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(54) LIQUID EJECTION HEAD AND LIQUID EJECTION DEVICE

(57) An objective is to provide a liquid ejection head
and a liquid ejection device that can achieve improve-
ment in installability and ejection performance. A liquid
ejection head according to an embodiment includes a
piezoelectric member, a substrate, an electrode, and a
support member. The piezoelectric member is formed of
a piezoelectric material and includes a plurality of

grooves and a plurality of piezoelectric elements ar-
ranged via the grooves. A wiring is formed on the sub-
strate. The support member is arranged between the
substrate and the piezoelectric elements and is formed
of a resin material. The electrode is formed on a surface
of the piezoelectric member.
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Description

FIELD

[0001] Embodiments described herein relate generally
to a liquid ejection head and a liquid ejection device.

BACKGROUND

[0002] As a drive source of a liquid ejection device such
as an inkjet printer head, a piezoelectric actuator using
a piezoelectric body such as PZT is used. For example,
in a piston-type inkjet head, an actuator member that is
processed in advance is arranged by bonding or the like
at a movable part near a pressure chamber, on a per
nozzle array basis. A plurality of columnar piezoelectric
elements split by forming a plurality of grooves on each
actuator member serve as an actuator corresponding to
each nozzle. For example, one external electrode of the
actuator serves as an individual electrode to which a drive
voltage is individually applied and the other external elec-
trode serves as a common electrode to which constantly
the same voltage (including 0) is applied. The individual
electrodes of the plurality of actuators are separated from
each other and the common electrodes thereof are cou-
pled together. For example, a corner on one side of the
piezoelectric body may be cut out to separate the indi-
vidual electrodes. Since the piezoelectric element is frag-
ile and fine-shaped, it is difficult to secure the installability
of such an actuator.
[0003] In such an inkjet head, if a common chamber
communicating with a plurality of pressure chambers is
small, disadvantages occur in terms of performance,
such as the occurrence of a crosstalk due to a pressure
wave leaking out of the pressure chamber, or a delay in
the refilling of an ejection ink, obstructing high-speed
drive. Therefore, the capacity of the common chamber
needs to be secured. For example, if actuator members
are arranged at a substrate and a common chamber com-
municating with a plurality of pressure chambers is ar-
ranged between the substrate and the pressure cham-
bers, the height of the piezoelectric body limits the com-
mon chamber in the direction of height. Therefore, to in-
crease the capacity of the common chamber, the com-
mon chamber needs to be expanded in a planar direction
and the area of the head needs to be increased. Mean-
while, if the dimension in the direction of height of the
piezoelectric member is increased, the piezoelectric
body increases in size, which is disadvantageous in
terms of costs. Also, since the depth of the grooves be-
comes larger, the processing becomes difficult and the
columnar piezoelectric elements become fragile.

DISCLOSURE OF INVENTION

[0004] To this end, there is provided a liquid ejection
head comprising: a piezoelectric member formed of a
piezoelectric material and comprising a plurality of

grooves and a plurality of piezoelectric elements ar-
ranged via the grooves; a substrate with a wiring formed
thereon; a support member arranged between the sub-
strate and the piezoelectric elements and formed of a
resin material; and an electrode formed on a surface of
the piezoelectric member.
[0005] Preferred embodiments of the liquid ejection
head are set out in dependent claims.
[0006] There is also provided a liquid ejection device
comprising the above liquid ejection head.
[0007] There is also provided a method for manufac-
turing the above liquid inkjet head. Preferred embodi-
ments of the method are set out in dependent claims.

DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1 is a cross-sectional view showing the config-
uration of an inkjet head according to an embodi-
ment.
FIG. 2 is a cross-sectional view showing the config-
uration of the inkjet head.
FIG. 3 is an explanatory view showing a manufac-
turing method for the inkjet head.
FIG. 4 is an explanatory view showing the manufac-
turing method.
FIG. 5 is an explanatory view showing the manufac-
turing method.
FIG. 6 is an explanatory view showing the manufac-
turing method.
FIG. 7 is an explanatory view showing the manufac-
turing method.
FIG. 8 is an explanatory view showing a schematic
configuration of an inkjet recording device.

DETAILED DESCRIPTION

[0009] An embodiment described herein is to provide
a liquid ejection head and a liquid ejection device that
can achieve improvement in installability and ejection
performance.
[0010] In general, according to one embodiment, a liq-
uid ejection head includes a piezoelectric member, a sub-
strate, an electrode, and a support member. The piezo-
electric member is formed of a piezoelectric material and
includes a plurality of grooves and a plurality of piezoe-
lectric elements arranged via the grooves. A wiring is
formed on the substrate. The support member is ar-
ranged between the substrate and the piezoelectric ele-
ments and is formed of a resin material. The electrode
is formed on a surface of the piezoelectric member.
[0011] An inkjet head 1, which is a liquid ejection head
according to an embodiment, and an inkjet recording de-
vice 100, which is a liquid ejection device, will now be
described with reference to FIGS. 1 to 8. FIGS. 1 and 2
are cross-sectional views showing a schematic configu-
ration of the inkjet head 1. FIGS. 3 to 7 are explanatory
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views showing a manufacturing method for the inkjet
head. FIG. 8 is an explanatory view showing a schematic
configuration of the inkjet recording device 100. In the
drawings, X, Y, Z represent three directions orthogonal
to each other. In the drawings, a configuration is en-
larged, reduced, or omitted where appropriate, for the
sake of explanation.
[0012] As shown in FIGS. 1 and 2, the inkjet head 1
has a substrate 10, a pair of actuator units 20, a flow path
member 40, a nozzle plate 50 provided with a plurality
of nozzles 51, a frame unit 60, and a drive circuit 70.
[0013] In an example, the inkjet head 1 has two actu-
ator units 20 and has two nozzle arrays in which a plurality
of nozzles 51 are arrayed in a direction of array (X-direc-
tion), two pressure chamber arrays in which a plurality
of pressure chambers 31 are arrayed in the direction of
array, and two element arrays in which a plurality of pi-
ezoelectric elements 21, 22 are arrayed in the direction
of array. In this embodiment, an example where the di-
rection in which a plurality of piezoelectric layers 211 are
stacked, the direction of vibration of the piezoelectric el-
ement 21, and the direction of vibration of a vibration
plate 30 are laid along the Z-direction, is described.
[0014] The substrate 10 is a circuit board that supports
the pair of actuator units 20. The substrate 10 is made
of, for example, alumina and formed in a plate-like shape,
and has a mounting surface laid along a direction of ex-
tension and a direction of juxtaposition. On the mounting
surface of the substrate 10, where the actuator units 20
are installed, electrode layers 11, 12 are formed. For ex-
ample, on the mounting surface of the substrate 10, the
electrode layer 11 forming an individual electrode is
formed in an outer area on the side opposite to the side
where the pair of actuator units 20 face each other, and
the electrode layer 12 forming a common electrode is
formed in an inner area where the pair of actuator units
20 face each other.
[0015] For example, as the electrode layer 11 is sep-
arated in the outer area at both ends in the direction of
extension on the mounting surface of the substrate 10,
a predetermined wiring pattern having a plurality of indi-
vidual wirings 102 (wiring) is formed. For example, the
individual wiring 102 continues to an external electrode
223 (electrode) formed at one side surface part of the
surfaces of the actuator unit 20 and thus forms an indi-
vidual electrode.
[0016] Also, on the mounting surface of the substrate
10, the electrode layer 12 formed in the inner area be-
tween the pair of actuator units 20 forms a common wiring
103 (wiring). The common wiring 103 continues to an
external electrode 224 (electrode) formed at the other
side surface part of the surfaces of the actuator unit 20
and thus forms a common electrode.
[0017] The actuator units 20 are joined to the mounting
surface, which is on one side of the substrate 10. For
example, the two actuator units 20 are arranged, juxta-
posed in the Y-direction.
[0018] As shown in FIGS. 1 to 4, the actuator unit 20

