a ratio of a width W2 of the electrode on the one pole to a width W
of the pressure produci ng chanber, W/W., is set to a value between 0.8
and 0.9 and so that a central portiqg of the electrode on the one pole is
arcuate in section; when the pattern of the el ectrode on the one pole
of the viShand:thedomiharest tas isnisexntahtvithsopieztieldctit; vibeating ¢lameat 2Bis resul t ed
\AWQ?LI‘Gi glt ;sﬁh;ﬁgpng)aﬁ;?‘gg;gn&?i table for baking the electrically conducting
While the drive electrode 20 in the above-mentioned embodiment has the uniform
thickness of abut § um attaching importance only to the electric property, the drive
electrode 21 according to this embodiment sets the thickness of the central portion
thereof to values ranging from 15 to 30 pm with flexion at the time of baking being
taken in consideration, although the thickness of the peripheral edge portions is set to
about 5 um so that the electric property can be maintained.
Reference numeral 23 denotes the piezoelectric vibrating element. The width W3’
of this piezoelectric vibrating element 23 is larger than the width W2 of the drive
electrode 21 and smaller than the width W1 of the pressure producing chamber 5.
Having such a length that the front end thereof on the nozzle opening side covers the
drive electrode 21 and the rear end thereof reaches the vicinity of the rear end of the
pressure producing chamber 5, the piezoelectric vibrating element 23 is formed so as to
cover completely the region of the drive electrode 21 correspoqding to the pressure
producing chamber 5. The peripheral edge portions 23a, 23a of the piezoelectric
vibrating element 23 are formed so as to overhang the drive electrode 21 in a manner
similar to those in the above-mentioned embodiment.
According to this embodiment, the sectional structure of the drive electrode 21 is
selected so as to fill 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 element 23 and the drive electrode 21 at the time of baking.
Therefore, the upper surface of the drive electrode 21 is kept substantially horizontal
after the baking, thereby making the piezoelectric vibrating element 23 formed on the
drive electrode 21 flat also. _
As a resuit, when the piezoelectric vibrating element 23 is contracted by applying
a drive signal th;reto, horizontally drawing forces A2, A2 are generated on the surface
higher than the vibrating plate 3 as shown in Figure 13. Although such forces are

transformed into a force B2 that flexes the vibrating plate 3 toward the pressure
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producing chamber 5, these forces do not draw walls 4a, 4b that define the pressure
producing chamber 5 toward the pressure producing chamber 5. Consequently, not only
an ink droplet is expelled at a high efficiency, but also generation of crosstalk is
controlled to an extremely small degree.

It goes without saying that, by forming the piezoelectric vibrating element 23 so
as to cover the region of the drive electrode 21 cohfronting the pressure producing
chamber 5, the region of the drive electrode 20 confronting the pressure producing
chamber 5 can be covered completely by the piezoelectric vibrating elgment 23 even if
slight displacement or inconsistency in size are present with the drive electrode 21 and
the piezoelectric vibrating element 23. This prevents shori-circuiting with a common
electrode 80 on the other pole which is formed on the surface of the piezoelectric
vibrating element 23.

In the case where the piezoelectric vibrating element 23 is formed by coating or
bonding a green sheet, which 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 element 23 covers the drive electrode 21 completely and has
peripheral edge portions 23a, 23a bonded to the drive electrode 21 reliably against the
above-mentioned flexion of the vibrating plate 3 caused by the difference in the rate of
contraction between the piezoelectric vibrating element 23 and the drive electrodes 21 at
the time of baking. Therefore, not only displacement by flexion of the piezoelectric
vibrating element 23 can be transmitted to the vibrating plate 3 reliably, but also fatal
damage such as partial flaking or the like can be prevented owing to the reliable bondage
between the piezoelectric vibrating element 23 and the vibrating plate 3.

