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REPLAdENENT SHEET - 1 - INK-JET RECORDI NG HEAD BACKGROUND OF THE INVE$YD
1. Industrial Field The invention relates to an ink-jet recordi ng head
using as vibrating neans a pii#zoelectric vibrator in which |ayers of a

pi ezoel ectric material and an el ec-

INK—JET RECORDING HERD

The invention relates to an ink-Jet rececrding head.

Ink-jet recording heads in which a pressure is
applied to ink in a pressure chamber to eject ink drops
10 through 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
13 detexrioration of ink guality does not occur because ink is
not heated, and therefore it can be used in a wide variety of
applications such as a color printing.
However, an ink-jet recording head of the piezoelectric type
has a problem. Namely, in order to deform the
20 piezoelectric vibrator to a degree sufficient for
producing ink drops, a drive voltage of several hundreds
volts must ba applied to the piezoelectric wvibrator, whereby
signal transmission lines and circuit components are required
to have a high insulation property. )
25 In order to solve this problem, an ink-jet
recording head is proposed, for example, in -
Buropean Patent Publication No. 0 443 628 A2. 1In this
recoxrding head, a piezoelectric vibrator for
compressing and expanding a pressure chambex consists of
30 layers of a piezoelectrxic material and an electrode material}
which are alternately stacked.
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trode naterlal are alternately stacked. 2. Related Art Ink-jet recording
heads in which a pressure is applied to ink in a pressure chanber to eject
ink drops through nozzle openings are roughly classified into two types:
the thernmal jet type in which a heating elenent is housed in the pressure
chanmber; and the piezoelectric type in which the pressure chanber is

pressed by a

According to the proposed configquration, 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 stacked. 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
efficienby.

According to the invention, an ink-jet recording head
comprises: a pieéoelectric vibrator in which layers of an
electrode forming material and a piezoelectric material are
alternately stacked, and an active region is formed in the
center portion so as to extend and contract in the lamination
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pi ezoél ectric vibrator. The latter one has a feature that the deterioration
of ink quality does not occur because ink is not heated, and therefore it
can be used in a wide variety of applications such as a color printing.
However, an ink-jet recording head of the ink-jet recording head has a
problem Nanmely, in order to nake the piezoelectric vibrator deformin a
degree sufficient for producing ink drops, a drive voltage of

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 piezoelectric vibrator being fixed
to the fixing substrate only through the contacting‘area.
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several "hundred volts -must be applied to the piezoelec- tric vibrator,
wher eby signal transm ssion lines and circuit conponents are required to
have a high insula- tion property. In order to solve this problem an
i nproved ink-jet recording head is proposed, for exanple in Unexam ined
European Patent Publication No. O 443 628 A2. In the inproved recording

head,
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a piezoelectric vibrator .

When & drive signal is applied to the segment
electrodes and the common electrodes of the pilezoelectric
vibrator, only the active region where electrodes of the
opposite polarities oppose to each other extends and
contracts in the lamination direction. At this time, the
side faces and lower edge portion of the piezoelectric
vibratoxr which do not contribute to this extension and
contraction operation are free from the fixing substrate, so
that they contract with following the extension of the active
region as closely as possible. As a resnlt, the stress at
the edge poxtion of the piezoelectric vibrator ig reduced to
an extremely low level as compared‘with the case where the
edge portion is fixed. Furthermore, the degree of extension
in the electrode arrangement direction is increased because
the contraction side is not restricted. Accordingly, the
ink-jet recording head can produce ink drops with a higher
efficiency.

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

Fig. 2 is a section view showing the embodiment of
the invention;

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

the recording head;
Figs. 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;
Fig. 5 shows an embodiment of the method of

manufacturing the piezoelectric vibrator;
Pig. 6 shows another embodiment of the invention;
Fig. 7 shows a state of the embodiment when a drive

voltage is applied;
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for conpressing and expandi ng a pressure chanber consists of |layers of a
pi ezoel ectric material and an el ectrode naterial which are alternately
stacked. According to the proposed configuration, the driving voltage can
be |l owered to about 30 volts so that the structures of the driving circuit
and power supply neans can be sinplified. In the proposed configuration,

| ayers of the two dif- : '
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rig. 8 is 2 section view showing a third embodiment

of the invention;

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

Fig. 10 is a section view showing an embodiment of a
lamination piezoalsectxic vibrator;

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

Fig. 12 is a section view showing a fifth embodiment
of the invencion; and

Fig. 13 shows the operation of the embodiment.

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

"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 a nozzle plate in which nozzle openings 2 are
formed, 3 designates a spacer which partitions a pressure
chamber 6 and has thxough holes 4, and 5 designates a
diaphragm which contacts with piezoelectric vibrators 9 of a
piezoelectric wvibrating unit 7 described later and deforms in
accordance with extension and contraction of the
plezoelectric vibrator S. These three kinds of components
are stacked to constitute a flow path unit forming the
pressure chamber 6.

The reference numerxal 7 designates the piezoelectric
vibrating unit which is a characterxistic component of the |
invention. The lamination piezoelectric vibrators 9 are
fixedly attached to the front end of a fixing substrate 8.
On the side faces of the fixing substrate 8, lead electrodes
10 and 11 are formed which respectively connect the
piezoelectric vibrators 9 with external terminals. Portions
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N v, *
férent materials, the piezoelectric material and the elec- trode materi al
are stacked. This produces a drawback that the strength of the
pi ezoel ectric vibrator "having such a | am nation structure has a | ower
strength than that of a piezoelectric vibrator having a nonolithic
pi ezoel ectric vibrator substrate.
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of the fixing substrate 8 which oppose the sides of the
piezoelectric vibrators 3 are removed away to form 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 fixed to each other through bases 16 each
having a groove constituting an ink supply path 14, to be
assembled into & recoxding head.

Fig. 3 shows the wvibrating unit 7 in detail. In the
figure, the reference numeral 9 designates the piezoelectric

‘vibratoxrs having a lamination structure in which layers of an

electrode material such as silvexr palladium for forming
segment electrodes 20 and common electrodes 21, and layers of
a piezoelectric material such as lead titanate for forming
piezoelectric vibration layers 22 are alternately stacked in
the thicknesses of 3um to Sum and 20um to 50um, respectively.
More specifically, ong-side ends of the electrodes of the one
polarity, ox the electrodes 20 to which a drive signal is
applied, and those of the common electrodes 21 are .elongated
to the opposite side faces of the piezoelectric wibration
layers 22, and the other ends of these electrodes are
positionad in the vicinity of the center portion of the
piezoelectric wvibration layers 22, so that the electrodes 20
and 21 of the opposite polarxities are overlapped only in the
center portion.

When the unit having this configuration is sintered,
the segment electrodes 20 overlap the common electrodes 21 by
a predetermined length in the center portion to constitute a
region where the electrostriction phenomenon is produced, or
the so-called active region 1S. Then, on the side face on
which the ends of the segment electrodes 20 are exposed, and
the other side face on which the ends of the common

T




-2'- SUVMARY OF THE | NVENTI ON The invention has been conducted in view of
t he above- nentioned ‘probl ens, and has an object of pro- viding a novel

i nk-j et

recording head in which a lamna- tion piezoelectric vibrator is

riot caused to generate a usel ess stress and which can inprove the energy

effi-
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electrodes 21 are exposed, side electrodes 20a and 21a are
formed by vapor deposition or the like, so that the
electrodes 20 and 21 are connected in parallel by the side
elactrodes 20a and 2la, respectively. When a voltage as low
as about 30 volts is applied to the thus configured
piezoalactric vibrator, the elactrostriction phaeanomanon is
caused to produce the displacement of the pfezoelectric
vibrator, thereby pressing the diaphragm 5 constituting the
pressure chamber 6§ to produce ink drops.

In the fixing substrate 8, both the side edges of the
upper face are removed * to form chamfered portions 12, so
that the flat 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
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 vapox deposition or the like. On the side
face (Fig. 3C) in the side on which the ends of the segment
electrodes 20 are exposed, the plurality of lead electrédes
10 axe formed by vapor deposition or the like at locations
corresponding to the piezoelectric vibrators 9, respectively.

The thus configured fixing substrate 8 and
piezoelectric vibratoxs 9 are assembled into the vibrating
unit 7 in the following manner., A nonconductive adhesive is
applied to the top of the fixing substrate 8, or the flat
portion 13 in a thickness as thin as possible. Under the
state where the plezoelectric 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

the nozzle openings 2. Into the spaces having a V-shaped
section and formed by the chamfered portions 12 of the fixing
substrate 8 and the end faces of the plezoelectric vibratoxs

9, conductive adhesives 28 and 29 which have elasticity even
after setting are poured. More specifically, the conductive
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In order to solve the problem according to the inven- tion, in an ink-jet
recordi ng head conpiising: a piezo- electric vibrator in which layers of an
el ectrode formng material and a piezoelectric naterial are alternately
stacked, and an active region is fornmed in the center portion so as to
extend and contract in the |am nation direction, the electrode fornng

mat eri al constituting segnment el ectrodes and common el ectfodes; a fixing

adhesives 28 are poured into the space in the side of the

side elsctrodes 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
5 side of the side electrodes 2la.

A5 a result, the sogment electrodes 20 of the
piezoelectric vibrators 9 are electrically connected through
the side electrodes 20a to the independent lead electrodes
10, respectively, and the common electrodes 21 of the '

10 pieéoeleCtric vibrators 9 are electrically connected to the
lead electrodé 11 common to the side electrodes 2la. Then,
conductive pafterns such as flexible cables are connected to
the lead electrodes 10 and 11 so that the piezoelectric
vibrators 9 are selectively supplied 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
overlap with each other extends in the electrode arrangement
direction as shown in Fig. 4A. The inactive regions where

20 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 region 13
where the electrodes 20 and 21 of the opposite polarities
=.ovarla.p with each othexr is supported by the fixing substrate

25 8, and the inactive regions of the both sides are fixed by
the conductive adhesives 28 and 29 having elasticity, so that
edge portions 9a are kept free in the view point of the
piezoelectric phenomenon. Therefore, the piezoelectric
vibrator as a whole extends without suffering.restriction

30 from the fixing substrate 8, and presses the diaphragm 5.

As a result, as compared with a conventional

recording head (Fig. 4B) in which the whole lowex face of a
piezoelectric vibrator A is fixed to a fixing substrate B and
edge porxtions C arxe restricted, the degree of extension (unit
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substrate to which the pirezoelectric vibrator is fixed; and a flow path
conponent which contacts with the front end of the piezoelectric vibrator
and in which ink is conpressed by the extension and contraction of the

pi ezoel ectric vibrator to produce ink drops, the contact- ing area between
t he piezoelectric vibrator and the fixing substrate is fornmed only in the
portion of the active region, and the piezoelectric vibrator is fixed to

volume change) of the embodiment is increased by 4L, and the
energy efficiency of producing ink drops is improved.
Furthermore, 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 3 which arxe

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

10 marmer as shown in Fig. 5. A piezoelectric vibrator plate 33 is constructed
inte the form-of a monoclithic plate by alterxnately stacking
layers of a plezoelectric material 30 and electrode forming
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 elongate from the upper face of the
piezoelectric vibrator plate 33 and reach the surface of the
fixing substrate 34 arxe formed by a diamond saw 36 or a wire
saw. According to this alternative, the process of fixing

20 the piezoselsctric vibrators can ba simplified.