has a support member 201 and a piezoelectric member
202. The actuator unit 20 has a plurality of drive piezoe-
lectric elements 21 and a plurality of non-drive piezoe-
lectric elements 22 arrayed alternately along the direction
of array and serving as an actuator, and a coupling part
26 coupling these pluralities of piezoelectric elements
21, 22 as a unified body on the side of the substrate 10.
[0019] The support member 201 is a block-like mem-
ber joined to the mounting surface of the substrate 10
and is formed in a trapezoidal shape increasing in width
dimension toward the substrate 10. The support member
201 is formed of, for example, a resin material used for
a PC board, and is formed of, for example, PPS (polyphe-
nylene sulfide), glass epoxy or the like. The support mem-
ber 201 is arranged between the piezoelectric member
202 and the substrate 10 and supports the piezoelectric
member 202 on top of the substrate 10.
[0020] The piezoelectric member 202 is joined to the
top of the support member 201. The piezoelectric mem-
ber 202 is a multilayer piezoelectric member formed of
a plurality of piezoelectric layers 211 and a plurality of
internal electrodes 221, 222 stacked together.
[0021] In the actuator unit 20, the plurality of drive pi-
ezoelectric elements 21 and the plurality of non-drive pi-
ezoelectric elements 22 are arrayed at a predetermined
interval in one direction.
[0022] In an example, the plurality of drive piezoelectric
elements 21 and the plurality of non-drive piezoelectric
elements 22 have a rectangular parallelepiped column
part and a trapezoid part spreading toward the substrate.
The actuator unit 20 is divided into a plurality of parts by
a plurality of grooves 23. The plurality of drive piezoelec-
tric elements 21 and non-drive piezoelectric elements 22
are arrayed at the same pitch in the direction of array,
for example, via the grooves 23 with the same width.
[0023] The groove 23 divides the full length of the pi-
ezoelectric member 202 and is formed to a depth that
reaches an intermediate part of the support member 201.
For example, when forming the groove 23 from one side
of the Z-direction of the piezoelectric member 202, the
depth of the groover 23 is set to be deeper than the end
part on the substrate 10 side of the piezoelectric member
202 and to reach the support member 201.
[0024] For example, in the plurality of drive piezoelec-
tric elements 21 and the plurality of non-drive piezoelec-
tric elements 22, each of the parts formed of the piezo-
electric member is formed in a rectangular shape whose
lateral direction is laid along the direction of array of the
element array and whose longitudinal direction is laid
along the direction of extension orthogonal to the direc-
tion of array and the Z-direction, as viewed in a plan view
from the Z-direction. Also, in the plurality of drive piezo-
electric elements 21 and the plurality of non-drive piezo-
electric elements 22, the part formed of the support mem-
ber 201 is formed in a trapezoidal shape spreading to-
ward the substrate.
[0025] The drive piezoelectric elements 21 are arrayed
at positions respectively facing the plurality of pressure

3 4 



EP 4 434 749 A1

4

5

10

15

20

25

30

35

40

45

50

55

chambers 31 formed in the flow path member 40, in the
Z-direction. In an example, the center position in the di-
rection of array and the direction of extension of the drive
piezoelectric element 21 and the center position in the
direction of array and the direction of extension of the
pressure chamber 31 are arrayed, juxtaposed in the Z-
direction.
[0026] The non-drive piezoelectric elements 22 are ar-
rayed at positions respectively facing a plurality of parti-
tion parts 42 formed in the flow path member 40, in the
Z-direction. In an example, the center position in the di-
rection of array and the direction of extension of the non-
drive piezoelectric element 22 and the center position in
the direction of array and the direction of extension of the
partition part 42 are arrayed, juxtaposed in the Z-direc-
tion.
[0027] For example, in the actuator unit 20, the piezo-
electric member 202 and the support member 201 joined
to the substrate 10 in advance are diced from the end
surface on the side opposite to the substrate 10 side to
form the groove 23, and the plurality of piezoelectric el-
ements 21, 22 formed in the rectangular columnar shape
are thus formed at a predetermined interval. The plurality
of columnar piezoelectric elements 21, 22 thus formed
and the support member 201 are provided with an elec-
trode or the like. The plurality of drive piezoelectric ele-
ments 21 and the plurality of non-drive piezoelectric el-
ements 22, which are alternately arranged, are thus
formed. The plurality of drive piezoelectric elements 21
and the plurality of non-drive piezoelectric elements 22
are alternately juxtaposed and arranged via the groove
23 in the direction of array.
[0028] For example, the piezoelectric member 202
forming the actuator unit 20 is a multilayer piezoelectric
member formed of a multilayer piezoelectric body and is
formed by stacking and sintering sheet-like piezoelectric
materials.
[0029] The piezoelectric member 202 is, for example,
a multilayer piezoelectric member. The drive piezoelec-
tric element 21 and the non-drive piezoelectric element
22 have the plurality of piezoelectric layers 211 stacked
together and the internal electrodes 221, 222 formed at
the main surface of each piezoelectric layer 211. In an
example, the drive piezoelectric element 21 and the non-
drive piezoelectric element 22 have the same multilayer
structure. The drive piezoelectric element 21 and the
non-drive piezoelectric element 22 have the external
electrodes 223, 224 formed on the surface.
[0030] The piezoelectric layer 211 is, for example,
formed in a thin plate-like shape and made of a piezoe-
lectric ceramic material such as a PZT (lead zirconate
titanate)-based material or a lead-free KNN (potassium
sodium niobate)-based material. The plurality of piezoe-
lectric layers 211 are stacked and bonded together with
the direction of thickness laid along the direction of stack-
ing. For example, in this embodiment, the direction of
thickness and the direction of stacking of the piezoelectric
layers 211 are laid along the direction of vibration (Z-