Specifically, a drive electrode 21, whose width W2 is 340 pm and whose
thickness is 15 pm at the central portion and 5 pm at the peripheral portions with réspect
to a pressure producing chamber having a width W1 of 420 um, is formed, and then a
piezoelectric vibrating element 23, whose width W3 is 380 um, and whose thickness is

30 um is formed on the surface of the drive electrode 21.
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formng a layer of a piezoelectric material of width WB on an upper surface
of _ the electrode so as to be wider than the width W2 of the el ectrode on
the one pole and narrower than the width WL of the pressure producing
chanber, and baki ng the whole body. 17. A nethod of manufacturing an
ink jet recording head according to,gl aim 16, wherein the electrode on the
one pole is forned a plurality of t} S so that the central portion

t her eof becorkhe thuscennsugted inkjet reaording head and an ink jet recording head in

which the drive electrodes are uniformly 5 um thick were compared. The amount of
displacement of the piezoelectric vibrating element toward the pressure producing
chamber is 0.2 pm in the former, whereas such amount is 0.1 pum in the latter.
Therefore, an improvement that doubles the conventional amount of displacement was
verified. The crosstalk of the former is 10% or less, whereas that of the latter from 30
to 60%. Therefore, a reduction of 1/3 or less in crosstalk was achieved.

In a manner similar to the above-mentioned embodiment, to improve
displacement efficiency of the vibrating plate 3, i.e., the ratio of the applied electric
energy to the ink removing volume, it is preferable to adjust the ratio of the width W1 of
the pressure producing chamber 5 to the width W2 of the drive electrode 21, W2/W1,
which is ideally set 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 to a value 1.2 or more times the thickness thereof at the
peripheral portions. It has been verified that such setting contril?utes to preventing the
reduction in yield due to errors and the like in the manufacturing process with certainty.

A method of manufacturing the thus constructed ink 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 chamber forming cover member 6 are formed of green sheets,
each green sheet being a ceramic material, i.e., a clay-like sheet and the pressure
producing chamber forming member 4 having windows formed at regions designed to
serve as the pressure producing 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 processed body is baked at temperatures
ranging from 800 to 1500°C, Figure 14(b). The ceramic material generally consists
essentially of one kind or more of compound selected from the group consisting of
aluminum oxide, zirconium oxide, .magnesium oxide, aluminum nitride, and silicon

nitride. This is the rep-lacemém sheet
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'18. A nethod of manufacturing an ink jet recording head conprising the
steps of: formng a vibrating plate, a pressure produci ng chanber
form ng nenber, and a pressure produci ng chanber form ng cover nenber of
green sheets, respectively, the pressure produci ng chanber form ng nenber
havi ng wi ndows forned at regions designed to serve as pressure producing
chambers by punching, each green shkt being a ceranmic material including
alum na or zirconia;

When the vibrating plate 3, the pressure producing chamber forming member 4,
and the pressure producing chamber forming cover member 6 have been integrated in
this way, a pattern of the drive electrode 21 having an optimal width with respect to the
corresponding pressure producing chamber 5 is formed by coating or printing an
electrically conducting material to a region corresponding to the pressure producing
chamber 5 of the vibrating plate 3 so that the ratio of the width W2 of the drive electrode
21 to the width W1 of the pressure producing cha.mber 5, W2/W1, is set to a value
between 0.8 and 0.9. The electrically conducting material consists essentially of one
kind or more of alloy selected from the group consisting of platinum, palladium, silver-
palladium, silver-platinum, and platinum-pglladium. Since the drive electrode 21 must
be made arcuate in section in this embodiment, a first layer 21-1 is coated to a
predetermined thickness and a second layer 21-2 is thereafter coated only in the vicinity
of the center. This coating technique allows the electrically conducting material of
which the second layer 21-2 is made to smoothly spread with the central portion thereof
as the apex while promoted by the fluidity of the material of which the electrode is
made, so that the second layer 21-2 is fused with the first layer 2-1-1 to be integrated
therewith to have an arcuate section, in Figure ‘14 (c).

After the pattern of the drive electrode 21 has been half-solidified on the vibrating
plate 3, the whole body is baked at a temperature suitable for baking the electrically
conducting material, in Figure 14(d).

