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INK JET RECOROIN~ HEAD 

AND 

~STHOD OF MANUFACTURING THE SAME 

T~e 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 there.to in accordance with 

input information. More particularly, the invention is 

10 directed to a s~ruc~ure having electrodes and piezoelectric 

vibrating elements formed on a surf ace of a vibrating plate as 

well as to a method of manuf ac":ur.ing such structure. The 

vibrating plate constitutes part of pressure producing 

chambers. The electrodes and the piezoelectric vibrating 

15 elements are for:ned integrally wi t:h the pressure producing 

chambers ~y baking. 

Since an ink jet recording head has a structure such 

that an ink droplet .!..s expelled by causing a piezoelectric 

20 element to be abutted against a small pre~sure p~oducing 

cheunber and increasing the pressure of lnk within the pressure 

producing chamber by displacement of a viprating: plate, 

precision working and fabricatinQ techniques are required· in 

the manufacture thereof, which elevates the cost. 



To overcome this problem, a struc~ura ghown in Fiqure 

19 has been proposed attaching importance to the fact that the 

pieaoelec:t:ric vibratina .. element, the plate 

constituting the pre~~ure producinq chamber, and the pre~~ure 

s producing chcmber forming member ~en be made ~f ceram~c. Thct 

is, a vibrating plate 90 formed by rolling a green sheet, which 

is a ceramic materJ.al, -co a predetermined thickness and. a 

pressure producing chamber forming member 94 having a pressure 

producing chamber 9 ! farmed in advance by punching or machining 

10 wi "th 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 vibratin·g 

elernen~ 92 is formed on ~he electrode 93 by baking. 

Such an integrally baked ink jet recording head has the 

15 advantage of simple fabrication that involves only the steps of 

coating and baking a paste-lik~ piezoelectric element' by means 

of a printing technique. Further, since the pressure producing 

chamber :orming member is in~egrated 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. 
.: 

Howeve!:, the piezoelectric vibrating element, being 
. 

such a small piece, is ha~d to uniformly coet ito the 

corraspondinQ dr~ve elec~rode. Par~icularly, inconsistency in 

25 the ·bonC. of each piezoelectric vibrating element 92! with a 
i 

peripheral edge 95 of the electrode 93 leads to inconsistency 
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in the effectivc:i opora't.!.otl reqion bQtwoc:in thc:i pica2oelact:ric 

vibrating elements, which in turn causes inconsistency in the 

ink expelling ch~racteri~tic of each nozz!e opening. 

By 'Che way, if the 5teps of depositing the electrode 93 

!5 on the sur:face o:f the vibrating place 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 pl.ate 90 generally flexes as shown in Figure 20. 

That is, the vibrati:ig plate 90 !lexes toward the pressure 

10 producing chamber 91 at. a central portion of the pres sure 

producing chamber 91 due to a d.:!.fference in the rate of 

contraction between the piezoelectric vibrating element 9 2 and. 

the e~ectrode 93 at the time.of baking. As a result, such a 

permanent deformation that a part 92a (the cross-hatched region 

15 in Figure 20) of the lower region of · the piezoelectric 

vibrating elemen-=. 92 projects toward the pressure producing 

chamber gi tends to occur. 

When the piezoelectric vibrat~ng element 92 _that has 

been deformed is caused to contrac): for expelling· ink by 

zo applying a drive signal thereto, contracting forces in such 

horizontal directions indicated by arrows Al, i1 are generated 

as far as to the part 92a of the lower region, thereby drawing 
-

in the hori2ontal directions the vibrating plate 90 that has 

already been flexed. As a result, a part of the contracti~q 

ZS force draws walls 94a, 94b of the pressure produclngichamber 

forming marnber 94 in d.irGictions indic:ated by arrows: Cl, C2 
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throu9h tho vibrating plate 90. Since the walls 94a~ 94b of 

the pressure producing chamber forming member 94 are shared in 

common with ~he adj4cent pres~ure producing ch~mbers:9l, ~he 

contraction o:t a single pressure producing chamber 91 is 
I 

transroieted to ocher pressure producing chaml:>ers 91,icausing 

crosstalk or cancelling out a :orce Bl that contributes to the 

ink expelling operation when adjacent piezoelectric·vi;>rating 

elements 92, 92 are driven simultaneously, which impairs ink 

l ,. ff .. expe -~nq e _iciency. 

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 di~ference being approximately twice. This· causes 

15 differences in the ink droplet expelling speed and the amount 

of ink expelled, the dif:Eerence~ being approximately 1. 5 t:imes. 

A f irsi: object of the invention is to provide an ink 

. jet recording head adapted to be manufac"t:ured by baking_, the 

20 ink jet recording head being capable of providing consistent 

ink expellinq performance among the nozzle·ope~ings by ~eliably 

2.S 

. . 
bonding the pie2oelectric vibrating elements to the electrodes 

I 
formQ.Cf on thQ vibratin9 plate and thereby making the effective 

I 
• i 

operat.ton regions of the piezoelectric· vibratil)g elements 

uniform. 
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A second object of the invention is to provide an ink 

jet recording head adap~ed to ~e manufactured by baking, the 

ink jet recording head being capable ot prevent:1nq crosstalk by 

coneroll.inq generat.J.on ot a.:tv1.ded torces t:.hat: flex t:he walls ot 
' 

s a pressure producing chamber and improving ink expelling 

lO 

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 man?facturing the above-mentioned ink jet recording heads. 

An ink jet recording head of the invention includes: a 

vibrating plate made o! ceramic; a pressure producing: chamber 

forming member, made of ceramic, for forming a plurality of 

pressure producing chambers ~n rows; an electrode on one pole 

formed on a surface o! the vibrating plate so as to correspond 

15 to the pressure producing chamber; and a piezoelectric 

vibrating element, one end ther~of contacting the electrode and 

other end thereof contac~ing an electrode on other pole; and 

expells an ink droplet :rorn a noz~le opening by flexion of the 

piezoelectric vibrating element. In such an ink jet recording 

20 head, at least the vibrating plate and the pressure producing 
. . 

chamber f ox:ming rnembe:i: are integrally formed by baking the . 
ceramic; the piezoelectric vibrating element ·is depo~ited by 

baking on the surface 0£ the electrode on the pne pole formed 
I 

on the su:rfa"ce of the vibrating plate: a width W2 l of the 
. . 

25 electrode on the one pole is smaller than a width W~ of the 
I . 

p.reseu.re producing chamber; and a width WJ of thG pie20G.lGctric 
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vibratinq e~ement is larger than the width W2 of the electrode 

on. the one pole and smaller than t~e width Wl of the pressure 

producing c~amber. 

Si.nee the width W3 of the p.iezoelecu:ic vibrating 
I 

5 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 smaller than the width Wl of the 

press~re producing chamber, t.he piezoelect.ric vibrating element 

lO is free from interference from the noncontracting regions. 

15 

Fiqure 1 5..s an exploded perspective view showing an ink 

jet recording head, which is an err~ociment of the· invention; 

Figure 2 is a perspective view outlining the-ink jet 
.. 

recording head of the invent.iol}; 

Figure 3 is an enlarged sectional view showing the 

shape of the upper surf ace of a pressure producing chamber and 

the longitudinal section thereof in the ink jet recording head; 

Figure 4 is a partially sectional P€rspective view 

20 showing the structure of the pressure producing chamber; 
I . . 

