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IN.K-JET RECORDING HEAD 

The invention relatas to an ink-jet recordinq head. 

Ink-jet recording heads in which a pressure is 

a~plied to ink in a pressure chamber to eject ink drops 

10 throu9h nozzle openings are roughly classified into two 

types: the thermal jet type in which a heating element is 
housed in the pressure chamber; and the piezoelectric type in 
which the pressure chamber is pressed by a piezoelectric 
vibrator. The latter one has a feature that a 

lS deterioration of ink quality does not occur because ink is 
not heated, and therefore it can be used in a wide variety of 
application~ ~uch as A color printing. 

However, an ink-jet recording head of the piezoelectric type 
has a problem. Namely, in order to defonn the 

20 piezoelectric vibrator to a degree sufficient for 

2S 

producing ink drops, a drive voltage of several hundreds 
volts must ba applied to the piezoelectric vibrator, whereby 

signal transmission lines and circuit components are required 
to have a hiqh insulation property. 

In order to solve this problem, an ink-jet 
recording head is proposed, for example,. in 

European Patent Publication No. o 443 628 A2. In this 

recording head, a piezoelectric vibrator for 
compressing and expanding a pressure chamber consists of 

~o layers o~ a p~ezoelec~ric :m.a~er1a1 and an elec~rode ma~er~al 
which are alternately stacked. 
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According to the proposed configuration, the driving 
voltage can be lowered to about 30 volts so that the 
structures of the driving circuit and power supply means can 
be simplified. 

In the proposed configuration, layers of the two 
different materials, the piezoelectric material and the 
electrode material are stack~d. This produces a drawback that 
the strength of the piezoelectric vibrator having such a 
lamination structure has a:· lower strength than ·that of a 
piezoelectric vibrator having a monolithic piezoelectric 
vibrator substrate. 

It is therefore the object of the present invention 
to provide an ink jet recording head which does not show the 
drawbacks of the prior art products. This object is solved by 
the ink jet recording heads according to independent claims 1 
and 8. Further advantageous features_, aspects and details of 
the ink jet recording head are evident from the dependent 
claims, the description and the drawings . The claims are to 
be understood as a first non-limiting approach to define the 
invention in general terms. 

Generally speaking, the present invention relates to 
an ink jet recording head using as vibrating means a 
piezoelectric vibrator in which layers of a piezoelectric 
material and an electrode material are alternately stacked. 

The invention provides a novel ink-jet recording head 
in which a lamination piezoelectric vibrator is not caused to 
generate a useless stress and which can improve the energy 
efficiency. 

According to the invention, an ink-jet recording head 
comprises: a piezoelectric vibrator in which layers of an 
electrode forming material and a piezoelectric material are 
alternate.ly stacked, and an active region is formed in the 
center portion so as "to extend and contract in the lamination 

ii ii if 
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direction, the electrode forming material constituting segment 
electrodes and common electrodes; a fixing substrate to which 
the piezoelectric vibrator is fixed; and a flow path component 
which contacts with the front end of the piezoelectric 
vibrator and in which ink is compressed by the extension and 
contraction of the piezoelectric vibrator to produce ink 
drops, the contacting area between the piezoelectric vibrator 
and the fixing substrate being formed only in the portion of 
the active region, and the ~iezoelectric vibrator being fixed 
to the fixing substrate only through the contacting area. 
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When a dri~e 5iqn~l is ~pplied to the segment 

electrodes and the common electrodes of the piezoelectric 
vibrator, only the active region where electrodes of the 
opposite polarities oppose to each other extend5 and 
contrac~s ~n ~he lam~na~ion d1rec~1on. A~ ~h~s cime, ~he 
~ido faces and lower edge portion of the pia2oelactric 

vibrator which do not contribute to this extension and 
contractio~ operatien are free from the fixing substrate, so 
tha~ they contract with following the extension of the active 

10 region ~o cloaely a# possible. As a reault, the stress at 

the edqe portlon of the p1ezoelectric vibrator i~ reduced to 
an extremely low level as compared with the case where the 

edge portion is fixed. Furthermore, the degree of extension 
in ~he electrode arrangement d1rectLon ~s ~ncreased because 

15 the contraction side is not restricted. Accordingly, the 
ink-jet recording head can produce ink drop~ with a higher 
efficiency. 