direction).
[0031] The internal electrodes 221, 222 are conductive
films formed in a predetermined shape and made of a
conductive material that can be fired such as silver pal-
ladium. The internal electrodes 221, 222 are formed in a
predetermined area on the main surface of each piezo-
electric layer 211. The internal electrodes 221, 222 are
different poles from each other. For example, the one
internal electrode 221 is formed in an area that reaches
one end part of the piezoelectric layer 211 and does not
reach the other end part of the piezoelectric layer 211,
in the direction of extension (Y-direction), which is a di-
rection orthogonal to both the direction of array (X-direc-
tion), that is, the direction in which the plurality of drive
piezoelectric elements 21 and the plurality of non-drive
piezoelectric elements 22 are arrayed, and the direction
of vibration (Z-direction). The other internal electrode 222
is formed in an area that does not reach the one end part
of the piezoelectric layer 211 and reaches the other end
part of the piezoelectric layer 211, in the direction of ex-
tension. The internal electrodes 221, 222 are coupled
respectively to the external electrodes 223, 224 formed
at the side surface of the piezoelectric elements 21, 22.
[0032] The piezoelectric member 202, which forms the
drive piezoelectric element 21 and the non-drive piezo-
electric element 22, may also have a dummy layer at one
or both of the end part on the substrate 10 side and the
end part on the nozzle plate 50 side.
[0033] The external electrodes 223, 224 are formed at
the surface of the plurality of drive piezoelectric elements
21 and the plurality of non-drive piezoelectric elements
22 and formed of the end parts of the internal electrodes
221, 222 gathered together.
[0034] For example, the external electrode 223 is
formed at one end surface in the direction of extension
of the piezoelectric layer 211. The external electrode 223
is separated on a per element basis. The external elec-
trodes 223 continue respectively to the individual wirings
102 formed of the electrode layer 11 on the substrate 10.
[0035] The external electrode 224 is formed at the oth-
er end surface in the direction of extension of the piezo-
electric layer 211. The external electrode 224 continues
to the common wiring 103 formed of the electrode layer
12 on the substrate 10 of the piezoelectric layer 211.
[0036] The external electrodes 223, 224 are formed as
a film made of Ni, Cr, Au or the like by a method such as
plating or sputtering. The external electrode 223 and the
external electrode 224 are different poles. The external
electrode 223 and the external electrode 224 are ar-
ranged respectively at different surface parts of the plu-
rality of drive piezoelectric elements 21, the plurality of
non-drive piezoelectric elements 22, and the support
member 201.
[0037] In this embodiment, as an example, the external
electrode 223 is an individual electrode and the external
electrode 224 is a common electrode. In the external
electrodes 223, which serve as the individual electrodes
of the plurality of drive piezoelectric elements 21 and the
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plurality of non-drive piezoelectric elements 22, electrode
layers 2230 formed at one side surface of the piezoelec-
tric member 202 in a manufacturing processing shown
in FIG. 7 are separated and arranged independently of
each other. That is, the electrode layers 2230 are spaced
apart from each other and independent of each other in
the direction of juxtaposition and form the external elec-
trodes 223 as a plurality of individual electrodes.
[0038] That is, at the side surface part on one side of
the piezoelectric member 202, the external electrode 223
is divided into a plurality of parts to form a plurality of
individual electrodes. At the other side surface part on
the other side of the piezoelectric member 202, the ex-
ternal electrode 224, which serves as the common elec-
trode, is coupled on the substrate 10 side, as shown in
FIG. 6.
[0039] The external electrode 223 is coupled to the
drive circuit 70 via an FPC 71 as a flexible board, which
is an example of a wiring board, for example, via the
individual wiring 102 on the substrate 10. For example,
the individual external electrodes 223 are configured to
be coupled to a control unit 116 as a drive unit via a drive
IC 72 of the drive circuit 70 by the FPC 71 and to be able
to be drive-controlled under the control of a control circuit
1611. The external electrode 224 may be laid on the side
surface on the external electrode 223 side and may be
coupled to the drive circuit 70 via the FPC 71.
[0040] In the external electrodes 224 formed at the end
surface on the other side of the actuator, electrode layers
2240 continue to each other in an area more to the sub-
strate 10 side than the bottom part of the groove 23 and
thus form the common electrode. The external electrodes
224 are coupled to each other on the other side surface
of the piezoelectric member 202 and are also coupled to
the common wiring 103 on the substrate 10 and thus
grounded, for example.
[0041] The dummy layer is made of the same material
as the piezoelectric layer 211. The dummy layer has an
electrode only on one side and no electric field is applied
thereto. Therefore, the dummy layer is not deformed.
That is, the dummy layer does not function as a piezoe-
lectric body and serves as a base at the time of fixing or
as a polishing pad for polishing in order to achieve pre-
cision during and after assembly.
[0042] The direction of vibration of the piezoelectric el-
ements 21, 22 is laid along the direction of stacking.
When an electric field is applied thereto, the piezoelectric
elements 21, 22 are displaced in the direction of d33.
[0043] In an example, each of the piezoelectric ele-
ments 21, 22 is formed of three or more layers and 50 or
fewer layers. The thickness of each layer is 10 mm or
more and 40 mm or less. The product of the thickness
and the total number of layers stacked is less than 1000
mm.
[0044] The drive piezoelectric element 21 vibrates as
a volage is applied to the internal electrodes 221, 222
via the external electrodes 223, 224. In this embodiment,
the drive piezoelectric element 21 longitudinally vibrates