FigurG 5 is a diag:am showing tho structure having a 
I 
I 

drivQ electrodG and a pio2oolQctric vibrating element, ~hich is 

thg fgaturQ o! thg invention, in sQctlon takQn along a ~ine L-L 

of Pig1.i're 4; 
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Figures 6 (a) to (f) are dia9ra.ms showing a method of 

manufacturing a pressure producing unit used in the ink jet 

reeoxdin9 head of the invention1 

Figure 7 i:s a. per:ipective view ahowing the :itruc-eure of 

the ~urf~ce of the vibr~ting plate; 

Figures 8 to 11 are sectional views respec:tively 

showing other ernDodiments o! the pressure producing uni~s 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 invention; 

15 

20 

Figure 13 is a diagram showing forces generated at the 

time the piezoelectric vibrating elemen"t: cont:i;acts' in the 

pressure producing unit shown in Figure 12; 

Figures 14 (a) to {f) are-diagrams ·showing a method of 

manufacturing the pressure pro~ucing unit shown in Figure 12; 

Figures 15 to 17 are sectional view.s respectively 

showing other embodiments of t~e pressure producing units used 

in the ink jet recording head 0£ the.invention; 

Figures 18 {a} to (h) are diagrams showing a method of 

manufacturing the pressure producing unit shown in Figure 17; 

and 

Fiqures 19 and 20 are sectional vie":r's respectively 

sho•1dnq relationships between the drive electrode ;and the 

25 piezoelectric vibrating element in a conventional pressure 

producing unit in which the drive electrode ~nd the 
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baking. 

DETAILED OESCR!PTION OF THE PREFERRED EMBODIMENTS 

The invent.ton wil! now be described in detail with 

s reference to the embodiments shown in the drawings. 

Figure l shows an ink jet recording head, which is an 

embodiment of the in~ention, to which the electrode structure 

of the invention is applied. In Fi9ure l reference numeral 3 
I . 

denotes a vil:>x-ating plata made of a material, at lQast the 

10 surface of which is electrically insulating, more preferably, 

15 

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 J 
! 

rows in this embodiment ) . Reference numeral l denotes a 

piezoelectric vibrating element that is made of ceramic; and has . 
a piezoelectric property. The piezoelectric vibrating elements 

1 flex toward the vibra~ing plat~ 3 through the drive 
i 
I 

electrodes 20, 20, 20 •• •• so that the back surfaces:thereof 
I 

20 come in contact wi'th ·t:i.e drive electrodes 20 1 .-20, 20 ; • • •. 

25 

i 
Reference numeral 4 denotes a pressure producing 

chambQr forming member, which is made of a plate that is so 
i 
I 

thick a~ to form thg pressure·producing chambers 5, 5,? •• ·~, 
i • I 

more·preferab~y, of a c~ramic plate, by boring through holes 

therein. 
i 

Reference numgral 6 d&nOtQs a p:res;J;uro produc.ing 
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chamber forming cover member, which sQrvos to seal tha othor 

surface of the pressure procucin9 chambers 5 of the pressure 

producing chamber forming member 4. Ae positions corre~ponding 

to the Vicinity Of .both ends Of the pressure producing chambers 

~ 5 are introducing holes 6a, 6a, 6a •• •• and in~roducing ho1es 

10 

6b, 6b, 6b • • • • ' The int:roducing holes 6a / 6a, 6.a • • • • 

communic:e te with a common ink chamber !2a, which will be 

described later, and the introducing holes 6b, 6b, 6b •• •• 

communicate with nozzle openings l3a, l3a, 13a •• ···! 
'!'he vibrating plate 3 having both the pie2oelect:r:ic: 

vibrating elements 1 and t~e drive electrodes 20, the pressure 

producing c~amber forming 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 

15 preferably made 0£ ceramic, and integrated by baking into a 

pressure producing unit 50. 

Reference numeral .!.1 denotes an ink supply : section 

forming member. The ink supply section forming ~ember l l 
I 

includes: an ink introducing inlet 14 that supplies ink into 

20 the ink chamber 12a that is shared in common while connected to 

a flow path from a not shmm ink tank; im:r'oducing; through 

holes lla that connect the pressure producinq ~hambers ;s to the 

common ink chamber l2a; and introducing throuqh holes flb that 
i 

connect the pressure producing chambers 5 to thei nozzle 
. I 

25 openings 13a. I 
i 
! 
I 
I 

--····-·-···-·-·· -· I 
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g. 

Reference nwneral 12 deno-ees a reservoir forming member 

that forms the conunon ink chamber 12a. !n this embodiment the 

common ink chamber l2a is t'ormed "t:Jy a 1=.hrouqh ~ole ~that is 
I 

sul:>stantia!ly V-shaped, and is connected to the respec-c.ive 

5 pressure producing chambers 5 through the introducing;through 
i 
I 

holes 6a ot the above-men'tioned pressure producing ;chamber 

foiltling cover ~ember 6 and the introducing through holes lla of 
i 

the ink supply sect!on forming nember 11. !ntroducing~through 
I 

holes 12b that connect the oressure orocucina chambers 5 to the . - - . 
10 nozzle openings 2.3a are formed at a central portion of the 

reservoir forming member !2. 

Reference numeral 13 deno~es a nozzle forrning,member • . 
The nozzle farming member 13 is connected to the pressure 

producing chambers 5 through.the introducing through holes 6b, 

l~ llb, 12b, and also performs the function of sealing the other 

side of t:he common !nk charnbe_r 12 of the reservoir :forming 

member 12. 

T!"le ink supply section forming member 21 and the nozzle 
I 

forming member 23 are formed by press working or e~ching a 

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

one material selected from the group consl~ting of other 

25 

.. 
metals, cexamics, glass, silicon, and plastics. 

i 

The rne-chod of 
I 

workLn9 the rQSpQctiva members includes: press workino, 

c::itch.ing, el.ectroforming 1 and laser bgam ma.chining. I At any 

rate~ a· material having a relatively high Young's. modulus is 

.. ·-··--· ·-···· ....... _J_ 

-
10 
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selec~ed £or the ink supply section forming member lliand the 

nozzle forming member l3. 

On the other han~, the re=ervoir forming member 12 may 

t>e made ot noi: on~y the above-mem:ioned metals 1 ceram.tcs, 

s glass, and silicon, but also· a plastic- or film-like adhesive 

Or paste-like ac!hesi Ve SU Ch aS polyimide t polyamide t polyester I 

polyethylene, polypropylene, polyvinyl. chloride, and· 

po.lyvinylidene chloride may be used since not so = high a 

rigidity is required .for the reservoir forming member 12. When 

10 the plastic- or fil:n-like adhesive is used, the reservoir 

forming member 12 is .fcrmeci by injecti"on molding o;r: press 

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

15 

forming member 12 is form~d. by screen printing or transfer 

printing. 

The ink supply section forming member 11, the reservoir 

forming-member 12, and the nozz}e forming member 13 are formed 

into a £low path unit 70 that has the function of fixing a 

plurality of pressure producing units SO. 

A method of bonding these memb~rs into a flow path unit· 

20 is as follows. If the reservoir forming member 12 itself has 

25 

i . 

no achesicn, the film-like adhesive or the pasie-like adhesive 
• i 

is used, and the ink supply. section forming member ill, the 
i 

adhQ~ivQ, the reservoir forming member 12, the adhesive, and 
I 

the no22lQ £onnin9 member 13 are laminated one upon another in 

this order using a not shown positioning jig, and 

thermoeompreeeed or compressed. 
i 

On thg other hand,j ~f the 

i 
.... ! -----·-------·--· -· 
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rc;u;QJ:VO.i.r foriui.n9 membQr !2 itsQlf has adhesion, the ink supply 

section forming member 11, the reservoir forming membe~ 12, and 

~he noz~le forminq member 13 are lam.inaeed one upon 4nothe~ in 

this order and similarly thermocompressed or compres~ed. 

As a resul~, a single shee~ ot !low paeh unit 70 as 

shown in Figure 2 hes a plurality of pressure produci~g units 

SO, n~mely, thxee (3) pre5sure producing units SO, 50 1 50 in 

this particular embodiment, collectively !ixed thereto by the 
I 

adhesive, thermodeposit~on film, or the like to form an ink jet 

io recording head. 

