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(57) A liquid discharge head (100) includes a nozzle
plate (1) configured to vibrate to discharge liquid. The
nozzle plate includes a substrate (81), a piezoelectric
body (82), and a nozzle orifice (4). The piezoelectric body
(82) is disposed closer to a discharge target than the
substrate, the piezoelectric body (82) including lead zir-

conate titanate (PZT). The nozzle orifice (4) penetrates
the substrate and the piezoelectric body. When a direc-
tion from one opening to another opening in the nozzle
orifice is a discharge direction of the liquid, the PZT has
a crystal structure extending parallel with the discharge
direction.
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Description

BACKGROUND

Technical Field

[0001] Embodiments of the present invention relate to
a liquid discharge head, a liquid discharge apparatus,
and a method of manufacturing the liquid discharge head.

Related Art

[0002] As a liquid discharge head using a piezoelectric
body, for example, a liquid discharge head is known that
vibrates a nozzle surface to discharge ink. In such a liquid
discharge head, a large vibration is needed to discharge
ink. For example, a bulk piezo having a large piezoelectric
multiplier is attached to a thin nozzle plate to form a un-
imorph shape, thus allowing large displacement to be
obtained.
[0003] JP-H03-065350-A discloses a head structure
provided with nozzle orifices penetrating a nozzle sub-
strate plate and a piezoelectric thin film. The head struc-
ture is described to increase the energy for discharging
ink droplets and allow stable ink discharge.
[0004] JP-3427608-B (JP-H09-226111-A) discloses a
technique in which a nozzle portion of a vibration sub-
strate is vibrated to generate a standing wave toward the
center of a nozzle in the vicinity of a surface of ink as
liquid held by the nozzle, thus causing a droplet to fly
from the surface of ink at the center of the nozzle. JP-
3427608-B describes that such a configuration allows
small droplets to be discharged with high energy efficien-
cy. In addition, JP-H03-065350-A discloses an embodi-
ment in which two substrates are bonded to each other,
a nozzle penetrating both substrates is formed, and the
substrates around the nozzle are vibrated to discharge
a liquid droplet.
[0005] However, in conventional techniques, there is
a problem in which, when the nozzle orifice is processed,
a part of the wall surface of the nozzle orifice falls off and
the shape of the wall surface inside the nozzle orifice
cannot be processed to be linear. There is also a problem
in which, when the shape of the nozzle orifice cannot be
processed into a straight line, discharge deviation occurs
when discharging the liquid.

SUMMARY

[0006] In light of the above-described problem, a pur-
pose of the present invention is to restrain deviation of
liquid discharge in a liquid discharge head that vibrates
a nozzle plate to discharge liquid.
[0007] According to an aspect of the present disclo-
sure, there is provided a liquid discharge head that in-
cludes a nozzle plate configured to vibrate to discharge
liquid. The nozzle plate includes a substrate, a piezoe-
lectric body, and a nozzle orifice. The piezoelectric body

is disposed closer to a discharge target than the sub-
strate, the piezoelectric body including lead zirconate ti-
tanate (PZT). The nozzle orifice penetrates the substrate
and the piezoelectric body. When a direction from one
opening to another opening in the nozzle orifice is a dis-
charge direction of the liquid, the PZT has a crystal struc-
ture extending parallel with the discharge direction.
[0008] According to another aspect of the present dis-
closure, there is provided a method of manufacturing the
liquid discharge head. The method includes stacking the
PZT on the substrate by a sputtering method or a chem-
ical vapor deposition (CVD) method, to form the piezoe-
lectric body.
[0009] According to the present invention, deviation in
liquid discharge can be restrained in a liquid discharge
head that vibrates a nozzle plate to discharge liquid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A more complete appreciation of the disclosure
and many of the attendant advantages and features
thereof can be readily obtained and understood from the
following detailed description with reference to the ac-
companying drawings, wherein:

FIG. 1 is a schematic cross-sectional view of a liquid
discharge head according to an embodiment of the
present invention;
FIGS. 2A, 2B, and 2C are schematic cross-sectional
views of a portion of the liquid discharge head of FIG.
1;
FIGS. 3A, 3B, and 3C are schematic exploded per-
spective views of a portion of the liquid discharge
head of FIG. 1;
FIGS. 4A, 4B, and 4C are schematic exploded per-
spective views of a portion of the liquid discharge
head of FIG. 1;
FIG. 5 is a schematic cross-sectional view of a liquid
discharge head according to a comparative exam-
ple;
FIGS. 6A, 6B, and 6C are schematic cross-sectional
views of a portion of the liquid discharge head ac-
cording to the comparative example of FIG. 5;
FIGS. 7A, 7B, and 7C are exploded perspective
views of a portion of the liquid discharge head ac-
cording to the comparative example of FIG. 5;
FIG. 8 is a schematic cross-sectional view of a liquid
discharge head according to another embodiment
of the present invention;
FIG. 9 is another schematic cross-sectional view of
the liquid discharge head of FIG. 8;
FIG. 10 is a schematic cross-sectional view of a liquid
discharge head according to still another embodi-
ment of the present invention;
FIG. 11 is a schematic cross-sectional view of the
liquid discharge head of FIG. 10;
FIG. 12 is a schematic view of a liquid discharge
apparatus according to an embodiment of the
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present invention;
FIG. 13 is a schematic view of an example of a head
unit of the liquid discharge apparatus of FIG. 12;
FIG. 14 is a block diagram of a liquid circulating ap-
paratus according to an embodiment of the present
invention.
FIG. 15 is a schematic view of a liquid discharge
apparatus according to another embodiment of the
present invention;
FIG. 16 is a schematic side view of the liquid dis-
charge apparatus of FIG. 15;
FIG. 17 is a schematic view of an example of a liquid
discharge device according to an embodiment of the
present invention; and
FIG. 18 is a schematic view of a liquid discharge
device according to another embodiment of the
present invention.