Then, the piezoelectric vibrating element 23 is formed on the surface of the drive
electrode 21 by coating or printing a green she;t consisting of a piezoelectric material so
that 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 §, in Figure 14(e). The piezoelectric material
consists essentially of lead zirconate titanate, lead magnesium-niobate, lead nickel-

niobate, lead zinc-niobate, lead manganese-niobate, lead antimony-stannate, or lead
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appl ying pressure with the vibrating plate to the pressure producing
chanber form ng nenber and the pressure produci ng chanber form ng cover
menber when half- solidified, so as to integrate the nenbers with each
other to forma processed body; baki ng t he processed body;

printing a layer of a material, the rgterial having an adhesive force with
respect to the vibrating plate and an el ectrode on one pole, on an upper
surface of théViemthaigreeg shedtawdichtis a piempelentricomatesagandi which bas beenpr essur e
pr oduci ng@chan‘ner of the vibrating plate so that a central portion of the

| ayer - bedormed srasiabe slightiyeprojested from the driverlestrpderd , (588 heen half-solidifiadni ng a
Pat e O s way, (he Whole body s baked 5t 4 tamoewture Suiabie for baking th o UCt! Mg
piezoelectric material, in Figure 14(f).

In this baking process the central portion of the vibrating plate 3 flexes toward the
pressure producing chamber 5 due to the rate of contraction of the piezoelectric vibrating
element 23 at the time of baking being larger than that of the drive electrode 21 and due
to contraction on the outer side of the piezoelectric vibrating element 23 being larger
than contraction on the drive electrode 21 side of the piezoelectric vibrating element 23.
However, since the central portion of the drive electrode 21 which has been formed
thicker in advance fills the space formed by the flexion, the surface of the drive electrdde
21 can be made horizontal. _

When the electrode layer is formed by coating, the thickness of the layer usually
includes about 20% of inconsistency. Therefore, it is preferable to make the central
portion 1.2 or more times thicker than the peripheral portion, taking the safety factor
into consideration. This technique is quite helpful in improving yield.

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.g., copper or nickel, using a mask having. a window covering the surfaces of
all the piezoelectric vibrating elements 23, as shown in Figure 7.

If necessary, a thin electrically insulating layersi is used to fill regions of the
vibrating plate 3 where no piezoelectric vibrating element 23 is formed so that the layer

81 becomes as high as the piezoelectric vibrating element 23 as shown in Figure 15, and
the common electrode 80 is deposited théreon, so that not only generation of crosstalk
due to signal leakage can be prevented by securing electric insulation between the
adjacent drive electrodes 21, but also breakage of the common electrode 80 at the ends
of the piezoelectric vibrating element 23 can be prevented by making the step between

the piezoelectric vibrating element 23 and the vibrating plate 3 small.
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natefial on an upper surface of the layer so that a ratio of a width W2 of
t he el ectrode 29

21
Figure 16 shows another embodiment. An electrode 24 formed so as to confront

the pressure producing chamber 5 is similarly made arcuate in section at a region
confronting the pressure producing chamber 5. On the ather hand, a region 24a that
extends uniformly at such 2 thickness as to ensure electric conduction is formed at other
regions. This region 24a is connected to an electrode 24’ formed on an adjacent pressure
producing chamber 5. That is, the electrodes that serve to select the piezoelectric
vibrating elements 23 for driving in the above-mentioned embodiments are used 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'.

While the surface of the drive electrode is made flat by filling the recess formed
by the flexion of the vibrating plate 3 with the electrically conducting material, a similar
effect can be obtained by using other materials.

Figure 17 shows still another embodiment of the invention. A third layer 30 is
formed and a drive electrode 31 is formed thereon. The third layer 30 is made of a
material which is other than the piezoelectric material and which has strong adhesion
with respect to both the vibrating plate 3 and the electrode. The third layer 30 is formed
SO as to be arcuate in section so that the central portion of the vibrating plate 3
confronting the pressure producing chambers is thick with a smoothly thinning slope
toward the peripheral portions. The drive electrode 31 corrects the flexion of the
vibrating plate 3, and sihiluly has a narrower width than the pressure producing
chamber and a uniform thickness.