The thus formed pressure prcducing chambers s· of .the 

ink jet recording head are substantially rectangular,:slender 
I 

chambers such as shown in Fi.gure 3. The nozzle opening 13a 

communicates w.i "!:h one end of each pressure producing ch~mber 5, 

15 and the com.~on ink chamber 12 communicates·with the other end 

thereof. As shown in Figure .4 / with the pie:c:oelectric 

vibrating element l vibrating by flexion, the vibrating plate 
l . 

3 is cefo.rmed so that the vibrating plate 3 projects toward the 

pressure producing chamber 5 as indicated ,by a curve 3;'. As a 
• I 

I 
20 result, the pressure of ~he pressure producing chamber 5 

25 

• ! 
increases to jet an ink d.!'oplet "d" from the no2zle opening 13a 

I 

and thereby form a dot on a recoxding sheet. I 
Upon return of 

the pie:zoelectric vibrating 

cond~tions, the ink flews from 
. 

i 
element l to. the Qriqinal 

thg common ink chamberl12a via 
I As a result, a stream of ink 

l 
the introducing through hole lla. 
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i 
in sueh a lcnqitudinal direction ae indicated by ~he arrowa in 

i 
Fiqu~e 4 is produced within the pressure producing chamber S. 

?iqure 5 shows in section a structure of the thus 
' 

consi:ruc'tect 1nk Jet: recorc:U.ng head in 'Che vicini t:y ot 'the 
; 
I 

s pressure producing chamber as viewed in a direction orthogonal . . 
i 

to the stream of ink within the p~essure procucing ch~mber 5, 

or as taken along a line L-L of F iqure 4. In Figure 5 . 
reference numeral 20 denotes the drive electrode formed on the . 
surface of the vibrating pla,te 3, The width W2 of the drive 

10 electrode 20 is slightly smaller than the width Wl. of the 

pressure producing chamber s, 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 0£ the pressure producing chamber 5, and 
; 

lS the other end thereof serves also as the connecting terminal 

zo 

with an ou~er electrode. 
i 

'I 

: 

i 
Reference numeral 1 denotes the piezoele_ctric vibrating 

element, whose width W3 is larger than the width W2_ of the 

drive electrode 20 and smaller tha.n the 

pressure producinq chamber 5. Having such 

i 
width Wl i of 

i 
a length that 

I . . . 

the 

the 

front end thereof on the no22le opening side covers the drive 
• ! 

electrode 20 and t~e·rear end thereof reaches the vic~nity of . 
the rgar Gnd of thg prgssure producing ~~amber IS, the 

piGzoialectric vibrating c:i.lc:imc:mt 1 is alsoo formed so as to covQr 
. I . 

25 completely the region of the drive electrode 20 confronting the 

p~eeeure producing chamber 5. 

- 13 -
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I 

i 
I 

By f orminq ";he piezoelectric vibJ:atinq element:· l so as 
: 
I 

to cover the region of the drive electrode 20 confronting the 

pressure producing cnarnber 5, che req1on Q! the drive ~iectrode 
I 

20 controntinq the pressure producing chamber 5 can be'. covered 
• I 

I 

s completely by the piezoelectric vi.o:rat.inq element 1 even 1:1! the 

10 

15 

20 

25 

i piezoelectric vibrating element 1 is subjected to· slight 
! 

displacement or sized inconsistently when formed.: This 
! 

prevents short circuit with a common electrode 80 (Figu~e 7) on 
I 

the other pole which is formed on the 

piezoelectric vibrating element l. 

surface :of 
! 
i 

the 

!n 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 
I 

the gxeen sheet together with the vibrating plate 3 ~and the 
! 

drive electrode 20, the piezoelectric vibrating element 1 
I 

: I 
covers the drive electrode 20 cornoletely and has the peripheral . - . 

I 
edge port.ion lb bonded to the drive electrode 2 O ~eliably 

against contraction of the piezoelectric vibrating element 1 
I 

and flexion of the vibrating plate 3 during the baking process. 

Therefore, not only displacement by flexion bf the 
I 

• I 

piezoelectric vibrating element l ca.n be transmitted to the 
I 

- I vibrating platQ 3 rQliably, but al.co fatal damage ;such as 

partial flaking or thia liki=i can be prevent~d owimJI to the 
I 

relia~lg bondage between the piQzOQlectric vibrating element 1 

I . 
and the· vibrating plate 3. 
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the effective op~ration region of the piezoelectric vibrating 

element l since the p1ezoelect.ric: vibrai:ing elemen-<: l is 

deposi -ced so as 'to cover the dr! ve electrode 20 ~in 'this 
i 

s invention. As a ~esult, a piezoelectric vibrating element l 

that has an optimal effective operation region with respect to 

the pressure producing chamber 5 can be formed with· ease by 

adjusting the size of the drive electrode 20 that is thin and 

can l:>e. £ormed highly accurately with ease. Such adjus.tment is 
I 

io easier to make than the adjustment of the size. of the 

piezoelectric vibrating element 2 that is comparatively thic_k. 

ln addition, to improve displacement efficiency of the 

vibrating plate 3, i.e., the ratio of the applied electric 

energy to t_he ink removing volume, it is ideal to adjust the 
. . 

15 ratio of the width Wl of the pressure producing chamber 5 to 

the width W2 of the drive electrode 20, W2/Wl I 
- ; 

to 0.9. 

However, such ratio may be set ~o a value between 0.8: and 0.9 
I 

considering errors and variations in the manufacturing process. 
! 

Specifically, a drive electrode 20, whose width W2 is 

20 340 1...tm and whose thickness is 5 µm that is a thickness ;to allow 

25 

. . ' 
electric conduction to be ensured with respect to a pressure 

• i 
producing chamber having a width Wl of 420 µm, is formed, and 

thQn a pig20Qlgct~ic vib:•ting QlQmQnt l, whoG~.width W3 iQ 3BO 
I 
I 

µm and whos:o thicknoss ia 3.0 µm, .is formed on the surface of 
I . 

the drive electrode 20. 
I 
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. 
A~ethod cf mcnufccturinq the thus con~tructed ink jet 

recording head will be described next. 

r1qures 6 {a) ~o {!) are diagrams showing a me~hod o! 
I / 

manu!acturing the above-mentionea pressu~e proaucinq unit so,,<.:... 

s the rneth~d b.e.f?:!.~ .. ~bodiment of the lnvention. 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 
I 

material, i.e., a clay-like sheet, and t~e pressure p~oducing . 
io chamber forming member 4 having windows formed at ~regions 

designed to serve as the pressure producing chambers 5 by 

punc.hing; and pressure is applied to the green sheets with 
I 

these members halt-solidified so that these members are 
i. 

~ntegrated with one another, in Figure 6 {a) .. Then, the thus 
i 

l.5 processed body is baked at temperatures ranging fro~~ 800 to 
• r 

1500 °C, i.n Figure 6 (b). · Tbe ceramic material generally 

consists es.sentially of one kind or more o! compound selected 

frorn the group consisting of aluminum oxidei zirconiu~ oxide, 
! 

maonesium oxid~, aluminum nitride, and silicon nitride. 