Fig, 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 foxmed at a portion opposing the active

25 region 15 of the piezoelectric vibrator § so that the fixing
substrate contacts with only the active regioen 15 of the
plezoelectric vibrator 9 to fix it, resulting in that spaces
42 are formed between the inactive regions of the
piezoelaectric vibrator 9 and the fixing substrate 40. In the

30 same manner as the above-described embodiment, the edge
portions 92 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 vibrator 9 produces a large displacement due to
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the fixing substrate only through the contacting area Wen a drive signal
Is applied to the segnent el ec- trodes and the comon el ectrodes of the

pi ezoel ectric vibrator, only the active region where el ectrodes of the
opposite polarities oppose to each other extends and contracts in the

| am nation direction. At this tinme, the side faces and | ower edge portion
of the piezoelectric vibrator which do not contribute to this extension and

the extension as shown in Fig. 7 s$¢ that ink drops are
produced with a higher efficiency, and is prevented from
suffering from a useless stress. Accordingly, the fatigue of
the plezoelectrlc vibrator 9 and fixing substrate 40 can be

5 reduced.

Alsc in the embodiment, lead electrodes 43 and 44 axe
formed on the side faces of the fixing substrate 40, and
conductive adhesives which have elasticity even after setting
are poured into the spaces 42, thereby respectively |

10 connecting the side electrodes 20a and 21a of .the
piezoalactric vibratar § with tha laad alactrodes 43 and 44
of the fixing substrate 40. _ '

It is needless to say that also the embod;ment may be
constructed in the same manner as described above in

15 conjunction with Fig. 5. That is, one monolithic
plezcelectric wvibrator plate may be fixed to the fixing
substrate 40 and then cut to be divided into respective
vibrators of a predetermined size.

Fig. 8 shows a third embodiment of the invention. In

20 thae figure, tha raference numaral 50 dasignates a
piezoelectric vibrator. In the piezoelectric vibrator 50,
layers of an electrode forming material are alternately
stacked in such a manner that they oppose to each other
through a piezoelectxic material, to form segment electrodes

25 52 and common electrodes 53, thereby constituting active
region 54 of plezoelectric vibration layers 51 in the centex
portion. The edge portions of inactive regions which oppose

a fixing substrate 55 are removed to form chamfered
portions 5§.
30 The piezoelectxic 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 substrxate 55, conductive adhesives 58 which have
elasticity even after setting are poured so that side
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coftraction operation are, free fromthe fixing substrate, so that they
contract while follow ng the extension of the active region as closely as
possible. As a result, the stress at the edge portion of the piezoelectric
vibrator is reduced to an extrenely low |l evel as conpared with-the case
where the edge portion is fixed. Furthernore, the degree of extension in
the el ectrode arrangenent direc- tion is increased because the contraction

side is not -
electrodes 52a and 53a of the plezoelectric vibrator 50 are

connected to lead texrminals 59 and 60, respectively.
In the embodiment, chamfered portions 63 are also
formed in the edge portions in the other end side of the
5 pilezoelectric vibrator 50 which contacts with a diaphragm 62,
so0 as to provide for an escape of an adhesive 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, thexreby preventing the excess adhesive
10  from entering into the gaps between the adjacent
piezoelectric vibrators. The adhesive in tha chamfared
portions 63 functions as the reinforcement of the connection
between the diaphragm 62 and the piezoelectric vibrator 50.
When a drive signal is applied to the piezoelectric
15 vibrator 50 in the embodiment, only the active region 54
extends so that the piezoelectric vibrator presses the
diaphragm 62 to compress a pressure chamber 65, whereby ink
drops are produced from a nozzle opening 66.
In accordance with the extension due to the
20 application of tha dxrive signal, ag shown in Fig. 89, 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 50 does not suffer restriction from
25 the fixing substrate 55. Therefore, its front end can
largely deform so that ink drops are produced with a higher
efficiency and the fatigue of the piezoelectric wvibrator 50
and fixing substrate 55 is reduced. '
In the embodiment, the chamfered portions are formed
30 by performing a special working process such as that of
abrading the edge of the piezoelectric vibrator.
Alternatively, such chamfered portions may be formed without
performing such a special working process. In the process of
forming a lamination of a piezoelectric material, green
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restflbted. Accordingly, the ink-jet recording head can produce ink drops
with a higher efficiency. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is an '
expl oded perspective view showi ng an enbodi ment of the invention FIG 2 is
a section view show ng the enbodi nent of the invention;
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sheets 70 having a given thickness, and green sheets 71 and
72 of an electrode forming material are stacked as shown in
Fig. 10. As a result, the region in which the electrodes
vertically overlap with each other or the region which
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 functioning as
the electrodes of one polarity. Eventually, therefore, the
active region has a projection 75 having a step differxence
Ad, - .

After the piezoelectric vibrator having this
configuration is sintered, as shown in Fig. 11, the
projection 75 is contacted with a fixing substrate 77 and.
fixed thereto by an adhesive, whersby spaces 78 are formed by
the fixing 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 active zegion 74 is contacted with and fixed
to the fixing substrate 77 and the edge portions are kept
free. :

Fig. 12 shows a fifth embodiment of the invention.

In the figure, the reference numeral 80 designates a
lamination piezocelectric vibrator in which segment electxodas
81 and common electrodes 82 are arranged in the manner
described above so as to overlap with each other in the
center portion, whereby an active region 83 is formed only in
the center poxtion. The piezoelectric vibratox 80 is fixed
by an adhesive to a projection 85 which is formed on a base
84 so as to oppose and contact only with the active region
83. This fixatlion is performed so that spaces 86 are formed
between the inactive regions and the base 84. Side
electrodes 8la and 82a which respectively connect the segment
electrodes 81 and common electrodes 82 in parallel are fixed
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‘3 - o * REPLACEMENT SHEET FI GS. 3A, 3B and 3C show t he
conflguratlon of S|de faces of an enbodi nent of the piezoelectric vibrating
unit of the recording head; FIGS. 4A and 4B respectively show extension
states of the recording head according to the invention and a

at their lower ends thereof to lead electrodes 87,88 disposed
on 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 30 is contacted with and fixed to an

5 island 93 of a diaphragm 92 through a connecting member 91
the size of which is selected so that the member contacts
with only the active region 83, thereby ensuring spaces 94 to
be formed between the inactive regions and the diaphxagm 92.
In the figure, the reference numeral 95 designates thin

10 portions foxrmed in the diaphragm 92, and 96 deslignates a
nozzle plate having a nozzle opening §7.

When a drive signal is applied to the pieioelectric

vibrator 80 in the embodiﬁent, only the active region 83
extends in the mannex described above so that the

1s ‘piezoelectric vibrator 80 presses the diaphragm 92 to

compress the pressure chamber %0, whereby ink drops are
produced from the nozzle opening 97.

In accordance with the extension due to the
application of the drive signal, as shown in Fig. 13, the

20 piezoelactric vibrator 80 contracts in the direction

perpendicular to the extension diréction. With respect to
the deformation of the piezoelectric vibrator 80, nonfixed
inactive regions 80a at the lower end are fixed only by
conductive adhesives 89 having elasticity, and, with respect

23 to the diaphragm 92, nonfixed inactive regions 80b at the

upper end are kept free. Accoxdingly, the contraction of the
piezoelectric vibrator 80 does not suffer restriction from
the base 84 and the diaphragm 92, so that the piezoelectric
vibrator 80 contracts with a larger deqgree than that in which

30 the whole front edge is fixed to a diaphragm. In the

" embodiment, therefore, ink drops are produced with a higher
efficiency and the fatigue of the piezoelectric vibrator 80,
base 84 and diaphragm 92 is reduced.
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prior art recording head to which a drive signal is ap- plied; FIG 5 shows
an enbodi nent of the nmethod of manu- facturing the piezoelectric vibrator;
FIG 6 shows anot her enmbodi nent of the invention; FIG 7 shows a state of

t he enmbodi nent when a drive voltage is applied; FIG 8 is a section view
showi ng a third enbodi nent

In the embodiment, the connecting member for
connecting the active region of the piezoelectric vibrator
with the diaphragm is constructed as a separate member.
Alternatively, the connecting member may be constructed so as

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

In another alternative, a portion of the inactive xegion in
the side of the diaphragm may be removed as shown in
Fig. 8, and only the active region is contacted with and
fixed to the diaphragm or the island of the diaphragm. It is

10 obvious to those skilled in the art that these alternatives
achieva tha same effects as thase of the abave-described
embodiments.

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

15 in which layers of an electrode forming material and a
piezoelectric material are alternately stacked, and an active
region is formed in the center portion so as to extend and
contract in the lamination direction, the-electrode forming
material constituring segment electrodes and common

20 electxodes; 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 drope, the contacting

25 area between the piezoelectric vibrator and the fixing
substrate is formed only in the portion of the active region,
and the piezoelectric vibrator is fixed to the fixing
substrate only through the contacting axea. Therefore, the
stress at the edge of the piezoelectrxic vibrator is reduced

30 to an extremely low level. Furthermore, the degree of
extension in the electrode arrangemeﬁt direction is increased
because the contraction side is not restricted, Aaccoxdingly,
the ink~jet recording head can produce ink drops with a

higher efficiency.
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of-the invention, FIG 9 shows a state of the enbodi ment when a drive
signal is applied; FIG 10.is a section view show ng an enbodi ment of a

| am nation piezoelectric vibrator; FIG 11 shows a fourth enbodi nent of the
invention in which the piezoelectric vibrator is used; FIG 12 is a section
view showing a fifth enbodi nent

O P

CLAIMS
1. 2An ink-jet recording head comprising:

a piezoelectric vibrator (9;50;80) in which layers of an
electrode forming material (31,32) and a piezoelectric
material (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, said 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 said
active region (15;54;83), and said piezoelectric wvibrator
(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
piezdelectric vibrator (9;50), by forming a slope in said
side except the portioh opposing the active region
(15 54 83) of said plezoelectrlc vibrator (9;50). |
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of the ihvention; and FIG 13 shows the operation of the enbodi nment.
DESCRI PTI ON OF THE PREFERRED EVMBCODI MENTS Herei nafter, the invention wll

descri bed i n detai

i nventi on,

expl oded perspective view and section view show n ﬂ! an enmbodi ment “of the

R Hl!l I

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).

-

The ink-jet recording head according to one of the
preceding claims wherein a chamfered portion (56) is formed
in the side of 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).

The ink-~jet recording head according to one of the
preceding claims wherein said piezoelectric wvibrator (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 (8l1) and common
electrodes (82), and said piezoelectric wvibrator (80) is
fixed to said fixing substrate while making said projection
(85) contacted with said fixing substrate.