Also in this embodiment, the piezoelectric 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 manufacturing the above-mentioned
recording head, the method being an embodiment of the invention. Pressure is applied
to the vibrating plate 3, the pressure producing chamber forming member 4, and the

pressure producing chamber forming cover member 6, which are in the form of green
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on the one pole to a wwdth WL of the pressure producing chanber, W/W, is
set to a value between 0.8 and 0.9; baki ng the thus resulted whol e
at a tenperature suitable for baking the electrically conducting materi al
when the pattern of the electrode on the one pole of the vibrating plate
has been half-solidified; and zforning a layer of a piezoelectric

mat eri al so as tq.be vmder than the width W2 of
sheets, and integrally baked at temperatures ranging from 800 to 1500°C, in Figure 18

(2) and (b). The pressure producing chamber forming member 4 has portions designed
to serve as the pressure producing chambers § formed by punching. Each green sheet is
a ceramic such as alumina or zirconia.

The third layer 30 that is thicker at the central portion than the peripheral portion
is formed at a region corresponding to the pressure producing chamber 5 by printing, in
Figure 18(c) and baked, in Figure 18(d). The third layer 30 is made of a material which
is other than the piezoelectric material and which has adhesion with respect to both the
vibrating plate 3 and the electrode 31, e.g., ceramic or metal.

In these processes, it is similarly preferable to form the central portion 1.2 times
thicker than the peripheral portions, taking errors in the manufacturing process into
account.

Then, the material of which the electrode 31 is made is deposited on the surface
of the third layer 30 so as to confront the pressure producing chamber 5 by printing, in
Figure 14(e), and baked, in Figure 18(f).

As the final process, the piezoelectric vibrating elemen; 32 is similarly formed by
printing, in Figure 18(g), and baked, in Figure 18(h).

According to this embodiment, freedom in selecting the material used to
compensate for the deformation of the vibrating plate 3 is increased, thereby allowing the
vibrating characteristic of the vibrating plate 3 to be adjusted to a value optimal for ink

expelling.
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the el ectrode on the one pol e and narrower than the width W of the

pressure produci ng chanber, and baking the |ayer. A met‘nod of

manuf acturi ng an i nkjet recordi ng head accordi ng to n t he

ceramic material is one kind or nore of conpound sel ﬂ“ oup
num

consi sting of alum num oxi de, zircofj um oxi de, magnes+ um ox
nitride, and silicon nitride; the P ezoelectric materi al conS|sts
essentially of lead zirconate

CLAIMS:

1. An ink jet recording head comprising:

a plurality of chambers for retaining ink, each chamber having a length and
width;

a vibrating plate disposed on a surface of the chambers;

a plurality of electrodes disposed on the vibrating plate, each electrode
corresponding to a respective chamber;

a plurality of piezoelectric elements disposed on the electrodes, each piezoelectric
element corresponding to a respective electrode and chamber

a common electrode disposed on the plurality of piezoelectric elements and
providing an electric connection with each electrode at one end of the length of éch
chamber such that applying a drive signal across the common electrode and a selected
electrode leads to flexing of the respective piezoelectric element which applies pressure
to the respective chamber for expelling a drop of ink therefrom;

wherein at least the vibrating plate and chambers are formed lfrom a ceramic and
bonded together by baking,

each piezoelectric element is disposed to cover completely the width of the
respective electrode,

and a peripheral edge of each piezoelectric vibrating element is formed as an
overhang with respect to the electrode and is attached to the vibrating plate via the

electrode.

2. An ink jet recording head as claimed in claim 1, in which a width W2 of each
electrode is smaller than a width W1 of the respective chamber, and a width W3 of the
respective piezoelectric vibrating element is larger than the width W2 of the electrode
and smaller than the width W1 of the chamber.
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titanate, |ead magnesi um ni obate, |ead nickel -niobate,” tead -

manganese- ni obate, |lead antinony-stannate, or lead tit - -and t he
el ectrically conducting material consists essentially g@um&m”mﬁml nd
or nore of alloy selected fromthe group consisting of w el
pal I adium silver-palladium silver-platinum and platinumpalladium 20
A method of manufacturing an ink P#t recording head according to claim 18,

wherein the ceramc is one kind or nore of compound selected fromthe group
consi sting

3. An ink jet recording head according to claim 1 or 2, wherein a ratio of the width
W2 of the electrode to the width W1 of the chamber, W2/W1, is set to a value between
0.8 and 0.9.