along the direction of stacking of the piezoelectric layer
211. The longitudinal vibration in this case refers to, for
example, "vibration in the direction of thickness defined
by a piezoelectric constant d33". By longitudinally vibrat-
ing, the drive piezoelectric element 21 displaces the vi-
bration plate 30 and deforms the pressure chamber 31.
[0045] The flow path member 40 has the vibration plate
30 arranged facing one side of the actuator unit 20 in the
direction of deformation, and a flow path substrate 405
stacked on one side of the vibration plate 30.
[0046] The vibration plate 30 is provided between the
flow path substrate 405 and the actuator unit 20 in the
direction of vibration. The vibration plate 30 together with
the flow path substrate 405 forms the flow path member
40. The vibration plate 30 extends in a direction inter-
secting the side surfaces of the piezoelectric member
202 where the individual electrode and the common elec-
trode are formed.
[0047] The vibration plate 30 extends along a surface
orthogonal to the Z-direction, which is the direction of
vibration, and is joined to a surface on one side of the
direction of vibration of the plurality of piezoelectric ele-
ments 21, 22, that is, on the nozzle plate 50 side. The
vibration plate 30 is formed, for example, deformably.
The vibration plate 30 is joined to the drive piezoelectric
element 21 and the non-drive piezoelectric element 22
of the actuator unit 20 and to the frame unit 60. For ex-
ample, the vibration plate 30 has a vibration area 301
facing the piezoelectric elements 21, 22, and a support
area 302 facing the frame unit 60.
[0048] The vibration area 301 is in the shape of a flat
plate arranged, for example, in such a way that the di-
rection of thickness is the direction of vibration of the
piezoelectric layer 211. The planar direction of the vibra-
tion plate 30 extends in the direction of juxtaposition of
the plurality of drive piezoelectric elements 21 and the
plurality of the non-drive piezoelectric elements 22. The
vibration plate 30 is, for example, a metal plate. The vi-
bration plate 30 has a plurality of vibrating parts that face
the individual pressure chambers 31 and that are deform-
able separately from each other. The vibration plate 30
is formed of the plurality of vibrating parts coupled to-
gether as a unified body.
[0049] In an example, the vibration plate 30 is formed
of a nickel or SUS plate and is formed in such a way that
the thickness dimension along the direction of vibration
is approximately 5 mm to 15 mm. In the vibration area
301, a fold or a step may be formed between a vibrating
part and an adjacent part or between vibrating parts ad-
jacent to each other so that the plurality of vibrating parts
can be easily displaced. The vibration area 301 is de-
formed as the part arranged facing the drive piezoelectric
element 21 is displaced due to the expansion and con-
traction of the drive piezoelectric element 21. For exam-
ple, the vibration plate 30 needs to have a very thin and
complex shape and is therefore formed by electrocasting
or the like. The vibration plate 30 is joined by bonding or
the like to an upper end surface of the actuator unit 20.
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[0050] The support area 302 is a plate-like member
arranged between the frame unit 60 and the flow path
substrate 405. The support area 302 has a communicat-
ing part 33 having a penetration hole communicating with
a common chamber 32.
[0051] For example, the communicating part 33 has a
filter member having multiple pores through which a liquid
can pass, as penetration holes.
[0052] The flow path substrate 405 is arranged be-
tween the nozzle plate 50 and the vibration plate 30 in
the direction of vibration. The flow path substrate 405 is
joined to one side of the direction of vibration of the vi-
bration plate 30.
[0053] The flow path substrate 405 has wall members
such as a guide wall 41 and the partition part 42 and
forms a predetermined ink flow path having a plurality of
pressure chambers 31 separated from each other and a
plurality of individual flow paths separated from each oth-
er and communicating with the pressure chamber 31 and
the common chamber 32.
[0054] Inside the flow path substrate 405, the plurality
of pressure chambers 31 are separated by the partition
parts 42. That is, the two sides in the direction of juxta-
position of the pressure chamber 31 are formed by the
partition parts 42. Each pressure chamber 31 communi-
cates with the nozzle 51 formed in the nozzle plate 50
arranged on one side. Also, the pressure chamber 31 is
closed on the side opposite to the nozzle plate 50 by the
vibration plate 30.
[0055] The plurality of pressure chambers 31 are spac-
es formed on one side of the vibration area 301 of the
vibration plate 30 and communicate with the common
chamber 32 via the individual flow paths and the com-
municating part 33. The plurality of pressure chambers
31 communicate with the nozzles 51 formed in the nozzle
plate 50. Also, the pressure chambers 31 are closed on
the side opposite to the nozzle plate 50 by the vibration
plate 30.
[0056] The plurality of pressure chambers 31 retain a
liquid supplied from the common chamber 32 and eject
the liquid from the nozzles 51 by being deformed due to
the vibration of the vibration plate 30 forming a part of
the pressure chambers 31.
[0057] The partition part 42 is a wall member that sep-
arates the plurality of pressure chambers 31 arrayed in
the direction of juxtaposition and that forms the two sides
of the pressure chamber 31. The partition part 42 is ar-
ranged facing the non-drive piezoelectric element 22 via
the vibration plate 30 and supported by the non-drive
piezoelectric element 22. A plurality of partition parts 42
are provided at the same pitch as the pitch at which the
plurality of pressure chambers 31 are arrayed.
[0058] The nozzle plate 50 is formed, for example, in
the shape of a square plate made of a metal such as
SUS or Ni or a resin material such as polyimide and hav-
ing a thickness of approximately 10 mm to 100 mm. The
nozzle plate 50 is arranged on one side of the flow path
substrate 405 in such a way as to close the opening on