[0011] The accompanying drawings are intended to
depict embodiments of the present disclosure and should
not be interpreted to limit the scope thereof. The accom-
panying drawings are not to be considered as drawn to
scale unless explicitly noted.

DETAILED DESCRIPTION

[0012] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present disclosure. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise.
[0013] In describing embodiments illustrated in the
drawings, specific terminology is employed for the sake
of clarity. However, the disclosure of this specification is
not intended to be limited to the specific terminology so
selected and it is to be understood that each specific
element includes all technical equivalents that have a
similar function, operate in a similar manner, and achieve
a similar result.
[0014] Hereinafter, a liquid discharge head, a liquid dis-
charge apparatus, and a method of manufacturing the
liquid discharge head according to embodiments of the
present invention are described with reference to the
drawings. Embodiments of the present invention are not
limited to embodiments hereinafter described, and
changes such as other embodiments, additions, modifi-
cations, and deletions may be made within the scope
conceivable by those skilled in the art. Any aspects are
included in the scope of the present invention as long as
the actions and effects of the present invention are ex-
hibited.
[0015] A liquid discharge head according to the present
embodiment is a liquid discharge head that vibrates a
nozzle plate to discharge liquid. The nozzle plate includes
a substrate and a piezoelectric body provided closer to
a discharge target than the substrate. The nozzle plate
includes a nozzle orifice penetrating the substrate and

the piezoelectric body. When a direction from one open-
ing to the other opening in the nozzle orifice is a liquid
discharge direction, the piezoelectric body includes lead
zirconate titanate (PZT) and the PZT has a crystal struc-
ture extending in parallel with the discharge direction.
[0016] A liquid discharge apparatus according to the
present embodiment includes the liquid discharge head
according to the present embodiment. The liquid dis-
charge apparatus includes other means as necessary.
[0017] A liquid discharge head according to an embod-
iment of the present invention is described. FIG. 1 is a
schematic cross-sectional view of a liquid discharge head
according to the present embodiment. FIG. 1 depicts a
nozzle plate 1, nozzle orifices 4, a substrate 81, a piezo-
electric body 82, a common liquid chamber plate 83, a
common liquid chamber 84, a partition wall 85, a ceiling
plate 86, and a supply passage 87. In FIG. 1, only main
parts are illustrated for describing the liquid discharge
head according to the present embodiment, and other
members may be provided as necessary.
[0018] Liquid (for example, ink) is supplied to the com-
mon liquid chamber 84 in the common liquid chamber
plate 83 through the supply passage 87 provided in the
ceiling plate 86. As the ceiling plate 86, for example, a
metal member can be used. As a material of the common
liquid chamber plate 83, for example, silicon (Si) can be
used.
[0019] The nozzle plate 1 includes the substrate 81
and the piezoelectric body 82 that is provided on the dis-
charge target side of the substrate 81. The nozzle plate
1 vibrates to discharge the liquid in the common liquid
chamber 84 from the nozzle orifice 4. The number, ar-
rangement, and shape of the nozzle orifices 4 can be
appropriately changed.
[0020] The nozzle orifice 4 is formed so as to penetrate
through the substrate 81 and the piezoelectric body 82.
In the present embodiment, a direction from one opening
to the other opening in the nozzle orifice 4 is defined as
a liquid discharge direction. For example, an opening on
the common liquid chamber 84 side is defined as one
opening, and an opening on the opposite side is defined
as the other opening.
[0021] The substrate 81 can be appropriately changed,
and for example, a Si substrate can be used. The thick-
ness of the substrate 81 is preferably, for example, 200
mm to 900 mm.
[0022] The piezoelectric body 82 includes lead zirco-
nate titanate (PZT). The thickness of the piezoelectric
body 82 is preferably, for example, 1 mm to 6 mm.
[0023] The nozzle plate 1 may be provided with an
electrode so that the nozzle plate 1 vibrates to discharge
the liquid. As a material of the electrode, a known material
can be used.
[0024] FIGS. 2A, 2B, and 2C are schematic cross-sec-
tional views of the nozzle plate 1 according to the present
embodiment. FIGS. 2A, 2B, and 2C are enlarged sche-
matic cross-sectional views of a portion indicated by a
broken line circle in FIG. 1. FIG. 2 A is a schematic view
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illustrating a state in which the nozzle orifice 4 is formed
in the nozzle plate 1. In the present embodiment, the
piezoelectric body 82 has a crystal structure extending
parallel to the discharge direction.
[0025] With the above-described crystal structure of
the piezoelectric body 82, even when the nozzle orifice
4 is processed, the drop-off does not occur, and the
shape of the nozzle orifice can be processed to be linear.
As illustrated in FIG. 2A, when the nozzle orifice 4 is
formed, irregularities are less likely to occur on the wall
surface of the nozzle orifice 4, and the nozzle orifice 4
can be processed straight.
[0026] In order to form the crystal structure extending
in parallel with the discharge direction in the piezoelectric
body 82, the crystal structure is formed by, for example,
a stacking method instead of a method in which nozzle
orifices are formed in the substrate 81 and the piezoe-
lectric body 82 and then the substrate 81 and the piezo-
electric body 82 are bonded to each other. Details of the
stacking method are described later.
[0027] FIG. 2B is a diagram schematically illustrating
an example of a case in which liquid 88 flows through
the nozzle orifice 4 or a case in which the liquid 88 is
accumulated in the nozzle orifice 4. Since the nozzle or-
ifice 4 is processed straight, the liquid 88 flows straight
in the nozzle orifice 4.
[0028] FIG. 2C is a diagram schematically illustrating
an example of a case in which the liquid 88 is discharged
from the nozzle orifice 4. An arrow in FIG. 2C schemat-
ically depicts a direction in which the liquid 88 is dis-
charged. Since the nozzle orifice 4 is processed to be
straight, the liquid 88 is discharged without being deviat-
ed with respect to the discharge direction. According to
the present embodiment, discharge deviation in dis-
charging liquid can be restrained, thus further enhancing
image quality.
[0029] On the other hand, in the case in which the crys-
tal structure does not extend in parallel with the discharge
direction as in the case of, for example, a bulk structure,
particles forming a piezoelectric body may drop off when
nozzle orifices are processed. In a related art, for exam-
ple, two substrates having different characteristics are
bonded to each other, and a piezoelectric body obtained
by polishing a bulk is used as the piezoelectric body due
to a manufacturing method thereof. In the case of a man-
ufacturing method in which a bulk piezoelectric body is
attached to a nozzle plate, when a nozzle orifice is formed
in the bulk piezoelectric body or after the nozzle orifice
is formed in the bulk piezoelectric body, particles of a
part of the bulk piezoelectric body may drop off. When
the drop-off of particles occurs, the shape of the nozzle
orifice is not straight, thus causing discharge deviation.
[0030] Here, a description is given of a liquid discharge
head according to a comparative example, which is fur-
ther described later. FIG. 5 is a schematic cross-sectional
view of a liquid discharge head according to a compar-
ative example. FIGS. 6A, 6B, and 6C are similar diagrams
to FIGS. 2A, 2B, and 2C and are enlarged schematic

