
REPLACEMENT SHEET - 1 - INK-JET RECORDING HEAD 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
have a high insula- tion property. In order to solve this problem, an
improved ink-jet recording head is proposed, for example in Unexam- ined
European Patent Publication No. 0 443 628 A2. In the improved recording
head, a piezoelectric vibrator 



for compressing and expanding a 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 simplified. In the proposed configuration,
layers of the two dif- 



ferent materials, the piezoelectric material and the elec- 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.   



-2 - SUMMARY OF THE INVENTION The invention has been conducted in view of
the above- mentioned problems, and has an object of pro- viding a novel
ink-jet recording head in which a lamina- tion piezoelectric vibrator is
riot caused to generate a useless stress and which can improve the energy
effi- 



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 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 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 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 direc- tion is increased because the contraction
side is not 



restricted. Accordingly, the ink-jet recording head can produce ink drops
with a 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;  



- 3 -                   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 of the recording head according to the invention and a 



prior art recording head to which a drive signal is ap- plied; FIG. 5 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 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 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.
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 5 desig-
nates 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 fixedly attached to the front end
of a fixing substrate 8. On the side faces of the fixing substrate 8,
formed are lead electrodes 10 and 11 which respectively connect 



the piezoelectric vibrators 9 with external terminals. Portions of the
fixing substrate 8 which oppose the sides    -4- 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
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 a recording head.
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-
trodes 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 [err]m to 5 [err]m and 20 [err]m to 50 [err]m,
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 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 elec- trodes 21 by a
predetermined length in the center por- tion to constitute 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 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 electrodes
20a and 21a, respectively. When a voltage as low as about 30 volts is
applied to the thus configured piezo- electric vibrator, the
electrotriction phenomenon is caused to produce the displacement of the
piezoelectric 



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 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  



-5 - 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 20a in such a 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 20a 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 15 where the electrodes 20 and
21 of the opposite polarities 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    -6- 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 phenom- enon. 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 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 [err]L, 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 th 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. Alternatively,
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 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 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 15 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  



-7- a useless stress. Accordingly, the fatigue of the piezo- electric
vibrator 9 and fixing substrate 40 can be re- duced. 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
20a and 21a 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 a 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 a manner that they oppose to each other 



through a 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. 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, conducive adhesives 58 which have elasticity even after setting are
poured so that side electrodes 52a and 53a of the peizoelectric 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 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 connection between the dia- phragm 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
-8- 



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 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 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 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 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 the total
layer number that is greater than that of other portion by the number of
the electrode forming material green sheets fnctioning as the electrodes 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 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- ing the inactive region. As a result, without
performing a special working process of forming the chamfered portions, a
piezoelectric vibrator unit can be con- struted 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 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    -9- 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 81a and 82a which
respectively connect the segment electrodes 81 and common electrodes 82 in
parallel are fixed at lower 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 piezo- electric vibrator 80 presses the diaphragm 92 to com-
press the pressure chamber 90, whereby ink drops are produced from the
nozzle opening 97. In accordance with the extension due to the applica-
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, 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 



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 piezoelectric vibrator with the diaphragm
is constructed 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 alternative, a 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 



- 10 - the island of the diaphragm. It is obvious to those skilled in the
art that these alternatives 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 a piezoelectric material are
alternately stacked, and an active region is formed in the center portion
so s to extend and contract 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 th piezoelectric vibrator and the fixing substrate is formed only
in the portion of the active region, and the piezoelectric vibrator is
fixed to the fixig 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- ment direction is increased because the contraction side
is not restricted. Accordingly, the ink-jet recording head can produce ink
drops with a higher efficiency.   



- 11- What is claimed is: 1. An ink-jet recording head comprising: a
piezoelectric vibrator having laminated layers of an electrode forming
material 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 directon, said
electrode forming material con- stituting segment electrodes and common
elec- trodes; 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 



is compressed by the extension and contraction of said piezoelectric
vibrator to produce ink drops, wherein a contacting area is formed 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
recording head according to claim 1, 



wherein a chamfered portion is formed in a side of said fixing substrate
contacting with said piezoelectric vibra- 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 a chamfered portion is formed in a side of said
piezoelectric 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. 



5.  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 said 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 5, wherein an adhesive which has elasticity even after setting
is poured into a space of a non-con-    -12 - tacting area formed between
said piezoelectric vibrator and said fixing substrate. 



7. The ink-jet recording head according to claim 6, wherein said adhesive
is electrically conductive, and said piezoelectric vibrator is electrically
connected with lead electrodes formed on said fixing substrate by said
adhesive. 8. An ink-jet recording head comprising: a piezoelectric vibrator
having laminated of an elec- trode forming material and a piezoelectric
material 



alternately stacked, an active region being formed in a center portion of
said piezoelectric so as to extend and contract in the lamination
direction, said electrode forming materials respectively con- stituting
segment electrodes and common ele- trodes; a fixing substrate to which said
piezoelectric vibrator is fixed at one end thereof; and 



a flow path member which contact with another end of said piezoelectric
vibrator and in which ink is compressed through a diaphragm 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 piezoelectric vibrator
and said dia- 



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,
wherein said diaphragm and said piezoelectric vibrator are fixed to each
other through a connecting member having a size corresponding to a size of
said active 



10. The ink-jet recoding had according to claim 9, wherein said connecting
member is united  with said diaphragm in 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 diaphragm is cham-
fered, and said contacting area  between said piezoelec- tric vibrator and
said diaphragm is substantially re- 



stricted to said active region.    