one side of the pressure chamber 31.
[0059] A plurality of nozzles 51 are arrayed in a first
direction, which is the same as the direction of juxtapo-
sition of the pressure chambers 31, and thus form a noz-
zle array. For example, two arrays of nozzles 51 are pro-
vided. The individual nozzles 51 are provided respective-
ly at positions corresponding to the plurality of pressure
chambers 31 arranged in two arrays. In this embodiment,
the nozzles 51 are provided respectively at the positions
of the end parts in the direction of extension of the pres-
sure chambers 31.
[0060] The frame unit 60 is a structure joined to the
vibration plate 30 along with the piezoelectric elements
21, 22. The frame unit 60 is provided on the opposite
side of the vibration plate 30 from the flow path substrate
405, on the piezoelectric elements 21, 22. For example,
in this embodiment, the frame unit 60 is arranged adja-
cently to the actuator unit 20. The frame unit 60 is joined
to the other side of the vibration plate 30 and provided
between the vibration plate 30 and the substrate 10 and
thus forms the outline of the inkjet head 1. Also, the frame
unit 60 forms a liquid flow path inside. In this embodiment,
the frame unit 60 forms the common chamber 32.
[0061] The common chamber 32 is formed inside the
frame unit 60 and communicates with the pressure cham-
ber 31 through the communicating part 33 provided in
the vibration plate 30, and the individual flow path.
[0062] The drive circuit 70 has the FPC 71 (flexible
printed circuit) coupled to the actuator unit 20 via the
individual wiring 102 and the common wiring 103 on the
mounting surface of the substrate 10, the drive IC 72
installed in the FPC 71, and a printed wiring board 73
mounted at the other end of the FPC 71.
[0063] The drive circuit 70 applies a drive voltage to
the external electrodes 223, 224 by the drive IC 72 and
thus drives the drive piezoelectric element 21 to increase
or decrease the capacity of the pressure chamber 31 and
eject a droplet from the nozzle 51.
[0064] The FPC 71 is coupled to the mounting surface
of the substrate 10 and coupled to the plurality of external
electrodes 223, 224 of the actuator unit 20 via the indi-
vidual wiring 102 and the common wiring 103. As the
FPC 71, a COF (chip on film) with the drive IC 72 mounted
thereon as an electronic component is used.
[0065] The drive IC 72 is coupled to the external elec-
trodes 223, 224 via the FPC 71. The drive IC 72 is an
electronic component used for ejection control.
[0066] The drive IC 72 generates a control signal and
a drive signal to cause each drive piezoelectric element
21 to operate. The drive IC 72 generates a control signal
for control such as selecting the timing of ej ecting an ink
and the drive piezoelectric element 21 to eject an ink,
according to an image signal inputted from the control
unit 116 of the inkjet recording device 100 equipped with
the inkjet head 1. The drive IC 72 also generates a voltage
to be applied to the drive piezoelectric element 21, that
is, a drive signal, according to the control signal from the
control unit 116. As the drive IC 72 applies the drive signal
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to the drive piezoelectric element 21, the drive piezoe-
lectric element 21 is driven to displace the vibration plate
30 and change the capacity of the pressure chamber 31.
Thus, the ink that fills the pressure chamber 31 generates
pressure vibration. Due to the pressure vibration, the ink
is ejected from the nozzle 51 communicating with the
pressure chamber 31. The inkjet head 1 may be config-
ured to be able to implement a gradation expression by
changing the amount of ink droplets landing on one pixel.
Also, the inkjet head 1 may be configured to be able to
change the amount of ink droplets landing on one pixel
by changing the number of ink ejections. In this way, the
drive IC 72 is an example of an application unit that ap-
plies the drive signal to the drive piezoelectric element 21.
[0067] For example, the drive IC 72 has a data buffer,
a decoder, and a driver. The data buffer saves print data
in time series on a per drive piezoelectric element 21
basis. The decoder controls the driver, based on the print
data saved in the data buffer, on a per drive piezoelectric
element 21 basis. The driver outputs the drive signal to
cause each drive piezoelectric element 21 to operate,
based on the control of the decoder. The drive signal is,
for example, a voltage applied to each drive piezoelectric
element 21.
[0068] The printed wiring board 73 is a PWA (printed
wiring assembly) equipped with various electronic com-
ponents and connectors and has a head control circuit
731. The printed wiring board 73 is coupled to the control
unit 116 of the inkjet recording device 100.
[0069] In the inkjet head 1 configured as described
above, the nozzle plate 50, the frame unit 60, the flow
path substrate 405, and the vibration plate 30 together
form the ink flow path having the plurality of pressure
chambers 31 communicating with the nozzles 51 and the
common chamber 32 communicating with each of the
plurality of pressure chambers 31. For example, the com-
mon chamber 32 communicates with a cartridge and an
ink is supplied to each pressure chamber 31 via the com-
mon chamber 32. All the drive piezoelectric elements 21
are coupled via a wiring in such a way that a voltage is
applicable thereto. In the inkjet head 1, for example, as
the control unit 116 of the inkjet recording device 100
applies a drive voltage to the electrodes 221, 222 by the
drive IC 72, the drive piezoelectric element 21 of the drive
target vibrates, for example, in the direction of stacking,
that is, in the direction of thickness of each piezoelectric
layer 211. That is, the drive piezoelectric element 21 lon-
gitudinally vibrates.
[0070] Specifically, the control unit 116 applies a drive
voltage to the internal electrodes 221, 222 of the drive
piezoelectric element 21 of the drive target and thus se-
lectively drives the drive piezoelectric element 21 of the
drive target. Then, a deformation in the direction of ten-
sion and a deformation in the direction of compression
by the drive piezoelectric element 21 of the drive target
are combined to deform the vibration plate 30 and change
the capacity of the pressure chamber 31. Thus, the liquid
is guided from the common chamber 32 and ejected from