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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by illustrating its enbodinents. FIGS. 1 and 2 are an
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respectively. In the figures, the reference nuneral 1 designates a nozzl e
plate in which nozzle openings 2 are formed, 3 designates a spacer which
partitions a pres- sure chanber 6 and has through holes -4 and 5 desig-

nates a di aphragm whi ch contacts with piezoel ectri B Eﬁors 9 of

a
pi ezoel ectric vibrating unit 7 described |ater and !"" H”% ance
W th extension and contraction of the piezoelectri e three

7. The ink-jet recording head according to claim 6, wherein
said adhesive (28,29) is electrically conductive, and said
piezoelectric wvibrator (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 lafers 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 piezoelectric wvibrator (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
i -3 -

“ﬂﬁ'ﬁ‘iﬁ‘fiiitﬁiﬂ“ "?in
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ki‘nds Oof conponents are stacked to constitute a flow path unit forming the
pressure chanber 6. The reference nuneral 7 designates the piezoelectric
vibrating unit which is a characteristic conponent of the invention. The
| am nati on piezoelectric vibrators 9 are fixed y-attached to.the front end

of a fixing substrate 8. On the side faces of L Xl bstrate 8,
formed are | ead el ectrodes 10 and 11 which re} ﬁlﬂmﬂmﬂﬂiﬁm’ct
* [ L M -1

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).

This Sheet Has Been R ’i

AT

- : UABENUTZER\WI\6011EP.TXT



the piezoelectric vibrators 9 with external termnals. Portions of the
fixing gHbes Epéah Bowp chi®ppose the sides -4- of the piezoelectri

Vi bratomw%yanppmmxj away to form chanfered portions 12 Only a l 1'7_
portionoh8 file: S6011-EP

| s
6 . 1
Flg. 2 > 6L g
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whi ch tonstitutes the remaining portion-contacts with active regions 15
(FIG .3) ‘of the piezoelectric vibrators 9 to fix the piezoelectric 2"
vibrators 9. The thus configured flow path unit and piezoel ectric vi /
unit are fixed to eachr other through bases 16 each having a groove -e_-?_
constituting an ink supply path 14, to be assenbled into a récording head.

FIG 3 shows the vibrating unit- 7 in detail. In the
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havi'ng a | am nation structure in which |ayers of an el ectrode materil
as silver palladiumfor form ng segnent el ectrodes 20 and common el e
trodes 21, and | ayers of a piezoelectric material such as lead titanate for

fornming piezoel ectrigyi éti n Aayers 22 are alternatg__‘,[yjt ckegd 0 the
t hi cknesses of 3 [ery et Jmand 20 [err]mto 5 rén E

fi gur_é,”tHe reference nuneral 9 designates the piezoelec- tric vi bray
ch

respectively. More. speci gy _ S
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cakly, one-side ends of t.he el ectrodes of’ the
el ectrodes 20 to whiech a drive signal is appl
el ectrodes 21 are elongated to the opposite si

one poldrity, -or the
ed, and those of the co
de faces of the piezoel

gg;?
vibration layers 22, and the other ends of these electrodes are positi nezi'
in the vicinity of the center portion of the piezoelectric vibration |ayers

22, so that the electrodes 20 and 21 of the op
over | apped only

V\.

Cl1é 6

posite polarities are -
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in"the center portion. ‘Wen the unit having this configuration is Sint%$§91
t he~segnment el ectrodes 20-overlap the common el ec- trodes 21 by a
predetermned length in the center por- tion to constitute a regi on wher®e j}
the electrostriction phénonenon is produced, or the so-called active region
15. Then, on the side face on which the ends of the segnent el ectrodes 20

are exposed, and the other side
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el'ectrodes 20a and 2la are forned by vapor deposition or the like, sot
the el ectrodes 20 and-21 are connected in parallel by the side el ectrod
20a and 2la, respectively. Wen a voltage as | ow as about 30-volts is
applied to the thus configured piezo- electric vibrator, t he

el ectrotriction phenonenon is caused to produce the dlsplacenent of the
pi ezoel ectric

fate on mhlch the ends of the cemmon electrodes 21 are exposed, side
e"?’—%
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. vi.b¥at or, thereby pressing the diaphragm5 constituting the pressu;k
chanber 6 to produce ink drops. In the fixing substrate 8, both the/s#de
edges of the upper face are renpved away to form chanfered por- tions 12,
so that the flat portion 13 is forned only in the portion oepposing to the
portion of the piezoelectric vi brator°97v\,here the el ectrodes are .
over | apped, or the a3 90

o8N (9§ o
ALV AN, x\\m\\\ix/

96

2 PIIIII SIS

s AN o2
. o
ag_zxi:J = ?]a /
‘A .
.,

\
N
\

FI6.12

89 59

DN

93. gl

h) -\
UL AR

.—-lﬁ,.'z "\ 7
© el =

N_S6

Y
7
Y]

92

\\\(\\\‘//

—— [ “8so0b
80 A———— 1| 80e 84
80a | { 89 .
89 ....} Q

NN Z

A\

.
85

* This Sheet Has Be

LT .



.5 % active region 15. On the whole side.face (FIG 3A) in the side on

whi ch the ends of the common electrodes 21 are exposed, the |ead el ectrode
11 is forned by vapor deposition or the like. On the side face (FIG 3C) in
the side on which the ends of the segnent el ectrodes 20 are

ABSTRACT

Described is an ink-jet recording head including a
pliezoelectric wvibrator (9) in which layers of a piezoelectric
material and an electrode forming material are alternately
stacked to form an active region (15) where segment electrodes
(20) and common electrodes (.21) overlap with each other in the
center portion; .a fixing substrate (8) to which the
piezoelectric vibrator (9) is fixed; and a flow path component
which contacts with the front end of the piezoelectric
vibrator (9) and in which ink is compressed by the extension
and contraction of the piezoelectric vibrator (9) to produce
ink drops. In the ink-jet recording head, the piezoelectric
vibrator (9) is contacted with the fixing substrate (8) only
in the portion of the active region (15), and fixed thereto by
an adhesive (28,29). When a drive signal is applied to the
electrodes (20) and (21) of the piezoelectric wvibrator (9),
only the active region (15) where electrodes of the opposite
polarities oppose to each other extends in the lamination
direction. Since the edge portions which do not contribute to
this extension operation are free from the fixing substrate
(8), they contract with following the extension of the active
region (15) as closely as possible.
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exposed, the plurality of |ead el ectrodes 10 aiq{forﬁed
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The inventién relates to an ink-jet recording head.

Ink-jet recording heads in which a pressure is
applied to ink in a pressure chamber to eject ink drops
through 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 deterioration
of ink quality does not occur because ink is not heated, and
therefore it can be used in a wide variety of applications
such as a color printing.

However, an ink-jet recording head of the
piezoelectric type has a problem. Namely, in order to deform
the piezoelectric vibrator to a degree sufficient for
producing ink drops, a drive voltage of several hundreds
volts must be applied to the piezoelectric vibrator, whereby
gsignal transmission lines and circuit components are required
to have a high insulation property.

In order to solve this problem, an ink-jet recording
head\is proposed, for example, in European Patent Publication
No. 0 443 628 A2. 1In this recording head, a piezoelectric
vibrator for compressing and expanding\azgressure chamber

consists of layers of a plezoeligtrlc ?aterlal and any o

electrode material which are alﬁgfnateiy stadked R
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state where the piezoelectric vibrators 9 are sutsﬂﬁﬁLACtEMgNFvsmt cted to
+he fixing substrate, 8, the vibrators 9 are fixdgdjto the substraté in the
pitch coincident with that of the nozzle openingg 3. 49t@CTM99&pacds having
a V-shaped section and fornmed by the chanfered pdr-|{ tions 12 of #h¢ fixing
substrate 8 and the end faces of the piezoel ectrijc wirbrators—9, cojducti ve
adhesi ves 28 and 29 which have elasticity even affter setting are pdured.

D)

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‘stacked. 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 iqk-jet recordipg head

: :; .."i. r o3
in which a lamination piezoelectric vibrator -is not caused to
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More specifically, the conductive adhesives 28 arRERVACEMENT '$HEET he space in
the side of the side electrodes 20a in such a nfn ; tion strips
are formed between the conductive adhesives 28, aﬁd@%@o% -1 tj ve
adhesive 29 is poured into the whol e spage in the}si'de sl

el ectrodes 2la. As a result, the segnent el ectrpdes_20 of fhe
electric vibrators 9 are el®ectrically connectedfthrough

O-

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
alternately stacked, and an active region is formed in the
center portion so as to extend and contract in the lamination
direction, the electrode forming material constituting
ségment 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 wvibrator to
produce ink dropsg, the contacting area between the
piezoelectric vibrator and the fixing substrate being formed
only in the portion of the active region, and the
piezoelectric vibrator being fixed to the fixing substrate
only through the contacting area.

When a drive signal is applied 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 extends and
contracts in the lamination direction. At this time, the
side faces and lower edge portion of the piezoelectric
vibrator which do not contribute to this extension and

contraction operation are free from the fixing substrate, so
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the side electrodes 20a to the independent |ead e] eREPLACEMENT SHEET
respectively, and the common el ectrodes 21 of thejp czucrcutuwx—V|Qrators 9
are electrically con- nected to the | ead el ectrod %?E%ﬁn“gg tlheg si de
el ectrodes 2la. Then, conductive patterng such as}f eQi- e bllesi are
connected to the |l ead el ectrodes 10 and 11 so thaj Lhe piezoelectirijc
vibrators 9 are selectively~sup- plied with a driye signal.

D

that they contract with following the extension of the active
region as closely as possible. As a result, the stress at
the edge portion of the piezoelectric vibrator is reduced to
an extremely low level as compared with the case where the
edge portion is fixed. Furthermore, the degree of extension
in the electrode arrangement direction is increased because
the contraction side is not restricted. Accordingly, the
ink-jet recording head can produce ink drops with a higher
efficiency.

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

Fig. 2 is a section view showing the embodiment of
the invention;

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

Figs. 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;

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

Fig 6. Shows another embodiment of the invention;

Fig 7 shows a state of the embodiment when a drive
voltage is applied;

Fig. 8 is a section view showing a third embodiment

of the invention;

T



: : : : . REPLACEMENT SHEE
I'n the enbodi nent, when a drive signal is appli ° I g - 4
:pi ezoel ectric vibrators 9, the active region }5|where the el ept}odes an
21 of the opposite polarities overlap with eal:h oth%ro%&ﬂaﬁjs ip the
el ectrode ar- rangenent direction as shown in{F{G 4A. The |na“p ve regions
where only the el ectrodes of one polarity exi¢t and the electrif field is

not produced do not contri"bute to this extensiton—ln-thepiezeeiectric

vibrator 9, only

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

Fig. 10 is a section view showing an embodiment of a
lamination piezoelectric vibrator;

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

Fig. 12 is a section view showing a fifth embodiment
of the invention; and

Fig. 13 shows the operation of the embodiment.

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

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 a nozzle plate in which nozzle openings 2 are
formed, 3 designates a spacer which partitions a pressure
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 deforms in
accordance with extension and contraction of the
piezoelectric vibrator 9. These three kinds of components
are stacked to constitute a flow path unit forming the
pressure chamber 6.

The reference numeral 7 designates the piezoelectric
vibrating unit which is a characteristic component of the

invention. The lamination piezoelectric vibrators 9 are
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the active
polarities
8, and the
conducti ve

regi on 15 where the el ectrodes 20 ahdREALAGEMENE SiEFDs| t e

overlap with each other is sup- portefl by the TTXIn ;ubstrate
i nactive regions -6- of the bothjsgd Hﬁ%@d by the
adhesi ves 6 A

fixedly attached to the front end of a fixing substrate 8.