20 When the vibrating plate 3, the pressure producing 

25 

! 
•· i chamber forming member 4, and the pressure producing ;chamber 

I 
• I 

forming covgr member 6 have been intggratGd 1 a pattern of the 
I 

dr~ve electrode 20 having an optimal width with rg5pcct to the 
i 

co:r.:ce~ponding p:re=s:n1:ce producing chamber 5 ie :formed by~cozsting 
. 

or printing an electrically conducting material .to a: region 
I 

to the pre::H,ure producing chamber 5 ! of the 
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vib;r.ating' plato 3 so that the ratio of the width w2: of tho 

drive electrode 20 to the width Wl of the pressure producing 

chamber 5, W2/Wl, is set to a value between o.e and :0.9, in 
I 

F.iqure 6· (c). The .elect:rically conduc'tJ.ng ma'ter1al consists 

.5 essentially o! one kind or more ot alloy select:ec1 trom the 

10 

group consisting of platinum, palladium, silver-palladium, 

silver-platinum, and platinum-palladium. 

As the pattern of the drive electrode 20 has been half­

solid~~ied on the vibrating piate 3, the whole body is baked at 

a temperature suitable for baking the electrically conducting 

material, in Figure 6 (d). 
' ; 
: 

Then, the piezoelectric vibrating element l is formed 

on the s~rface of the drive electrode 20 by coating or printing 
I 
I 

a green.sheet consisting of a piezoelectric material iso that 
? 

15 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 essen.tial!y of lead z~rconate 
I 

20 titanate, lead maqnesium-niobate, lead nickel-niohat:e, lead 
! 

,_• I 
zinc-niobate, lead manganese-niobate, lead antimony-stannate, 

or lgad titanate. 

Whgn tho green sheet, which is a piezo~lectric ~atarial 
I 

and which has been f ormGd so as to slightly overhang the drive 
I 

25 electrode 20, has been half-solidified in.this way, t~e whole 
i 

body is baked at a tQmperatu~Q suitab1g for baking the 
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I 
I 

I 
p~ezoelectric material, Fiqu•e 6 (f). In thia bakin9!procaas 

I 
I 

the central portion la of ~he piezoelectric vibrating;element 
I 

l may, in some ca~e=, flex so as to project towdrd the prc~~ure 

producing chamber 5 as shown in ~1gure 5 due to the ;rate of 
: 

s contraction of the oie~oelectric vibrating element l; at 'the - ' ! 

time of bakinq being larqer than that of the drive electrode 20 
. l 

I 

and due to contraction of the portions of the piezoelectric·· 

vibrating element l overhanqir.g the drive electrode 20 being 

larger than contraction of the piezoelectric vibratin9 element 

10 1 on the drive electrode 20. 

l5 

20 

However, this type.of pie~oelectric vibrating element 

1 is advantageous in preventing itself from being partially 
. . 

flaked o.nd completely flaked front the drive electrode ~O since 

i 
the piezoelect~ic vibra~ing element l is bonded to the drive 

j 
electrode 20 with the peripheral portions lb I thereof 

, I 
overhanging the vibrating nlate 3 .while extending - - from· the 

l 
I 
I 
I 
I 

drive electrode 20. 

As all the baking processes have been completed!in this 

way, the piezoelectric vibrating el~meni::.s l / l 
1, 1 and the 

i 
~ommon electrode 80 arranged over the piezoelectric v~brating 

. i 
elements are deposited over an entire region ·confron~ing the 

I . 
•· I 

pr.assure producing chambers 5 by forming an elec't;:rically 
I 
I 

conducting film by me.ans of a film forming Jnethod ;such as 
I 

l i d l 
I. 

se ect ve vapor aposition or sputtering whi Q using an 
•j 

electr.±·cally conducting moterial, e.g., n.i:ckel or copper, wi.th 
I 
I 

a. mask ae ehown in Figura 7. ThQ common glGctrodG SO is 

·- ·-·- ·-·- ------·- -·-·· ------·-·· -·-······ - -·····-·-·-·- --··-·- - 18 -



i 
i 

connected to an oxtornal dQvicg by a cablo 85 together with tho 

drive elec~rcdes 20, 20 1 20 •• •• ~hrough a lead electrode 82. 

As d result, an ink droplet can b~ expelled from the 

nozzle opening l3a by t:!ex:1ng i:he p:!..ezoelect:ric v~bracinq 

:s elemen~ l while applying a d::::-1 ve s1qna1 across i;he common 

elect::-oce 80 and the drive electroc!e 20 positioned. at the 

pressure producing chamber 5 from which the ink droplet is t6 

be expelled. 

The peripheral edge portions lb, lb ;of the 

10 piezoelectric Yibrating element 1 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 embcdimen~. As shown in Figure 8 the peripheral 

: 
edges A, A of the piezoelectric vibrating element l are baked 

! 
I 

15 so as to overhang the drive electrode 20 by, e.g., preparing a 

20 

slightly solider green sheet, ~o· that the effective operation 

region of the piezoelectric vibrating element 1. can be!limited 
I 

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

bondage between the piezoelectr~c vi~rating element liand the 
! 
' drive electrode 20 well maintained. i 
I 

As a result, ·all the pressure producing chambers 5 can 

be driven under a consistent condition, free fr~m inconsistency 

in the vibrating characteristic caused by inconsistency in the 
! 

sizg ~! ~hg piazoglectric vibratlng_glamgnt l, the si2e'.thereof 
. ! 

25 t€nd~ng to be inconsistent in the widthwise direction~ 
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!f nacQau•ary, an electrically insulating layer 8, which 

is thinner than the ciezoelectric vibrating element l, is 
.. • ? 

formed ct a region of the vibratinq plAte 3 whe%e no 

p1ezoelec~r1c v1~ra~1ng elernenc l ~s tormed as shown in ~igure 
I s 9, and the common elec~rode 80 is deposited thereon, iso that 
i 

not. only generation of crosstalk due to signal leakage can he 
I 
I prevented by ensuring electric insulation between the adjacent· 

drive electrodes 20, but also breakage of the co~.mon electrode 
l 80 at.ihe ends of the p~ezoelectric vibrating element l can be 
i 

10 prevented by making the step between· the piezo~leccric 
vibra~inq element ~ and the vibrating plate 3 small. '. 

I : 
Figure 10 shows an embodiment·in which the insulating 

i 
material layer S and the dri~e electrode 20 are formed on a 

I 
I single sheet so tha~ the insula~ing material layer B s~rrounds 

15 the drive elect~oce 20 and so that the uooer surfacesiof both 

20 

25 

... - . ~ 
. i 

the insulating material :!.ayer ~ and the drive elec't.rode 20 are 
! 

flush with each other. According to this embodiment, 

electrically caused crosstalk can be prevented 

insulating the drive electrode 2 0 reliably, 

I 

I 
by electrically 

! 
and the common 

' 
i electrode 80 can be formed more reliably. I 
I 

Figure 11 shows still another embodiment '. of the 
. i 

invention. A .slightly thicker ce~arnic material, which will 
i become the vibrating plat:e 3,. is prepared. . In addition I a 
i 

rGces~ed portion S3 having a step B3a for accomrnoda~ing the 
. I 

drive electrode 20 and the piezoelectric vibrating ele~ent l is 

formed at a central portion of oach 9ressurG producinglch~mbor 

- :20 -
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S, so that -eho C.~!.vQ oloctroda 20 and thQ piozooloct:ric 

vibrating element l t!la't is slightly wider than the drive 

electrode 20 are accommodaeed on the bottom ~hereof ~nd on the 

top thereof, respec't:.:!. vely, with the surface ot. 'the 

5 p1ezoelec"Cr!.c v1.bra"C!ng element l bei~q as hiqh as other 

regions of the vibrati~g plate 3 which have nothing to. do with 

displa~ement. Accorc!ing to this embodiment, not only both 

mechanically caused crosstalk and electrically caused crosstalk 

due to signal leakag~ can be prevented by sufficiently 

10 reinforcing the regions not having to do with the displacement 

of the pressure producing chamber 5, bu~ also reliability can 

be improved by !orming the common elactrode BO so as to be 

stepless. 