the nozzle 51.
[0071] An example of the manufacturing method for
the inkjet head 1 according to this embodiment will now
be described with reference to FIGS. 3 to 7. First, the
internal electrodes 221, 222 are formed by printing on a
piezoelectric material formed in the shape of a sheet. A
plurality of piezoelectric layers 211 having the internal
electrodes 221, 222 are stacked together and then fired
and polarized, thus forming the piezoelectric member
202, which is a multilayer piezoelectric member.
[0072] As shown in FIG. 3, the support member 201 is
bonded to the top of the substrate 10 with an adhesive
or the like. Also, the piezoelectric element 21 of the pie-
zoelectric member 202 with the internal electrodes 221,
222 formed therein in advance is polarized and the pie-
zoelectric member 202 is bonded to the top of the support
member 201 with an adhesive or the like (Act 11).
[0073] Then, the surface of the substrate 10, the sup-
port member 201, and the piezoelectric member 202 is
processed in the state where the support member 201
and the piezoelectric member 202 are stacked on top of
the substrate 10, and the mounting surface and the outer
surface of the piezoelectric member 202 and the support
member 201 are thus shaped (Act 12). For example, a
continuous surface without any step is formed by ma-
chining from the side surface of the piezoelectric member
202 to the surface of the substrate 10 via the side surface
of the support member 201. The surface treatment in Act
12 is, for example, grinding with a whetstone. If a burr or
the like is formed on the substrate of the support member
201 when a whetstone that can process the substrate 10
and the piezoelectric body is used, it is preferable to per-
form surface treatment such as buff polishing or sand-
blasting for the finishing.
[0074] Subsequently, as shown in FIGS. 4 and 5, a
metal film is formed by plating on the surface of the pie-
zoelectric member 202, the surface of the support mem-
ber 201, and the mounting surface of the substrate 10
(Act 13). An electrode is formed by electroless nickel plat-
ing or the like at least on the entirety of the surfaces. That
is, the electrode layers 2230, 2240 serving as the external
electrodes 223, 224 are formed. Also, the electrode lay-
ers 11, 12 are formed on the mounting surface of the
substrate 10. Then, the top part of the actuator unit 20 is
polished (Act 14) to remove the electrode at the top part
and also form a joining surface of the top part. In Act 14,
the planarity of the top surface of the actuator unit 20, to
which the vibration plate 30 is joined in a later process,
is secured by the polishing.
[0075] Subsequently, a tool such as a diamond cutter
is moved in the Z-direction to perform processing to form
a plurality of grooves 23 on the actuator unit 20. Thus,
the piezoelectric member 202 is divided into a plurality
of parts to form a plurality of columnar elements (Act 15).
The plurality of grooves 23 are formed simultaneously at
a predetermined pitch and a plurality of drive piezoelec-
tric elements 21 and non-drive piezoelectric elements 22
arrayed at the same pitch are thus formed. At this point,
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the depth of the groove 23 is formed to a position covering
a part of the tapered part of the support member 201.
[0076] FIGS. 5 and 6 are perspective views showing
the columnar element as viewed from the common elec-
trode side. FIG. 7 is a perspective view from the individual
electrode side. In Act 14, a metal film similar to the metal
film the common electrode side in FIG. 5 is formed on
the individual electrode side. In Act 15, the metal film on
the individual electrode side is divided by the grooves 23
on the top side of the actuator unit 20, similarly to the
common electrode side in FIG. 6.
[0077] Also, in Act 16, the wiring is patterned by the
PEP method or the like. That is, a predetermined site of
the plated film formed on the entire surface in Act 12 is
removed and the electrode layer 11 on one end side that
is the individual wiring 102 side is divided into a plurality
of parts, as shown in FIG. 7. At this point, since the sur-
face of the support member 201 is tapered, the surface
having a sloped surface of the support member 201 and
the surface of the substrate 10, which together form a
continuous surface, can be simultaneously patterned by
the PEP processing. That is, the electrode layer 11,
formed on the surface of the support member 201 having
the sloped surface of the tapered shape and on the
mounting surface of the substrate 10, is divided on a per
element basis. The individual electrode 102 is thus
formed.
[0078] In the external electrode 223, the parts on the
nozzle plate 50 side of the support member 201 and the
piezoelectric member 202 are separated by the grooves
23, and the part on the substrate 10 side of the support
member 201 is separated by patterning.
[0079] Meanwhile, as shown in FIG. 6, the electrode
layer 12 on the other end side is not divided by patterning
and forms the common wiring 103 in a continuous state.
Thus, the plurality of individual wirings 102 divided on a
per element basis are formed on the one end side of the
piezoelectric member 202, and the continuous common
wiring 103 is formed on the other end side.
[0080] Also, the FPC 71 with an electronic component
such as the drive IC 72 mounted thereon, as a control
component, is coupled, for example, by soldering or with
an anisotropic conductive film or the like, to the wiring
patterns such as the individual wiring 102 and the com-
mon wiring 103 shaped in a predetermined shape on the
substrate 10. Moreover, the printed wiring board 73 hav-
ing the head control circuit 731 is coupled to the FPC 71.
[0081] Then, the vibration plate 30, the flow path sub-
strate 405, and the nozzle plate 50 are stacked and po-
sitioned with a joining member provided between these
components, over the actuator unit 20. The frame unit
60 is arranged at the outer circumference of the actuator
unit 20. The plurality of these members are joined togeth-
er. The inkjet head 1 is thus completed.
[0082] An example of the inkjet recording device 100
having the inkjet head 1 will now be described with ref-
erence to FIG. 8. The inkjet recording device 100 has a
casing 111, a medium supply unit 112, an image forming