On the side faces of the fixing substrate 8, lead electrodes

10 and 11 are formed which respectively connect the

piezoelectric vibrators 9 with external terminals. Portions
of the fixing substrate 8 which oppose the sides of the
piezoelectric vibrators 9 are removed away to form 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
vibratos 9.

The thus configured flow path unit and piezoelectric
vibrator unit are fixed to each other through bases 16 each
having a groove constituting an ink supply path 14, to be
assembled into a recording head.

Fig. 3 shows the vibrating unit 7 in detail. 1In 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
segment electrodes 20 and common electrodes 21, and layers of
a piezoelectric material such as lead titanate for forming
piezoelectric vibration layers 22 are alternately stacked in
the thicknesses of 3 ym to 5 gm and 20 um to 50 um,
respectively. More specifically, one-side ends of the
electrodes of the one polarity, or the electrodes 20 to which
a drive signal is applied,.and those of the common electrodes

21 are elongated to the opposite side faces of the

[
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28 and 29 having elasticity, so that edge por luna Ua ahF E free in the
_view point of the piezoelectric phenom enon. @%@ Ilezoel ectric
vi brator as a whol e extends wi t hout suffering rastrlct|on fro he fi xi ng
substrate 8, and presses the di aphragm-5. As f ESI#tO TA999%0 ed with a
conventional record- ing head (FIG 4B) in which the &%ole e face of a
pi ezoel ectric vibrator As fixed to a fixingjis

piezoelectric vibration layers 22, afnd thHé other ends of

these electrodes are positioned in the vicinity of the center
portion of the piezoelectric 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 segment electrodes 20 overlap the common electrodes 21 by
a predetermined length in the center portion to constitute a
region where the electrostriction phenomenon is produced, or
the so-called active region 15. Then, on the side face on
whigh the ends of the segment electrodes 20 are exposed, and
the other side face on which the ends of the common
electrodes 21 are exposed, side electrodes 20a 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. Whgn a voltage as low
as about 30 volts is applied to the thus configured
piezoelectric vibrator, the electrostriction phenomenon is
caused to produce the displacement of the piezéelectric
vibrator, thereby pressing the diaphragm 5 constituting the
pressure chamber 6 to produce ink drops.

Ink the fixing substrate 8, both the side edges of
the upper face are removed to form chamfered portions 12, so
that the flat 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
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and edge portions C are restricted, the degree P@)‘(’LW@‘ToﬁH%ﬁInit vol une
change) of the embodinment is in- creased by [errjll}, and the enerfgy
efficiency of producing ink drops is inproved. HRurft hggngCtE.199snde |t he edge
portions 9a are free fromrestriction, %he generjatied stress 1s lfow in |evel
and the fatigue is reduced. In th enbodlnent t vi-brators—9—wi ¢dh are

I nde- pendently constructed are fixed to the fixXing substrate 8

the whole side face (Fig. 3A) in the side on which the ends
of the coumon 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 segment
electrodes 20 are exposed, the plurality of lead electrodes
10 are formed by vapor deposition or the like at locatioms
corresponding to the piezoelectric vibrators 9, respectively.

The thus configured fixing substrate 8 and
piezoelectric vibrators 9 are assembled into the wvibrating
unit 7 in the following manner. A nonconductive adhesive is
applied to the top of the fixing substrate 8, or the flat
portion 13 in a thickness as thin as possible. Under the
state where the piezoelectric vibratos 9 are substantially
contacted to the fixing substrate 8, the vibrators 9 are
fixed to the substrate in the pitch coincident with that of
the nozzle openings 2. Into the spaces having a V-shaped
section and formed by the chamfered portions 12 of the fixing
substrate 8 and the end faces of the piezocelectric vibrators
9, conductive adhesives 28 and 29 which have elasticity even
after setting are poured. More specifically, the conductive
adhesives 28 are poured into the space in the side of the
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
side of the side electrodes 2la.

As a result, the segment electrodes 20 of the
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in the pitch coincident wwth that of the nozzle ope E bé‘?ﬁ!’.‘f% SHEHadi vel Y,
the vibrators 9 may be forned in the foll ow ng marjndr. A pi ezoel egt ffi c
vibrator plate 33 is constructed into the form of fa{mo#8 OChiwgp! 4t ¢ by
alter- nately stacking | ayers of a piezoglectric tjeri al 30 and ¢l ¢ctrode
formng materials 31 and 32. Only the acfive of tHe prezoerectrre vibrator
plate 33 is fixed by an adhHesive to a fixing subs te 34 having chanfered

piezoelectric wvibrators 9 are electrically connected through
the side electrodes 20a to the independent lead electrodes
10, respectively, and the common electrodes 21 of the
piezoelectric vibratos 9 are electrically connected to the
lead electrode 11 common to the side electrodes 21a. Then,
conductive patterns such as flexible cables are connected to
the lead electrodes 10 and 11 so that the piezoelectric
vibrators 9 are selectively supplied with a drive signal.

In the embediment, 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
overlap with each other extends in the electrode arrangement
direction as shown in Fig. 4A. The inactive regions where
only the electrodes of one polarity exist and an electric
field is not produced do not contribute to this extension.
In the pieéoelectric vibrator 9, only the active region 15
where the electrodes 20 and 21 of the opposite polarities
overlap with each other is supported by the fixing substrate
8, and the inactive regions of the both sides are fixed by
the conductive adhesives 28 and 29 having elasticity, so that
edge portions 9a are kept free in the view point of the
piezoelectric phenomenon. Therefore, the piezoelectric
vibrator as a whole extends without suffering restriction
from the fixing substrate 8, and presses the diaphragm 5.

As a result, as compared with a conventional

recording head (Fig. 4B) in which the whole lower face of a
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portions 37. Then, slits 35 which el ongate fBB%pthEMENBpﬁEEFa e of the
_piezoelectric vibrator plate 33 and reach tfthg surtace of the}fixing
substrate 34 are forned by a di anond saw 3¢ qr ¢HvVaCE 996V [ Apcording to
this alternative, the process of fixingsthe giezoelectric yibra- tors can
be sinplified. FIG 6 shows a second enBOdIHb t~of—ttre~tmvengion. In the
figure, the reference nuneral 40 designhateq a

piezoelectric vibrator A is fixed to a fixing substrate B and
edge portions C are restricted, the degree of extension (unit
volume change) of the embodiment is increased by AL, and the
energy efficiency of producing ink drops is improved.
Furthermore, since the edge portions 9a are free from
restriction, the generated stress is low in level and the
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.
Alternatively, the vibrators 9 may be formed in the following
manner as shown in Fig. 5. A piezoelectric vibrator plate 33
is constructed into the form of a monolithic blate by
alternately stacking layers of a piezoelectric material 30
and electrode forming materials 31 and 32. Only the active
region of the piezoelectric vibrator plate 33 is fixed by an
adhesive to a fixing substrate 34 having chamfered portions
37. Then, slits 35 which elongate 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 of fixing
the piezoelectric vibrators can be simplified.

Fig. 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 formed at a portion opposing the active
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fixing substrate to which the piezoelectric |HﬁPé.ﬂGEMENT | SHEExgd. A
projection 41 is fornmed at a portion opposi neactTve—reqi dn 15 of the
pi ezoel ectric vibrator 9 so that the fixing|s bsgg@ge ‘ﬁaéact< with only
the active region 15 of the piezoel ectrig, vijbriat or T i§, result- ing
In that spaces 42 are fornmed between the T ngctH the
pi ezoel ectric vibrator 9 and the fixing subgtrate 40. In the ganme manner as
t he above-descri bed
region 15 of the piezoelectric vibrator 9 so that the fixing

substrate contacts with only the active region 15 of the
piezoelectric vibrator 9 to fix it, resulting in that spaces
42 are formed between the inactive regions of the
piezoelectric vibrator 9 and the fixing substrate 40. 1In the
same manner as the above-described embodiment, the edge
portions 9%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 vibrator 9 produces a large displacement due to
the extension as shown in Fig. 7 so that ink drops are
produced with a higher efficiency, and is prevented from
suffering from a useless stress. Accordingly, the fatigue of
the piezoelectric wibrator 9 and fixing substrate 40 can be
reduced.

Also in the embodiment, lead electrodes 43 and 44 are
formed on the side faces of the fixing substrate 40, and
conductive adhesives which have elasticity even after setting
are poured into the spaces 42, thereby respectively
connecting the side electrodes 20a and 2la of the
piezoelectric vibrator 9 with the lead electrodes 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
conjunction with Fig. 5. That is, one monolithic

piezoelectric vibrator plate may be fixed to the fixing
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enbodi nent, the edge portions 9a of the pief OﬁéﬁECEMEW'SBEm dr 9 are kept
o)

free during the extension and con- traction e—pH-ezoetectiri ¢ vi brator

9. When a drive signal is applied, thereforg, the ' gﬁ%&;tr Cc vibrator 9
produces a | arge displacenent due to thg ex ehsitth ip FIG 7 so
that ink drops are produced with a hig efficiency. and. ik prevented from

suffering from

substrate 40 and then cut to be divided into respective
vibrators of a predetermined size.

Fig. 8 shows a third embodiment of the invention. 1In
the figure, the reference numerél 50 designates a
piezoelectric vibrator. 1In the piezoelectric vibrator 50,
layers of an electrode forming material are alternately
stacked in such a manner that they oppose to each other
through a piezoelectric material, to form segment electrodes
52 and common electrodes 53, thereby constituting active
region 54 of piezoelectric vibration layers 51 in the center
portion. The edge portions of inactive regions which oppose
a fixing substrate 55 are removed to form chamfered portions
56.

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
electrodes 52a and 53a of the piezoelectric vibrator 50 are
connected to lead terminals 59 and 60, respectively.

In the embodiment, chamfered portions 63 are also
formed in the edge portions in the other end side of the
piezoelectric vibrator 50 which contacts with a diaphragm 62,
so as to provide for an escape of an adhesive for connecting
the piezoelectric wvibrator 50 with the diaphragm 62. This

allows an excess of an applied adhesive to flow into the

B



-7- a useless stress. Accordingly, the fatigue of
9 and fixing substrate 40 can be re- ducedg.
enbodi ment, | ead el ectrodes 43 and 44 are forned o
fixing substrate 40, and 13 '

vi br at or

hBEBLACEMENE! sHmeT

Al so Tn tTie—
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!o t he

-

chamfered portions 53, thereby preventing the excess adhesive
from entering into the gaps between the adjacent
piezoelectric vibrators. The adhesive in the chamfered
portions 63 functions as the reinforcement of the connection
between the diaphragm 62 and the piezoelectric vibrator 50.

When a drive signal is applied to the piezoelectric
vibrator 50 in the embodiment, only the active region 54
extends so that the piezoelectric vibrator presses the
diaphragm 62 to compress a pressure chamber 65, whereby ink
drops are produced from a nozzle opening 66.

In accordance with the extension due to the
application of the drive signal, as shown in Fig. 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 50 does not suffer restriction from the fixing
substrate 55. Therefore, its front end can largely deform so
that ink drops are produced with a higher efficiency and the
fatigue of the piezoelectric vibrator 50 and fixing substrate
55 is reduced.