Figure 12 shows an ink jet recording head, which is 

15 still another·e!llbodirnent 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 vib~ating element and the vib~ating plate at the 

time of baking, as well as crosstalk. Figure 12 shows the 

20 embodiment in terms of the st=ucture of a section taken in a 

direction orthogonal to the stream of ink within the pressure 
.. 

producing chamber 5, i.e., along a line L-L of FiQure 4. 

In Figure 12 re.ference numeral 21 denotes ,a drive 

elect:codg fo:rmed on a surf ace o:f the vibrating plate 3. This 
-

25 drive electrode 21 is formed so that i:he width thereof W2 is 

slightly smaller than the width Wl of the pressure producing 

- 21 -
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chamber 5. The drive elactroda 21 i~ arcu•ta in QQction ~o 

that the cen~ral portion thereof in the longitudinal direction 

o:t 'the pressure producing chamber 5, i.e. / on o. line c:onnectin9 

~he nozzle opening ':.O 'Che conunon 1nk chamber ls project:ee1 

5 toward the pressure producing chamber 5 and the top~ thereo:.f 

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 thick~ess a: about 5 µm attaching 

10 importance only to the electric proper~y, the drive electrode 

21 according to this ernbodirnent sets the thickness: of the 

central portion thereof to values ranging from 15 to 30;µm with 

flexion at the time of baking being taken in consid~ration, 

qlthough the thickness of the peripheral edge portions is set 

15 to about 5 ~m so that the electric property can be maintained. 
: i 

Reference numeral 2 3 denotes the piezoelectric 

vibrating element. The wid~h W3 of this piezoelectric 

vibrating element.23 is larger than the width W2 of t~e drive 

electrode 21 and smaller than the width Wl of the pressure 

20 pxoducing chamber S. Having such a length that the front end 

thereof on the nozzle opening side covers the.drive electrocte 

21 and the r~ar end thereof reaches the vicinity of the rear 
! 

end of tho p:::-essure prociucing c:hamber 5, the piezoelectric 
i 

vib%ating elemen~ 23 is formed so as to covor completely the 
i 
I 

25 region ··o:f the d::::-ive electrode 21 corresponding to the pressure 

producing chamber 5. The peripheral edge portions 23a', 23a of 

.... - J ___ -- - -
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the piezoe1ect::-!..c vib:o.ting elemen-e 23 o.re formed iso cu' to 

overhang the crive electrode 21 in a manner similar to those in 

the above-mentioned emocaimen~. 

Acco~ding to this embodiment, the sec~1onal s~ruceure 

5 of the ctrive electrode 21 is selected so as to !1ll the space 

formed ~y the above-men~ioned flexion of the vibrating plate 3, 

the flexion bei!\9 caused by the difference. in the ·rate of 

contraction between the piezoelec~ric vibrating element 23 and 

the drive electrode 21 at the time of baking. Therefore, the 

10 upper surface of ~he crive electrode 2! is kept substantially 

horizontal after ~he baking, thereby making the piezoelectric. 

vibrating element 23 formed on the drive electrode · 21 flat 

also. 

As a result, when the pie2oelectric vibrating;elemen~ 

15 23 is cont~acted by applying a drive signal thereto 1 

horizontally drawing forces A2,_A2 are genarated on the· surface 
i 

higher than the vibrat.ing 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 producing 

20 chamber 5, these forces do not draw walls 4a, 4b that define 
• I 

the pressu=e producing chamber s toward the pressure producing 
.. . 

chamber S. ConsQquQntly, not only an ink droplet is expelled 
I 

at a high efficiency / hut also gene:rati.on o.:f crosstalk is 

controlled to an extremely emall cegrGe. 

25 - !t goes without saying that, by forming the 

piezoelectric vibrating element 23 so o~ to cover the region of 
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tho drive Qlec~rode 21 confronting the pr.ar:sure producing 

chamber 5, th9 region of the drive elec~rode 20 confronting the 

pres~ure producinq chamber 5 c~n be covered comple~ely by the 

p1ezoelec~r1c vit~ating elemen~ 23 even if ~light displacement 

5 or inconsistency ~n size are presen~ w1th the drive elec~rode 

lO 

21 and the piezoelectric vibrating element 23. This prevents 

short-circuiting with a co!T'Jtton electrode 80 on the other pole 
I 

which is !ormed on the su~face of the piezoelectric vibra~ing 

element 23. I 
i 
I 

In the case where the piezoelectric vibratinq:element 

23 is formed by coating or bonding a green sheet, which is a 

piezoelectric material, to the drive electrode 21 and baking 
I 

the green shee~ together with the vibrating nlate 3 !and the 
- ! . 

drive electrode 21, the piezoelectric vibrating element 23 

15 covers the drive electrode 21 completely and has peripheral 

20 

edge portions 23a, 23a bonded to the drive electrode 21 

reliably against t~e above-mentioned flexion of the vibrating 

plate 3 caused by the difference in the rate of controction 
I 

between the piezoelectr.:.c vibrating element 23 and the drive 

electrodes 21 at the -c.irne of baking. Therefore, not only . . 
displacement by flexion of the piezoelectric vibrating~element 

I 

23 can be transmitted to the vibratino plate ·3 reliably, but 
. 

al$o fatal damage such as partial f lakinQ or the like can be 
I 

prevcant'Old ow;Lng to thca reli.-i.blia bondage · between the 

25 piezoelectric v!b=ating element 23 and the vibrating plate 3. 

- 24 -
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Specifically, a drive elec~rode 21, who~e width ~2 i~ 

340 µm and whose thickness is !S µm a~ the central portion and 

S µm at the peripheral port!.ons with respect. t.o. a pressure 

producing chamber having a width Wl of 420 µm, is formed, and· 

s then a piezoelec~ric vibrating element 23, whose width W3 is 

380 µm and whose ~hickness is 30 µm, is formed on the· surface 

o·f. the dri·J'e elec-:roc!e 21. 

The thus constructed ink jet recording head and an ink 

jet recording head in which the drive electrodes are uniformly 

10 5 µrn ~hick were compared. The amount of displacemen~ of the 

piezoelectric vib~ating element tcward the pressure producing 

chamber is 0.2 µrn in the former, whereas such amount is 0.1 µm 
! 

in the latter. Therefore, an improvement that doubles the 

conventional amount of displacement was verified\ The 
I 

lS crosstalk of the former is 10% or less, whereas that of the 
·. i 

latter from 30 to 60%. Theref9re, a reduction of l/3;or less 
' 

in crosstalk was achieved. 

!n a manner similar to the above-mentioned embodiment, 

to improve displacement efficiency of the vibrating plate 3, 

20 i. g. , the ratio of the applied electric energy to -the ink 
. . 

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

width Wl of the pressure producing chamb9r 5 t~· thg width W~ of 
. ' 

the crive elect~ode 21, W2/Wl, which is ideally. GGt to_ O.P, to 

a value between 0.8 and 0.9 con~iderin9 errors and v«kiation• 

25 in the-manufacturing process. Further, the thickness of the 

drive elec~rode 21 a~ the central portion is set to a value 1.2 

- 25 -
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time~ the thicxneee thereof at the peripheral portions. It ha~ 

been verified that such setti~q contributes to preventing the 

reduc~ion ~n y1ela c~e ~o errors and the like 'in the 

manufacturing process wi~h cer~a1n~y. 

A method of manufacturing the thus constructed; ink jet 

recording head will be described next with reference to.Fi9ures 

14 ( a ) to { f ) . 