cross-sectional views of a portion indicated by a broken
line circle in FIG. 5. In FIGS. 6A, 6B, and 6C, a bulk
piezoelectric body 82a having a bulk structure is illustrat-
ed. Particles are gathered to form the bulk piezoelectric
body 82a.
[0031] As illustrated in FIG. 6 A, particle drop-offs 91
or detachment of particles occur in the bulk piezoelectric
body 82a. When the particle drop-offs 91 occurs, a nozzle
orifice 4a does not have a straight shape. When liquid
88 is supplied to the nozzle orifice 4a in such a state, as
illustrated in FIG. 6B, the liquid 88 enters portions from
which particles have detached. In such a case, as illus-
trated in FIG. 6C, when the liquid 88 is discharged, the
discharged liquid may be deviated or discharge failure
may occur.
[0032] In the present embodiment, the crystal structure
extending parallel to the discharge direction is preferably
a columnar crystal. Other than the columnar crystal, for
example, a needle-shaped crystal structure or the like
may be used. Whether the piezoelectric body has a crys-
tal structure extending parallel to the discharge direction
can be determined by observation with, for example, a
scanning electron microscope (SEM).
[0033] Next, a method of manufacturing the liquid dis-
charge head according to the present embodiment is de-
scribed. The method of manufacturing the liquid dis-
charge head according to the present embodiment uses
a stacking method in which a piezoelectric body is
stacked on a substrate instead of bonding the substrate
and the piezoelectric body together.
[0034] A method of manufacturing the liquid discharge
head according to the present embodiment is described
with reference to FIGS. 3A to 3C and FIGS. 4A to 4C.
FIGS. 3A to 3C are schematic perspective views of a
case in which the nozzle orifices 4 are formed after a
piezoelectric body 82 is formed on a substrate 81.
[0035] As illustrated in FIG. 3B, the piezoelectric body
82 is formed on the substrate 81 illustrated in FIG. 3A by
a stacking method. The piezoelectric body formed by the
stacking method is likely to be a columnar crystal. Ac-
cordingly, the piezoelectric body 82 having a crystal
structure extending parallel to the discharge direction can
be formed.
[0036] In the stacking method, PZT is stacked on the
substrate 81 using, e.g., a sputtering method or a chem-
ical vapor deposition (CVD) method, to form the piezoe-
lectric body 82. Alternatively, a sol-gel method may be
used.
[0037] As illustrated in FIG. 3C, after the piezoelectric
body 82 having the crystal structure is formed on the
substrate 81, nozzle processing is performed. Thus, the
nozzle positions of the piezoelectric body and the sub-
strate can be aligned. Accordingly, no step is formed be-
tween the piezoelectric body and the substrate, and the
discharge direction is stabilized.
[0038] The method of forming the nozzle orifices 4 is
not limited to any particular method and may be per-
formed by, for example, dry etching.
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[0039] On the other hand, in the bonding method illus-
trated in FIGS. 7A, 7B, and 7C described later, the sub-
strate and the piezoelectric body are bonded after nozzle
orifices are formed in the substrate and the piezoelectric
body. In this case, a step is likely to be formed between
the piezoelectric body and the substrate, and the dis-
charge direction may be unstable. In a related art, a large
displacement is needed to vibration a nozzle plate to dis-
charge ink, thus requiring displacement of a bulk piezo-
electric body having a high piezoelectric constant. When
such a bulk piezoelectric body is used, members having
different characteristics (the bulk piezoelectric body and
the substrate) need be bonded to each other, which may
cause the above-described problem.
[0040] FIGS. 4A, 4B, and 4C are other views illustrating
the method of manufacturing the liquid discharge head
according to the present embodiment. FIGS. 4A, 4B, and
4C are schematic exploded perspective views illustrating
the bonding step in the present embodiment.
[0041] FIG. 4A is a schematic perspective view of the
ceiling plate 86. The supply passage 87 is formed in the
ceiling plate 86. FIG. 4B is a schematic perspective view
of the common liquid chamber plate 83. The common
liquid chamber 84 is formed in the common liquid cham-
ber plate 83. FIG. 4C is a schematic perspective view of
the nozzle plate 1 illustrated in FIGS. 3A to 3C.
[0042] Members illustrated in FIGS. 4A, 4B, and 4C
are bonded to obtain the liquid discharge head according
to the present embodiment illustrated in FIG. 1.
[0043] Example 1 and Comparative Example 1 In Ex-
ample 1, the liquid discharge head illustrated in FIG. 1 is
manufactured by the stacking method illustrated in FIGS.
3A, 3B, and 3C. First, a 10 mm thick silicon dioxide (SiO2)
film was formed on a Si substrate to form the substrate
81. Next, a 10 mm thick PZT film was formed on the SiO2
film of the substrate 81 by a stacking method using a
sputtering method, to form the piezoelectric body 82.
Thus, the nozzle plate 1 was formed. Next, the nozzle
plate 1 was subjected to dry etching to form nozzles or-
ifice 4 each having a diameter of 25 mm.
[0044] Next, as illustrated in FIGS. 4A, 4B, and 4C, the
respective members are bonded together. The common
liquid chamber plate 83 was made of Si, and the common
liquid chamber 84 and the partition wall 85 having the
shapes illustrated in FIGS. 1 and 4B were formed. A metal
member is used as the ceiling plate 86, and the supply
passage 87 was formed in the ceiling plate 86. Next, the
respective members were bonded to produce the liquid
discharge head of Example 1 illustrated in FIG. 1. An
electrode was formed to have a thickness of 0.1 mm on
an upper portion of the piezoelectric body 82. Another
electrode was formed to have a thickness of 0.1 mm on
a lower portion of the piezoelectric body 82. With respect
to the liquid discharge head thus obtained, when the
amount of displacement of the nozzle plate 1 in the vi-
cinity of the nozzle orifice 4 was examined, the amount
of displacement of the nozzle was 600 nm.
[0045] Next, with respect to the obtained liquid dis-