4 An ink jet recording head according to claim 1, wherein an electrically insulating

layer is formed between the electrodes.

s. An ink jet recording head comprising:

a vibrating plate made of ceramic; a pressure producing chamber forming
member, made of ceramic, for forming a plurality of pressure producing chambers in
rows; an electrode on one pole formed on a surface of the vibrating plate so as to
correspond to the pressure producing chamber;

a piezo electric vibrating element, one end thereof contacting the electrode and
other end thereof contacting an electrode on other pole, the ink jet recording head
expelling an ink droplet from a nozzle opening by flexion of the piezoelectric vibrating
element; and

a member through which the piezoelectric vibrating element is fixed to the
vibrating plate, the member shaped in arcuate in section, a ceatral portion of the member
which confronts the pressure producing chamber of the vibrating 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 pressure producing chamber forming
member are integrally formed 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.
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of al umi num oxi de, zirconi um oxi de, nagnesi um oxi de, al uni num nitride; and

“silicon nitride; the piezoelectric material consists T4l lead
zirconate titanate, | ead magnesiunm niobate, |ead ni ijmﬂm’"ﬁ‘mﬂm&ﬂr
manganese- ni obate, | ead antinony- stannate, or |lead titanatet am

el ectrically conducting materi al consig s essentially of at |east one kind

or nore of alloy selected fromthe group consisting of platinum

pal | adi unf- si | Warinjs jetirecticding head acsording tto claim Sawheptinthemember isamadernf a
material having an adhesive force with respect to both the piezoelectric vibrating element

and the vibrating plate without a piezoelectric property.

7. An ink jet recording head according to claim 5, wherein the member is the
electrode on the one pole.

8. An ink jet recording head according to claim S, wherein a ratio in thickness of
the central portion of the member to the peripheral edge portion thereof is 1.2 or more.

9.  Anink jet recording head according to claim 5, wherein a width W2 of the
electrode on the one pole is smaller than a width W1 of the pressure producing chamber,
and a width W3 of the piezoelectric vibrating element is larger than the width W2 of the
electrade on the one pole and is smaller than the width W1 of the pressure producing
chamber.

10.  An ink jet recording head according to claim 5, wherein a ratio of the width W2
of the electrode on the one pole to the width W1 of the pressure producing chamber,
W2/W1, is set to a value between 0.8 and 0.9.

11.  Anink jet recording head according to claim 5, wherein the electrode on the one
pole is a drive electrode and the electrode on the other pole is a common electrode.

12.  An ink jet recording head according to claim 5, wherein the peripheral edge of

the piezoelectric vibrating element is formed to an overhang with respect to the electrode
on the one pole and is substantially fixed to the vibrating plate through the electrodeon .
the one pole.
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21.

An ink jet recording head conprising:

N g

13.  An ink jet recording head according to claim §, wherein an electrically insulating

layer is formed between the electrodes on the one pole.

14. A method of manufacturing an ink jet recording head comprising the steps of:

forming a vibrating plate, a pressure producing chamber forming member, and a
pressure producing chamber forming cover member of green sheets, respectively, the
pressure producing chamber forming member having windows formed at regions
designed to serve as pressure producing chambers by punching, each green sheet being a
ceramic material including alumina or zirconia;

_ applying pressure with the vibrating plate to the pressure producing chamber
forming ﬁxember and the pressure producing chamber forming cover member when half-
solidified, so as to integrate the members with each other to form a processed body;

baking the processed body;

forming a pattern of an electrode on one pole of an electrically conducting
material on an upper surface of the vibrating plate at a region corresponding to a
pressure producing chamber of the vibrating plate so that a ratio of a width W2 of the
electrode on the one pole to a width W1 of the pressure producing chamber, W2/W1, is
set to a value between 0.8 and 0.9;

when the pattern of the electrode on the one pole of the vibrating plate has been
half-solidified, baking the thus resulted whole at a temperature suitable for baking the
electrically conducting material; and

forming a layer of a piezo-electric material of width W3 on an upper surface of
the electrode so as to be wider than the width W2 of the electrode on the one pole and
narrower than the width W1 of the pressure producing chamber, and baking the whole
bady.
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pI ura4 +t-y--of- chanbers for retaining ink, each chanber having a | ength and
a vibrating plate disposed on a surface of the chambers;

a f| rst ﬁW’% mﬂuﬁl"mﬂmd on the vibrating plate in a position

correspo t one of the chanbers; a piezoelectric
el enent di sposed on the el ectrode; 127 a second el ectrode di sposed on
t he piezoelectric el enent; _