In the embodiment, the chamfered portions are formed
by performing a speciél working process such as that of
abrading the edge of the piezoelectric vibrator.
Alternatively, such chamfered portions may be formed without
performing such a special working process. In the process of
forming a lamination of a piezoelectric material, green
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conductive adhesi ves which have elasticity ev rBﬂﬁﬁ@EMﬁﬁﬁﬁﬁﬁﬁfare pour ed

Into the spaces 42, thereby respec- tively cohnecting the side jel ectrodes
20a and 21a of the piezoelectric vibrator 9 wWth f#kegkga Iectrodes 43 and
44 of the fixing substrate 40. It is neﬁg ess| to say thert "aljsd the

enbodi mrent may be constructed in the sa manher—as ucouribn gbove in

conjunction with FIG 5. That is, one nonolitjic piezo-

sheets 70 having a given thickness, and green sheets 71 and
72 of an electrode forming material are stacked as shown in
Fig. 10. As a result, the region in which the electrodes
vertically overlap with each other or the region which
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 wmaterial green sheets functioning as
the electrodes of one polarity. Eventually, therefore, the
active region has a projection 75 having a step difference
Ad.

After the piezoelectric vibrator having this
configuration is sintered, as shown in Fig. 11, the
projection 75 is contacted with a fixing substrate 77 and
fixed thereto by an adhesive, whereby spaces 78 are formed by
the fixing substrate 77 and the both side portions
constituting the inactive region. As a result, without
performing a special woiking process of forming the chamfered
portions, a piezoelectric vibrator unit can be constructed in
which only the active region 74 is contacted with and fixed
to the fixing substrate 77 and the edge portions 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 electrodes
81 and common electrodes 82 are arranged in the manner

described above so as to overlap with each other in the
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el ectric vibrator plate may be fixed to the
cut to be divided into respective vibrators
shows a third enbodi rent of the invention. |
nuneral 50 designates a piezo- electri i br
vi brator 50, layers of an el ectrode formng

| REPLACEMENT SHEET

fikTmg—sub=—stTat4 40 and t hen
of{ aq4Rar t i jed size. FIG 8
n thggf§§3r@,b t he jref erence
atlofewtn—thepidzqgel ectric
material are altefdnately

stacked in such a manner t"hat they oppose ta

—wactrotter—————

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

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

83. This fixation is performed so

that spaces 86 are formed

between the inactive regions and the base 84. Side

electrodes 8la and 82a which respectively connect the segment

electrodes 81 and common electrodes 82 in parallel are fixed

at their lower ends thereof to lead electrodes 87, 88

disposed on the base 84 by a conductive adhesive 89 which

maintaing 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

island 93 of a diaphragm 92 through a connecting member 91

the size of which is selected so that the member contacts

with only the active region 83, thereby ensuring spaces 94 to

be formed between the inactive regions and the diaphragm 92.

In the figure, the reference numeral 95 designates thin

portions formed in the diaphragm 92, and 96 designates a

nozzle plate having a nozzle opening 97.

When a drive signal is applied to the piezoelectric

vibrator 80 in the embodiment, only the active region 83

extends in the manner described above so that the

piezoelectric vibrator 80 presses the diaphragm 92 to

compress the pressure chamber %0, whereby ink drops are

produced from the nozzle opening 97.

L
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through a piezoelectric material, to form sf OREPLIACEMENT SHEpflep 52 and
common el ectrodes 53, thereby constltut- I n 4 of
pi ezoel ectric vibration layers 51 in the cept dge portions

r portion. Th

of inactive regions which oppose a fixinggspbgtr 5 elmoved away to
form chanfered portions 56. The piezoelectriciyibrator 50 i} i xed at its
flat portion 57 to the fixing substrate 55 py an adhesive. Into V-

In accordance with the extension due to the
application of the drive signal, as shown in Fig. 13, the
piezoelectric vibrator 80 contracts in the direction
perpendicular to the extension direction. With respect to
the deformation of the piezoelectric vibrator 80, nonfixed
inactive regions 80a at the lower end are fixed only by
conductive adhesives 89 having elasticity, and, with respect
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 duffer restriction from
the base 84 and the diaphragm 92, so that the piezoelectric
vibrator 80 contracts with a larger degree than that in which
the whole front edge is fixed to a diaphragm. In the
embodiment, therefore, ink drops are produced with a higher
efficiency and the fatigue of the piezoelectric vibrator 80,
base 84 and diaphragm 92 is reduced.

In the embodiment, the connecting member for
connecting the active region of the piezoelectric vibrator
with the diaphragm is constructed as a separate member.
Alternatively, the connecting member may be constructed so as
to be united in one body with the island of the diaphragm.

In another alternatiwve, a portion of the inactive region in
the side of the diaphragm may be removed as shown in Fig. 8,
and only the active region is contacted with and fixed to the
diaphragm or the island of the diaphragm. It is obvious to

those skilled in the art that these alternatives achieve the

“‘ﬁﬁ'iiff l’iﬁlﬁiﬂ“li‘ii



shaped grooves formed by the chanfered portio1sR AQRMEyFé*EFQi g substrate

‘55, conduci ve adhesi ves 58 which have elastic|{ty even after sptfing are
poured so that side electrodes 52a and 53a of §t he ¥®iQQTelgopt rj cj vi brator 50
are connected to lead termnals 59 and ?0, regpgctively. In tiheg enbodi nent,
chgnfe¥edhportions 63 are also formed Th the edge portroms—n tihe ot her end
side of the -

same effects as those of the above-described embodiments.

As described above, according to the invention, in an
ink-jet recording head comprising: a piezoelectric vibrator
in which layers of an electrode forming material and a
piezoelectric material are alternately stacked, and an active
region is formed in the center portion so as to extend and
contact in the lamination 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 is formed only in the portion of the active region,
and the piezoelectric vibrator is fixed to the fixing
substrate only through the contacting area. Therefore, the
stress at the edge of the piezoelectric vibrator is reduced
to an extremely low level. Furthermore, the degree of
extension in the electrode arrangement direction is increased
because the contraction side is not restricted. Accordingly,

the ink-jet recording head can produce ink drops with a

higher efficiency.
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pi ezoel ectric vibrator 50 which contacts wth a dia- phragm62, so as to

provide for an eﬁ?ﬂﬂﬁﬁ@kﬂEnSﬁﬂﬁe I ve for connecting the piezoelectric

vi br at or

50 witjh &
adhe- sive to fil
excess adhesi vd
pi ezoel ectric \i
functions as tHe

agiky62. This all ows an excess of-an--applied

W into the cha ered;uqélons 63, t t he
r ofPeBCEr 98§ iinfo t he gaps between g m' Mlmﬂ

rators. ThHe adhésive in the chanfere

O Q)

CLATMS

1. An ink-jet recurring head comprising:

a piezoelectric vibrator (9;50;80) in which layers of
an electrode forming material (31,32) and a piezoelectric
material (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, said 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 wvibrator (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 said 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
pliezoelectric vibrator (9;50),'by forming a slope in said
side except the portion opposing the active region (15;54;83)
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rei nforcenent ¢ ctromrhet ween the di a- phragm 62 and the
.piezoelectric VTEﬁiﬁiﬁgﬂﬁﬂ 4 drive signal is applied to the

-8-

pi ezoel ectric vijkator 50 1 n thejenbodi nent, only the -active regi-on 54

19 0T 996 19 R 0 0

of salg plezoereetritvibrator (8;50).

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

or 2, wherein said fixing substrate (40) has a projection
(41) which is formed iﬁ 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 of 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
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extends so that thelp byator presses the~d+aphragn162 to
conpress a pressurefchanber 65, whejepy ink drops ar d froma
nozzl e opening 66. Iin|act9r@Ghd@96i {h}the extension @" Iﬂ U’ﬁ
tion of the drive sifjgial, as shown In Fig&y 9 t he plezoc rato
50 contracts in thejdirection perpendfc- ular to the exten5|on dlrectlon.
Si nce edge portions t2Qa -

non-contacting area formed between said piezoelectric
vibrator (9) and said fixing substrate (8).

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
altgrnately stacked, and an active region (15) is férmed 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 piezoelectric vibrator (9) to produce ink
drops,

wherein the contacting areas between said
piezoelectric vibrator (9) and said fixing substrate (é) and
diaphragm (5) are formed only in the portions of said active

region (15), and said piezoelectric wvibrator (9) is fixed to
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at the lower end are renpved away, the piezoelectric vibrator 50 does not
suffer restriction fromthe fixing substrate 55. Therefore, iits front end

>can largely deformso that ink drops are produced w ' r efficiency
and the fatigue of the piezoelectric vibrator 50 j‘ ) “ a ﬁ 1 tte 55 is
reduced. In the enbodinent, the chanfefdd portion rformng

a speci al

wor ki ng process-such as

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 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 comnecting 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).

REPLACEMENT SHEET

19 OCT 1996

This Sheet Has Been Replaced

M i



that of abrading the edge of the piezoelectric vibrator. Al ternatively,
~such chanfered portions may be fornmed wi thout perform ng such a speci al
wor ki ng process. In the process of formng a |lamnation of a piezoelectric
material, green sheets 70 having a giv 9 t hi ckness, and green sheets 71 and
72 of an electrode formng material aré&¢stacked as shown in FIG 10. As a
result, the region in whith the el ectrodes vertically overlap with each
INK JET RECORDING HEAD
ABSTRACT

Described is an ink-jet recording had including a
piezoelectric vibrator (9) in which layers of a piezoelectric
material and an electrode forming material are alternately
stacked to form an active region (15) where segment
electrodes (20} and common electrodes (21} overlap with each
other in the center portion; a fixing substrate (8) to which
the piezoelectric vibrator (9) is fixed; and a flow path
component which contacts with the front end of the
piezoelectric vibrator (9) and in which ink is compressed by
the extension and contraction of the piezoelectric vibrator
(9) to produce ink drops. In the ink-jet recording head, the
plezoelectric vibrator (9) is contacted with the fixing
substrate (8) only in the portion of the active region (15),
and fixed thereto by an adhesive (28,29). When a drive
signal is applied to the electrodes (20) and (21) of the
piezoelectric vibrator (9), only the active region (15) where
electrodes of the opposite polarities oppose to each other
extends in the lamination direction. Since the edge portions
which do not contribute to this extension operation are free
from the fixing substrate (8), they contact with following
the extension of the active region (15) as closely as

possible.
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ot her or the region which constitutes an active region 74 has the total

| ayer nunber that is greater than that of other portion by the nunber of
“the electrode formng naterial green sheets fnctioning as the el ectrodes of

one polarity. Eventually, therefore, the active region has a projection 75

having a step difference [err]d. After the piezoelectric vibrator having

this configu- ration is stntered, as showmn in FIG 11, the projection 75
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Is contacted wwth a fixing substrate 77 and fixed thereto by an adhesive,
wher eby spaces 78 are formed by the fixing substrate 77 and the both side
portions constitut- ing the inactive region. As a result, wthout
perform ng a special working process of formng the chanfered portions, a
pi ezoel ectric vibrator unit can be con- étruted i n which only the active
region 74 is contacted with and fixed to the fixing substrate 77 and the

edge
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portions are kept free.