The vibrating p~ate 3, the pressure producing: chamber 
i 

forming member 4, and the pressure producing chamberjfcrming 

10 cover member 6 are formed of green sheets, each green sheet 

being a ceramic materia:!., i.e., a clay-like sheet ;and the 

pressure produci::lg 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 
I 

15 sheets with these members half-solidified so that these;members 
. ' . ' 

are integra~ed with orie another1 Figure14 (a). Then, the thus 

processed body is baked at temperatures ranging from 800 to 

1500°C, Figure ~4 (b) .· The ceramic ma~erial generally consists 
; 

essentially of cne kind or more of compound selected from the 

20 group consisting of aluminum oxide, zirconium oxide, magnesium 

oxide, aluminum nitride, and silicon nitride . 
.· 
. 

WhQn the vibrating plate 3, the pressure producing 
. 

chamber forming member 4, and the pressure producinQ;chamber 
I 

forming cover member 6 have been integrated in this' way, a 

25 pattern· of the C.rive elect.rode 21 ha.v.i.ng an optimal wi?th with 

~e5pect to the corresponding prassurG producing chamber 5 is 

l 
____ i._. 

- 26 -



formed by coat!.n.g or printing •n Qlc:actrically conducting 

material to a region corresponding to the pressure producing 

chamber 5 o! ~he vibracing p!a~e ~ so that the ratio of the 

\<lid'th w2 . o! 't:ha crive elec'trod.e 21 t:o 't.he width Wl' of the 

s pxessure prod~cing chamber 5, W2/Wl, is set to a value~between 

o.a and 0.9. The electrically conc:!uctinq mai:erial consists 

essentially 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 

10 electrode 21 must be mace ar=uate in section in this 

embodiment, a first layer 21-1 is coa~ed to a predetermined 

thickness and a second layer 21-2 is thereafter coated:only in 
i 

the vicinity of t~e center. This coating technique allows the 

electrically conciuc"t.ing material of which the second layer 21-2 
i 

15 is made tc smoothly spread with the cen~ral.portion thereof as 
. I 

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 fi~s~ layer 21-1 to be integrated therewith to 

have an arcuate section, in Figure l~ (c). 

20 As the pattern of the drive electrode 21 has been half-
. . 

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

a ternpgrature suitable for baking the electrically conductinQ 

matgrial, in Tigure 14 (d). 

Th~n, tha pie2oeloctric vibrating element 23 is formed 

25 on the ~urface of the drive electrode 21 by coating or ~rinting 

a green sheet consisting o~ a piQ20QlGctric material!so that 

- 27 -
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.. 

the width of the piezoelectric vibrating Glgmont 23 is iarger 

than the width of the drive electrode 2l formed on the.surface 
' 

ot ~he v1brac1nq plate 3 and smaller than the width of the 

pressure producinq chamber c:; 
- t 

in FJ.qure 14 The 

5 piezoelectr~c material consists essent1ally ct lead 21rcona~e 

titanate, lead magnesium-niobate, lead. nickel-niobate, lead 

zinc-nio~ate, lead rnanganese-niobate, lead antimony-stannate, 

or lead titanate. 
' i 

When the green sheet, which is a piezoelectric material 
I 

10· and which has been formed so as to be slightly projected from 

15 

the drive electrode 21, has been half-solidified in this way, 
; 

' 
the whole body is baked at a temperature suitable for baking 

the piezoelectric material, in Figure 14 (f). 
i 
i 

!n this baking process tr.e central portion~ of the 
i 

vibrating plate 3 flexes toward the pressure producingichamber 

5 due to the rate of contraction of the 
I 

•I 

piezoele_ctric 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 piezoelsctric vibrating element 23 being larger than 

20 con~raction on the drive electrode 21 side of the piezo~lectric 

25 

• i 
vibrating element 23. However, since the central portion of 

; . : 

the drive elQctrode 21 which has been formed thicker ini advance 

fills tha spaco formed by the flexion, the surface of the d=ive 

eiQctrodG 21 can bG made horizontal. 
I 
I 

I 
! 

·· When the electrode layer is formed by coating, 
I 

I 
thicknees of the . layer usually includas about !20~ 

I 
I - 28 -
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inconsistency. Therefore, it is prefe.rable to make:. the central 

portion 1.2 tL~es thicker than ~he peripheral portion, taking 

the safe~y fac~or into consideration. This technique is quite 

helptul in improving yield. 

As the piezoelectric vibrating element baking:proeess 

has been completed in t.his way, the common electrode 80 is 

formed l:>y depositing an electrically conducting material, e.g., 

copper or nickel, using a mask having a window covering the 

surfaces of all ~he piezoelectric vibrat~ng elements 23, as 

10 shown in Figure i. 

If necessary, a thin elect:rically insulating layer 8 is 

used to fill regions of the vibrating plate 3 where no 

piezoelectric vibrating element 23 is forned so that the layer 

8 becomes as high as the piezoelectric vibrating element 23 as 

15 shown in Figure 15 1 and the common electrode 80 is deposited 

thereon, so Lhat noL only gener~tion of crosstalk due to signal 

leakage can be prevented by securing electric insulation 

between the acjacent crive electrodes 21, but also breakage of 

the common ·electrode BO at the ends of the piezoelectric 

20 vibrating element 2 3 can be prevented by making the step 

between the piezoelectric vibrating element 23 and the 

vibrating platG 3 small. 

Fiqu:o 26 shows another embodimQnt. An Qlectrode 24 

formgd. so as to con:fron't the pre6sure producing chambgr 5 j.s 

-
25 similarly mace arcuate in section at a region confronting the 

pxeseure p~oducing chamber 5. On the othgr hand, a rQgion 24a 
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that ex-cends unifo::ml:y at · ~uch a ~hickness ae to. ensure 

electric ccnduc~ion is formed at other regions. This region 

24a is connect.ed to an electroC.e 24 • formed on an ~djacent 

pressure producing chamber s. That is, the electroaes ~ha-c 

s serve to select the piezoelectric vibrating elements 23 for 

driving in the above-mentioned embodiments are usedi as the 
I 

common electrodes, and drive electrodes 83, 83' that are 

electrically independent of the piezoelectric vibrating 

elemen~s 23, 23' are formed on the surfaces of the re~pective 

10 piezoelectric vibrating elements 23, 23'. 

While the surface of the drive electrode is made flat 

by filling the recess formed by ~he f lexion of the vibrating 
i 

plate 3 with the electrically conducting material, a!similar 
i 

effec~ can be obtained by using other materials. 
-

15 Figure 17 shows still another embodiment 1 of the 
! 

20 

.. 
invention A third layer 30 is.formed and a drive electrode 31 

is formed thereon. The third layer 30 is made of a ~aterial 

which is other than the piezoelectric mate~ial and which has 
' I 

strong adhesion with respect to botr. the vibrating pla"te 3 and 
I 

the electrode . The third layer 30 is formed so a·s to be 
i 

arcuate in section so that the central portion ~f the vibrating 
i 

·' 
plate 3 confronting the prsssure producin9 chambers is thick . 
with a ~rooothly thinning elope toward the peripheral portions. 

; 

The d~ive electrode 31 correct~ the flexion of the v~brat~ng 
I 
! 

25 plate 3, and similarly has a narrower width than the pressure 

procucing chamber ond a. uniform .th.i..c:Jme:s:i, 
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Alao in thie embcdiment, the piezoelec:ric vibrating 

element 32 is formed so as ~o be substan~ially horizontal at a 

level highe.= than the ·vibrating pla'te 3. !here fore, genera't1on 

0£ crosstalk and reduction in ink expelling e!f iciency can be 

5 prevent.ed. 

rigures lB {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 

10 :nember 4, and the pressu:-e producing chamber forming cover 

member 6, which are ~n the form of green sheets / and integrally . 
baked a~ ~emperatures ranging from 800 to 1500°C, in Figure 18 

(a) and (b). The pressure producing chamber forming ~ember 4 

has portions designed to serve as the pressure producing 

15 chambers 5 formed by punching. Each green sheet is a; ceramic 

such as alumina or 2irconia. 