Fig. 1 is an exploded perspective view showing an 
20 embodiment of the invention; 

Fiq. 2 is a section view showing the embodiment of 
~~e invention; 

Figs. 3A, 3B and 3C show the configuration of side 
faces of an embodiment of the piezoelectric vibrating unit of 

25 the recording head; 
Fiqs. 4A and 4B respectively show extension states of 

the recording head according to the invention and a prior art · 
recording head to which a drive signal is applied; 

Fiq. 5 shows an embodiment of the method of 
30 manufacturing the piezoelectric vibrator; 

Fig. 6 show~ ~nether embodiment of the Lnvention; 

Fig. 7 shows a state of the embodiment when a drive 
voltage is applied; 
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rig. 8 is a section view showing a third embodimen~ 

of the invention; 

Fig. 9 shows a state of the embodiment when a drive 
signal is appliedi 

Fig. 10 is a sec~ion view showing an embodiment of a 
la~ination piezoelectric vibrator1 

Fig. 11 shows a fourth embodiment of the invention in 
which the piezoelectric vibrator is used; 

Fig. 12 is a oection view showing a fifth embodiment 
io ot the ~nven~~on; and 

Piq. 13 shows the operation of the embodiment. 

Hereinafter, the invention will be described in 
detail by illustrating its embodiments. 

lS Figs. 1 and 2 are an exploded perspective view and 
section view showing an embodiment of the invention, 

respectively. In the figures, the reference numeral 1 
designates ~ nozzle plate in which nozzle openings 2 are 
formed, 3 designates a spacer which partitions a pressure 

20 chamber 6 and has through holes 4, and 5 designates a 
diaphragm which contacts with piezoelectric vibrators 9 of a 
piezoelectric vibrating unit 7 described later and defo.rms in 
accordance vith extension and contraction of tho 

piezoelectric vibrator 9. These three kinds of components 
2s are stacked to constitute a flow path unit foDninq the 

pressure chamber 6. 
The reference numeral 7 designates the piezoelectric 

vibratinq unit which is a characteristic component of the 
invention. The lamination piezoelectric vibrators 9 are 

30 fixedly attached to the front end of a fixing substrate 8. 
on the s1.de faces o:t -che tixing substrat:e 8, lead electrodes 

10 and 11 are formed which respectively connect the 
piezoelectric vibrators 9 with external terminals. Portions 
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0£ the fixing ~ub5trate 8 which oppose the sides ot the 

piezoelectric vibrators 9 are removed away to fo:.cm chamfered 

portions 12. Only a flat portion 13 which constitutes the 

remaining portion contacts with active regions 15 (Fig. 3)' of 

the piezoelectric vibrators 9 to fix the piezoelectric 

vibrators 9. 

The thus configured flow path unit and piezoelectric 

vibrator unit are tixed to each other through bases 16 each 

hav~ng a groove constituting an ink supply path 14, to be 

io assembled ~nto a recording head. 

Fiq. ·3 shows the v-i.brating unit 1 in· deta.il. In the 

figure, the reference numeral 9 designates the piezoelectric 

·vibrators having a lamination structure in which layers of an 

electrode material such as silver palladium for forming 

15 segment electrodes 20 and common electrodes 21, and layers of 

a piezoelectric material such as lead titanate for fo:rminq 

piezoelectric vibration layers 22 are alternately stacked in 

the thicknesses of 3µm to Sµm and 20µm to 50µm, respectively. 

More specifically, one-side ends of the electrode5 of the one .. 
20 polarity, or the electrodes 20 to which a drive signal is 

applied, and those of the common electrodes 21 are .el?ngated 

to the opposite side faces of the piezoelectric vibration 

layers 22, and the other ends of these electrodes are 

positioned in the vicinity of the center portion of the 

25 pie%oelectric vibration layers 22, so that the electrodes 20 
and 21 of the opposite polarities are overlapped only in the 

center portion. 