FIG 12 shows a fifth enbodi nent of the invention.

In the figure, the reference nuneral 80 designates nination
pi ezoel ectric vibrator in which segnent el ectrodes E@Dﬂcﬁﬁ{ {0 ﬁhﬁttrodes
82 are arranged in the manner descri bed apove so ad t e¥-1-3 ach
other in the center portion, whereby an attive regijor 8? is formedfoly in
the center portion. The piezoelectric ?0 OCT 1994
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vibrator 80 is fixed by an adhesive to a projection 85 which is forned on a
base 84 so as to oppose and -9- contact only with the active regi on 83.
This fixation is performed so that spaces 86 are forned between the
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I nactive regions and the base 84. Side electrodes 8la and 82a which
respectively connect the segnent el ectrodes 81 and comon el ectrodes 82 in
parallel are fixed at | ower ends thereof to | ead el ectrodes 87, 88 di sposed
on the base 84 by a conductive adhesive 89 _which main- tains to perform
elasticity even after fixed. The other side of the piezoelectric vibrator
opposi ng a pressure chanber 90 is contacted with and fixed to an

FIG. 8
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I sland 93 of a diaphragm 92 through a connecting mem ber 91 the size of
Wwhich is selected so that the nenber contacts with only the active region
83, thereby ensur- ing spaces 94 to be fornmed between the inactive regions
and the diaphragm 92. In the figure, the reference nu- neral 95 designates
thin portions fornmed in the dia- phragm® 92, and 96 designates a nozzle

pl at e having a nozzl e opening 97.

FIG. 10
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YWen a drive signal is applied to the piezoelectric vibrator 80 in the
gnbodi ment, only the active region 83 extends in the nanner described above
so that the piezo- electric vibrator 80 presses the dlaphragn192 to com

press the pressure chanber 90, whereby ink drops are Se—-af-t-he.
nozzl e opening 97. In accordance with tHe extension cu@EPEAQEMEMFﬁﬂEEd'a-

tion of the drive signal, as shown in FIG 13, the pi{efo-
1y OCT 996
95 97 9% 96

93 91 T 90
\
AAANRANAVANNANEENANANNHNNN AN

S / N

7 77777 92
94 1 — '/ 83
80 - — 81
82&"‘ /‘—B < —— - = ?
= 81
f
Vi
%

82 é
89 —
i

FIG. 13
L2 1.
;OO NN NN AN IO RONNNNNY

\\Y l\ng

E NC Ll 22
8800": { A a0
84
::j — 80a
|89

07
85

This Sheet Has B

L lmll Illl Ill fill )



TLL454).4 TS

BN ¥ ..
elgctric vibrator 80 contracts in the direction perpendic- ular to the

extension direction.
nonfi xed inactive regions 80a at the | ower end |a
by conductive adhesives 89 having elasticity, and, with resge
nonfi xed inactive regions 80b at the upper enqd 4re kept free.
the contraction of the pi&zdetectric vibrator §0

vi brat or 80,

di aphragm 92,

Accordingly,

Wth respect to the de- formation of the

pi ezoel ectric

INK-JET RECORDING HEAD

PLACERMENT SHEET

dd29 JAN 1998

BACKGROUND OF THE INVENTION

1. Industrial Field

The invention relates to an ink-jet recording head
using as vibrating means a piezoelectric vibrator in
which layers of a piezoelectric material and an elec-
trode material are alternately stacked. -

2. Related Art _ .

Ink-jet recording heads in which a pressure is applied
to ink in a pressure chamber to eject ink drops through
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
the deterioration of ink quality does not occur because
ink is not heated, and therefore it can be used in a wide
variety of applications such as a color printing.

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

make the piezoelectric vibrator deform in a degree

sufficient for producing ink drops, a drive voltage of

several hundred volts must be applied to the piezoelec-
tric vibrator, whereby signal transmission lines and

circuit components are required to bave a high insula- :

tion property.

Inordertosolveth'npmblem;anhnprovedink-jet;

recording head is proposed, for example, in Unexam-
ined European Patent Publication No. 0443 628 A2. In
the improved recording head, a piezoelectric vibrator
for compressing and expanding 2 pressure chamber

~ consists of layers of a piezoelectric material and an

electrode material which are alternately stacked.
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 simpli
In the proposed configuration, layers of the two dif-

'fexentmatenak,thephme!ecuicmateﬁalandthcebc- :

trode material are stacked. 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.
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suj_\fér‘ restriction fromthe base 84 and the diaphragm 92, so that the
pi ezoel ectric vibrator 80 contracts with a | arger degrep.than that in which

the whole front edge is fixed to a diaphragm In the eWDOREF[AOEMENﬁ‘SHEE'Pre’

ink drops are produced with a higher efficiency and the)|f pt+gtre—ot

pi ezoel ectric vibrator 80, base 84 and di aphragm 92 is 'eduqie{i LN the

enbodi nent, the connecti ng nenber for 2con- JAN
SUMMARY OF THE INVENTION

The invention has been conducted in view of the
above- mentioned problems, and has an object of pro-
vndmganovel mk-;ettecordmg head in which a ]Jamina-
tion piezoelectric vibrator is riot caused to generate 2
useless stress and which can improve the energy effi-
ciency. :

In order to solve the problem, according to the inven-
tion, in an ink-jet recording head comprising: a piezo-
electric vibrator in which layers of an electrode forming
material and a piczoclectric material are alternately
stacked, and an active region is formed in the center
portion so as to extend and contract in the lamination
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 contact-

__ing area between the piezoelectric vibrator and the
fixing substrate is formed only in the portion of the
active region, and the piezoelectric vibrator is fixed to
the fixing substrate only through the contacting area.

When a drive signal is applied to the segment elec-
trodes and the common electrodes of the piezoelectric
vibrator, only the active region where electrodes of the
opposite polarities oppose to each other extends and
contracts in the lamination direction. At this time, the
side faces and lower edge portion of the piezoelectric
vibrator which do not contribute to this extension and
contraction operation are free from the fixing substrate,
so that they contract while following the extension of
the active region as closely as possible. As a resalt, the
stress at the edge portion of the piezoelectric vibrator is
reduced to an extremely low Ievelascomparedwiththe
case where the edge portion is fixed. Furthermore, the
- degree of extension in the electrode arrangement direc-
. tion is increased because the contraction side is not
restricted. Accordingly, the ink-jet recording head can
produce ink drops with 2 higher efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 2 is a section view showing the embodiment of
the invention; '

H



necting the active region of the piezoelectric vibrator with the di aphragm
ks constructed as a separate nem ber. Alternatively, the connecting nenber
may be con- structed so as to be united in one body with the island of the
di aphragm 1|In another alternative, a portion of the inactive region in the
side of the diaphragm may be renoved away as shown in FIG 8.—and.only fhe

active region is contacted with and fixed §o the di aphragm of REPLACEMENT SHEET

FIGS. 3A, 3B and 3C show the configuration of side
faces of an embodiment of the piezoelectric vibrating
unit of the recording head;

FIGS. 4A and 4B respectively show extension states

21 JAN 1998

of the recording head according to the invention and &
prior art recording head to which a drive signal is ap-
lied;

? FIG. § shows an embodiment of the method of manu-
facturing the piezoelectric vibrator;

FIG. 6 shows another embodiment of the invention;

FIG. 7 shows a state of the embodiment when a drive
voltage is applied;

FIG. 8 is a section view showing 2 third embodiment
of the invention;
' FIG. 9 shows a state of the embodiment when a drive
signal is applied;

FIG. 10 is a section view showing an embodiment of
a lamination piezoelectric vibrator; :

FIG. 11 shows a fourth embodiment of the invention
in which the piezoclectric vibrator is used;

FIG. 12 is a section view showing a fifth embodiment
of the invention; and

FIG. 13 shows the operation of the cmbodment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

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

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 a nozzle plate in which nozzle openings 2 are
formed, 3 designates a spacer which partitions a pres-
sure chamber 6 and has through holes 4, and S desig-
nates a diaphragm which contacts with piezoelectric
vibrators 9 of a piezoelectric vibrating unit 7 described
later and deforms in accordance with extemsion and
contraction of the piezoelectric vibrator 9. These three
hndsofcomponentsaresuckedtooonsumteaﬂow
path unit forming the pressure chamber 6. '

The reference numeral 7 designates tne piezoelectric
vibrating unit which is a characteristic component of
the invention. The lamination piezoelectric vibrators 9
are fixedly attached to the front ead of a fixing substrate
8. On the side faces of the fixing substrate 8, formed are
lead eleétrodes 10 and 11 which respectively connect
the piezoelectric vibrators 9 with external terminals.
Portions of the fixing substrate 8 which oppose the sides



N ““ . . . .
- 30 - the island of the diaphragm It is obvious to those skilled in the
art that these alternatives achi eve the sane effects as those of the

above-described enbodi ments. As described above, accordingado the
i nvention, in an

-4 -

of the piezoéléctric vibrators 9 are removed away to

form chamfered portions 12. Ounly 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 | gEpL AGEMENT SHEET
vibrator unit are fixed to each other through bases 16
each having a groove constituting an ink supply path .
14, to be assembled into a recording head. 21 JAN 1998

FIG. 3 shows the vibrating unit 7 in detail. In the
figure, the reference numeral 9 designates the piezoelec-

tric vibrators having a lamination structure in which
layers of an electrode material such as silver palladium
for forming segment electrodes 20 and common elec-
trades 21, and layers of a piezoelectric material such as
lead titanate for forming piezoelectric vibration layers -
22 are alternately stacked in the thicknesses of 3 um to
5 pm and 20 pm to S0 um, respectively. More specifi-
cally, one-side ends of the electrodes of the one polarity,

. or the electrodes 20 to which a drive signal is applied,
and those of the common electrodes 21 are elongated 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
piczoelectric vibration layers 22, so that the electrodes
20 and 21 of the opposite polarities are overlapped only
in the center portion. . o

When the unit having this configuration is sintered,
the segment electrodes 20 overlap the common elec-

. trodes 21 by a predetermined length in the center por-
tion to comstitute a region where the electrostriction
phenomenon is produced, or the so-called active region
15. Then, on the side face on which the ends of the
segment electrodes 20 are exposed, and the other side
face on which the ends of the common electrodes 21 are
exposed, side electrodes 20z and 21a are formed by
vapor deposition or the like, so that the electrodes 20
and 21 are connected in parallef by the side electrodes
20q and 21a, respectively. When a voltage as low as
about 30 volts is applied to the thus configured piezo-
electric vibrator, the electrostriction phenomenon is
cansed to produce the displacement of the piezoelectric
vibrator, thereby pressing the diaphragm S constituting
the pressure chamber 6 to produce ink drops. '

In the fixing substrate 8, both the side edges of the
upper face are removed away to form chamfered por-
tions 12, so that the flat portion 13 is formed only in the
portion opposing to the portion of the piezoelectric
vibrator 9 where the electrodes are overlapped, or the



i n.ls-"j et recordi ng head corrpri.si ng: a piezoelectric vi- brator in which

l.ayers of an el ectrode formng materi al
alternately stacked,

_ and a piezoelectric material are
and an active region is fornmed in the center portion

so s to extend and contract in the lamnation direction, the el ectrode

formng nateri al

constituting segnent el ec- trodes and common el ectrodes; a

fixing substrate to which the piezoel ectrigc_vibrator is fixed; and a flow

active region 15. On 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 segment electrodes 20 are
exposed, the plurality of lead electrodes 10 are formed
by vapor deposition or the like at locations correspond-
ing to the piezoelectric vibrators 9, respectively.