The third layer 30 that is thicker ~t the .central 

port!.on than the perip~eral port.ion is formed at a region 

corresponding to the pressure producing chamber 5 by printing, 

20 in Figure 19 (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 adhGoion with rgspi:ict to both the 

vibreting plate 3 anQ thQ glQctrodQ 31, e.g., cg~amic o~ ~etal. 

!n these proce55ee, it ie eimilarly prgfgrably to form 
I 

2.5 the central portion l. 2 times thicker than the peripheral 
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10 

por~ion:s, tcking er.ror:s in the manuf aetu:inq procee& into 

account. 

Then, ~he rna~erial of which ~he elec~rode 31 is. made is 

deposited on the sur!ace of the third layer 30 so as to 

confront the pressure produc!.ng chamber 5 by 

Figure 14 (e), and baked, in ?iqure 18 {f). 

• I 
I 

printing, in 
I 
I 

' 

As 'the final process, the pie2oelectric vibratin9 · 

element 32 is si~ilarly formed by printing, in Figuref 18 (g), 

and baked, in Figure !8 (h). 

According to this embodiment, freedom in selecting the 

material used to compensate for the deformation io£ the 

vibrating plate 3 is increased, thereby allowing the vibrating 

characteristic of the vibra~ing plate 3 to be adjusted to a 

value optimal for ink expelling. 

- 32 -
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WHAT !S C!i.tl.!M~O !~1 

l ~ .:.. . A.~ ink jet recording head comprising: 

a v1ora~1nq pla~e made o! ceramic; 

3 a pz:essure producing chamber forming member tor terming 

4 a plurality ct p~essure producing chambers 1n rows, the 

s pressure producing cha~ber formir.g member made of ceramic; 
I 
; 

6 an electrode on one pole formed on a surf ace of the 
I • 

7 vibrating plate so as to correspond to the 9ressure p~oducing 

a chamb~r; and . 
I 

9 a piezoelectri= vibrating element, one end; thereof 

10 contacting the electrode and other end thereof contacting an 
I 

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

12 an ink droplet from ·a nozzle opening by flexion; of the 

13 pie2oelectric vibrating element; 

14 wherein at least t~e vibrating plate and the pressure 
! 

15 proC.ucing chamber forming me~ber are int:egrally i6rmed by 

16 baking t.he ceramic, the piezoelectric vibrating element is 
l 

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

18 ·pole formed on t~e surface of the vibrating plate, a width W2 

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

20 the pressure producing chamber, and a width W3 ' of the 

21 p.i.Q:z oel~u::t:r i c: vibrating QlQmGnt is larger than the width W2 of 
: 

22 the electrode on the one pol.g and sm.al.ler than.the width Wl of 

23 thQ pressure producing chamber. ·-
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l 2. An ink jet reccrdinq head 4Ccorc!inq to cleim l,~wherein 

2 a ratio of the width W2 o! the electrode on the one pole to the 

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

4 value between 0.8 and 0.9. 

l 3. A."1 ink jet recording head according to claim 1. 1 wherein 

2. the elect.rode on the one pole is a drive electrode and the 

3 electrode on the other pole is a common electrode. 

! 
l 4 . An ink jet recording head according to claim !,:wherein 

2 a peripheral edge of the piezoelectric vibrating element J.s · 
I 

3 formed as an overhang with respect to t~e electrode onithe one 
i 

4 pole and is substantially fixed to ~he vibrating plate: through 
I 

s the electrode on the one pole. 

: ! 
l 5 . An ink jet rec~rding head accorcing to claim i,;wherein 

2 an electrically insulating layer is formed between the 

3 electrodes on the one pole. 

l 6. An ink jet recording head comprising: 

z a v i;:,rating plate rnad·e of ceramic; a pressure producing 

3 chamber £orming member, made of cGramic, for fo~ming a 

4 plurality of pre~~ure producing chambers in rows1 

.5 electrode on one pole formed on o ~ur:fe.ce of the 

5 plate s·o as to co::-respond to the pressure· producing 
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7 a piezoelectric vibrating elemen-::, one end thereof 

a con~acting the electroce and other end thereof contacting an 

9 electrode on other pole, ~he ink jet recording head expelling_ 

10 an ink droplet from a nozzle ope-ning by rlexion : of the 

ii piezoelectric vibrating element; and 

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 member which 

15 conf ropts the pressure producing chamber of the vibrating plate 
l 

16 being larger in thickness than a peripheral edge of the~member, 

17 the member projected toward a pressure producing-chamber side, 

18 wherein at least ~he vibrating plate and the pressure 

19 producing chamber forming member are integrally fo;rmed by 
I 

20 baking the ceramic, the piezoelectric vibrating element is 
' 

21 deposited by baking on ~he surface of the electrode on: the one 

22 pole formed on the surface of the vibrating plate. "i 

1 7 . An ink jet recording head according to claim 6,;wherein 

2 the member is made of a material havi~~ an adhesive force with 
I 

3 respGct to both thg pie2oelectric vibrating element ·and the 
• ! 

4 vibrating plate without a piezoelectric property. , 

i 
I 

l 8. P..n ink jet recording head accorcin9 to claim 6,;whe~gin 

z the ro~mber i5 the elect~ode on the one pole. 

I llllllf llllll lllll lllll ll lllf 
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l 9. An ink jet recc:din9 head according to claim 6,~wherein 

2 a ·ratio in thickness of the centra! portion of the member to 

3 che peripheral eaqe porcion ~hereot is 1.2 or more. 

; 

I 
l 10. An ink jet recording head according to claim 6,!wherein 

i 

2 a width W2 of the electrode on the one po!e is smaller than a 

3 wid~h Wl of the pressure producing chamber, and a width W3 of 
I 

4 the piezoelectric vibrat..ing element is larger than the ~idth W2 
i 

s of the.electrode on the one po!e and is smaller than t~e width 

6 Wl of the pressure producing chamber. 

I 

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

Z a ratio of the width W2 of the electrode on the one pol~ to the 

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

4 

l 

2 

3 

l 

2 

4 

5 

value between 0.8 and 0.9. 

12 I .rm ink -jet recording head according to claim 6, ! wherein 

the electrode on the one pole is a. drive electr::>de 'and the 

ele·ctrode on the other pole is a commbn electrode. 

13 • .rm ink jet recording heac!. according tO Claim 6 I~ Wherein 
i 

the periphgral gdgo of tho pi~20GlQctric vibrating QlGmQnt is 

formed to an overhang with reGpect to the elQctrode on:thG one 

pole ond i~ eubetentielly fixed to the v~brating platG,through 

I 
the electrode on the one pole. l 

I 
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l 14. An ink jet recordin9 head cccording to claim 6 1 wherein 

2 an electrically insulatinq layer is formed between the 

3 electrodes on the one pole. 

l 15. A method of manufacturing an ink jet recording head 

2 comp~ising the steps of: 

3 forming a vibrating plate, a pressure producing'. chamber·· 
i 

4 forming member, and a pressure producing chamber forming cover 
! 

5 mernbe~ of green sheets, respectively, the pressure p~oducing 
i 

6 chamber f ormin~ member having windows formed at :regions 
I 

7 designed to serve as pressure producing chambers by p~nching, 

a each green shee~ being a ceramic ma~er~al including alumlna or 

9 zi:rconia; 

' 10 l:>aking the _vibrating plate, the p·ressure producing 
' 

11 chamber forming member, and the · p:-essure producing ; chamber 
' ·. i 

12 forming cover member integrally by applying pressure'.thereto 

13 with the v~brating plate, the pressure producing :chamber 

l4 

16 

17 

l.8 

forming member, and tl:e pressure producing chamber ~forming· 

' cover member being half-solidified; 

forming a patter~ of an electrode on one po~e of an 

electrically conducting material at a region ~orrespo~ding to 
• i 

a pre~~ure producing chamber of the vibrating platQ s? that a 
. i 

19 r~tio of a wLdth W2 of the electrode on the onQ.polg toia width 
i 
I 

20 Wl of.~he pre~~ure producing chamber, W2/Wl, is &Qt tola va1uG 

21 between o.e and 0.9; 

- 37 -

f 
I 

I 
-.. l 

111111111111111111111111111111 
* C L M S * 



---··-··---······ ..... 