When the unit having this configuration is sintered, 

the seqment electrodes 20 overlap the conunon electrodes 21 by 

30 a predetermined length in the center portion to constitute a 

region where the electrostriction phenomenon is produced, or 

~he so-calied ac~ive region 15. Then, on ~he s~de tace on 

which the ends of the segment electrodes 20 are exposed, and 

the other side face on which the ends of the common 
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eiec~rOd.es 21 are exposed, side elec~rodes 2oa and 2la are 

formed by vapor deposition or the like, so that the 
electrodes 20 and 21 are connected in parallel by the side 
electrodes 20a and 2la, respectively. When a voltAqe as low 

s as about 30 volts is applied to the thus configured 
piozooloctric vibrator, thQ QlQctro~t~ictio~ phanomQnon ie 

caused to produce the displacement of the piezoelectric 
vibrator, thereby pressing the diaphragm 5 constituting the 
pres.sure chamber 6 to produce ink drops • 

10 In the fixing subs~ra~e 8, bo~h 'Che.side edges ot the 
upper face are removed . to form chamfered por.tions 12, so 

that the £lat portion 13 is formed only in the portion 

opposing to the portion of the piezoelectric vibrator 9 where 
the electrodes are.overlapped, or the active region 15. On 

15 the whole side face (Fig. 3A) in the side on which the ends 
of the common electrodes 21 are exposed, the lead electrode 
11 is formed by vapor deposition or the like. On the side 
face (Fig. 3C) in the side on which the ends of the se~ent 
eiectrodes 20 are expQ5ed, the plurality of 1ead electrodes 

20 10 are formed by vapor deposition or the like at locations 
corresponding to the piezoelectric vibrators 9, respectively. 

The thus configured fixinq substrate 8 and 
piezoelectric vibrators 9 are assembled into the vibrating 
unit 7 i~ tha following manner. A nonoonduetivg adhgaiva is 

25 applied to the top of the fixing substrate a, or the flat 
portion.13 in a thickness as thin as possible. Under the 
state where the piezoelectric vibrators 9 are substantially 
contacted to the fixing substrate 8, the vibrators 9 are 
fixed to the substrate in the pitch coincident with that of 

30 the nozzle openinqs 2. Into the spaces having a V-shaped 
section and formed by the c~amfered portions 12 of the fixing 
subs~ra~e 8 and ~he end !aces ot ~he piezoeleo~r1c v1bra~ors 

9, conductive adhesives 28 and 29 which have elasticity even 
after setting are poured. More specifically, the conductive 
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adhesives 28 are poured into the space in the side o: th• 

side electrodes 20a in such a manner that separation strips 

are formed between the conductive adhesives 28, and the 

conductive adhesive 29 is poured into the whole space in the . 

s side of the side electrodes 2la. 

A~ a re~ult, the gQgment electrode~ 20 of the 

piezoelectric vibrators 9 are electrically connected through 

~he side electrodes 20a to the independent lead electrodes 

l~, respectively, and the common electrodes 21 of the 

10 pLezoelectrLc_ v~brators g are electr1ca1ly connected to the 

lead electrode 11 common to the side electrodes 2la. Then, 

conductive patterns such as flexible cables are connected to 

the lead electrodes 10 and ll so that the piezoelectric 

vibrators 9 are selectively s~pplied with a drive signal. 

15 In the embodiment, when a drive signal is applied to 

one of the piezoelectric vibrators 9, the active region 15 

where the electrodes 20 and 21 of the opposite polarities 

overl~p with each other extends in the electrode arrangement 

direction cs shown in Fig. 4A. The in~ctive regions where 

zo only the electrodes of one polarity exist and an electric 

field is not produced do not contribute to this extension. 

In the piezoelectric vibrator 9, only the active reqion 15 

_wher~ the electrodes 20 and 21 of the opposite polarities 
' ovgrlap with oaoh other i~ GupportQd by tho fixing subctrate 

2s a, and the inactive regions of the ~oth sides are fixed by 

the conductive adhesives 28 and 29 having eiasticity, so that 

edge portions 9a are kept free in ~he view point of the 

piezoelectric phenomenon. Therefore, the piezoelectric 

vibrator as a whole extends without sufferinq.restriction 

30 from the fixing substrate a, and presses the diaphragm s. 
As a result, as compared with a conventional 

recording head (Fiq. 4B) in which ~he whole lower tace ot a 

piezoelectric vibrator A is fixed to a fixing substrate B and 

edge portions C are restricted, the degree of extension (unit 
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volume change) of the embodiment is increased by AL, and the 
energy efficiency of producing ink drops is improved. 
Furthennore, since the edge portions 9a are free from 
restriction, the generated stress is low in level and the 

' s fatigue is reduced. 