The thus configured fixing substrate 8 and piezoelec-
tric vibrators 9 are assembled into the vibrating unit 7 in
the following manner. A nonconductive adhesive is

applied to the top of the fixing substrate 8, or the flat
portion 13 in a thickness as thin as possible. Under the
state where the piezoelectric vibrators 9 are substan-
tially contacted to the fixing substrate, 8, the vibrators 9-
are fixed to the substrate in the pitch coincident with
that of the nozzle openings 2. Into the spaces having a
V-shaped section and formed by the chamfered por-
tions 12 of the fixing substrate 8 and the end faces of the
piezoelectric vibrators 9, conductive adhesives 28 and
29 which have elasticity even after setting are poured.
More specifically, the conductive adhesives 28 are
poured into the space in the side of the side electrodes
202 in such 2 manner that separation strips are formed
between the conductive adhesives 28, and the conduc-
tive adhesive 29 is poured into the whole space in the
side of the side electrodes 21a.

As a result, the segment electrodes 20 of the piezo-
electric vibrators 9 are electrically connected through
the side electrodes 20z to the independent lead elec-
trodes 10, respectively, and the common electrodes 21
of the piezoelectric vibrators 9 are electrically con-
nected to the lead electrode 11 common to the side
electrodes 21a. Then, conductive patterns such as flexi-
ble cables are connected to the lead electrodes 10 and 11
so that the piezoelectric vibrators 9 are selectively sup-
plied with a drive signal.

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

one of the piezoelectric vibrators 9, the active region 1S
where the electrodes 20 and 21 of the opposite polaritics

- overlap with each other extends in the electrode ar-

rangement direction as shown in FIG. 4A. The inactive
regions where only the electrodes of one polarity exist
and the electric field is not produced do not contribute
to this extension. In the piezoelectric vibrator 9, only
the active region 15 where the electrodes 20 and 21 of
the opposite polarities overlap with each other is sup-
ported by the fixing substrate 8, and the inactive regions

REPLACEMENT SHEET
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path conponent which contacts with the front end of the piezoelectric
vibrator and in which ink i's com pressed by the extension and contraction
of the piezo- electric vibrator to produce ink drops, the contacting area
between th piezoelectric vibrator and the fixing substrate is fornmed only
in the portion of the active region, and the piezoelectric vibrator is
fixed to the fixig substrate only thgaugh the contacting area.

of the both sides are fixed by the conductive adhesives
28 and 29 having elasticity, so that edge portions 9¢ are
kept free in the view point of the piezoelectric phenom-
enon. Therefore; the piezoelectric vibrator as 2 whole
extends without suffering restriction from the fixing
substrate 8, and presses the diaphragm 5.

As a result, as compared with a conventional record-
ing head (FIG. 4B) in which the whole lower face of a
piezoelectric vibrator A is fixed to a fixing substrate B
and edge portions C are restricted, the degree of exten-
sion (unit volume change) of the embodiment is in-

creased by AL, and the energy efficiency of producing

ink drops is improved. Furthermore, sincep-the edge REPLACEMENT SHEET

portions 9z are free from restriction, the generated '

stress is low in level and the fatigue is reduced. 21 JAN 1998
In the embodiment, the vibrators 9 which are inde-:

pendently constructed are fixed to the fixing substrate 8

in the pitch coincident with that of the nozzle openings
2. Altemnatively, the vibrators 9 may be formed in the
following manner. A piezoelectric vibrator plate 33 is
constructed into the form of a monolithic plate by alter-
nately stacking layers of a piezoelectric material 30 and
electrode forming materials 31 and 32. Only the active
region of the piczoelectric vibrator plate 33 is fixed by
an adhesive to a fixing substrate 34 having chamfered
portions 37. Then, slits 35 which elongate 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 of fixing the piezoclectric vibra-
tors can be simplified.
FIG. 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 formed at a portion opposing.
the active region 15 of the piezoelectric vibrator 9 so
that the fixing substrate contacts with only the active
region 1S of the piezoelectric vibrator 9 to fix it, result-
ing in that spaces 42 are formed between the inactive
regions of the piezoelectric vibrator 9 and the fixing
substrate 40. In the same manner as the above-described
embodiment, the edge portions 9a of the piezoelectric
vibrator 9 are kept free during the extension and con-
traction of the piezoelectric vibrator 9. When a drive
" signal is applied, therefore, the piezoelectric vibrator 9
produces a large displacement due to the extension as
shown in FIG. 7 so that ink drops are produced with a
higher efficiency, and is prevented from suffering from



Therefore, the stress at the edge of the piezoelectric vibrator is reduced
t-o an extrenely low |l evel. Further- nore, the degree of extension in the
ment direction is increased because the contraction side
Accordingly, the ink-jet recording head can produce ink
drops with a higher efficiency. .

el ectrode arrange-
IS not restricted.

-7 -

a uscless stress. Accordingly, the fatigue of the piezo-
z:ccgcvmratorSandﬁ:dngsubsu-atewmnbere-

- Also in the embodiment, lead electrodes 43 and 44 are
formed on the side faces of the fixing substrate 40, and
conductive adhesives which have elasticity even after
setting are poured into the spaces 42, thereby respec-
tively connecting the side electrodes 20z and 21z of the
piezoelectric vibrator 9 with the lead electrodes 43 and
44 of the fixing substrate 40.

It is needless to say theft also the embodiment may be
constructed in the same manner as described above in
conjunction with FIG. 5. That is, one monolithic piezo-
electric vibrator plate may be fixed to the fixing sub-
strate 40 and then cut to be divided into respective
vibrators of a predetermined size.

FIG. 8 shows 2 third embodiment of the invention. In
the figure, the reference numeral 50 designates a piezo-
electric vibrator. In the piezoelectric vibrator 50, layers
of an electrode forming material are alternately stacked
‘in such 2 manner that they oppose to each other
through 2 piezoelectric material, to form segment elec-
trodes 52 and common electrodes 53, thereby constitut-
ing-active region 54 of piezoelectric vibration layers 51
in the center portion. The edge portions of inactive

regions which oppose a fixing substrate 55 are removed

' away to form chamfered portions 56.

_ Thepknnehxxdc‘dbnnbrSDisﬁxedatﬂsﬂhtpoﬂimn-
§7 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 electrodes 52z and 53z of the piezoelectric
vibrator 50 are conmected to lead terminals 59 and 60,
respectively. '

In the embodiment, chamfered portions 63 are also

formed in the edge portions in the other end side of the
piezaelectric vibrator 50 which contacts with a dia-

phragm 62, so as to provide for an escape of an adhesive
for connecting the piezoelectric vibrator 50 with the
diaphragm 62. This allows an excess of an applied adhe-
sive to flow into the chamfered portions 63, thereby
preventing the excess adhesive from entering into the
gaps between the adjacent piezoelectric vibrators. The
adhesive in the chamfered portions 63 functions as the
reinforcement of the conmection between the dia-
phragm 62 and the piezoelectric vibrator 50.

When a drive signal is applied to the pi

vibrator 50 in the embodiment, only the active region 54

REPLACEMENT SHEET
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- ll What

Is clained is: 1. An-ink-jet recording head conpri

sing: a

pi ezoel ectric vibrator having |am nated | ayers of an el ectrode form ng
material and a piezoelectric ma- terial alternately stacked,
region being formed in a center portion of said piezoelectric

- 8 -
extends so that the piezoelectric wbrator presses the
diaphragm §2 to compress a pressure ¢hamber 65,
whereby ink drops are produced from a nozzle opening
66.

In accordance with the extension due to the applica-
tion of the drive signal, as shown in FIG. 9, the piezo-
electric vibrator 50 contracts in the direction perpendic-
ular to the extension direction. Since edge portions 50a
at the lower end are removed away, the piezoelectric
vibrator $0 does not suffer restriction from the fixing
substrate 55. Therefore, its front end can largely deform
so that ink drops are produced with 2 higher efficiency
and the fatigue of the piezoelectric vibrator S0 and
fixing substrate 55 is reduced.

In the embodiment, the chamfered portions are
formed by performing a special working process such as
that of abrading the edge of the pmoelectrxc vibrator.
Alternatively, such chamfered portions may be formed
without performing such a special working process. In

an active

the process of forming a lamination of a piezoelectric
material, green sheets 70 having 2 given thickness, and
green sheets 71 and 72 of an electrode forming material
aresnckedasshowanIG 10. As a resuit, the region |
in which the electrodes vertically overlap with each

other or the region which constitutes an active region
74 has the total layer number that is greater than that of

- REPLACEMENT SHEET
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other portion by the number of the electrode forming
material green sheets functioning as the electrodes of
oue polanty Eventually, therefore, the active region
has a projection 75 having a step difference Ad.

After the piezoelectric vibrator having this configu-
ration is sintered, as shown in FIG. 11, the projection 75
is contacted with a fixing substrate 77 and fixed thereto
by an adhesive, whereby spaces 78 are formed by the
fixing substrate 77 and the both side portions constitut~
mgthemacuveregxon.Asamult,w:thoutperformmg
a Specxal working process of forming the chamfered
portions, a piezoelectric vibrator unit can be con-
structed in which only the active region 74 is contacted
w:thandﬁxedtotheﬁ.nngsubstmteﬂmdtheedge

~ portions are kept free.

FIG. 12 shows a fifth embodiment of the invention.
Intheﬁgure,therefu’encenumeralsﬂd&gnama
lamination piezoelectric vibrator in which segment
electrodes 81 and common electrodes 82 are arranged in
the manner described above 50 as to overlap with 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 84 so as to oppose and




vibrator so as to extend and contract
el ectrode formng materi al
el ec- trodes;
fixed at one end hereof;

anot her end of said piezoelectric vibrator and in which ink

-0 -

contact only with the active region 83. This fixation is

performed so that spaces 86 are formed between the
inactive regions and the base 84. Side electrodes 81z and
82z which respectively connect the segment electrodes
81 and common electrodes 82 in parallel are fixed at
Iower ends thereof to lead electrodes 87, 88 disposed on
the base 84 by a conductive adhesive 89 which main-
tains to perform elasticity even after fixed. .
The other side of the piezoelectric vibrator opposing
a pressure chamber 90 is contacted with and fixed to an
island 93 of a diaphragm 92 through a connecting mem-
ber 91 the size of which is selected so that the member
contacts with only the active region 83, thereby ensur-
ing spaces 94 to be formed between the inactive regions
and the diaphragm 92. In the figure, the reference nu-

meral 95 designates thin portions formed in the dia-

phragm 92, and 96 designates a nozzle plate having a

‘nozzle opening 97.