charge head, discharge evaluation of discharging ink to
a medium was performed to measure a deviation
amount. The measurement conditions were as follows.

[Measurement Conditions]

[0046]

Number of nozzles: 1024 nozzles
Droplet speed: 7 m/sec
Distance between head and medium: 1mm
Ink type: Aqueous pigment ink
Viscosity of ink: 5cp

[0047] As a result, the average value of the deviation
amount 3σ (mm) in the liquid discharge head of Example
1 was 3.3 mm, and it was found that the discharge devi-
ation was restrained.
[0048] Next, as Comparative Example 1, a nozzle plate
is formed using a bonding method instead of the stacking
method in Example 1, to produce a liquid discharge head.
In Comparative Example 1, the configuration and method
illustrated in FIGS. 5 to 7C are employed. In Comparative
Example 1, nozzle orifice 4a were formed for each of a
substrate 81a and a bulk piezoelectric body 82a, and the
substrate 81a and the bulk piezoelectric body 82a are
bonded together with adhesive 92 to form a nozzle plate
1a. Next, a ceiling plate 86, a common liquid chamber
plate 83, and the nozzle plate 1a were bonded together
to obtain a liquid discharge head of Comparative Exam-
ple 1.
[0049] The liquid discharge head obtained in Compar-
ative Example 1 was measured in the same manner as
in Example 1. As a result, the average value of the devi-
ation amount 3σ (m m) in the liquid discharge head of
Comparative Example 1 was 15.1 mm, and it was found
that discharge deviation occurred.
[0050] Hereinafter, a liquid discharge head and a liquid
discharge apparatus according to other embodiments of
the present invention are described. FIG. 8 is a cross-
sectional view of the liquid discharge head taken along
a direction (pressure-chamber longitudinal direction) or-
thogonal to a nozzle arrangement direction of the liquid
discharge head according to an embodiment of the
present invention. FIG. 9 is a cross-sectional view of the
liquid discharge head taken along the nozzle arrange-
ment direction.
[0051] A liquid discharge head 100 according to the
present embodiment includes a nozzle plate 1, a channel
plate 2, and a diaphragm member 3 that are stacked and
bonded. The nozzle plate 1 includes a piezoelectric body.
The channel plate 2 is an individual channel member as
an individual channel substrate. The diaphragm member
3 as a diaphragm substrate is a wall member. A common
channel member 20 as a common channel substrate also
serves as a frame member (frame substrate) of the head.
In addition, a piezoelectric actuator 11 that displaces a
vibration region (diaphragm) 30 of the diaphragm mem-
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ber 3 may be further provided.
[0052] The nozzle plate 1 has a plurality of nozzles
(nozzle orifices) 4 that discharge liquid.
[0053] The channel plate 2 forms a plurality of pressure
chambers 6 communicating with the plurality of nozzles
4, a plurality of individual supply channels 7 that are in-
dividual channels communicating with the respective
pressure chambers 6, and a plurality of intermediate sup-
ply channels 8 that are liquid introduction portions each
communicating with one or a plurality of individual supply
channels 7 (e.g., one individual supply channel in the
present embodiment).
[0054] The diaphragm member 3 includes a plurality
of displaceable diaphragms (vibration regions) 30 that
form wall surfaces of the pressure chambers 6 of the
channel plate 2. Here, the diaphragm member 3 has a
two-layer structure and includes a first layer 3A forming
a thin portion and a second layer 3B forming a thick por-
tion in this order from a side facing the channel plate 2.
Note that the structure of the diaphragm substrate is not
limited to such a two-layer structure and may be any suit-
able layer structure.
[0055] The displaceable vibration region 30 is formed
in a portion corresponding to the pressure chamber 6 in
the first layer 3A that is a thin portion. In the vibration
region 30, a convex portion 30a is formed as a thick por-
tion joined to the piezoelectric actuator 11 in the second
layer 3B.
[0056] The piezoelectric actuator 11 including an elec-
tromechanical transducer element serving as a driving
device (an actuator device or a pressure generator de-
vice) to deform the vibration region 30 of the diaphragm
member 3 is disposed on a side of the diaphragm mem-
ber 3 opposite a side facing the pressure chamber 6.
[0057] In the piezoelectric actuator 11, a piezoelectric
member bonded on the base 13 is grooved by half-cut
dicing, to form a desired number of columnar piezoelec-
tric elements 12 at predetermined intervals in the nozzle
arrangement direction so as to have a comb shape. The
piezoelectric element 12 is bonded to the convex portion
30a that is a thick portion in the vibration region 30 of the
diaphragm member 3.
[0058] The piezoelectric element 12 includes piezoe-
lectric layers and internal electrodes alternately laminat-
ed on each other. Each internal electrode is led out to an
end surface and connected to an external electrode (end
surface electrode). The external electrode is connected
with a flexible wiring member 15.
[0059] The common channel member 20 forms a com-
mon supply channel 10 communicated with the plurality
of pressure chambers 6. The common supply channel
10 is communicated with the intermediate supply channel
8 as a liquid introduction portion via an opening 9 provid-
ed in the diaphragm member 3 and is communicated with
the individual supply channel 7 via the intermediate sup-
ply channel 8.
[0060] In the liquid discharge head 100, for example,
the voltage to be applied to the piezoelectric element 12