In the embodiment, the vibrators 9 which are 

independently constructed are fixed to the fixing substrate 8 
in the pitch coincident with that of the nozzle openings 2. 
Alt~rnatively, the vibrators 9 may be formed in the following 

10 ·manner as shown in Fig. 5. A piezoelectric vibrator plate 33 is constructed 
.into the form~of a monolithic: pla.te by alte:r:natQl.y c;taeking 
layers of a piezoelectric material 30 and electrode fo.:rming 
materials 31 and 32. Only the active region of the 
piezoelectric vibrator plate 33 is fixed by an adhesive to a 

15 fixing substrate 34 having chamfered portions 37. Then, 
slits 35 which elonqate from the upper· face of the 
piezoelectric vibrator plate 33 and reach the surface of the 
fixing substrate 34 are formed by a diamond saw 36 or a wire 
saw. According to this alternative, the process ot tixing 

· 20 the piezoelectric vibrators can bQ simplified. 

Fiq. 6 shows a second embodiment of the invention. 
In the figure, the reference numeral 40 designates a fixing 
substrate to which the piezoelectric vibrator 9 is fixed. A 
projection 41 is fol:Itled at a portion oppo~inq the active 

25 region 15 of the piezoelectric vibrator 9 so that the f ixinq 
substrate contacts with only the active regiGn 15 of the 
piezoelectric vibrator 9 to fix it, resulting in that spaces 
42 are formed between the inactive regions of the 
piQzoolQctric vibrator 9 and tho fixing substrate 40. In the 

30 same manner as the above-described embodiment, the edge 
portions 9a of the piezoelectric vibrator 9 are kept free 
during the extension and contraction of the piezoelectric 
vibrator 9. When a drive signal is applied, therefore, the 
piezoelectric vibxator 9 produces a large displacement due to 

- a -



... 

~he ex~ension as snown in ~1g. 7 so tha~ ink drops are 
produced with a higher efficiency, and is prevented from 
sufferinq from a useless stress. Accordingly, the fatigue of 
the piezoelectric vibrator 9 and fixing substrate 40 can be 

s reduced. 
Al~o in the embodiment, lead electrodee 43 and •4 are 

formed on.the side £aces of the fixing substrate 40, and 
conductive adhesives which have elasticity.even after setting 
are. pour~d into the spaces 42, thereby respectively 

10 conneceinq ~he side elec~rodes 20a and 2la of .the 
pie2oalactric vibrator 9 w~tn thQ laad alactrodes 43 and 44 

of the fixing substrate 40. 
It is needless to say that also the embodiment may be 

constructed in the.same manner as described above in 
15 conjunction with Fig. 5. That is, one monolithic 

piezoelectric vibrator plate may be fixed to the fixing 
substrate 40 and then cut to be divided into respective 
vibrators of a predetermined size. 

F1q. 8 shows a ~h1rd embodiment of the Lnvent~on. In 
20 tha £igura, tha rafarancQ ~wnaral 50 dasignatas a 

piezoelectric vibrator. In the piezoelectric vibrator SO, 
layers or an electrode forming material are alternately 
stacked in such a manner that they oppose to each other 
through a piezoelectric materLal, to form segment electrodes 

2s 52 and common electrodes 53, thereby consti"tutinq active 
region 54 of piezoelectric vibration layers 51 in the center 
portion. The edqe portions of inac_tive regions which oppose 
a fixing substrate SS are removed to form chamfered 
portions 56'. 