When a drive signal is applied to the piezoelectric

vibrator 80 in the embodiment, only the active region 83
extends in the manner described above so that the ptezo-

electric vibrator 80 presses the diaphragm 92 to com-
press the pressure chamber 90, whereby ink drops are
produced from the nozzle opemng 97.
- In accordance with the extension due to the applxca-
tion of the drive signal, as shown in FIG. 13, the piezo-
electric vibrator 80 contracts in the direction perpendic-

ular to the extension direction. With respect to the de-:

formation of the piezoelectric vibrator 80, nmonfixed
inactive regions 80a at the lower end are fixed only by
conductive adhesives 89 having elasticity, and, with
respect to the diaphragm 92, nonfixed inactive regions
805 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 80 contracts with a
larger degree than that in which the whole front edge is
fixed to a diaphragm. In the embodiment, therefore, ink
drops are produced with a higher efficiency and the
fatigue of the piezoelectric vibrator 80, base 84 and
diaphragm 92 is reduced.

In the embodiment, the connecting member for con-

- necting the active region of the piczoclectric vibrator

with the diaphragm is cShstructed as a separate mem-
ber. Alternatively, the connecting member may be con-
structed so as to be united in one body with the island of
the diaphragm. In another aiternative, 2 portion of the
inactive region in the side of the diaphragm may be
removed away as shown in FIG. 8, and only the active
region is contacted with and fixed to the diaphragm or

in alamna- tion directon, said
con- stituting segnent el ectrodes and common
a fixing substrate to which said piezoelectric vibrator is
and a flow path conponent which contacts with

REPLACEMENT SHEET
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IS conpressed by the extension and contraction of said piezoelectric

vi brator to produce ink drops, wherein a contacting area is forned between .
said piezoelectric vibrator and said fixing substrate only in a portion of
said active region, and said piezo- electric vibrator is fixed to said
fixing substrate only through said contacting area. 2. The ink-jet
recordi ng head according to claim1, -10 -

the island of the diaphragm. It is gbvious to those skilled
in the art that these altematives achieve the same effects
as those of the above-described embodiments.

As described above, according to the invention, in an
ink-jet recording head comprising: a piezoelectric vi-
brator in which layers of an electrode forming material
and 2 piezoelectric material are altemately stacked, and
an active region is formed in the center portion so s to
extend and comtract in the lamination direction, the
electrode forming material constituting segment elec-
trodes 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 com-

- pressed by the extension and contraction of the piezo-
electric vibrator to produce ink drops, the contacting
area between the piezoelectric vibrator and the fixing
substrate is formed only in the portion of the active
tegion, and the piezoelectric vibrator is fixed to the
fixing substrate only through the contacting area.

. Therefore, the stress at the edge of the piezoelectric

- vibrator is reduced to an extremely low level. Further-
more, the degree of extension in the electrode arrange-
nnmmdhzcﬁonisﬁnxamedbeaunethecom&mﬂxx:gde
is not restricted. Accordingly, the ink-jet re:_:ordmg
head can produce ink drops with a higher efficiency.

REPLACEMENT SHEET
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wherein a chanfered portion is formed in a side of said fixing substrate
contacting with said piezoelectric vibra- tor, by foiling a slope in said
si de except a portion op- posing the active region of said piezoelectric
vibrator. 3. The ink-jet recording head according to. claim1, wherein said

L B S NGRS
sai - - 11~ * *

What is claimed is:

L. An ink-jet recording head comprising:

2 piezoelectric vibrator having laminated layers of an
electrode forming matérial and a piezoelectric ma-
terial alternately stacked, an active region being
formed in a center portion of said piezoelectric
vibrator so as to extend and contract in a lamina-
tion direction, said electrode forming material con-
stituting segment electrodes and common elec-

a fixing substrate to which said piezoelectric vibrator
. is fixed at one end hereof; and '

a flow path component which contacts with another
end of said piezoelectric vibrator and in which ink
ts compressed by the extension and contraction of —
said piezoelectric vibrator to produce ink drops, REPLACEMENT SHEET

whe_reln 2 contacting area is formed between said ]
piezoelectric vibrator and said fixing substrate only 21 JAN 1998
In 2 portion of said active region, and said piezo-
electric vibrator is fixed to said fixing substrate ' ——
only through said contacting area. _ . i

2. The ink-jet recording head according to claim 1, -
wherein 2 chamfered portion is formed in a side of said
uxing substrate contacting with said piezoelectric viora-
tor, by foiling a slope in said side except a portion op-
posing the active region of said piezoelectric vibrator.

3. The ink-jet recording head according to claim 1,
wherein said fixing substrate has a projection which is
formed in a portion opposing said active region of said
piezoelectric vibrator, and the contact between said
fixing substrate and the active region of said piezoelec-
tric vibrator is done through said projection.

4. The ink-jet recording head according to claim 1,
wherein 2 chamfered portion is formed in 2 side of said
piezoclectric vibrator contacting with said fixing sub-
strate, except the portion of said active region, and only
said active region contacts with and fixed to said fixing
substrate.

S. The ink-jet recording head according to claim 1,
wherein said piezoelectric vibrator has a projection
which is formed in said active region by a thickness of
stid electrode forming material constituting said seg-
ment electrodes and common electrodes, and said pi-
ezoelectric vibrator is fixed to said fixing substrate so
that said projection contacts with said fixing substrate.

6. The ink-jet recording head according to any one of
claims 1 to S, wherein an adhesive which has elasticity
even after setting is poured into a space of 2 non-con-

!
i




fixing substrate and the active region of said piezoelec- tric vibrator is
done through said projection. 4 The ink-jet recording head according to
claim1l1, wherein a chanfered portion is forned in a—stde—ef—said

pi ezoel ectric vibrator contacting with said fixing § ept the
portion of said active region, and only said acti vej mﬁim” "HFHEIIV\H
and fixed to said fixing substrate. -12 - a ey eI

tacting area formed between said piezoelectric vibrator
and said fixing substrate.

7. The ink-jet recording head according to claim 6,
wl_lergm said adhesive is electrically conductive, and
said piezoelectric vibrator is electrically connected with
lead_e.lecu'odsfox'med on said fixing substrate by said
adhesive,

8. An ink-jet recording head comprising: .

a piezoelectric vibrator having laminated of an elec-
trode forming materiaf and a2 piezaelectric material
.altemately stacked, an active region being formed
m a center portion of said piezoelectric so as to
extend and contract in the lamination direction,
said electrode forming materials respectively con-
stituting segment clectrodes and common elec-

~ trodes; : . _
a fixing substrate to which said piezoelectric vibrator
. i3 fixed at one end thereof: and , '
a flow path member which contacts with another end 21 JAN 1998
of said piezoelectric vibrator and in which ink is
compressed through a diaphragm by the extension

REPLAGEMENT SHEET

and contraction of said piezoelectric vibrator to

produce ink drops, :
wherein contacting areas are formed between said
piezaelectric vibrator and said fixing substrate, and

between said piezoelectric vibrator and said dis-

phragm only in of said active region, and said pi-

ezoelectric vibrator is fixed to said fixing substrate
and said diaphragm only through respective con-

tacting areas.

9. The ink-jet recording head according to claim 8,
are fixed to each other through & coanecting member
having a size corresponding to a size of said active

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

wherein said connecting member is united with said
diaphragm in one body.
. 1L The ink-jet recording head according to claim 8, -
whereina part of an inactive region of said piezoelectric
vibeator which part opposes said diaphragm is cham-
fered, and said contacting area between said piezoelec-
tric vibrator and said diaphragm is substantially re-
stricted to said active region.



5..« The ink-jet recording head according to claim1l1, wherein said

pi ezoel ectric vibrator has a projection which is forned in said active
regi on by a thickness of said electrode formng material constituting said
seg- nment el ectrodes and cofmon el ectrodes, and said pi- ezoelectric
vibrator is fixed to said fixing substrate so that said projection: contacts
with said fixing substrate. 6. The ink-jet recording head according to any

one of -1 -

REPLAGEMENT SHEET
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clains 1 to 5, wherein an adhesive which has elasticity even after setting
I'S poured into a space of a non-con- -12 - tacting area formed between
said piezoelectric vibrator and said fixing substrate.

-2 -
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7...The ink-jet recording head according to claim®6, wherein said adhesive
I-s electrically conductive, and said piezoelectric vibrator is electrically
connected with lead el ectrodes forned on said fixing substrate by said _
adhesive. 8. An ink-jet recording head conprising: a piezoelectric vibrator
having | am nated of an elec- trode formng material and a piezoel ectric

mat eri al ' -3 - '

FIG. 4A FIG. 4B
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aLtérnater stacked, an active region being fornmed in a center portion of

sai d piezoelectric so as to extend and contract
said electrode formng naterials respectively con- stituting

directi on,

in the | am nation

segment el ectrodes and common el e- trodes; a fixing substrate to which said -

pi ezoel ectric vibrator is fixed at one end thereof; and

-4 -

2 2
” 20
213 203
42— — R
m 41
' &3
40
FIG. 7
9,..__415
U—
. »
21\_7____/
9 —
a S
4

REPLACEMENT SHEET

2 1 JAN 1998




L]

a .kl ow path nenber which contact with another end of said piezoelectric

vi brator and in which ink is conpressed through a di aphragm by the
extension and contraction of said piezoelectric vibrator to produce ink
drops. wherein contacting areas are formed between said piezoelectric
vibrator and said fixing substrate, and between said piezoel ectric vibrator
and said dia- _ -5~ '
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phrragm only in of said active region, and said pi- ezoelectric vibrator is
fixed to said fixing substrate and said di aphragm only through respective
con- tacting areas. 9. The ink-jet recording head according to claim$8,
wherein said di aphragm and sai d piezoelectric vibrator are fixed to each
ot her through a connecting nenber having a size corresponding to a size of

said active -6 - .
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105 The ink-jet recoding had according to claim9, wherein said connecting
nenber is united wth said diaphragmin one body. 11. The ink-jet
recording head according to claim@8, wherein a part of an inactive region
of said piezoelectric vibrator which part opposes said diaphragmis cham
fered, and said contacting area between said piezoelec- tric vibrator and

sai d d| aphragmis substantlal ly re- -7-
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. . Tdsat-4
stricted to said active region. -
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ABSTRACT REPLAGEMENT SHEET
INK-JET RECORDING HEAD

The ink-jet recording head including a pxezoe!ecmc
vibrator 9 in which layers of a piezoelectric material

and an electrode forming material are alternately
stacked to form an active region 15 where segment
electrodes 20 and common electrodes 21 overlap with
each other in the center portion; a fixing substrate 8 to
which the piezoelectric vibrator 9 is fixed; and a flow
path component which contacts with the front end of
the piezoelectric vibrator 9 and it which ink is com-
pressed by the extension and contraction of the piezo-
electric vibrator 9 to produce ink drops. In the ink-jet
recording head, the piezoelectric vibrator 9 is contacted
with the fixing substrate 8 only in the portion of the
active region 15, and fixed theretc by an adhesive.
‘When a drive signal is applied to the electrodes 20 and
21 of the piezoelectric vibrator 9, only the active region
15 where electrodes of the opposite polarities oppose to
each other extends in the lamination direction. Since the
edge portions which do not contribute to this extension
operation are free from the fixing substrate 8, they con-
tract while following the extension of the active region
1S as closely as possible.
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