is lowered from a reference potential (intermediate po-
tential) so that the piezoelectric element 12 contracts to
pull the vibration region 30 of the diaphragm member 3
to increase the volume of the pressure chamber 6. As a
result, liquid flows into the pressure chamber 6.
[0061] Thereafter, the voltage applied to the piezoe-
lectric element 12 is increased to extend the piezoelectric
element 12 in the stacking direction, and the vibration
region 30 of the diaphragm member 3 is deformed in the
direction toward the nozzle 4 to contract the volume of
the pressure chamber 6. Accordingly, the liquid in the
pressure chamber 6 is pressurized and discharged from
the nozzle 4.
[0062] FIG. 10 is a cross-sectional view of a liquid dis-
charge head according to another embodiment, taken
along a direction (pressure-chamber longitudinal direc-
tion) orthogonal to a nozzle arrangement direction of the
liquid discharge head. FIG. 11 is a schematic perspective
view of the liquid discharge head according to the present
embodiment.
[0063] A liquid discharge head 100 according to the
present embodiment is a circulation type liquid discharge
head, and includes a nozzle plate 1, a channel plate 2,
and a diaphragm member 3 as a wall member, which are
stacked and bonded together. The liquid discharge head
100 further includes a piezoelectric actuator 11 to dis-
place a vibration region (diaphragm) 30 of the diaphragm
member 3 and a common channel member 20 that also
serves as a frame member of the liquid discharge head
100.
[0064] The channel plate 2 forms a plurality of pressure
chambers 6 communicating with the plurality of nozzles
4 via nozzle communication passages 5, individual sup-
ply channels 7 also serving as a plurality of fluid restrictors
communicating with the plurality of pressure chambers
6, and intermediate supply channels 8 serving as one or
a plurality of liquid introduction portions communicating
with two or more individual supply channels 7.
[0065] Similarly to the above-described embodiment,
the individual supply channel 7 includes two channel por-
tions, i.e., a first channel portion 7A and a second channel
portion 7B having a higher fluid resistance than the pres-
sure chamber 6, and a third channel portion 7C disposed
between the first channel portion 7A and the second
channel portion 7B and having a lower fluid resistance
than each of the first channel portion 7A and the second
channel portion 7B.
[0066] The channel plate 2 has a configuration in which
a plurality of plate members 2A to 2E are stacked one
on another. However, the configuration of the channel
plate is not limited thereto.
[0067] The channel plate 2 forms a plurality of individ-
ual collection channels 57 and a plurality of intermediate
collection channels 58. The plurality of individual collec-
tion channels 57 are formed along the surface direction
of the channel plate 2 that respectively communicate with
the plurality of pressure chambers 6 via the nozzle com-
munication passages 5. The intermediate collection
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channels 58 serves as one or a plurality of liquid lead-
out portions that communicate with two or more individual
collection channels 57.
[0068] The individual collection channel 57 includes
two channel portions, i.e., a first channel portion 57A and
a second channel portion 57B having a higher fluid re-
sistance than the pressure chamber 6, and a third chan-
nel portion 57C disposed between the first channel por-
tion 57A and the second channel portion 57B and having
a lower fluid resistance than each of the first channel
portion 57A and the second channel portion 57B. In the
individual collection channel 57, a channel portion 57D
downstream from the second channel portion 57B in the
direction of circulation of the liquid has the same channel
width as the third channel portion 57C.
[0069] The common channel member 20 forms a com-
mon supply channel 10 and a common collection channel
50. In the present embodiment, the common supply
channel 10 includes a channel portion 10A that is dis-
posed side by side with the common collection channel
50 in the nozzle arrangement direction and a channel
portion 10B that is not disposed side by side with the
common collection channel 50.
[0070] The common supply channel 10 is communi-
cated with the intermediate supply channel 8 as a liquid
introduction portion via an opening 9 provided in the di-
aphragm member 3 and is communicated with the indi-
vidual supply channel 7 via the intermediate supply chan-
nel 8. The common collection channel 50 is communi-
cated with the intermediate collection channel 58 via an
opening 59 provided in the diaphragm member 3 and is
communicated with the individual collection channel 57
via the intermediate collection channel 58.
[0071] The common supply channel 10 communicates
with supply ports 71. The common collection channel 50
communicates with collection ports 72.
[0072] The layer structure of the diaphragm member
3 and the structure of the piezoelectric actuator 11 are
the same as those in the above-described embodiment.
[0073] Also in the liquid discharge head 100, in the
same manner as above, the piezoelectric element 12 is
extended in the stacking direction, and the vibration re-
gion 30 of the diaphragm member 3 is deformed in the
direction toward the nozzle 4 to contract the volume of
the pressure chamber 6. Accordingly, the liquid in the
pressure chamber 6 is pressurized and discharged from
the nozzle 4.
[0074] The liquid not discharged from the nozzle 4
passes by the nozzle 4, is collected from the individual
collection channel 57 to the common collection channel
50, and is supplied again from the common collection
channel 50 to the common supply channel 10 through
an external circulation passage. In addition, even when
the liquid is not discharged from the nozzle 4, the liquid
circulates from the common supply channel 10 to the
common collection channel 50 through the pressure
chamber 6 and is supplied again to the common supply
channel 10 through the external circulation passage.