30 The piezoelectric vibrator 50 is fixed at its flat 
portion 57 to the fixing substrate 55 by an adhesive. Into 
v-shaped grooves formed by the chamfered portions 56 and the. 
fixing substrate 55, conductive adhesives 58 which have 
elasticity even after setting are poured so that side 
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electrodes 52a and 53a o! ~he piezoelec~ric v~bra~or 50 are 

connected to lead te;cminals 59 and 60, respectively. 
In the embodiment, chamfered portions 63 are also 

formed in the edge portions in the other end side ot the 
s piezoelectric vibrator SO which contacts with a diaphragm 62 1 

so as to provide for an eeeape of an adhe~ive for connecting 

the piezoelectric vibrator 50 with the diaphragm 62. This 

allows an excess of an applied adhesive to flow into the 
chamfered portions 63, thereby preventing the excess odhesive 

io from entering.into the gaps between ~he adjacen~ 
piezoelQctric vibrators. ~ha adhesive ~n the cha.mfArad 

portions G3 functions as the reinforcement of the connection 

between the diaphragm 62 and the piezoelectric vibrator SO. 
When a drive signal is applied to the piezoelectric 

lS vibrator SO in the embodiment, only the active region 54 
extends so that the piezoelectric vibrator presses the 
diaphragm 62 to compress a pressure chamber 65, where~y ink 

drops are produced from a nozzle opening 66. 
In accordance with ~he extension due ~o ~he 

20 application of the drive signal, as ahown in Fiq. 9, the 
piezoelectric vibrator 50 contracts in the direction 
perpendicular to the extension direction. Since edge 

portions 50a at the lower end are removed, the 
piezoelectric vibrator SO does not suffer restriction from 

2s the fixing substrate 55. Therefore, its front end can 
largely deform so that ink drops are produced with a higher 
effici.ency and the fatigue of the piezoelectric vibrator 50 

and fixing substrate 55 is reduced. 
In tho ombodiment, the cham£ared portions are fanned 

30 by performing a special working process such as that of 
abrading the edge of the piezoelectric vibrator. 
Alternatively, such chamfered portions may be !orxned w~thou~ 

performinq such a special working process. In the process of 
forming a lamination of a piezoelectric material, green 

------ -----
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sheet~ 70 h~ving a given thickness, and green sheets 71 and 

72 of an electrode forming material are stacked as shown in 

Fiq. 10. As a result, the region in which the electrodes 

vertically overlap with each other or the region which 

s constitutes an active region 74 has a total layer number 

that is greater than that of the other portion by the number of 

the electrode forming material green sheets functioninq as 

the electrodes of one polarity. Eventually, therefore, the 
active region has a projection 75 havinq a step difference 

10 t\d. 

After the piezoelectric vibrator having this 

configuration is sintered, as shown in Fiq. 11, the 

projection 75 is contacted with a fixing substrate 77 and· 

fixed thereto by an adhesive, whereby spaces 78 are formed by 

15 the f ixinq substrate 77 and the both side portions 

constituting the inactive region. As a result, without 

performing a special working process of forming the chamfered 

portions, a piezoelectric vibrator unit can be constructed in 

which only the aet~ve 4egion 74 i~ contected with And fixed 

20 to the f ixinQ substrate 77 and the edge ~ortions are kept 

free. 
Fig. 12 shows a fifth embodiment of the invention. 

In the figure, the reference numeral 80 designates a 

lamination piezoelectric vibrator in which segment elect~odaa 

25 81 and common electrodes 82 are arranged in the manner 

described above so as to overlap wi.th each other in the 

center portion, whereby an active region 83 is formed only in 

the center portion. The piezoelectric vibrator 80 is fixed 

by an adhesive to a projection 85 which is formed on a base 

30 84 so as to oppose and contact only with the active region 

83. This fixation is performed so that spaces 86 are formed 

be~ween ~he inac~ive regions and ~he base 84. Side 

electrodes Sla and 82a which respectively connect the segment 

electrodes 81 and common electrodes 82 in parallel are fixed 
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at their lower ends thereof to lead electrodes 87,88 disposed 
an· the base 84 by a conductive adhesive 89 which maintains to 
perform elasticity even after being fixed. 