15. A method of manufacturing an ink jet recording head according to claim 14,
wherein the ceramic material is one kind or more of compound selected from the group
consisting of aluminium oxide, zirconium oxide, magnesium oxide, aluminium nitride,
and silicon nitride, and the piezoelectric material consists essentially of lead zirconate
titanate, lead magnesium-niobate, lead nickel-niobate, lead manganese-niobate, lead
antimony-stannate, and lead titanate, and the electrically conducting material consists
essentially of one kind or more of alloy selected from the group consisting of platinum,

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

16. A method of manufacturing an ink jet recording head comprising the steps of:

forming a vibrating plate, a pressure producing chamber forming member, and a
pressure producing chamber forming cover member of green sheets, respectively, the
pressure producing chamber forming member having windows formed at regions
designed to serve as pressure producing chambers by punching, each green sheet being 2
ceramic material including alumina or zirconia;

applying pressure with the vibrating plate to the pressure producing chamber
forming member, and the pressure producing chamber forming cover member when half-
solidified, so as to integrate the members with each other to form a processed body;

baking the processed body;

forming a pattern of an electrode on one pole of an electrically conducting
material on an upper surface of the vibrating plate at a region corresponding to a
pressure producing chamber of the vibrating élate so that a ratio of a width W2 of the
electrode on the one pole to a width W1 of the pressure producing chamber, W2/W1, 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;

- when the pattern of the electrode on the one pole of the vibrating plate has been

haif-solidified, baking the thus resulted whole at a temperature suitable for baking the

electrically conducting material; and This is the replacement sheet
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wherein the piezoelectric ele ' ' to cover conpletely the width
. of the first electrode, ”ﬂmmﬂg’aﬂam&’ | edge of the piezoelectric
vibrating element is formed as an ¢ O\ h respect to the el ectrode
and is attached to the vibrating plate via the electrode. 22. An i nk
jet recording head as clainmed in claggm21, in which a wdth W of the
first electrode is smaller than a vm'c?th WL of the chanber, and a width W

of the

forming a layer of a piezoelectric material of width W3 on an upper surface of
the electrode so as to be wider than the width W2 of the electrode on the one pole and
narrower than the width W1 of the pressure producing chamber, and baking the whole
body.

17. A method of manufacturing an ink jet recording head according to claim 16,
wherein the electrode on the one pole is formed a plurality of times so that the central

portion thereof becomes arcuate in section.

18. A method of manufacturing an ink jet recording head comprising the steps of:

forming a vibrating plate, a pressure producing chamber forming member, and a
pressure producing chamber forming cover member of green sheets, respectively, the
pressure producing chamber forming member having windows formed at regions
designed to serve as pressure producing chambers by punching, each green sheet being a
ceramic material including alumina or zirconia; _

applying pressure with the vibrating plate to the pressure producing chamber
forming member and the pressure producing chamber forming cover member when half-
solidified, so as to integrate the members with each other to form a processed body;

baking the processed body;

printing a layer of a material, the material having an adhesive force with respect
to the vibrating piate and an electrode on one pole, on an upper surface of the vibrating
plate at a region corresponding to the pressure producing chamber of the vibrating plate
so that a central portion of the layer becomes arcuate in section;

baking the body;

forming a pattern of the electrode on the one pole of an electrically conducting
material on an upper surface of the layer so that a ratio of a width W2 of the electrode
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pi ezoel ectric vibrating element is larger than the width W2 of the first

el ectrode and snmaller than the width WL of the chanber. . 23. An ink jet
recordi ng head according to claim21 or 22, wherein a ratio of the width W
of the first electrode to the wwdth WL of the chanmber, W/W., is set to a
val ue between 0.8 and 0. 9. 24. An_ink jet recording head according to
claim 21, wherein an electrically 9

on the one pole to a width W1 of the pressure producing chamber, W2/W1, is setto a
value between 0.8 and 0.9;
baking the thus resulted whole at a témperature suitable for baking the electrically
conducting material when the pattern of the electrode on the one pole of the vibrating
plate has been half-solidified; and
forming a layer of a piezoelectric material so as to be wider than the width W2 of
 the electrode on the one pole and narrower than the width W1 of the p;-essure producing

chamber, and baking the layer.