[0075] Accordingly, also in the present embodiment,
the pressure fluctuation accompanying liquid discharge
can be attenuated with a simple configuration, thus re-
straining propagation to the common supply channel 10
and the common collection channel 50.
[0076] Next, a liquid discharge apparatus according to
an embodiment of the present invention is described with
reference to FIGS. 12 and 13. FIG. 12 is a schematic
view of the liquid discharge apparatus according to the
present embodiment. FIG. 13 is a plan view of an exam-
ple of a head unit of the liquid discharge apparatus.
[0077] A printing apparatus 500 serving as the liquid
discharge apparatus according to the present embodi-
ment includes, e.g., a feeder 501, a guide conveyor 503,
a printer 505, a drier 507, and a carrier 509. The feeder
501 feeds a continuous medium (or a web) 510 inward.
The guide conveyor 503 guides and conveys the contin-
uous medium 510 such as a continuous sheet of paper
or a sheet medium fed inward from the feeder 501. The
printer 505 performs printing by discharging liquid onto
the conveyed continuous medium 510 to form an image.
The drier 507 dries the continuous medium 510 with the
image formed. The carrier 509 feeds the dried continuous
medium 510 outward.
[0078] The continuous medium 510 is sent out from an
original winding roller 511 of the feeder 501, is guided
and conveyed by rollers of the feeder 501, the guide con-
veyor 503, the drier 507, and the carrier 509, and is wound
up by a wind-up roller 591 of the carrier 509.
[0079] In the printer 505, the continuous medium 510
is conveyed on a conveyance guide 559 so as to face a
head unit 550 and a head unit 555. An image is formed
with the liquid discharged from the head unit 550, and
post-processing is performed with the processing liquid
discharged from the head unit 555.
[0080] In the head unit 550, for example, full-line head
arrays 551A, 551B, 551C, and 551D for four colors (here-
inafter referred to as the "head arrays 551" unless the
colors distinguished) are arranged in this order from the
upstream side in a direction of conveyance of the con-
tinuous medium 510.
[0081] The head arrays 551A, 551B, 551C, and 551D
are liquid dischargers to discharge liquids of, for example,
black (K), cyan (C), magenta (M), and yellow (Y), respec-
tively, onto the continuous medium 510 being conveyed.
Note that the type and number of colors are not limited
to the above-described example.
[0082] In the head array 551, for example, the liquid
discharge heads 100 (which may be simply referred to
as "heads 100") according to an embodiment of the
present invention are arranged in a staggered manner
on a base 552. Note that embodiments of the present
invention are not limited to the arrangement and may be
any other suitable head arrangement.
[0083] The liquid discharge head and the liquid dis-
charge apparatus according to embodiments of the
present invention may have a configuration of circulating
liquid, and may be, for example, a liquid circulating ap-
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paratus using the liquid discharge head. An example of
the liquid circulating apparatus is described with refer-
ence to FIG. 14. FIG. 14 is a block diagram of an example
of the liquid circulating apparatus. Although only one
head is illustrated in FIG. 14, in a case in which a plurality
of heads are arranged, a supply-side liquid path and a
collection-side liquid path, respectively, are connected
to the supply side and the collection side of a plurality of
heads via, e.g., a manifold.
[0084] A liquid circulating apparatus 600 illustrated in
FIG. 14 includes, for example, a supply tank 601, a col-
lection tank 602, a main tank 603, a first liquid feed pump
604, a second liquid feed pump 605, a compressor 611,
a regulator 612, a vacuum pump 621, a regulator 622, a
supply-side pressure sensor 631, and a collection-side
pressure sensor 632.
[0085] The compressor 611 and the vacuum pump 621
together generate a pressure difference between the
supply tank 601 and the collection tank 602.
[0086] The supply-side pressure sensor 631 is dis-
posed between the supply tank 601 and the head 100
and connected to a supply-side liquid path connected to
a supply port 71 of the head 100. The collection-side
pressure sensor 632 is disposed between the head 100
and the collection tank 602 and connected to a collection-
side liquid path connected to a collection port 72 of the
head 100.
[0087] One end of the collection tank 602 is connected
to the supply tank 601 via the first liquid feed pump 604,
and the other end of the collection tank 602 is connected
to the main tank 603 via the second liquid feed pump 605.
[0088] Accordingly, the liquid flows into the head 100
from the supply tank 601 through the supply port 71, is
collected to the collection tank 602 from the collection
port 72, and is sent from the collection tank 602 to the
supply tank 601 by the first liquid feed pump 604, thereby
forming a circulation path through which the liquid circu-
lates.
[0089] Here, the compressor 611 is connected to the
supply tank 601 and is controlled so that a predetermined
positive pressure is detected by the supply-side pressure
sensor 631. On the other hand, the vacuum pump 621
is connected to the collection tank 602 and is controlled
so that a predetermined negative pressure is detected
by the collection-side pressure sensor 632.
[0090] Thus, the negative pressure of the meniscus
can be kept constant while the liquid is circulated through
the head 100.
[0091] When the liquid is discharged from the nozzles
4 of the head 100, the amount of liquid in the supply tank
601 and the collection tank 602 decreases. Therefore,
the liquid is appropriately replenished from the main tank
603 to the collection tank 602 using the second liquid
feed pump 605.
[0092] The timing of liquid replenishment from the main
tank 603 to the collection tank 602 can be controlled
based on, for example, the detection result of a liquid
level sensor provided in the collection tank 602. In such