The other side of the piezoelectric vibrator opposing 
a pressure chamber 90 is contacted with and fixed to an 

5 island 93 of a diaphragm 92 through a connecting member 91 
the si~e cf which is ~elected so thAt the member contAct~ 

with only the active region 9~, thereby ensu~ing spaces 94 to 

be formed between the inactive regions and the diaphragm 92. 
I~ the fiqure, the reference num~ral 95 designates thln 

10 portions fol:1ned in the diaphragm 92, and 96 des1gna~es a 
nozzle plate having a nozzie opening 97. 

When a drive signal is applied to the piezoelectric 

vibr~tor SO in the embodiment, only the active region 83 
extends in the manner described above so that the 

is 'piezoelectric vibrator 80 presses the diaphragm 92 to 

compress the pressure chamber 90, whereby ink drops are 
produced from the nozzle opening 97. 

In accordance with the extension due to the 
application ot ~he dr1ve signal, as shown in Fig. 13 1 the 

ao p~e~oeleetrie vibrator so contracts in the direction 

perpendicular to the extension direction. With respect to 
the defoxmation of the piezoelectric vibrator BO, nonfixed 
inactive regions SOa at the lower end are fixed only by 

conductive adhesive~ 89 h~ving elAsticity, and, with respect 

2s to the diaphragm 92, nonfixed inactive regions 80b at the 
upper end are kept free. Accordingly, the contraction of the 
piezoelectric vibrator 80 does not suffer restriction from 

the base 84 and the diaphragm 92, so that the piezoelectric 

vibrator 90 contracts with a larger deqree than that in which 
30 the whole front edge is fixed to a diaphragm. In the 

embodiment, therefore, ink drops are produced with a hiqher 
efficiency and the fatigue of the piezoelectr~c v1bra~or 80, 

base 84 and diaphragm 92 is reduced. 
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In ~he embodimen~, ~he connecting member for 

connecting the active region of the piezoelectric vibrator 

with the diaphragm is constructed as a separate member. 
Alternatively, the connecting me?nber may be constructed so as 

s to be united in one body with the island of the diaphragm. 

10 

In Another alternetive, a portion of the inact~ve region in 

the side of the diaphragm may be removed as shown in 
Fig. 8, and only the active region is contacted with and 
f~xed to the diaphragm or the island of the diaphragm. It is 
obvious to those skilled in ~he ar~ that these alterna~~ves 
achieve tha same ef facts as those 0£ tha above-described 
embodiments. 

As described above, according to.the invention, in an 
ink-jet recording head comprising: a piezoelectric vibrator 

15 in which layers of an electrode forming material and a 
piezoelectric material are altarnately stacked, and an active 
region is formed in the center portion so as to extend and 

contract in the lamination direction 1 the-electrode forming 
material cons~i~u~ing segmen~ elec~rodes and common 

20 electrodas; a fixing substrate to which the piezoelectric 
vibrator is fixed; and a flow path component which contacts 
with the front end of the piezoelectric vibrator and in which 
ink is compressed by the extension and contraction of the 
piezoelectric vibrator to produce ink drops, the contacting 

zs area between the piezoelectric vibrator and the fixing 
substrate is formed only in the portion of the active region, 
and the piezoelectric vibrato~ is fixed to the f ixinq 
substrate only through the contac~ing area. Therefore, the 
strQ~s at the edge of the piezoelectric vibrator is reduced 

30 to an extremely low level. Furthermore, the degree of 
extension in the electrode arrangement direction 
because the contraction side is not res~ricted. 
the ink-jet r~cording.head can produce ink drops 

hiqher efficiency. 
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CLAIMS 

1. An ink-jet recording head comprising: 

a piezoelectric vibrator ( 9; 50; 80) in which layers of an 
electrode forming material ( 31, 32) and a piezoelectri.c 
ma~erial (30) are alternately stacked and an active region 
(15;54;83) is formed in the center portion so as to extend 
and contract in the lamination direction, sai<i electrode 
forming material (31,32) constituting segment electrodes 
(20;52;81), and common electrodes (21;53;82); 

a fixing substrate (8;34;40;55;77} to which said 
piezoelectric vibrator (9;50;80) is fixed; and 

a flow path component which contacts with the end of said 
piezoelectric vibrator (9;50;80} and in which ink is 
compressed by the extension and contraction of said 
piezoelectric vibrator {9;50;80) to produce ink drops, 

wherein the contacting area between said piezoelectric 
vibrator (9;50;80) and said fixing substrate 
(8;34;40;55;77) is formed only in the portion of sa.id 
active region (15;54;83), and said piezoelectric vibrator 
(9;50;·80) is fixed to said fixing substrate (8;34;40;55;77) 
only through said contacting area. 