--

·-· ........ ··-···· 

zz 

23 

24 

25 

26 

27 

28 

29 

l 

i 
I 

baking the thus res~ltQd whole at a temparatura 
; 

suitable fo~ ~aking ~he electrically conducting materi~l when 
I 
I 

the pa~tern o! ~he elec~rode en the one pole of the vib~~tinq 
i 

plate has been halt-solid1!1ed; ana ! 
l 

forming a layer of a piezoelect:r1c rnat:erial so .as to .be 
' i 

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

narrower than the width Wl of the pressure producing chamber, ·· 
j 

and baking the layer. ! 

I 
16. A method of manufacturing an ink jet: recording head 

2 according to claim 15, wherein the ceramic is one kind' or more . 
3 of compound selected :from the group consisting of aluminum 

4 oxide, zirconium oxide, magnesium oxide, aluminum nitride, and 
I 
i 

s silico~ nitride, and the piezoelectric material consists 

6 essentially of lead zirconate titanate, le.ad· magnesium-niobate, 

7 lead nickel-nio.bate, lead manoanese-niobate, ,. lead antimony-

8 stannate, and lead titanate, and the electrically conducting 

9 material consists essentially of one kind or more of alloy 
' 

10 selected from the group consisting .of platinum, pa~ladium, 
' 

11 silver-palladium, silver-platinum, and platinum-palladium. 
~· 

. 
1 17. A rnathod of manufacturing an ink jet recording head 

2 comprieing the steps 0£1 i 
fol:'mi.ng a vibxat.in9 pla~r:i, .a pr<0u:1:urQ pX'oduc:ing chamber 

4 i forming member, and a pressure producing chamber forming.cover 

b ~ h h Id· me:n er o- green • eeto, re•pecHvely, t g preocurg To ucing 
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7 chAmber forming member having windows formod at ; reqionc: 
I 

s designed to serve as pressure producing chambers by punching, 

9 each green shee~ ~einq a ceramic ma~erial including al\imina or 

10 zirconia; 

11 

12 

13 

14 

15 

16 

17 

18 

baking the vi.b::-ating plate, 1.:he pressure producing 
i 

chamber forming member, and the pressure producing! chamber 
I 

forming cover member integrally by applying pressure: there~o· 

with the vibrating plate, the pressure producing: chamber 
I 

f orrning mem!>er, and the pressure producing chamber l forming 
! 

cover member being hali-solidif ied; ' 

forming a pattern of an electrode on one pole of an 
' 

electrically conduc~ing material at a region corresponding to 
i 

19 a pressure pr::>ducing_ chamber .of the vibrating plate s;::> that a 
I 

20 ratio oi a width W2 of the elec~rode on the one pole to a width 
. 

21 Wl of the pressure producing chamber, W2/Wl, is set to a value 
'. 

22 between 0 . 8 and 0. 9 and so that a central portion of the 

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

24 p~ocu'cing chamber side -:.hereof being projected; .i 

25 bakinq the thus resulted whole at a temperature 

26 suitable for baking the electrically conducting material when 

27 

28 

29 

.31 

the pattern of the elec~rode. on the one pole of the 

platQ has bQQO half-solidifiQd; and 

vibrating 
! 

! 
fo::r:rning a layer of a pigzoolQctric material $0 !as to be 

wider._the.n the width W2 of the electrodo on the om;i 

narrower than the width Wl of the pressure producing 

and baking the layer. 
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l 18. A method of manuf acturin9 ~n ink jet recording head 

2 according to claim 17, wherein the electrode on the on~ pole is 

3 formed in a plurality of times so that the central; portion 
: 
I 
I 

4 thereof becomes projected. 
I 
I 

I 
l 19. A method of manufacturing an ink jet. recording head 

2 compxising ~he s~eps of: 
I 
! 

3 forming a vibrating plate, a pressure producing; chamber 

4 forming member, and a pressure producing chamber formihg cover 

5 member of green sheets, respectively, the pressure producing 

6 chamber forming member having windows formed at lreqions 
I 

7 designed to serve as pressure producing chambers by pµnching, 

a each green sheet being a ceramic material including allimina or 

9 z.irconia; 
j 

10 baking t:he vibrating pla"te, the pressure producing 

11 chamber forming member, and ":,he pressure producing; chamber 

12 forming cover member integrally by applying pressurei thereto 
I 

13 with the vibrating plate, the pressure producing l chamber 
I 

14 £arming member, and the pressure producing chamber ! forming 

15 cove~ mQmbQr bQing half-solidified; 

16 forming a ~hird layer of a material having an ~dhesive 
. i 

17 force with reepect to the vibrating plate and an elqc~xodQ on 

16 one pole o.t a region co~re5ponding to the 

19 chamber ot the vibrating plate ~o that 

20 thereof becomes arcuate in section with a 

21. chamber side thereof being projected; 

I lllllll llllll lllll lllll II llll 
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22 forming a pat~ern of the electrode on tho one1pole of 
' 

23 an electrically conducting material on a surf ace of the third 

z~ layer so ~hae a ra~!o of a width W2 of the electrode o~ the one 
I 

25 pole to a width Wl of the pressure 9roduc~nq chamber, W2/Wl, is 

26 set to a value between 0.8 and 0.9; 
j 

27 bakir.g the thus resulted whole at a temperature 

28 suitable for baking the electrically conducting material when 

29 the pa~tern of the electrode on the one pole of the vibrating 

30 plate has been half-solidified; and 

31 forming a layer of a pie~oelectric material so:as to be 
; 

32 wider than the width W2 of the electrode on the one pole and 

33 narrower than the width Wl of ~he pressure producing chamber, 

34 and baking the layer. 

l 20. A method of rnanu:acturing an ink jet recording head 

2 according to claim 17, #herein _the ce:::-amic is one kind or more 

J cf compound selected t::orn the grot.tp consisting of aluminum 

4 oxide, zirconium oxide, magnesium oxide, aluminum nitride, and 
i 
: 

5 silicon nitride; the piezoelectric material consists 

6 essentially o! lead zirconate titanate, lead 'ma.gnesium-niobate, . . 
7 lead nickel-nio?:>ate I lead ffianaanese-niobate f • lead antimony-

• I 
s stannate, or lQad titanate; and the glectrically conducting 

9 ma~er~a1 coneiets essentially 0£ at least ong kind 

10 olloy .. l!lelected · from the group consisting of 

i 
or:rnor;;i of 

"i 
platinum, 

i 
11 palladium, silv~r-palladium, silver-platinum, and p~atinum-

1z pell.odium. I __ _ 
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21. A method of manufacturing an ink jet recording head according to claim 19, 

wherein the ceramic is one kind or more of compound selected from the group consisting 

of aluminium oxide, zirconium oxide, magnesium oxide, aluminium nitride, 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, silyer-platinum, and platinum-palladium. 

22. An ink jet recording head comprising a chamber for containing ink, a drive 

electrode located on a wall of said chamber, and a vibrating eleirient 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. An ink jet recording head substantially as hereinbefore described with reference 

to and/or as illustrated in the accompanying drawings. 

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

hereinbefore described with reference to and/or as illustrated in the accompanying 

drawings. 
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