a case, for example, liquid replenishment may be per-
formed when the liquid level of the liquid in the collection
tank 602 falls below a predetermined height.
[0093] Next, another example of a printing apparatus
as a liquid discharge apparatus according to an embod-
iment of the present invention is described with reference
to FIGS. 15 and 16. FIG. 15 is a plan view of a main part
of the printing apparatus. FIG. 16 is a side view of the
main part of the printing apparatus.
[0094] A printing apparatus 500 serving as the liquid
discharge apparatus according to the present embodi-
ment is a serial-type apparatus in which a main-scanning
moving mechanism 493 reciprocates a carriage 403 in
main scanning directions. A main-scanning moving
mechanism 493 includes, e.g., a guide 401, a main-scan-
ning motor 405, and a timing belt 408. The guide 401 is
bridged between left and right side plates 491A and 491B
to moveably hold the carriage 403. The main-scanning
motor 405 reciprocates the carriage 403 in the main-
scanning directions via the timing belt 408 bridged be-
tween a drive pulley 406 and a driven pulley 407.
[0095] A liquid discharge device 440 including a liquid
discharge head 100 and a head tank 441 as a single unit
is mounted on the carriage 403. The liquid discharge
head 100 of the liquid discharge device 440 discharges
color liquids of, for example, yellow (Y), cyan (C), ma-
genta (M), and black (K). The liquid discharge head 100
is mounted on the carriage 403 such that a nozzle row
including a plurality of nozzles is arranged in a sub-scan-
ning direction perpendicular to the main scanning direc-
tion and a direction of discharge of color liquid is down-
ward.
[0096] The liquid discharge head 100 is connected to
the liquid circulating apparatus 600 described above, and
liquid of desired colors is circulated and supplied.
[0097] The printing apparatus 500 includes a convey-
ance mechanism 495 to convey a sheet 410. The con-
veyance mechanism 495 includes a conveyance belt 412
serving as a conveyor and a sub-scanning motor 416 to
drive the conveyance belt 412.
[0098] The conveyance belt 412 attracts the sheet 410
and conveys the sheet 410 to a position facing the liquid
discharge head 100. The conveyance belt 412 is an end-
less belt stretched between a conveyance roller 413 and
a tension roller 414. The sheet 410 is attracted to the
conveyance belt 412 by electrostatic force or air aspira-
tion.
[0099] The conveyance belt 412 circumferentially
moves in the sub-scanning direction as the conveyance
roller 413 is rotationally driven by the sub-scanning motor
416 via a timing belt 417 and a timing pulley 418.
[0100] On one side of the carriage 403 in the main
scanning direction, a maintenance mechanism 420 that
maintains and recovers the liquid discharge head 100 is
disposed lateral to the conveyance belt 412.
[0101] The maintenance mechanism 420 includes, for
example, a cap 421 to cap a nozzle face (i.e., a face on
which nozzles are formed) of the liquid discharge head
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100 and a wiper 422 to wipe the nozzle face.
[0102] The main-scanning moving mechanism 493,
the maintenance mechanism 420, and the conveyance
mechanism 495 are installed onto a housing including
the side plates 491A and 491B and a back plate 491C.
[0103] In the printing apparatus 500 having the above-
described configuration, the sheet 410 is fed and attract-
ed onto the conveyance belt 412 and conveyed in the
sub-scanning direction by the circumferential movement
of the conveyance belt 412.
[0104] The liquid discharge head 100 is driven in re-
sponse to an image signal while moving the carriage 403
in the main scanning direction to discharge the liquid onto
the sheet 410 not in motion, thereby recording an image.
[0105] Next, an example of a liquid discharge device
using a liquid discharge head according to an embodi-
ment of the present invention is described with reference
to FIG. 17. FIG. 17 is a plan view of a main part of the
liquid discharge device.
[0106] A liquid discharge device 440 according to the
present embodiment includes a housing including side
plates 491A and 491B and a back plate 491C, a main-
scanning moving mechanism 493, a carriage 403, and a
liquid discharge head 100, among the components or
members of the printing apparatus 500 as the liquid dis-
charge apparatus described above.
[0107] Note that a liquid discharge device may have a
configuration in which the above-described maintenance
mechanism 420 is further attached to, for example, the
side plate 491B of the liquid discharge device 440.
[0108] Next, still another example of the liquid dis-
charge device is described with reference to FIG. 18.
FIG. 18 is a front view of a main part of the liquid discharge
device.
[0109] The liquid discharge device 440 includes a liq-
uid discharge head 100 to which a channel component
444 is attached and tubes 456 connected to the channel
component 444.
[0110] The channel component 444 is disposed inside
a cover 442. In some embodiments, the liquid discharge
device 440 may include the head tank 441 described
above instead of the channel component 444. A connec-
tor 443 for electrically connecting to the liquid discharge
head 100 is provided on the channel component 444.
[0111] In the present invention, the liquid to be dis-
charged is not limited to a particular liquid as long as the
liquid has a viscosity or surface tension to be discharged
from a head (a liquid discharge head). However, prefer-
ably, the viscosity of the liquid is not greater than 30
mPa·s under ordinary temperature and ordinary pressure
or by heating or cooling. More specifically, the liquid to
be discharged is a solution, a suspension liquid, an emul-
sion, or the like containing a solvent such as water or an
organic solvent, a colorant such as a dye or a pigment,
a function-imparting material such as a polymerizable
compound, a resin, or a surfactant, a biocompatible ma-
terial such as deoxyribonucleic acid (DNA), amino acid,
protein, or calcium, or an edible material such as a natural