2. The ink-jet recording head according to claim 1 wherein a 
chamfered portion (12;37;63) is formed in the side of said 
fixing substrate (8;34;55) contacting with said 
piezoelectric vibrator (9;50), by forming a slope in said 
side except the portion opposing the active region 
(15;54;83) of said piezoelectric vibrator (9;50). 

- 1 -
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3. The ink-jet recording head according to claim 1 or 2, 

wherein said fixing substrate ( 40) has a projection ( 41) 

which is formed in the portion opposing said active region 

(15) of said piezoelectric vibrator, and the contact 

between said fixing substrate ( 40) and the active region 

( 15) of said piezoelectric vibrator is done through said 

projection (41). 

4. The ink-jet recording head according to one of the 

preceding claims wherein a chamfered_portion (56) is formed 

in the side ~f said piezoelectric vibrator (50) contacting 

with said fixing substrate (55), except the portion of said 

active region (54), and only said active region (54) 

contacts with and is fixed to said fixing substrate (55). 

5. The ink-jet recording head according to one of the 

preceding claims wherein said piezoelectric vibrator { 80) 

has a projection (85) which is formed in said active region 

( 83) by the thickness of said electrode forming material 

constituting said segment electrodes (81) and common 

electrodes ( 82) , and said piezoelectric vibrator ( 80) is 

fixed to said fixing substrate while making said projection 

(85) contacted with said fixing substrate. 

6. The ink-jet recording head according to any one of the 

preceding claims wherein an adhesive (28,29) which has 

elasticity even after setting is poured into a space of the 

non-contacting area formed between said piezoelectric 

vibrator (9) and said fixing substrate (8). 

- --· - --· -- -- --- ··-··--·· 
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7. The ink-jet recording head according to claim 6, wherein 
said adhesive (28,29) is electrically conductive, and said 
piezoelectric vibrator (9) is electrically connected with 
lead electrodes (10,11) formed on said fixing substrate (8) 
by said adhesive (..28, 29 ) . 

8. An ink-jet recording head comprising: 

. 
a piezoelectric vibrator (9) in which layers of an 
electrode forming material and a piezoelectric material are 
alternately stacked, and an active region (15) is formed in 
the center portion so as to extend and contract in the 
lamination direction, said electrode forming materials 
respectively constituting segment electrodes and common 
electrodes; 

a fixing substrate (8) to which said piezoelectric vibrator 
(9) is fixed; and 

a flow path member which contacts with the end of said 
piezoelectric vibrator (9) and in which ink is compressed 
through a diaphragm (5) by the extension and contraction of 
said piezoelec~ric vibrator (9) to produce ink drops, 

wherein the contacting areas between said piezoelectric 
vibrator ( 9) and said fixing substrate ( 8) and diaphragm 
(5) are formed only in the portions of said active region 
(15), and said piezoelectric vibrator (9) is fixed to said 
fixing substrate ( 8) and said diaphragm ( 5) only through 
said respective contacting areas. 

9. The ink-jet recording head according to claim 8, wherein 

- - ---- -- -- ---- - 3 -
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said diaphragm (5) and said piezoelectric vibrator (9) are 
fixed to each other through a connecting member having a 
size corresponding to that of said active region (15). 

10. The ink jet recording head according to claim 9, wherein 

said connecting member is united with said diaphragm (5) in 
one body. 

11. The ink-jet recording head according to one of claims 8 to 

10, wherein a part of an inactive region of said 
piezoelectric vibrator ( 9} which. part opposes said 

diaphragm (5) is chamfered, and said contacting area 

between said piezoelectric vibrator (9) and said diaphragm 

(5) is substantially restricted to said active region (15). 
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