unit 113, a medium discharge unit 114, a conveyer device
115, and the control unit 116.
[0083] The inkjet recording device 100 is a liquid ejec-
tion device that ejects a liquid such as an ink while con-
veying, for example, a paper P as a print medium that is
an ejection target along a predetermined conveyance
path R from the medium supply unit 112 to the medium
discharge unit 114 via the image forming unit 113 and
thus performs image forming processing on the paper P.
[0084] The casing 111 forms the outline of the inkjet
recording device 100. A discharge port to discharge the
paper P outward is provided at a predetermined site on
the casing 111.
[0085] The medium supply unit 112 has a plurality of
paper feed cassettes and is configured to be able to hold
a plurality of papers P with various sizes stacked togeth-
er.
[0086] The medium discharge unit 114 has a paper
discharge tray configured to be able to hold the paper P
discharged from the discharge port.
[0087] The image forming unit 113 has a support part
117 supporting the paper P, and a plurality of head units
130 arranged facing each other above the support part
117.
[0088] The support part 117 has a conveyer belt 118
provided in a looped shape in a predetermined area
where image formation is performed, a support plate 119
supporting the conveyer belt 118 from the back side, and
a plurality of belt rollers 120 provided on the back side
of the conveyer belt 118.
[0089] In image formation, the support part 117 sup-
ports the paper P on a support surface, which is the upper
surface of the conveyer belt 118, and moves the conveyer
belt 118 at a predetermined timing by the rotation of the
belt rollers 120, and thus conveys the paper P down-
stream.
[0090] The head units 130 include: a plurality of inkjet
heads 1 (four colors); ink tanks 132 as liquid tanks in-
stalled above the inkjet heads 1, respectively; coupling
flow paths 133 coupling the inkjet heads 1 and the ink
tanks 132; and supply pumps 134.
[0091] In this embodiment, the inkjet heads 1 for the
four colors of cyan, magenta, yellow, and black, and the
ink tanks 132 containing inks of these colors, respective-
ly, are provided. The ink tanks 132 are coupled to the
inkjet heads 1 by the coupling flow paths 133.
[0092] A negative pressure control device such as a
pump, not illustrated, is coupled to the ink tank 132. The
negative pressure control device controls the inside of
the ink tank 132 to negative pressure in response to the
hydraulic head value of the inkjet head 1 and the ink tank
132. Thus, the ink supplied to each nozzle 51 in the inkjet
head 1 is formed into a meniscus in a predetermined
shape.
[0093] The supply pump 134 is a liquid feed pump
formed of, for example, a piezoelectric pump. The supply
pump 134 is provided in a supply flow path. The supply
pump 134 is coupled to the control circuit 1611 of the
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control unit 116 via a wiring and is configured to be con-
trollable by the control unit 116. The supply pump 134
supplies a liquid to the inkjet head 1.
[0094] The conveyer device 115 conveys the paper P
along the conveyance path R from the medium supply
unit 112 to the medium discharge unit 114 via the image
forming unit 113. The conveyer device 115 has a plurality
of guide plate pairs 121 arranged along the conveyance
path R, and a plurality of conveyance rollers 122.
[0095] Each of the plurality of guide plate pairs 121 has
a pair of plate members arranged facing each other via
the paper P that is conveyed, and guides the paper P
along the conveyance path R.
[0096] The conveyance rollers 122 are driven to rotate
under the control of the control unit 116 and thus feed
the paper P downstream along the conveyance path R.
In the conveyance path R, a sensor that detects the state
of conveyance of the paper is arranged at various posi-
tions.
[0097] The control unit 116 has the control circuit 1611
such as a CPU (central processing unit), which is a con-
troller, a ROM (read-only memory) storing various pro-
grams or the like, a RAM (random-access memory) tem-
porarily storing various variable data and image data or
the like, and an interface unit that inputs data from outside
and outputs data to outside.
[0098] In the inkjet recording device 100 configured as
described above, for example, when a print instruction
based on an operation of an operation input unit by the
user is detected at the interface, the control unit 116
drives the conveyer device 115 to convey the paper P
and outputs a print signal to the head unit 130 at a pre-
determined timing, and thus drives the inkjet head 1. As
an ejection operation, the inkjet head 1 sends a drive
signal to the drive IC 72, based on an image signal cor-
responding to image data, applies a drive voltage to the
internal electrode 221, 222 to selectively drive the drive
piezoelectric element 21 of the ejection target so as to
longitudinally vibrate, for example, in the direction of
stacking, thus changes the capacity of the pressure
chamber 31 to eject the ink from the nozzle 51, and thus
forms an image on the paper P held on the conveyer belt
118. As a liquid ejection operation, the control unit 116
drives the supply pump 134 and thus supplies the ink
from the ink tank 132 to the common chamber 32 in the
inkjet head 1.
[0099] The drive operation to drive the inkjet head 1
will now be described. The inkjet head 1 according to this
embodiment has the drive piezoelectric elements 21 ar-
ranged facing the pressure chambers 31. These drive
piezoelectric elements 21 are coupled in such a way that
a voltage is applicable thereto via a wiring. The control
unit 116 sends a drive signal to the drive IC 72, based
on an image signal corresponding to image data, applies
a drive voltage to the internal electrodes 221, 222 of the
drive piezoelectric element 21 of the drive target, and
thus selectively deforms the drive piezoelectric element
21 of the drive target. Then, the deformation in the direc-