pigment, which can be used, for example, for an inkjet
ink, a surface treatment liquid, a liquid for forming a con-
stituent element of an electronic element or a light emit-
ting element or an electronic circuit resist pattern, a three-
dimensional modeling material liquid, or the like.
[0112] Examples of an energy source for generating
energy to discharge liquid include a piezoelectric actuator
(a laminated piezoelectric element or a thin-film piezoe-
lectric element), a thermal actuator that employs a ther-
moelectric conversion element, such as a thermal resis-
tor, and an electrostatic actuator including a diaphragm
and opposed electrodes.
[0113] The liquid discharge device is an integrated unit
including the liquid discharge head and a functional
part(s) or unit(s), and is an assembly of parts relating to
liquid discharge. Examples of the liquid discharge device
include a combination of a liquid discharge head with at
least one of a head tank, a carriage, a supply mechanism,
a maintenance mechanism, a main-scanning moving
mechanism, and a liquid circulating apparatus.
[0114] Herein, the terms "combined" or "integrated"
mean attaching the liquid discharge head and the func-
tional parts (or mechanism) to each other by fastening,
screwing, binding, or engaging and holding one of the
liquid discharge head and the functional parts to the other
movably relative to the other. The liquid discharge head,
functional component, and mechanism may also be de-
tachably attached to one another.
[0115] For example, the liquid discharge head and the
head tank are integrated as the liquid discharge device.
Alternatively, the liquid discharge head may be coupled
with the head tank through a tube or the like to integrally
form the liquid discharge device. Here, a unit including a
filter may further be added to a portion between the head
tank and the liquid discharge head.
[0116] In another example, the liquid discharge device
may include a liquid discharge head integrated with a
carriage as a single unit.
[0117] Examples of the liquid discharge device further
include those in which a liquid discharge head and a
scanning moving mechanism are integrated in such a
manner that the liquid discharge head is movably held
by a guide that constitutes a part of the scanning moving
mechanism. Examples of the liquid discharge device in-
clude discharge devices in which a liquid discharge head,
a carriage, and a main-scanning moving mechanism are
integrated as a single unit.
[0118] In still another example, the cap that forms part
of the maintenance unit is secured to the carriage mount-
ing the liquid discharge head so that the liquid discharge
head, the carriage, and the maintenance unit are inte-
grated as a single unit to form the liquid discharge device.
[0119] Further, in still another example, the liquid dis-
charge device includes tubes connected to the head tank
or the head mounting the channel member so that the
liquid discharge head and the supply unit are integrated
as a single unit. Through the tubes, the liquid of a liquid
storage source such as an ink cartridge is supplied to the

15 16 



EP 3 858 621 A1

10

5

10

15

20

25

30

35

40

45

50

55

head.
[0120] The main-scanning moving mechanism may be
a guide only. The supply mechanism may be a tube(s)
only or a loading unit only.
[0121] The term "liquid discharge apparatus" used
herein also represents an apparatus including the head
or the liquid discharge device to discharge liquid by driv-
ing the head. The liquid discharge apparatus may be, for
example, an apparatus capable of discharging liquid to
a material to which liquid can adhere or an apparatus to
discharge liquid toward gas or into liquid.
[0122] The liquid discharge apparatus may include a
means relating to feeding, conveyance, and sheet ejec-
tion of the material to which liquid can adhere and also
include a pre-treatment apparatus and a post-processing
apparatus.
[0123] The liquid discharge apparatus may be, for ex-
ample, an image forming apparatus to form an image on
a sheet by discharging ink, or a three-dimensional appa-
ratus to discharge a molding liquid to a powder layer in
which powder material is formed in layers, so as to form
a three-dimensional article.
[0124] The liquid discharge apparatus is not limited to
an apparatus that discharges liquid to visualize mean-
ingful images such as letters or figures. For example, the
liquid discharge apparatus may be an apparatus that
forms meaningless images such as meaningless pat-
terns or an apparatus that fabricates three-dimensional
images.
[0125] The above-described term "material to which
liquid can adhere" denotes, for example, a material or a
medium to which liquid can adhere at least temporarily,
a material or a medium to which liquid can attach and
firmly adhere, or a material or a medium to which liquid
can adhere and into which the liquid permeates. Exam-
ples of the "material to which liquid can adhere" include
recording media or medium such as a paper sheet, a
recording paper, and a recording sheet of paper, film,
and cloth, electronic components such as an electronic
substrate and a piezoelectric element, and media or me-
dium such as a powder layer, an organ model, and a
testing cell. The "material onto which liquid adheres" in-
cludes any material on which liquid can adhere unless
particularly limited.
[0126] Examples of the material to which liquid can ad-
here include any materials to which liquid can adhere
even temporarily, such as paper, thread, fiber, fabric,
leather, metal, plastic, glass, wood, and ceramic.
[0127] The liquid discharge apparatus may be an ap-
paratus to relatively move a liquid discharge head and a
material on which liquid can adhere. However, the liquid
discharge apparatus is not limited to such an apparatus.
For example, the liquid discharge apparatus may be a
serial head apparatus that moves the liquid discharge
head or a line head apparatus that does not move the
liquid discharge head.
[0128] Examples of the liquid discharge apparatus fur-
ther include a treatment liquid coating apparatus to dis-

charge a treatment liquid to a sheet to coat the treatment
liquid on a sheet surface to reform the sheet surface and
an injection granulation apparatus in which a composition
liquid including raw materials dispersed in a solution is
discharged through nozzles to granulate fine particles of
the raw materials.
[0129] The terms "image formation", "recording",
"printing", "image printing", and "fabricating" are herein
used as synonyms.

Claims

1. A liquid discharge head (100), comprising:

a nozzle plate (1) configured to vibrate to dis-
charge liquid,
the nozzle plate including:

a substrate (81);
a piezoelectric body (82) disposed closer to
a discharge target than the substrate, the
piezoelectric body (82) including lead zirco-
nate titanate (PZT); and
a nozzle orifice (4) penetrating the substrate
and the piezoelectric body,

wherein, when a direction from one opening to
another opening in the nozzle orifice is a dis-
charge direction of the liquid, the PZT has a crys-
tal structure extending parallel with the dis-
charge direction.

2. The liquid discharge head according to claim 1,
wherein the crystal structure is a columnar crystal.

3. A liquid discharge apparatus (500) comprising the
liquid discharge head (100) according to claim 1 or 2.

4. A method of manufacturing the liquid discharge head
(100) according to claim 1 or 2, the method compris-
ing stacking the PZT on the substrate by a sputtering
method or a chemical vapor deposition (CVD) meth-
od, to form the piezoelectric body (82).

5. The method according to claim 4, further comprising
performing dry etching on the substrate and the pi-
ezoelectric body, after the piezoelectric body is
formed on the substrate, to form the nozzle orifice (4).
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