19. A method of manufacturing an ink jet recording head according to claim 16,
wherein the ceramic material is one kind or more of compound selected from the group
consisting of aluminum oxide, zirconium oxide, magnesium oxide, aluminum nitride,
and 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 kinfl or more of alloy selected from the group consisting of

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

20. A method of manufacturing an ink jet recording head according to claim 18,
wherein the ceramic is one kind or more of compound selected from the group consisting
of aluminum oxide, zirconium oxide, magnesi;xm oxide, aluminum nitride, and 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.
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{nsulating | ayer is fornmed between the first el ectrode.
31 25. An ink jet recording head conpri sing:

30

21.  Anink jet recording head comprising:

a plurality of chambers for retaining ink, each chamber having a length and
width;

a vibrating plate disposed on a surface of the chambers;

a first electrode disposed on the vibrating plate in a position corresponding to at
least one of the chambers;

a piezoelectric element disposed on the electrode;

a second electrode disposed on the piezoelectric element;

wherein the piezoelectric element is disposed to cover completely the width of the
first electrode,

and a peripheral edge of the piezoelectric vibrating element is formed as an
overhang with respect to the electrode and is attached to the vibrating plate via the
electrode.

22.  Anink jet recording head as claimed in claim 21, in which a width W2 of the
first electrode is smaller than a width W1 of the chamber, and a width W3 of the

piezoelectric vibrating element is larger than the width W2 of the first electrode and
smaller than the width W1 of the chamber.

23.  An ink jet recording head according to claim 21 or 22, wherein a ratio of the
width W2 of the first electrode to the width W1 of the chamber, W2/W1, is setto a

value between 0.8 and 0.9.

24.  Anink jet recording head according to claim 21, wherein an electrically
insulating layer is formed between the first electrode.
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é vibrating plate; a pressure producing chanber form ng nmenber, for formng
a plurality of pressure producing chanbers in rows; a first el ectrode
formed on a surface of the vibrating plate so as to correspond to the
pressure produci ng chanber; a piezo electric vibrating el enment, one
end thereof contacting the first elgctrode and other end thereof
contacting a second el ectrode, the inkjet recording head expelling an ink
droplet fyoma, npzz]e opening by flexion of the piezoelectric vibratin
el ePrent - 2559 An ink jet recgrdmg gudy comprising: P J
a vibrating plate; a pressure producing chamber forming member, for forming a
plurality of pressure producing chambers in rows; a first electrode formed on a surface
of the vibrating plate so as to correspond to the pressure producing chamber;
a piezo electric vibrating element, one end thereof contacting the first electrode
and other end thereof contacting a second electrode, the ink jet recording head expelling
an ink droplet from a nozzle opening by flexion of the piezoelectric vibrating element;
and
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
member, which confronts the pressure producing chamber of the vibrating plate being
larger in thickness than a peripheral edge of the member, the member projected toward a

pressure producing chamber side.

26.  Anink jet recording head according to claim 25, wherein the member is made of
a material having an adhesive force with respect to both the piezoelectric vibrating
element and the vibrating plate without a piezoelectric property.

27.  Anink jet recording head according to claim 25, wherein the member is the first
electrode. |

28.  An ink jet recording head according to claim 25, wherein a ratio in thickness of
the central portion of the member to the peripheral edge portion thereof is 1.2 or more.

29.  Anink jet recording head according to claim 25, wherein a width W2 of the first
electrode is smaller than a width W1 of the pressure producing chamber, and a width W3
of the piezoelectric vibrating element is larger than the width W2 of the first electrode

and is smaller than the width W1 of the pressure producing chamber.