tion of tension and the deformation in the direction of
compression of the vibration plate 30 are combined to
change the capacity of the pressure chamber 31, thus
causing the liquid to be ejected.
[0100] For example, the control unit 116 alternately
performs a tension operation and a compression opera-
tion. At the time of tension to increase the inner capacity
of the target pressure chamber 31 in the inkjet head 1,
the drive piezoelectric element 21 of the drive target is
compressed and the drive piezoelectric element 21 that
is not the drive target is not deformed. Meanwhile, at the
time of compression to reduce the inner capacity of the
target pressure chamber 31 in the inkjet head 1, the target
drive piezoelectric element 21 is expanded. The non-
drive piezoelectric element 22 is not deformed.
[0101] In the inkjet head 1 and the inkjet recording de-
vice 100 according to the foregoing embodiment, the sup-
port member 201 can secure the height dimension of the
actuator unit 20 and therefore can improve installability
and ejection performance. That is, as the support mem-
ber 201 secures the height dimension of the actuator unit
20, the capacity of the common chamber 32 can be se-
cured without increasing the size of the inkjet head 1 in
the direction of the nozzle face. Also, as the support mem-
ber 201 formed of a resin substrate is arranged between
the piezoelectric member 202 and the substrate 10 to
raise the actuator unit 20, the dimension in the Z-direction
between the substrate 10 and the flow path member 40
can be expanded without increasing the amount of pie-
zoelectric body used, and the common chamber 32
formed between the substrate 10 and the flow path mem-
ber 40 can be expanded in the direction of height. There-
fore, the capacity of the common chamber 32 can be
secured without expanding the nozzle face and at a low
cost.
[0102] The present disclosure is not limited to the fore-
going embodiment itself. In practice, the present disclo-
sure can be embodied, modifying components without
departing from the scope of the present disclosure.
[0103] The specific material and configuration of the
piezoelectric elements 21, 22 in the embodiment are not
limited to the foregoing material and configuration and
can be changed according to need.
[0104] In the foregoing embodiment, a configuration
where a plurality of piezoelectric layers 211 are stacked
and where the drive piezoelectric element 21 is driven
using the longitudinal vibration (d33) in the direction of
stacking, is employed. However, this is not limiting. For
example, the present disclosure is also applicable to a
configuration where the drive piezoelectric element 21 is
formed of a single piezoelectric member, and is also ap-
plicable to a configuration where the drive piezoelectric
element 21 is driven by lateral vibration to generate dis-
placement in a d31 direction.
[0105] The arrangements of the nozzles 51 and the
pressure chambers 31 are not limited to the arrange-
ments in the foregoing embodiment. For example, the
nozzles 51 may be arranged in two or more arrays. Also,
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an air chamber that serves as a dummy chamber may
be formed between a plurality of pressure chambers 31.
The inkjet head is not limited to a circulation type but may
be a non-circulation type.
[0106] Also, the configurations and positional relation-
ship between various components including the flow path
member 40, the nozzle plate 50, and the frame unit 60
are not limited to the foregoing examples and can be
changed according to need.
[0107] In the foregoing embodiment, an example
where two actuator units 20 are juxtaposed on the sub-
strate 10 is described. However, this is not limiting. A
single actuator unit 20 may be employed.
[0108] The liquid to be ejected is not limited to an ink
for printing. For example, a device that ejects a liquid
containing conductive particles to form a wiring pattern
on a printed wiring board, or the like, may be employed.
[0109] In the foregoing embodiment, an example
where the inkjet head 1 is used for a liquid ejection device
such as an inkjet recording device is described. However,
this is not limiting. For example, the inkjet head 1 can
also be used for a 3D printer, an industrial manufacturing
machine or a medical application, and can be reduced
in size, weight, and cost.
[0110] According to at least one embodiment de-
scribed above, a liquid ejection head and a liquid ejection
device that can achieve improvement in installability can
be provided.
[0111] While some embodiments of the present disclo-
sure have been described, these embodiments are pre-
sented simply as examples and are not intended to limit
the scope of the present disclosure. These novel embod-
iments can be implemented in various other forms and
can include various omissions, replacements, and
changes without departing from the scope of the present
disclosure. These embodiments and modifications there-
of are included in the scope of the present disclosure and
also included in the scope of the claims.

Claims

1. A liquid ejection head comprising:

a piezoelectric member (202) formed of a pie-
zoelectric material and comprising a plurality of
grooves (23) and a plurality of piezoelectric el-
ements arranged via the grooves;
a substrate (10) with a wiring formed thereon;
a support member (201) arranged between the
substrate and the piezoelectric elements and
formed of a resin material; and
an electrode formed on a surface of the piezo-
electric member.

2. The head according to claim 1, further comprising:

a vibration plate arranged facing the piezoelec-

tric member and extending in a direction inter-
secting the surface where the electrode is
formed;
a plurality of pressure chambers at least a part
of which faces the vibration plate; and
a plurality of nozzles communicating with the
plurality of pressure chambers, wherein
the support member comprises a tapered sur-
face comprising a sloped surface spreading to-
ward the substrate, and
a wiring continuing onto the substrate from a sur-
face of the support member is formed.

3. The head according to claim 1 or 2, wherein

the grooves are formed, reaching to the support
member, and
at least a part of the electrodes formed on the
surface of the piezoelectric member and the
support member are separated from each other
by the grooves.

4. The head according to any one of claims 1 to 3,
wherein
the piezoelectric member is formed of a multilayer
piezoelectric body formed of a plurality of piezoelec-
tric layers and a plurality of internal electrodes (221,
222) stacked together.

5. The head according to any one of claims 1 to 4,
wherein
the electrode formed on a surface of the piezoelectric
member comprises a plurality of external electrodes
(223, 224).

6. The head according to claim 5, wherein

one external electrode (223) of the a plurality of
external electrodes (223, 224) is formed at one
end surface of the piezoelectric member in the
direction of extension of the piezoelectric mem-
ber, and
another external electrode (224) of the a plurality
of external electrodes (223, 224) is formed at
the other end surface of the piezoelectric mem-
ber in the direction of extension of the piezoe-
lectric member.

7. The head according to any one of claims 1 to 6,
wherein
the support member is formed in a trapezoidal shape
increasing in width dimension toward the substrate.

8. The head according to any one of claims 1 to 7,
wherein the resin material is a resin material used
for a PC board.

9. The head according to any one of claims 1 to 8,
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wherein the resin material is PPS (polyphenylene
sulfide), glass epoxy or the like.

10. A liquid ejection device comprising:
the liquid ejection head according to any one of
claims 1 to 9.

11. A method for manufacturing the liquid inkjet head
according to any one of claims 1 to 9, comprising:

- attaching a support member (201) formed of a
resin material to the top of a substrate (10) with
a wiring formed thereon,
- polarizing a piezoelectric member (202)
formed of a piezoelectric material,
- attaching the polarized piezoelectric member
(202) to the top of the support member (201),
and
- forming a metal film on the surface of the pie-
zoelectric member (202).

12. The method for manufacturing the liquid inkjet head
according to claim 11, further comprising, before
forming a metal film on the surface of the piezoelec-
tric member:

- processing the surface of the substrate (10),
the support member (201), and the piezoelectric
member (202) in the state where the support
member (201) and the piezoelectric member
(202) are stacked on top of the substrate (10),
and
- shaping a mounting surface and an outer sur-
face of the piezoelectric member (202) and the
support member (201).

13. The method for manufacturing the liquid inkjet head
according to claim 11 or 12, further comprising:

- preparing the piezoelectric member (202),
comprising:

- forming internal electrodes (221, 222) by
printing on the piezoelectric material in the
shape of a sheet, thereby forming a plurality
of piezoelectric layers (211) having the in-
ternal electrodes (221, 222),
- stacking together the plurality of piezoe-
lectric layers (211) having the internal elec-
trodes (221, 222), thereby forming a multi-
layer piezoelectric body,
- firing and polarizing the multilayer piezo-
electric body, thereby forming the piezoe-
lectric member (202).
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