L . o oses



a nmenber through which the piezoelectric vibrating elenent is fixed to the
vibrating plate, the nmenber shaped in arcuate in section, a central portion
of the nenber, which confronts the pressure produci ng chanber of the
vibrating plate being larger in thickness than a peripheral edge of the
menber, the menber projected toward &, pressure produci ng chanber side

26. An ink jet recording head according to claim25, wherein the nenber is
made of

30.  Anink jet recording head according to claim 25, wherein a ratio of the width W2
of the first electrode to the width W1 of the pressure producing chamber, W2/W1, is set
to a value between 0.8 and 0.9.

31.  Anink jet recording head according to claim 25, wherein the first electrode is a

drive electrode and the second electrode is a common electrode.

32.  Anink jet recording head according to claim 25, wherein the peripheral edge of
the piezoelectric vibrating element is formed to an overhang with respect to the first
electrode and is substantially fixed to the vibrating plate through the first electrode.

33.  Anink jet recording head according to claim 25, wherein an electrically
insulating layer is formed between the first electrode.

34.  Anink jet recording head substantially as hereinbefore described with reference
to and/or as illustrated in any one of accompanying Figures 1 to 5, 7 to 11.

35. A method of manufacturing an ink jet recording head substantially as

hereinbefore described with reference to and/or as illustrated in any one of

accompanying Figures 6(a) to 6(f), 14(a) to 14(f).
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a material having an adhesive force with respect to both the piezoelectri c_'
vibrating elenent and the vibrating plate without a piezoelectric
property. 27.

An ink jet recording head according to claim25, wherein
the nenber is the first el ectrode. 28. An ink jet recordi ng head
according to claim?25, wherein a ratio in thickness of

the central portion
of the nenber to the peripheral edge p?rtion thereof is 1.2 or nore.

FIG. 1
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29. An ink jet recording head according to claim?25, wherein a width W
of the first electrode is smaller than a wwdth WL of the pressure producing
chanber, and a width WB of the piezoelectric vibrating elenent is |arger
than the width W2 of the first electrode and is smaller than the width W
of the pressure produci ng chanber.
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32 30. An ink jet recording head according to claim25, wherein a ratio
of the wwdth W2 of the first electrode to the width WL of the pressure
produci ng chanber, W2/W., is set to a value between 0.8 and 0.9.
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31. An ink jet recording head according to claim?25, wherein the first
‘electrode is a drive electrode and the second el ectrode is a commpn

el ectrode. 32. An ink jet recording head according to claim 25, wherein
t he peripheral edge of the piezoelectric vibrat ggeeghiggggwg eplab&y med to an
overhang with respect to the first electrode ano| l'y fixed to
the vibrating plate through the fi rst el ect rode. Jet

recordi ng head accor di ng to clai m 25, bkwherein an
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insulating layer is formed between the first el ectrode. 34. An ink jet
recordi ng head substantially as herei nbefore described with reference to
and/or as illustrated in any one of acconmpanying Figures 1 to 5, 7 to 11.
35.

A nmet hod of manufacturing an ink jet recording head substantially as
her ei nbefore described with reference to and/or as illustrated in any one
of acconpanying Figures 6(a) to 6(f), 14(a) to 14(f).
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INK JET RECORDING HEAD
AND
METHOD OF MANUFACTURING THE SAME

ABSTRACT OF THE DISCLOSURE

An ;nk jet recording head including: a vibrating plate
made of cerémic; a pressure producing chamber forming member,
made of ceramic, for forming a plurality of pressure producing
chambers in rows; and drive electrodes formed on a surface of
the vibrating plate so as to confront the pressure producing
chambers. A width of the drive electrode is smaller than a
width of the pressure producing chamber. A width of a
pilezoelectric vibrating element is larger than the width W2 of
the drive electrode and smaller than Ehe width of the pressure
producing chamber, so that the oéeration region of the
piezoelectric vibrating element is regulated by the width of
the drive electrode and the peripheral portions of the
piezoelectric vibrating element are bonded to the peripheral

portions of the drive electrode reliably.

FIG 6A - 6F
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